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Preface

Scope and purpose of the HIV molecular immunology
database and the nonhuman primate HIV/SIV vaccine trials
databases

HIV Immunology and HIV/SIV Vaccine Databases 2003 is a companion vol-
ume to Human Retroviruses and AIDS Genetic Sequence Compendium. Parts
[I}-E] of this publication, the 2003 issue, is the printed version of the web-based
HIV Immunology Database (http://www.hiv.lanl.gov/content/
immunology/). The web interface for this relational database has many search
options, as well as interactive tools to help immunologists design reagents and in-
terpret their results. We summarize through the previous year’s literature, which
is why the 2003 database is published in 2004.

This year we have produced our first hard copy of the SIV/HIV nonhuman
primate vaccine database, and we are sending it as the final part of a two volume
set together with the immunology database. Like the data included in the im-
munology databases, these data are extracted from the HIV/SIV nonhuman pri-
mate vaccine literature. Like the HIV sequence and immunology databases, the
vaccine database is available in a searchable form on line (http://www.hiv.
lanl.gov/cgi-bin/vaccine/public/index.cgi). A more com-
prehensive introduction to this database and its contents can be found at the
beginning of Part[VI]

In the HIV Immunology Database, HIV-specific B-cell and T-cell responses
are summarized and annotated. Immunological responses are divided into three
parts, CTL, T helper, and antibody. Within these parts, defined epitopes are orga-
nized by protein and binding sites within each protein, moving from left to right
through the coding regions spanning the HIV genome. We include human re-
sponses to natural HIV infections, as well as vaccine studies in a range of animal
models and human trials. Responses that are not specifically defined, such as
responses to whole proteins or monoclonal antibody responses to discontinuous
epitopes, are summarized at the end of each protein section. Studies describing
general HIV responses to the virus, but not to any specific protein, are included
at the end of each part.

The annotation includes information such as cross-reactivity, escape muta-
tions, antibody sequence, TCR usage, functional domains that overlap with an

HIV Immunology and HIV/SIV Vaccine Databases 2003

epitope, immune response associations with rates of progression and therapy,
and how specific epitopes were experimentally defined. Basic information such
as HLA specificities for T-cell epitopes, isotypes of monoclonal antibodies, and
epitope sequences are included whenever possible. All studies that we can find
that incorporate the use of a specific monoclonal antibody are included in the en-
try for that antibody. A single T-cell epitope can have multiple entries, generally
one entry per study.

Finally, maps of all defined linear epitopes relative to the HXB2 reference
proteins are provided. Alignments of CTL, helper T-cell, and antibody epitopes
are available through the search interface on our web site at http://www.
hiv.lanl.gov/content/immunologyl

Only responses to HIV-1 and HIV-2 are included in the database. CTL re-
sponses to SIVs have been periodically summarized in our review section by Dr.
Dave Watkins and colleagues. (For their most recent review, please see: Where
Have All The Monkeys Gone? Evaluating SIV-Specific CTL in the Post-Mamu-
A*01 Era, David H. O’Connor, Todd M. Allen, and David I. Watkins, in the 2001
HIV Immunology compendium). Dr. Christian Brander and colleagues annually
provide a concise listing of optimal CTL epitopes. Additional reviews that our
editorial board deems of general interest to the HIV research immunology com-
munity are solicited each year. This year’s reviews are printed in the first part
of this database; reviews from previous years can be found at: http://www.
hiv.lanl.gov/content/hiv-db/REVIEWS/reviews.htmll

Comments on the database or requests for the hard copy can be sent via email
to/immuno@tl0.lanl.gov.

Citing the database

This publication may be cited as
HIV Immunology and HIV/SIV Vaccine Databases 2003. Bette T. M.
Korber, Christian Brander, Barton F. Haynes, Richard Koup, John P.
Moore, Bruce D. Walker, and David 1. Watkins, editors. Publisher:
Los Alamos National Laboratory, Theoretical Biology and Biophys-
ics, Los Alamos, New Mexico. LA-UR 04-8162.

ix


http://www.hiv.lanl.gov/content/immunology/
http://www.hiv.lanl.gov/content/immunology/
http://www.hiv.lanl.gov/cgi-bin/vaccine/public/index.cgi
http://www.hiv.lanl.gov/cgi-bin/vaccine/public/index.cgi
http://www.hiv.lanl.gov/content/immunology
http://www.hiv.lanl.gov/content/immunology
http://www.hiv.lanl.gov/content/hiv-db/REVIEWS/reviews.html
http://www.hiv.lanl.gov/content/hiv-db/REVIEWS/reviews.html
mailto:immuno@t10.lanl.gov

Preface

About the cover

This year’s cover is a photograph of
several HIV particles located on the
surface of a T lymphocyte as seen
through a scanning electron micro-
scope. The virus particles have been
tinted by a special coloring technique.
The capsids of the individual viruses
can be seen, and the outgrowth on the
virus in center of the picture is proba-
bly an aggregate of antibodies against
: HIV, marked by ferritin. The photo
was taken by Dr. h.c. Lennart Nilsson, Karolinska University Hospital, Stock-
holm, Sweden. Lennart Nilsson has developed new photographic methods and
technical improvements, including electron microscopy, opening new dimen-
sions to scientific photography. His work on medical subjects have become world
known through publications such as “Behold Man” and “A Child is Born”.

About the PDF

The complete HIV Immunology and HIV/SIV Vaccine Databases 2003 is avail-
able in Adobe Portable Document Format (PDF) from our website, http:
//www.hiv.lanl.gov/content/immunology. The PDF version is hy-
pertext enabled and features ‘clickable’ table-of-contents, indexes, references
and links to external web sites.

This volume is typeset using I&EX. The immunology data tables and epi-
tope maps are produced automatically from the SQL database by a series of Perl
programs.

About the cover
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Landmarks of the HIV-1, HIV-2, and SIV genomes. The gene start, indicated by the small number in the upper left corner of each rectangle, normally records
the position of the a in the at g start codon for that gene while the number in the lower right records the last position of the stop codon. For pol, the start is taken to
be the first t in the sequence ttttttag which forms part of the stem loop that potentiates ribosomal slippage on the RNA and a resulting —1 frameshift and the
translation of the Gag-Pol polyprotein. The tat and rev spliced exons are shown as shaded rectangles. In HXB2, *5628 and *5772 mark positions of frameshifts in the
vpr gene; 16062 indicates a defective acg start codon in vpu; 18424 and 19168 mark premature stop codons in tat and nef. See Korber et al., Numbering Positions in
HIV Relative to HXB2CG, in Human Retroviruses and AIDS, 1998, p. 102. Available fromhttp://www.hiv.lanl.gov/HTML/reviews/HXB2.html.
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Preface HIV/SIV proteins
HIV/SIV proteins
Name Size Function Localization
Gag MA pl7 membrane anchoring; env interaction; nuclear transport of viral ~ virion
core. (myristylated protein)
CA p24 core capsid virion
NC p7 nucleocapsid, binds RNA virion
po binds Vpr virion
Protease (PR) pl5 gag/pol cleavage and maturation virion
Reverse Transcriptase (RT) p66, pS1 reverse transcription virion
RNase H (heterodimer) RNAse H activity virion
Integrase (IN) DNA provirus integration virion
Env gp120/gp41 external viral glycoproteins bind to CD4 and chemokine plasma membrane, virion envelope
co-receptors
Tat plé/pl4d viral transcriptional transactivator primarily in nucleolus/nucleus
Rev pl9 RNA transport, stability and utilization factor (phosphoprotein)  primarily in nuleolus/nucleus shuttling be-
tween nucleolus and cytoplasm
Vif p23 viral infectivity factor, inhibits minus-strand viral DNA hyper-  cytoplasm (cytosol, membranes), virion
mutation
Vpr pl0O-15 promotes nuclear localization of preintegration complex, virion nucleus (nuclear membrane?)
inhibits cell division, arrests infected cells at G2/M
Vpu pl6 promotes extracellular release of viral particles; degrades CD4  integral membrane protein
in the ER; (phosphoprotein only in HIV-1 and SIVcpz)
Nef p27-p25 CD4 and class I downregulation (myristylated protein) plasma membrane, cytoplasm, (virion?)
Vpx pl2-16 Vpr homolog present in HIV-2 and some SIVs absent in HIV-1  virion (nucleus?)
Tev p28 tripartite tat-env-rev protein (also named Tnv) primarily in nucleolus/nucleus

xii
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Abbreviations

Abbreviations

Common abbreviations used in this database.

Abbrev. Meaning

Ab Antibody

ADCC Antibody-Dependent Cell-medicated Cytotoxicity

ADE Antibody-Dependent Enhancement

APC Antigen Presenting Cell

AZT Azidothymidine

CD4BS CD4 Binding Site

CD4i Antibody that has enhanced binding to gp120 in the
presence of SCD4 (CD4 induced)

CSF Cerebrospinal Fluid

CTL Cytotoxic T Lymphocyte

CTLp CTL precursor

DTT Dithiothrietol

EIA Enzyme Immuno Assay

ELISA Enzyme Linked ImmunoSorbent Assay

ER Endoplasmic Reticulum

Fabs Fragment Antigen Binding-univalent antibody frag-
ment

FIV Feline Immunodeficiency Virus

ep glycoprotein

HIV Human Immunodeficiency Virus

HLA Human Leukocyte Antigens

HLA-MHC Human Leukocyte Antigens-Major Histocompatibility
Complex

IFN Interferon

IL Interleukin

IN Integrase

HIV Immunology and HIV/SIV Vaccine Databases 2003
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Abbrev. Meaning

Ig Immunoglobulin

MAD Monoclonal Antibody

MHC Major Histocompatibility Complex

MRC Medical Research Council, UK

NAb Neutralizing Antibody

NIBSC  National Institute for Biological Standards and Con-
trol, UK

NIH National Institutes of Health

PBLs Peripheral Blood Lymphocytes

PBMC Peripheral Blood Mononuclear Cell

PR Protease

RAC Ricin A Chain

rec/r recombinant

RIP Recombinant Identification Program

RIPA Radio Immuno Precipitation Assay

rsgpl60  recombinant soluble gp160

RT Reverse Transcriptase

sCD4 soluble CD4

SDS Sodium Duodecyl Sulfate

SIV Simian Immunodeficiency Virus

Th T-helper cell

TNF Tumor Necrosis Factor

VLP Virus Like Particle, assembled from p55 gag

\'AY% Vaccinia Virus

WB Western Blot
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I-A

Broad HIV-1 Specific CTL Responses Reveal Extensive HLA Class
| Binding Promiscuity of HIV-Derived, Optimally Defined CTL Epi-

topes

Nicole Frahm?, Philip J.R. Goulder®", Christian Brander?

I-A-1 Cytotoxic T lymphocyte (CTL) in HIV infection

Together with neutralizing antibodies and virus specific T-helper cells, HIV spe-
cific cytotoxic T lymphocytes (CTL) remain at the center of many vaccine de-
velopment efforts despite the ongoing debate regarding their in vivo induction
and function and their potential ability to provide effective protection from in-
fection in vaccines. However, numerous reports support the important role that
virus specific CTL responses may have in HIV infection and that their detailed
characterization needs to continue. As in past years, we again have compiled an
updated list of all optimal HIV derived CTL epitopes that have been described
over the last 12 months. The total number of optimal CTL epitopes has now
exceeded 200 and increasingly also includes epitopes identified in non-clade B
infection and in individuals of non-Caucasian descent. Thus, the collective infor-
mation on the specificity of these HIV directed responses is of growing relevance
for vaccine development in populations most affected by the HIV epidemic and
should facilitate further immune analyses in these mostly non-Caucasians eth-
nicities.
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I-A-2 Broad CTL responses are not associated with HIV
control

A number of laboratories, including ours, have in the past described the
results from comprehensive CTL screening studies, in which overlapping
peptide sets spanning the entire HIV genome are used in IFN-y ELISpot
assays [Addo2003, [Cao02003a, [Draenert2004d, |Feeney2003, [Frahm2004,
Novitsky2002, |Sabbaj2003, Kiepiela2004]. While several reports show either
a positive or a negative correlation between viral loads and the breadth or magni-
tude of these CTL responses, none of these recent studies have found any strong
significant associations. Importantly, studies describing correlations have often
been based on the analysis of CTL responses against a restricted number of pro-
teins or even single epitopes using tetramer stainings and were often restricted
to a relatively low number of subjects enrolled [Betts2001, [Buseyne2002a,
Buseyne2002bl [Edwards2002, Ogg1998]|. The larger, more comprehensive stud-
ies including individuals at different stages of disease fail to see associations
between CTL activity and viral loads [[Addo2003, [Cao2003al |[Draenert2004d,
Feeney2003| [Frahm2004]]. Thus, it appears that either total CTL responses are
not a correlate of immune protection, or the assays most widely applied do not
reflect the number of CTL responses that actually do mediate effective in vivo
control of viral replication. The latter may indeed play an important role as some
of the most widely used approaches clearly have their limitations. Overcoming
them may help to obtain a more accurate picture of the HIV specific CTL activity.
For instance, recent studies from our laboratory show that the use of autologous
test sequences yields more and stronger CTL responses to variable proteins com-
pared to the use of consensus sequence based peptide sets [Altfeld2003]. Thus,
most studies may underestimate the true breadth of responses and may hide a
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Optimal HIV-1 CTL Epitopes

potential association between CTL activity, viral loads and disease progression.
This limitation could be overcome by testing an extensive number of individuals
using autologous test sequences; an undertaking that, however, will be limited
by the exuberant costs for autologous sequence peptide synthesis.

A further concern regards the use of overlapping peptide panels that span
the entire expressed HIV genome. In most cases, these utilize peptides that are
15—18 amino acids in length and which overlap by either 10 or 11 amino acids.
Recent studies by Draenert [Draenert2004b] indicate that the precise location of
the optimal epitope within the overlapping peptide (OLP) significantly affects
recognition of the OLP: if the epitope is located precisely at the C-terminal end
of the OLP, it will be significantly better recognized than if located in the middle
of the OLP. Recent studies in the SIV macaque model, where peptides can be
synthesized that correspond exactly to the autologous virus sequence, indicate
that even 15-mers overlapping by 11 amino acids fail to pick up a substantial
proportion of the responses (Watkins et al., unpublished). The ultimate and ideal
situation would be to use a panel of 11-mers overlapping by 10 amino acids,
based on autologous virus sequence. The cost of such an enterprise is prohibitive,
but for a limited number of subjects this exercise should perhaps be undertaken,
as one becomes increasingly aware of the fact that the immunodominant CTL
responses may not necessarily be the ones that are critical for immune control.

In addition, only a few different assays are currently being employed for the
detection of virus specific CTL. To our knowledge, all optimal CTL epitopes
listed in the present database have been identified either by assessing cytotoxic
activity in a Cr>! release assay or by the induction of IFN-y in Elispot or intra-
cellular cytokine staining (ICS) assays. While cytolytic function may be an im-
portant aspect of effective CTL, IFN-7 release may well be a surrogate for other
functions but not occur in all HIV-specific cells. A number of laboratories have
tackled these problems and established other assays, such as CD107 degranula-
tion and perforin/granzyme release assays as alternative ways to assess CTL re-
sponses. Also, replication inhibition assays of the type first described by Yang et
al. [Yang1997], in which CTL clones are co-cultured with HLA-matched CD4+
T cells infected with autologous virus clones, may provide a means to come
closer to the situation in vivo. Such assays will help to address qualitative differ-
ences in the viral replication inhibition efficacy of CTL of different specificity
and will also help to identify processing mutations that are hard to detect in other,
non-replication based assays. The frequency of processing escape mutations is
unknown but a recent number of descriptions of mutational processing escape
mutations in HI'V suggests that this is a mechanism of escape that has been much
under-recognized [Draenert2004c| |Allen2004, [Yokomaku2004]. Overall, these
assays still need further adaptation and simplification until comprehensive re-

Extensive HLA class I binding promiscuity of HIV derived optimal epitopes

sponses can be measured on a single peptide level in a larger population of HIV
infected individuals.

Finally, assessing total CTL responses by comprehensive screening
may detect too many immunologically irrelevant responses and thus ob-
scure a possible association between CTL activity and viral control. In-
deed, there is compelling evidence that some single epitope-specific re-
sponses can control viral replication as viral escape in such epitopes is
associated with increased viral loads and acceleration of disease progres-
sion [Draenert2004c, |Goulder1997c, [Cao2003bl, |Kelleher2001, [Allen2000,
Barouch2002, [Klenerman2002!, [Leslie2004, |[Friedrich2004]. Thus, besides sin-
gle responses that appear to have the capacity to provide strong immune surveil-
lance, the current assays may also detect many less efficient responses and thus
hide a possible association between CTL activity and viral load. On the other
hand, individuals with high viral loads and fast disease progression can well
maintain strong CTL responses without evidence of affecting viral replication
[Draenert2004d]. In this study, the lack of control over viral replication could
not be explained by sequence variation in the targeted regions of the autolo-
gous virus, indicating functional deficiencies specific to these individuals or re-
sponses. New data from our lab and other investigators suggest that the ability
of HIV-epitope specific CTL to proliferate in response to antigen is lost in the
course of infection, and that this defect could be associated with the loss of ef-
fective control over viral replication [Migueles2002] (and Lichterfeld et al., un-
published). Together, these studies suggest that at least some HIV specific CTL
can exert effective replication control and that the often generalized description
of “functional deficiency of HIV specific CTL” is likely an over-simplification.

I-A-3 Extensive HLA class I binding promiscuity of HIV
derived optimal epitopes

Regardless of possible associations between CTL activity and viral loads, know-
ing the precise targets of these CTL is still a prerequisite for many other ques-
tions to be asked, such as viral evolution, genetic imprinting and their potential
use in epitope-based vaccines. Furthermore, the well-defined epitope landscape
can be used to address questions of antigen processing and epitope presentation.
In a recent study, we have used the optimally defined CTL epitopes to address
the degree of HLA class I binding promiscuity. Briefly, 100 HIV infected in-
dividuals of mainly non-Caucasian background were tested for CTL responses
against almost 200 described, optimal HIV derived CTL epitopes, regardless of
the individual’s HLA type. Interestingly, only about 40% of all responses were
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detected in individuals who expressed the appropriate HLA class I allele. An-
other 20% of the responses were attributed to the presence of an allele that fell
into the same HLA-supertype as the originally described restricting allele (for
instance, an HLA-A3+ individual showing a positive response against an HLA-
Al1 restricted epitope). This left 40% of all responses to be restricted by alleles
that do not share obvious similarities to the originally described allele or were,
thus far at least, not grouped into the same HLA-supertype as the original allele.
Although more detailed analyses will be required to confirm the precise length
and anchor residues for the epitopes presented on alternative alleles, the data
strongly suggest the presence of epitopes with wide HLA-class I binding promis-
cuity. This is supported by some of the epitopes included in the present update,
for which presentation and ex vivo recognition was documented for up to four
different HLLA class I alleles (TL9 on B7, B42, B81 and CwO08). Furthermore,
strong support for extensive epitope binding promiscuity is derived from the ob-
servation that CTL responses to certain regions of the viral genome, such as Gag
and Nef, show strong clustering of responses [Frahm2004, [Frahm2002al]. In
data now publicly available at the Los Alamos database (http://www.hiv.
lanl.gov/content/immunology/hlatem/), we show that 72 of 150
individuals tested reacted to the very same overlapping 18-mer peptide in Nef.
Since these individuals expressed widely diverse HLA types and the number of
potential epitopes in a single 18-mer is limited, the data strongly suggest that at
least some epitopes must be presented by multiple HLA class I alleles.

I-A-4 Implications for vaccine development and viral
evolution studies

Clearly, the identification of CTL epitopes that can bind multiple HLA class I al-
leles will facilitate the selection of epitopes with an increased population cover-
age. However, it will also be important to assess potential functional differences
between responses to the same epitopes presented on different alleles. This may
be of special interest in cases where the epitopes are shared between HLA class
I alleles differentially associated with slow or fast HIV disease progression. An
example of this is the TL9 response restricted by HLA-B42 and B81. HLA-
B8l is associated with low viral loads in the Durban population, whereas B42 is
not (Goulder et al., unpublished). Sequencing of the virus indicates that escape
mutations are selected in the B81-positive subjects in the region of the virus en-
coding the TLO epitope, whereas this does not occur in the B42-positive subjects
(Leslie et al., unpublished). Other examples include the epitope QW9, shared by
HLA-B57 (slow) and HLA-B53 (fast disease progression). Using these epitopes,
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one may be able to address the role that the HLA class I molecule or the presented
CTL epitope, respectively, play in determining the rate of disease progression.
Finally, cross-binding epitopes may also impact the analyses of CTL escape pat-
terns as allele-associated footprints may need to take into consideration other
alleles with the ability to share CTL epitopes. Similarly, the assessment of a
“functional HLA homozygosity” in which alleles that frequently share CTL epi-
topes are considered “functionally homozygous™” may reveal additional insight
into the mechanism by which genetically homozygous individuals show a faster
disease progression compared to HLA heterozygous subjects [Carrington1999].
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Nicole Frahm

phone: (617) 726-2648
FAX: (617) 726-4691
nfrahm @partners.org
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I-A-6 Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes.

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
A*0101 (A1) gpl60 787-795 RRGWEVLKY [Ca02002
A*02 (A2) RT 127-135 YTAFTIPSV |Draenert2004a
A*0201 (A2) 2 6 C [Falk1991}Barouch1995
1° anchor L L
M v
2° anchor Y
A*0201 (A2) pl7 77-85 SLYNTVATL Johnsonl1991,|Parker1992, |Parker1994
A*0201 (A2) pl 1-10 FLGKIWPSYK [Yu2002b
A*0201 (A2) RT 33-41 ALVEICTEM [Haas1998l|Haas1999
A*0201 (A2) RT 179-187 VIYQYMDDL |Harrer1996a
A*0201 (A2) RT 309-317 ILKEPVHGV [Walker1989, Tsomides1991
A*0201 (A2) Vpr 59-67 ATIRILQQL |Altfeld2001al |Altfeld2001b
A*0201 (A2) gpl60 311-320 RGPGRAFVTI |Alexander-Miller1996
A*0201 (A2) gpl60 813-822 SLLNATDIAV [Dupuis1995
A*0201 (A2) Nef 136-145 PLTFGWCYKL [Haas1996, Maier1999
A*0201 (A2) Nef 180-189 VLEWRFDSRL [Haas1996| Maier1999
A*0202 (A2) 2 C |Barouch1995
L L
v
A*0202 (A2) pl7 77-85 SLYNTVATL [Goulder1999
A*0205 (A2) pl7 77-85 SLYNTVATL [Goulder1999
A*0205 (A2) gp4l 335-343 RIRQGLERA [Sabbaj2003
A*0207 (A2) p24 164-172 YVDREYKTL [Currier2002
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
A*0301 (A3) pl7 18-26 KIRLRPGGK |Harrer1996b
A*0301 (A3) pl7 20-28 RLRPGGKKK [Goulder1997bl |Culmann1999, Lewinsohn1999b, [Wilkes1999b
A*0301 (A3) pl7 20-29 RLRPGGKKKY [Goulder2000b
A*0301 (A3) RT 33-43 ALVEICTEMEK [Haas1998|[Haas1999
A*0301 (A3) RT 73-82 KLVDFRELNK [Yu2002a
A*0301 (A3) RT 93-101 GIPHPAGLK [Yu2002a
A*0301 (A3) RT 158-166 ATFQSSMTK [Threlkeld1997
A*0301 (A3) RT 269-277 QIYPGIKVR [Yu2002a
A*0301 (A3) RT 356-366 RMRGAHTNDVK [Yu2002a
A*0301 (A3) Integrase  179-188 AVFIHNFKRK [Yu2002a
A*0301 (A3) Vif 17-26 RIRTWKSLVK [Altfeld2001al [Yu2002a
A*0301 (A3) Vif 28-36 HMYISKKAK [Yu2002a
A*0301 (A3) Vif 158-168 KTKPPLPSVKK [Yu2002a
A*0301 (A3) Rev 57-66 ERILSTYLGR [Addo2002al [Yu2002a
A*0301 (A3) gpl60 37-46 TVYYGVPVWK |Johnson1994a
A*0301 (A3) gpl60 770-780 RLRDLLLIVTR |[Takahashi1991
A*0301 (A3) Nef 73-82 QVPLRPMTYK |Koenig1990,|Culmann1991
A*0301 (A3) Nef 84-92 AVDLSHFLK [Yu2002a
A*1101 (A11) 2 C |[Zhang1993| Rammensee1995
K
\
I
F
Y
A*1101 (A11) pl7 84-92 TLYCVHQRI [Harrer1998
A*1101 (A11) p24 217-227 ACQGVGGPGHK [Sipsas1997
A*1101 (A11) RT 158-166 AIFQSSMTK |Johnson1994bl|Zhang1993| [Threlkeld1997
A*1101 (A11) RT 341-350 IYQEPFKNLK [Culmannl1999
A*1101 (A11) RNase 80-88 QIIEQLIKK [Fukadal999
A*1101 (A11) Integrase  179-188 AVFIHNFKRK [Fukadal999
A*1101 (A11) gpl60 199-207 SVITQACPK [Fukadal999
A*1101 (A11) Nef 73-82 QVPLRPMTYK |Buseynel999
A*1101 (A11) Nef 75-82 PLRPMTYK [Culmannl991
A*1101 (A11) Nef 84-92 AVDLSHFLK [Culmannl991
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
A*23 (A23) gp4l 74-82 RYLKDQQLL Ca02003a
A*2402 (A24) 2 C [Maier1994
Y I
L
F
A*2402 (A24) pl7 28-36 KYKLKHIVW |Ikeda-Moore1998| [Lewinsohn1999al
A*2402 (A24) p24 162-172 RDYVDRFFKTL |Dorrell1999, Rowland-Jones1999
A*2402 (A24) gpl60 52-61 LFCASDAKAY [Liebermanl992||Shankar1996
A*2402 (A24) gpl60 585-593 RYLKDQQLL [Dail992
A*2402 (A24) Nef 134-141 RYPLTFGW |Goulder1997a, |Ikeda-Moore1998
A*2501 (A25) p24 13-23 QATSPRTLNAW |Kuranel999
A*2501 (A25) p24 71-80 ETINEEAAEW [Klenerman1996, vanBaalen1996
A*2601 (A26) 12 6 C |Dumresel998
v Y
T F
I
L
F
D I
E L
\%
A*2601 (A26) p24 35-43 EVIPMFSAL |Goulder1996a
A*2601 (A26) Pol 604-612 ETKLGKAGY |Sabbaj2003
A*29 (A29) Nef 120-128 YFPDWQNYT  [Draenert2004b
A*2902 (A29) gpl60 209-217 SFEPIPIHY |Altfeld2000a
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Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
A*3002 (A30) 12 C |Rammensee1999

Y Y

F

L

v

R
A*3002 (A30) pl7 76-86 RSLYNTVATLY |Goulder2001
A*3002 (A30) RT 173-181 KQNPDIVIY |Goulder2001
A*3002 (A30) RT 263-271 KLNWASQIY [Goulder2001
A*3002 (A30) RT 356-365 RMRGAHTNDV  [Sabbaj2003
A*3002 (A30) Integrase  219-227 KIQNFRVYY [Sabbaj2003| Rodriguez2004
A*3002 (A30) gpl60 704-712 TVNRNRQGY |Goulder2001
A*3002 (A30) gpl120 310-318 HIGPGRAFY [Sabbaj2003
A*3002 (A30) gp4l 283-291 KYCWNLLQY [Goulder2001
A*3101 (A31) 2 C |Falk1994,[Rammensee 1999
R

L

\Y

Y

F
A*3101 (A31) gpl60 770-780 RLRDLLLIVTR [Safrit1994al |Safrit1994b
A*3201 (A32) RT 392-401 PIQKETWETW [Harrer1996b
A*3201 (A32) gpl60 419-427 RIKQIINMW [HarrerI996b
A*3303 (A33) gp4l 187-196 VFAVLSIVNR [Hossain2001
A*3303 (A33) gp4l 320-327 EVAQRAYR [Hossain2001
A*3303 (A33) Vpu 29-37 EYRKILRQR |Addo2002b
A*3303 (A33) Nef 133-141 TRYPLTEFGW [Ca02002
A*6801 (A68) Tat 39-49 ITKGLGISYGR |Oxenius2002
A*6801 (A68) Vpr 52-62 DTWAGVEAIIR [Sabbaj2004
A*6802 (A68) Protease  3-11 ITLWQRPLV |Rowland-Jones1999
A*6802 (A68) Protease = 30-38 DTVLEEWNL |Rowland-Jones1999
A*6802 (A68) gpl60 777-1785 IVTRIVELL [Wilkes1999a
A*7401 (A19) Protease  3-11 ITLWQRPLV [Rowland-Jones1999
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
B*07 (B7) p24 84-92 HPVHAGPIA [Yu2002a
B*0702 (B7) 123 C |Englehard1993] Rammensee1999
P L
A R F
R K
B*0702 (B7) p24 16-24 SPRTLNAWV [Lewinsohn1999a
B*0702 (B7) p24 48-56 TPQDLNTML [Wilson1999al Wilkes1999¢| Jin2000, [Wilson1997
B*0702 (B7) p24 223-231 GPGHKARVL |Goulder1999
B*0702 (B7) Vpr 34-42 FPRIWLHGL [Altfeld2001a
B*0702 (B7) Vif 48-57 HPRVSSEVHI [Altfeld2001a
B*0702 (B7) gpl60 298-307 RPNNNTRKSI |Safrit1994b
B*0702 (B7) gp160 843-851 IPRRIRQGL [Wilkes1999b
B*0702 (B7) Nef 68-77 FPVTPQVPLR [Haas1996| Maier1999
B*0702 (B7) Nef 68-76 FPVTPQVPL [Bauer1997, Frahm2002b
B*0702 (B7) Nef 71-79 TPQVPLRPM |Goulder1999
B*0702 (B7) Nef 77-85 RPMTYKAAL |Bauer1997
B*0702 (B7) Nef 106-115 RODILDLWIY |Goulder1999
B*0702 (B7) Nef 128-137 TPGPGVRYPL |Culmann-Penciolelli1994) |Haas1996
B*0801 (BS) 23 5 C [Hill1992, [Sutton1993| IDiBrino1994b
K K L
R
PR
L
B*0801 (BS8) pl7 24-32 GGKKKYKLK [Rowland-Jones1993||Goulder1997d
B*0801 (BS8) pl7 74-82 ELRSLYNTV |Goulder1997d
B*0801 (BS8) p24 128-135 EIYKRWITI [Sutton1993l|Goulder1997d
B*0801 (BS8) p24 197-205 DCKTILKAL [Sutton1993
B*0801 (BS8) RT 18-26 GPKVKQWPL [Walker1989, [Sutton1993
B*0801 (BS8) gpl60 2-10 RVKEKYQHL [Sipsas1997
B*0801 (BS8) gpl60 586-593 YLKDQQLL Johnson1992|[Shankar1996
B*0801 (BS8) Nef 13-20 WPTVRERM |Goulder1997d
B*0801 (BS8) Nef 90-97 FLKEKGGL |Culmann-Penciolelli1994, Price1997
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
B*14 (B14) pl5 42-50 CRAPRKKGC [Yu2002b:
B*1402 (B14) 235 C |DiBrino1994a
R R L
K H
L
Y
F
B*1402 (B14) p24 166-174 DRFYKTLRA |Harrer1996b
B*1402 (B14) gpl60 584-592 ERYLKDQQL Johnson1992
B*1501 (B62) 2 C
0 Y |Barber1997
L F |Barber1997
M Barber1997
B*1501 (B62) p24 137-145 GLNKIVRMY Johnsonl1991!|Goulder1999
B*1501 (B62) RT 260-271 LVGKLNWASQIY |Johnsonl1999
B*1501 (B62) RT 309-318 ILKEPVHGVY |Johnson1991lJohnson1999
B*1501 (B62) Nef 19-27 RMRRAEPAA [|Ca02002
B*1501 (B62) Nef 117-127 TQGYFPDWQNY  |Culmannl999
B*1503 (B72) Integrase  185-194 FKRKGGIGGY |Honeyborne2003
B*1503 (B72) Integrase  263-271 RKAKIIRDY [Ca02003a
B*1503 (B72) Tat 38-47 FQTKGLGISY |Novitsky2001
B*1503 (B72) Pol 651-660 VIDSQYALGI [Sabbaj2003
B*1503 (B72) Nef 183-191 WREDSRLAF [Ca02002
B*1510 (B71) Gagp24 61-69 GHQAAMQML |Day2003
B*1510 (B71) Vif 79-87 WHLGHVSI |Honeyborne2003
B*1516 (B63) 2 9 [Barber1997, |Seeger1998
T Y
S I
v
F
B*1516 (B63) gpl60 375-383 SFNCGGEFF [Wilson1997, [Wilson1999a
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
B*1801 (B18) p24 161-170 FRDYVDRFYK |Oggl998
B*1801 (B18) Vif 102-111 LADQLIHLHY |Altfeld2001a
B*1801 (B18) Nef 135-143 YPLTFGWCY |Culmann1991,[Culmann-Penciolelli1994
B*27 (B27) Vpr 31-39 VRHFPRIWL [Addo2004
B*2703 (B27) p24 131-140 RRWIQLGLQK [Rowland-Jones1998| |Rowland-Jones1999
B*2705 (B27) 12 C Jardetzky 1991, Rammensee1995
R L
F
K K
R R
G I
A
B*2705 (B27) pl7 19-27 IRLRPGGKK |McKinney1999, |Lewinsohn1999a
B*2705 (B27) p24 131-140 KRWIILGLNK [Nixonl988| Buseynel993,|Goulder1997c
B*2705 (B27) gpl60 786-795 GRRGWEALKY |Liebermanl992 [Lieberman1999
B*2705 (B27) Nef 105-114 RRODILDLWI |Goulder1997b
B*3501 (B35) 2 C [Hill1992, Rammensee1999
P Y
A F
\% M
S L
I
B*3501 (B35) pl7 36-44 WASRELERF |Goulder1997a
B*3501 (B35) pl7 124-132 NSSKVSQNY |Rowland-Jones1995
B*3501 (B35) p24 122-130 PPIPVGDIY [Rowland-Jones1995
B*3501 (B35) p24 122-130 NPVPVGNIY |Rowland-Jones1995
B*3501 (B35) RT 107-115 TVLDVGDAY |[Wilkes1999b, [Wilson1999b
B*3501 (B35) RT 118-127 VPLDEDFRKY |Sipsas1997,/Shigal996
B*3501 (B35) RT 175-183 NPDIVIYQY |Sipsas1997,[Shigal996
B*3501 (B35) RT 175-183 HPDIVIYQY [Rowland-Jones1995
B*3501 (B35) gpl60 42-52 VPVWKEATTTL [Wilkes1999b
B*3501 (B35) gpl60 78-86 DPNPQEVVL [Shigal996
B*3501 (B35) gpl60 606-614 TAVPWNASW Johnson1994a
B*3501 (B35) Nef 74-81 VPLRPMTY |Culmann1991}|Culmann-Penciolelli1994
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
B*3701 (B37) 2 Cc |Falk1993

D F

E M

L
I

B*3701 (B37) Nef 120-128 YEPDWQONYT  |Culmannl991} |Culmann1999
B*3801 (B38) Vif 79-87 WHLGQGVSI |Sabbaj2004
B*3801 (B38) gpl60 104-112 MHEDIISLW [Cao02002
B*3901 (B39) 2 C |Falk1995a

R L

H
B*3901 (B39) p24 61-69 GHQAAMQML  |[Kuranel999
B*4001 (B60) 2 C [Falk1995b

E L
B*4001 (B60) pl7 92-101 IEIKDTKEAL [Altfeld2000b
B*4001 (B60) p24 44-52 SEGATPQDL |Altfeld2000b
B*4001 (B60) po 33-41 KELYPLTSL [Yu2002b
B*4001 (B60) RT 5-12 IETVPVKL [Draenert2004a
B*4001 (B60) RT 202-210 IEELRQHLL [Altfeld2000b
B*4001 (B60) gpl60 805-814 QELKNSAVSL [Altfeld2000b
B*4001 (B60) Nef 37-45 LEKHGAITS [Draenert2004a
B*4001 (B60) Nef 92-100 KEKGGLEGL |Altfeld2000b
B*4002 (B61) pl7 11-19 GELDRWEKI |Sabbaj2003
B*4002 (B61) p24 70-78 KETINEEAA [Sabbaj2003
B*4002 (B61) p24 78-86 AEWDRVHPV |Sabbaj2003
B*4002 (B61) pl5 64-71 TERQANFL |Sabbaj2003
B*4002 (B61) Nef 92-100 KEKGGLEGL |Sabbaj2003} [Altfeld2000b
B*42 (B42) Integrase  260-268 VPRRKAKII [Kiepiela2002
B*4201 (B42) p24 48-56 TPQDLNTML  |Goulder2000a
B*4201 (B42) RT 271-279 YPGIKVRQL [Wilkes1999b
B*4201 (B42) Nef 128-137 TPGPGVRYPL |Goulder1999
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
B*44 (B44) Protease = 34-42 EEMNLPGRW |Rodriguez2004
B*4402 (B44) 2 C |Rammensee1999
E F
Y
B*4402 (B44) p24 162-172 RDYVDRFYKTL [Oggl998
B*4402 (B44) p24 174-184 AEQASQDVKNW |Lewinsohnl1999al
B*4402 (B44) gpl60 31-40 AENLWVTVYY [Borrow1997
B*4415 (B12) p24 28-36 EEKAFSPEV [Bird2002
B*4501 (B45) Gag-p2 1-10 AEAMSQVTNS |Sabbaj2004
B*50 (B50) Nef 37-45 LEKHGAITS |Draenert2004al
B*51 (B51) Vif 57-66 IPLGDAKLII [Bansal2004
B*51 (B51) Vpr 29-37 EAVRHFPRI [Ca02003a
B*5101 (B51) 2 Cc |Falk1995a
A F
P I
G
B*5101 (B51) RT 42-50 EKEGKISKI |Haas1998l Haas1999
B*5101 (B51) RT 128-135 TAFTIPSI |Sipsas1997
B*5101 (B51) gpl60 416-424 LPCRIKQII [Tomiyamal999
B*5201 (B52) 2 C |Rammensee1999
I
v
Q
B*5201 (B52) p24 143-150 RMYSPTSI [Wilkes1999b, [Wilson1997
B*53 (B53) Nef 135-143 YPLTFGWCE [Kiepiela2002
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Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
B*5301 (B53) 2 C
P L [Hill1992
B*5301 (B53) p24 48-56 TPYDINOML [Gotch1993
B*5301 (B53) p24 176-184 QASQEVKNW |Buseynel1996, Buseynel997, [Buseyne1999
B*5301 (B53) Tat 2-11 EPVDPRLEPW |Addo2001
B*5301 (B53) Nef 135-143 YPLTFGWCY [Sabbaj2003
B*5501 (BSS) 2 C |Barber1995
P
A
B*5501 (BS55) gpl60 42-51 VPVWKEATTT [Shankar1996, [Lieberman1999
B*57 (B57) Integrase  123-132 STTVKAACWW [Rodriguez2004, |Addo2004
B*57 (B57) Nef 116-124 HTQGYFPDW |Draenert2002
B*5701 (B57) 12 C [Barber1997
A F
T w
S
K Y
B*5701 (B57) p24 15-23 ISPRTLNAW Johnson1991,|Goulder1996b
B*5701 (B57) p24 30-40 KAFSPEVIPMF |Goulder1996b
B*5701 (B57) p24 108-118 TSTLQEQIGWE |Goulder1996b
B*5701 (B57) p24 176-184 QASQEVKNW [Goulder1996b
B*5701 (B57) RT 244-252 IVLPEKDSW |vanderBurg1997, Hay1999
B*5701 (B57) Integrase  173-181 KTAVQMAVE  |Goulder1996b, |[Hay 1999
B*5701 (B57) Vpr 30-38 AVRHFPRIW [Altfeld2001a
B*5701 (B57) Vif 31-39 ISKKAKGWE |Altfeld2001a
B*5701 (B57) Rev 14-23 KAVRLIKFLY [Addo2001
B*5701 (B57) Nef 116-125 HTQGYFPDWQ [Culmannl991
B*5701 (B57) Nef 120-128 YFPDWONYT [Culmannl991
B57 (B57) Nef 116-124 HTQGYFPDW [Draenert2002
B*5703 (B57) p24 30-37 KAFSPEVI |Goulder2000b
B*5703 (B57) p24 30-40 KAFSPEVIPMF [Goulder2000b
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
B*5801 (B58) 12 C |Barber1997, [Falk1995b
A F
T w
S
K
\Y
I
B*5801 (B58) p24 108-117 TSTVEEQQIW |Bertoletti1998
B*5801 (B58) p24 108-117 TSTLQEQIGW [Goulder1996b
B*5801 (B58) RT 375-383 IAMESIVIW |Kiepiela2002
B*5801 (B58) Rev 14-23 KAVRLIKFLY [Addo2001
B*81 (B81) Pol 715-723 LFLDGIDKA |Addo2002a
B*8101 (B81) p24 48-56 TPQODLNTML |Goulder2000a
B*8101 (B81) Vpr 34-42 FPRIWLHGL |Altfeld2001a
Cw*0102 (Cwl) 23 C |Barber1997
A L
L
P
Cw*0102 (Cwl) p24 36-43 VIPMFSAL |Goulder1997a
Cw*03 (Cw03) Nef 83-91 AALDLSHFL [Draenert2004a
Cw*0303 (Cw9) Gagp24 164-172 YVDRFFKTL [Honeyborne2003
Cw*0304 (Cw10) Gagp24 164-172 YVDRFFKTL [Honeyborne2003
Cw*0304 (Cwl10) gp4l 46-54 RAIEAQQHL [Currier2002, Trocha2002
Cw*0401 (Cw4) 2 6 C [Falk1994
Y L
P F
F M
\%
I
L
Cw*0401 (Cw4)  gpl60 375-383 SFNCGGEFF [Wilson1997, Johnson1993
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference

»n
Cw*05 (CwO05) Gagp24 174-185 AEQASQEVKNWM |Draenert2004a _§
[
Cw*07 (Cw7) Nef 105-115 KRQEILDLWVY [Kiepiela2002 c
Cw*07 (Cw7) Nef 105-115 RRQDILDLWIY [Yu2002a
Cw*0802 (Cw8) p24 48-56 TPQDLNTML |Goulder2000a
Cw*0802 (Cw8) Nef 83-91 AAVDLSHFL [Cao2003a
Cw*12 (Cwl12) Tat 30-37 CCFHCQVC [Ca02003a,[Nixon1999
Cw*15 (Cwl5) gp4l 46-54 RATIEAQQHL [Trocha2002
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Enhanced Motif Scan: A Tool to Scan for HLA Anchor Residues in

Proteins

Karina Yusim?, James J. Szinger?, Isobella Honeyborne®-°, Charles
Calef?, Philip J. R. Goulder®°, Bette T. M. Korber?

I-B-1 Introduction

The HIV Immunology Database at http://www.hiv.lanl.gov/| is
a repository of information about HIV T-cell and antibody epitopes, inte-
grated with the sequence variability data from the HIV Sequence Database
[Kuiken2003]. The immunology database includes tables, maps and align-
ments of HIV-specific cytotoxic T lymphocyte (CTL) epitopes that are updated
through annual summaries of the literature. We also develop simple web-based
tools with the goal of assisting immunologists in experimental design and inter-
pretation of their results. While these tools emphasize ease of application for
HIV studies, many are also useful for studies of other pathogens and immune
responses.

Several tools in the immunology database that rely on HLA anchor mo-
tif assignments are available to help identify potential CTL epitopes in HIV
proteins[Calef2001! [Calef2002} Thakallapally2001]]. HLA anchor motifs are the
conserved elements in epitopes that allow binding with specific HLA class I or
class II proteins for presentation on the cells surface and recognition by T-cells.
The peptide binding groove is divided into six pockets (A, B, C, D, E and F).
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Only 2 to 4 of these are generally occupied, although most of the residues within
a peptide contribute to some degree to MHC binding. There are usually two dom-
inant binding anchors for an epitope bound to an MHC class I molecule. These
are usually the second position residue and the carboxy-terminus (C-terminus),
and these residues bind to the B and F pockets, respectively, of the MHC class I
peptide-binding groove. Class I epitopes are typically 9 amino acids long, rang-
ing between 8-12 amino acids long. The optimal length of class II presented
epitopes is often higher, and the spacing of the anchor residues relative to each
other within the epitope tends to be more variable.

Anchor motif patterns are relatively, although not perfectly, preserved in
peptides that are presented by specific HLA molecules. Only a fraction of the
peptides that retain an anchor motif will actually bind to the appropriate HLA
molecule (for an example, see |Altfeld2001)), and only a small fraction of those
peptides that bind to HLA molecules will actually be properly processed and
presented and stimulate specific T-cells responses. So the presence of an anchor
motif only suggests the possibility of an epitope that could be presented by a
specific HLA molecule. Knowledge of the peptide-binding motif can be very
useful, however, for example in fine mapping of novel epitopes when one has
identified a CTL response against a longer peptide that contains an epitope.

We have updated our HLA binding motif scanner tool [Thakallapally2001]
(Motif Scan) to include a more comprehensive list of known anchor motifs. The
interface has been improved, and now includes the ability to track anchor motifs
in alignments of proteins, not just single proteins; and to differentiate between C-
terminal and interior anchor motif residues. Also, we are working on the feature
that would allow to identify all available motifs within protein fragments of up to
100 amino acids in length. Some basic reference sets of HIV proteins can be au-
tomatically entered for searches. The general purpose of this tool is to help users
to identify known anchor residue motifs for epitopes presented by class I and
class I HLA molecules, and then use these motifs to highlight potential epitopes
within a protein sequence. Although the automated search capabilities of Motif
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Motif Scan

Scan are based on HIV proteins, it can be applied to any protein. The tool could
also be applied to look for general functionally important motifs of amino acid
or nucleotides in sequences that have characteristic spacing. As the program is
searching sequences of letters for motifs of interest, it would work equally well
for identifying repeated patterns in proteins and in DNA. For example, if one
put the restriction enzyme BamHI site [G] - [G]—-[A]-[T]-[C]—-[C] inasa
custom motif and searched a DNA alignment, BamHi sites would be highlighted
within the alignment.

I-B-2 HLA anchor motif sources

Primary anchor motif sources

The main data source for Motif Scan is a database of HLA binding motifs stored
on our website. The HLA binding motif database has been recently updated to in-
clude two major motif libraries from The HLA Facts Book [Marsh2000] (http:
//www.anthonynolan.com/HIG/)and MHC Ligands and Peptides Motifs
[Rammenseel1997|] (http://syfpeithi.bmi-heidelberg.com). We
also searched the literature for the new motifs, not yet listed in these two major
sources. What we found in the primary literature is presented as an additional
source. Because motifs presented in different sources sometimes differ, in our
tool the motifs presented are listed along with their sources, and the user can
choose which ones to use for scanning the protein sequences for specific motif
patterns. A number of HLA class I and class II alleles have not been charac-
terized with respect to their peptide binding motif, and so we will continue to
periodically update the database as new motifs are defined.

Table I-B.1: HLA motifs that are predicted based on conserved patterns found in a mini-
mum of two optimal HIV epitopes in positions P2 or C-term (see[Frahm2004, page[3]this
volume, for lists of well defined epitopes presented by these HLA’s).

Allele Anchor motif Number of epitopes that share this

pattern

A*F2501 xxxxxxxxx[W] 2
A*3201 x[I]xxxxxxx[W] 2
A*6802 x[TV]xxxxxx|[VL] 3
B*4002 x[E]xxxxxx[IAVL] 5
B*4201 x[P]xxxxxx[L] 3
B*8101 x[P]xxxxxx[L] 2
26
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Additional proposed anchor motifs

We have added several additional possible motifs, listed in Table based
on conserved patterns in known optimal epitopes in HIV proteins [Frahm2004].
These motifs are not well established, and we will update the suggested motifs
as they become better characterized.

Predicting HLA-C motifs by genetic similarities in HLA molecules

Although many of the A and B alleles have had their motif described, very few
of the anchor motifs for HLA-C alleles have been characterized to date. As an
increasing number of HLA-C-restricted CTL responses are being characterized,
we have sought to predict the peptide-binding motif of the currently uncharacter-
ized HLA-C alleles by comparing them to pockets with similar residues. Table[[{
shows the positions of amino acids lining the pockets of MHC class I mol-
ecules. Predicting the motif is straightforward if there is an identical or similar
molecule that has been previously described, because a pocket having the same
amino acid side chains can be expected to bind similar residues. Previously de-
scribed F pockets of Cw*0102 and Cw*0304, for example, are identical, except
for a leucine to isoleucine change at amino acid 95 and their motifs have both
been found to bind small hydrophobic residues. Characteristics such as size, po-
larity and hydrophobicity (Table[[-B.3)) of the amino acid side-chains that line the
pocket directly influence the motif. For example, a pocket with an overall strong
positive charge will be expected to bind residues with negatively charged side
chains, whereas a strongly hydrophobic pocket, where the constituent residues
have bulky aromatic side chains, may often bind a small hydrophobic residue
in that pocket. Based on this rationale, we have made predictions regarding po-
tential anchor motifs for HLA-C subtype proteins that do not otherwise have a
defined anchor motif. For the purposes of prediction we have focused on the
principal pockets, B and F, although occasionally alleles have dominant anchor
residues in other pockets. FElucidation of Cw*0102 has shown, for example,
that residue 3 is an important anchor in the D pocket, and the anchor motif for
Cw*0102 includes a proline at residue 3.

Tables [I-B.4] and [I-B.5| compare the variation in key binding residues along
the B and F pockets of HLA-C alleles respectively, and, on the basis of similarity
and known anchor motifs, make predictions regarding additional motifs. Table
provides the predicted HLA-C summary motifs for B and F pockets.

Here is an example of our approach for motif prediction. The motif for
the molecule Cw*0304 has previously been described. In pocket B (Table [[-]
the residues have canceling charges and several large hydrophobic aromatic
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Table I-B.2: The positions of the amino acids lining the HLA-C class I peptide binding
site.

Pocket Constituent residues Peptide position
accomodated
A 5,7,59, 63, 66,99, 159, 163, 167, 171 1
B 7,9, 24,25, 34, 45, 63, 66, 67, 70, 99 2
C 9,70,73,74,97 6
D 99, 113, 114, 155, 156, 159, 160 3
E 97,114, 147, 152, 156 7
F 77, 80, 81, 84,95, 116, 123, 143, 146, 147  Carboxy terminus

Table I-B.3: Amino acid categories.

Category of amino acid Members in group
Non-polar, hydrophobic A, V,LLLM
Non-polar, hydrophobic, large aromatic ring structure EW,Y

Non-polar, hydrophobic, small P

Non-polar, hydrophilic G, S T,C N
Positively charged, hydrophilic R,H,K

Negatively charged, hydrophilic D,E

residues. This pocket has been found in Cw*0304 to prefer the small hydropho-
bic residue alanine, and based on the B pocket similarity, we predicted alanine
to be the B pocket anchor residue for Cw*0302 and Cw*0303.

The F pocket (Table for these alleles is likely to differ, however, since
at position 116 there is a change from tyrosine to serine in Cw*0302 compared to
Cw*0304 and Cw*0303. This substantial change would be expected to result in
a more spacious F pocket for Cw*0302 than for Cw*0303 and Cw*0304. Thus,
since for Cw*0304, the published motif at the F pocket is a medium-sized hy-
drophobic residue (L or M), for Cw*0302 we would predict a larger hydrophobic
residue such as ¥, W or Y.

We are currently testing the validity of these predictions. For example, we
have identified six HIV-1 relevant HLA-Cw*18 restricted responses toward 18-
mer peptides. Using the motifs predicted above we can now compare the pre-
dicted optimal epitopes with actual epitopes.
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Table I-B.4: Anchor motif predictions for the HLA-C locus B pocket. For each allele,
the amino acids lining the pocked are shown along with the published or predicted motif.
Amino acids at positions 9, 45, 63 and 67, shown in bold, are believed to be particularly
important in determining the resulting motif.
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Allele Binding pocket residues Published Predicted Comments

7 9 24 25 34 45 63 66 67 70 99 Motif Motif
Cw*0102 Y F S vV V. 6 E K Y Y C AL
Cw*0103 Y F S vV V G E K Y Y C A, L Pocket is identical to Cw*0103
Cw*0202 ¥ ¥ A VvV V G E K Y 0 Y A Pocket is identical to Cw*0304
Cw*0203 vy ¥ A VvV Vv G E K Y Q0 Y A Pocket is identical to Cw*0304
Cw*0302 vy ¥ A VvV Vv G E K Y Q0 Y A Pocket is identical to Cw*0304
Cw*0303 vy ¥ A VvV Vv G E K Y Q Y A Pocket is identical to Cw*0304
Cw*0304 Y ¥ A VvV VvV 66 E K Y 0O Y A Strong preference for small hydrophobic residues
Cw*0305 Y Y A v v G E K Y 0 Y A Pocket is identical to Cw*0304
Cw*0306 ¥ ¥ A VvV Vv G E K Y Q0 Y A Pocket is identical to Cw*0304
Cw*0307 vy ¥ A VvV VvV G E K Y Q0 Y A Pocket is identical to Cw*0304
Cw*0308 vy ¥ A VvV Vv G E K Y Q Y A Pocket is identical to Cw*0304
Cw*0309 vy ¥ A Vv Vv G E K Y Q Y A Pocket is identical to Cw*0304
Cw*0401 Y S A \Y \Y% G E K Y 0 F Y,P
Cw*0402 Y 8 A VvV V G E K Y 0 F Y,P Pocket is identical to Cw*0401
Cw*0403 Y ¥ A Vv VvV 6 E K Y 0O F P Pocket is similar to Cw*0401 but smaller S to Y change
Cw*0404 Y 8 A VvV VvV G E K Y (Q F Y,P Pocket is identical to Cw*0401
Cw*0405 Y s A VvV VvV G E K Y (Q F Y,P Pocket is identical to Cw*0401
Cw*0406 Y Y A v v G E K Y 0 F P Pocket is similar to Cw*0401but smaller S to Y change
Cw*0501 ¥ ¥ Ao VvV VvV G E K Y 0 Y A Pocket is identical to Cw*0304
Cw*0502 vy ¥ A Vv Vv G E K Y Q0 Y A Pocket is identical to Cw*0304
Cw*0602 Y D S Vv VvV 66 E K Y 0O Y R, 0 Pocket is negatively charged predict positive residues
Cw*0603 v ¥ s Vv VvV G E K Y Q Y A,L,P Pocket is similar to Cw*0602 but less negatively charged
Cw*0604 Y D S vV V G E K Y Q Y R, Q Pocket is identical to Cw*0602
Cw*0701 ¥ D s v VvV 66 E N Y O Y R,H,K  Pocket is similar to Cw*0602 but more negatively charged
Cw*0702 Y D S \Y% \% G E K Y Q S Y,P
Cw*0703 Y D S vV V G E K Y 0 S Y,P Pocket is identical to Cw*0702
Cw*0704 Y D S vV V. G E K Y 0 Y R, Q Pocket is identical to Cw*0602
Cw®*0705 Yy D s Vv Vv G E K Y Q Y R Q Pocket is identical to Cw*0602
Cw*0706 Y D s v Vv GG E N Y O Y R,H,K  Pocket is similar to Cw*0602 but more negatively charged
Cw*0707 ¥ Db s Vv VvV 66 E N Y O Y R,H,K  Pocket is similar to Cw*0602 but more negatively charged
Cw*0708 Y D S vV V G E K Y 0 F R,Q Pocket is almost identical to Cw*0602
Cw¥0709 vy Db s Vv VvV G E N Y Q Y R,H,K  Pocket is similar to Cw*0602 but more negatively charged

28 HIV Immunology and HIV/SIV Vaccine Databases 2003



HLA anchor motif sources Motif Scan

Table I-B.4: Anchor motif predictions for the HLA-C locus B pocket (cont.)

Allele Binding pocket residues Published Predicted Comments »
7 9 24 25 34 45 63 66 67 70 99 Motif Motif ‘%

Cw*0710 Y D S vV V G E K Y 0 S Y,P Pocket is identical to Cw*0702 q>.)

Cw*0711 Y D S vV V G E K Y 0 Y R,Q Pocket is identical to Cw*0602 e

Cw*0712 Y D S vV V. G E K Y 0 Y R, Q Pocket is identical to Cw*0602

Cw*0801 vy ¥ A VvV Vv G E K Y Q Y A Pocket is identical to Cw*0304

Cw*0802 Y Y A v v G E K Y 0 Y A Pocket is identical to Cw*0304

Cw*0803 vy Y A VvV VvV G E K Y 0 Y A Pocket is identical to Cw*0304

Cw*0804 vy Y A VvV Vv G E K Y Q0 Y A Pocket is identical to Cw*0304

Cw*0805 vy ¥ A VvV Vv G E K Y Q Y A Pocket is identical to Cw*0304

Cw*0806 Yy ¥ A VvV Vv G E K Y Q Y A Pocket is identical to Cw*0304

Cw*1202 Y Y A v v G E K Y 0 Y A Pocket is identical to Cw*0304

Cw*1203 Y Y A v v G E K Y 0 Y A Pocket is identical to Cw*0304

Cw*1204 vy ¥ A VvV Vv G E K Y Q0 Y A Pocket is identical to Cw*0304

Cw*1205 vy ¥ A VvV VvV G E K Y Q0 Y A Pocket is identical to Cw*0304

Cw*12060 Y ¥ A VvV Vv G E K Y Q Y A Pocket is identical to Cw*0304

Cw*1402 Y 8 A VvV VvV G E K Y (Q F Y,P Pocket is identical to Cw*0401

Cw*1403 Y S A v v G E K Y Q F Y,P Pocket is identical to Cw*0401

Cw*1404 Yy 8 A VvV V G E K Y 0 F Y,P Pocket is identical to Cw*0401

Cw*1502 vy ¥ A Vv VvV 6 E N Y O Y A Similar to Cw*0304 but less positively charged K to N change

Cw*1503 vy ¥ A Vv VvV 66 E N Y O Y A Similar to Cw*0304 but less positively charged K to N change

Cw*1504 vy ¥ A Vv VvV G E N Y Q Y A Similar to Cw*0304 but less positively charged K to N change

Cw*1505 vy ¥ A Vv VvV 66 E N Y 0O Y A Similar to Cw*0304 but less positively charged K to N change

Cw*1506 Y ¥ A Vv VvV 66 E N Y QO Y A Similar to Cw*0304 but less positively charged K to N change

Cw*1507 ¥ ¥ A Vv VvV 6 E N Y O Y A Similar to Cw*0304 but less positively charged K to N change

Cw*1601 vy ¥ A VvV Vv G E K Y Q0 Y A Pocket is identical to Cw*0304

Cw*1602 vy ¥ A VvV Vv G E K Y Q Y A Pocket is identical to Cw*0304

Cw*l604 Y Y A V VvV G E K Y 0 Y A Pocket is identical to Cw*0304

Cw*1701 Y Y A v v G E K Y 0 Y A Pocket is identical to Cw*0304

Cw*1702 vy ¥ A VvV Vv G E K Y Q0 Y A Pocket is identical to Cw*0304

Cw*1801 ¥ b s v VvV 66 E K Y 0O F R, 0 Pocket is similar to Cw*0602 except Y to F change

Cw*1802 Yy p s v VvV 66 E K Y 0O F R, 0 Pocket is similar to Cw*0602 except Y to F change
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Table I-B.5: Anchor motif predictions for the HLA-C locus F pocket. For each allele,
the amino acids lining the pocked are shown along with the published or predicted mo-

c:l? tif. Amino acids at positions 77, 80, 81, 95 and 116, shown in bold, are believed to be
;D. particularly important in determining the resulting motif.
5 Allele Binding pocket residues Published Predicted Comments
77 80 81 84 95 116 123 143 146 147 Motif Motif
Cw*0102 8§ N L Y L Y Y T K W L Strong preference for small hydrophobic residues
Cw*0103 8§ N L Y L F Y T K W L Pocket almost identical to Cw*0102 except Y to F change
Cw*0202 N K L Y L S Y T K W L Pocket is identical to Cw*0602
Cw*0203 N K L Y L [} Y T K W L Pocket is identical to Cw*0602
Cw*0302 8 N L Y L S Y T K W F,W,Y Pocket similar to Cw*0304 except Y to S change
Cw*0303 Y N L Y I Y Y T K W L,M Pocket is identical to Cw*0304
Cw*0304 8§ N L Y I Y Y T K W L,M Strong preference for hydrophobic residues
Cw*0305 s N L Y I Y Y T K W L,M Pocket is identical to Cw*0304
Cw*0306 8 N L Y I Y Y T K W L,M Pocket is identical to Cw*0304
Cw*0307 N K L Y I Y Y T K W L,F Pocket is similar to Cw*0401
Cw*0308 s N L Y I Y Y T K W L,M Pocket is identical to Cw*0304
Cw*0309 s N L Y I Y Y T K W L,M Pocket is identical to Cw*0304
Cw*0401 N K L Y L F Y T K W L F Strong preference for hydrophobic residues
Cw*0402 N K L Y L F Y T K W L, F Pocket is identical to Cw*0401
Cw*0403 N K L Y L F Y T K W L,F Pocket is identical to Cw*0401
Cw*0404 N K L Y L F Y T K W L,F Pocket is identical to Cw*0401
Cw*0405 N K L Y L F Y T K W L,F Pocket is identical to Cw*0401
Cw*0406 N K L Y L F Y T K W L, F Pocket is identical to Cw*0401
Cw*0501 N K L Y L F Y T K W L, F Pocket is identical to Cw*0401
Cw*0502 N K L Y L F Y T K W L,F Pocket is identical to Cw*0401
Cw*0602 N K L Y L S Y T K W L
Cw*¥0603 N K L Y L S Y T K W L Pocket is identical to Cw*0602
Cw*0604 N K L Y L S Y T K W L Pocket is identical to Cw*0602
Cw*0701 s N L Y L S Y T K L Y Pocket is identical to Cw*0702
Cw*0702 S N L Y L S Y T K L Y
Cw*0703 s N L Y L [ Y T K W Y,L Pocket is similar to Cw*0702 but smaller L to W change
Cw*0704 s N L Y F F Y T K L L,M Pocket is similar to Cw*0304
Cw*¥0705 s N L Y L S Y T K L Y Pocket is identical to Cw*(0702
Cw*0706 S N L Y L S Y T K L Y Pocket is identical to Cw*0702
Cw*0707 N K L Y L S Y T K L Y,L Pocket is similar to Cw*0602 but larger
Cw*0708 8 N L Y L [ Y T K L Y, L Pocket is identical to Cw*0702
Cw*0709 N K L Y L S Y T K L Y,L Pocket is similar to Cw*0602 but larger
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Table I-B.5: Anchor motif predictions for the HLA-C locus F pocket (cont.)

Motif Scan

REEE

Allele Binding pocket residues Published Predicted Comments
77 80 81 84 95 116 123 143 146 147 Motif Motif

Cw*0710 8 N L Y I [ Y T K L F,W,Y Pocket is similar to Cw*0302

Cw*0711 s N L Y F F Y T K L L,M Pocket is similar to Cw*0304 but smaller I to F change

Cw*0712 8§ N L Y F F Y T K W L,M Pocket is similar to Cw*0304 but smaller I to F change

Cw*0801 s N L Y L F Y T K W L,M Pocket is almost identical to Cw*0304

Cw*0802 s N L Y L F Y T K W L,M Pocket is almost identical to Cw*0304

Cw*0803 S8 N L Y L F Y T K W L,M Pocket is almost identical to Cw*0304

Cw*0804 S8 N L Y L F Y T K W L,M Pocket is almost identical to Cw*0304

Cw*0805 s N L Y L F Y T K W L,M Pocket is almost identical to Cw*0304

Cw*0806 s N L Y L F Y T K W L,M Pocket is almost identical to Cw*0304

Cw*1202 8 N L Y L S Y T K W F,W,Y Pocket is identical to Cw*0302

Cw*1203 s N L Y L S Y T K W F,W,Y Pocket is identical to Cw*0302

Cw*1204 N K L Y L S Y T K W L Pocket is identical to Cw*0602

Cw*¥1205 N K L Y L S Y T K W L Pocket is identical to Cw*0602

Cw*1206 8 N L Y L S Y T K W F,W,Y Pocket is identical to Cw*0302

Cw*1402 s N L Y L S Y T K W F,W,Y Pocket is identical to Cw*0302

Cw*1403 s N L Y L S Y T K W F,W,Y Pocket is identical to Cw*0302

Cw*1404 8 N L Y L [ Y T K W F,W,Y Pocket is identical to Cw*0302

Cw*1502 N K L Y I L Y T K W L,M,Y,F Pocketis similar to Cw*0401 except L to I change and Fto L
change

Cw*1503 N K L Y I L Y T K W L,M,Y Pocket is similar to Cw*0401 except L to I change and Fto L
change

Cw*1504 N K L Y I (] Y T K W L Pocket is almost identical Cw*0602 but smaller L to I change

Cw*1505 N K L Y I F Y T K W L Pocket is similar to Cw*0202 but smaller S to F change

Cw*1506 N K L Y I Y Y T K W L,M Pocket is similar to Cw*0602 but smaller S to Y change

Cw*1507 8§ N L Y I L Y T K W L,M,Y Pocket is similar to Cw*0304 but larger Y to L change

Cw*1601 s N L Y L S Y T K W F,W,Y Pocket is identical to Cw*0302

Cw*1602 N K L Y L S Y T K W L Pocket is identical to Cw*0602

Cw*1604 S N L Y L S Y T K W L Pocket is identical to Cw*0302

Cw*1701 N K L Y I F Y S K L L Pocket similar to Cw*0602

Cw¥1702 N K L Y I F Y S K L L Pocket similar to Cw*0602

Cw*1801 N K L Y L F Y T K W L,Y Pocket is identical to Cw*0401

Cw*1802 N K L Y L F Y T K W L,Y Pocket is identical to Cw*0401
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Table I-B.6: Anchor motif predictions for the HLA-C locus. The motifs for Cw*0102,
Cw*0304, Cw*0401, Cw*0602 and Cw*0702 are previously published and are shown in

(':l? bold.

<.

% Allele Anchor motif Allele Anchor motif Allele Anchor motif
Cw#0102 x[AL]xxxxxx[L] Cw*0602' x[RQ]xxxxxx[L] Cw*1202 x[A]xxxxxx[FWY]
Cw*0103 x[AL]xxxxxx[L] Cw*0603 X [ALP ] xxxxxXx [L] Cw*1203 x[A]xxxxxx[FWY]
Cw*0202  x [A] xxxxxx [L] Cw*0604 x [RO] xxxxxx[L] CW:1204 X [A]l xxxxxx[L]
Cw*0203 x[A]xxxxxx[L] Cw*0701 X [RHK] xxxxxx [Y] g:*iggg i Eij iiiizz E;] Y]

*
Cwr0302 - x [A] xxxxxx [FWY] g:vv*(());g:’z) i Eii} iiiiii {iJL] Cw*1402 x[YP]xxxxxx[FWY]
Cwr0303 - x [A]xxxxxx [LM] Cw*0704 x [RO] xxxxxx [LM] Cw*1403 x[YP]xxxxxx[FWY]
Cwr0304 - x [A]xxxxxx [LM] Cw*0705 X [RO] xxxxxx[Y] Cw*1404 x[YP]xxxxxx[FWY]
Cw*0305 x[A]xxxxxx[LM] N
Cw*0306 x[A]xxxxxx[LM] CW*O7O6 x [RHEK] xxxxxx [Y] Cw*1502 x[A]xxxxxx[LMYF]
Cw*0307 x[A]xxxxxx[LF] CW*0707 x [RHK] xxxxxx [YL] Cw*1503 x[A]xxxxxx[LMYF]
Cw*0308 x[A]xxxxxx[LM] Cw*0708 x [RQ] xxxxxx [YL] Cw*1504 x[A]lxxxxxx[L]
Cw*0309 x[A]xxxxxx[LM] Cw*0709 x [RHK] xxxxxx [YL] Cw*1505 x[A]lxxxxxx[L]
Cw*0710 X [YP] xxxxxX [FWY] Cw*1506  x [A] xxxxxx [LM]
Cw*0401 x[YP]xxxxxx[LF] Cw*0711 % [R] xxxxxx [LM] Cw 1507 [A] xxxsss [LMY]
Cw*0402 x[YP]xxxxxx[LF] Cw*0712 % [R] xxxxxx [LM]
Cw*0403 x[P]xxxxxx[LF] N Cw*1601 x[A]xxxxxx[FWY]
Cw*0404 x[YP]xxxxxx[LF] CW*0801 X [A] xxxxxx [LM] Cw*1602 x[A]xxxxxx[L]
Cw*0405 x[YP]xxxxxx[LF] gz*gggg ® Ei} HXXHXX {iﬁ% Cw*1604 x[A]xxxxxx[L]
X XXKXXXX

Cw*0406 x[P]xxxxxx[LF] Cw*0804 % [A] xxxxxx [LM] Cw#1701 x[A]xxxxxx[L]
Cw*0501 x[A]xxxxxx[LF] Cw*0805  x[A]xxxxxx[LM] Cw*1702 x[A]lxxxxxx[L]
Cw*0502 x[A]xxxxxx[LF] Cw*0806  x[A]xxxxxx [LM] Cw*1801  x [RO] xxxxxx [LY]

Cw*1802 x[RQ]xxxxxx[LY]

IThe published motif for Cw*0602 is xxxxxxxx [L].
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I-B-3 Using Motif Scan

Data dictionaries

The HLA genotype/serotype classification used in the tool was based on the
The HLA Facts Book [Marsh2000] and checked against more recent sources
[Marsh2002} [Schreuder2001]]. Motif Scan can also be used as a quick web-based
reference to look up associated HLA genotype/serotype nomenclature. Also, we
added class I supertype classification and binding supermotifs from work of Sette
and Sidney [Sette1999].

Search fields

The main web page of Motif Scan contains links to the downloadable lists of
HLA genotypes, serotypes and supertypes, choice for motif length, window for
the custom motif and motif sources. Here are detailed explanations for these
search fields

HLAs The user can select multiple HLA class I or class II alleles to search the
database for known or predicted motifs. (To find motifs for more than
one allele, use the mouse to click on the first choice, and then hold down
the control key while clicking on additional alleles for the search). HLA
alleles may be specified by genotype, serotype or supertype.

Genotype HLA genotypes are in general specified by four digit number,
for example A*0201.

Serotype If a user selects a serotype as a search field, anchor residues
that have been defined for all related genotypes will be returned. For
example, A2 will return motifs for the set of A2 related genotypes,
including: A*0201, A*0202, etc. If a user knew only the serotype of
the individual, it might be useful to have the anchor residues for all
related genotypes displayed; if the specific HLA genotype was de-
fined, then the specific anchor residues would be of greater interest.
Because of the way HLA nomenclature has evolved, occasionally a
two-digit HLA specification will be related to a genotype in a non-
intuitive manner. For example, the genotype B*1513 might be spec-
ified by the serotype B15 or B77, where B15 is inclusive of many
B*15 genotypes, and B77 is specifically B*¥1511. The serotype-
genotype dictionary link on the main page provides a quick reminder
of the naming conventions and relationships.

Supertype Supermotifs will be provided for a given supertype, as defined
by Sette and Sidney [Sette1999].

HIV Immunology and HIV/SIV Vaccine Databases 2003
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Motif Source Multiple sources (see above) may be selected to search for the
variants of the suggested binding motif.

Motif Syntax The anchor residues are shown in the square brackets. The pre-
ferred but not dominant amino acids in the anchor positions are shown
in parentheses. For example, motif for A*2602 taken from SYFPEI-
THY library is x— [VTILF] —x—x—-x—-x-x—x— [YF (ML) ]. This means
that second and C-terminal positions are anchor positions. The dominant
amino acids at the second position are V, T, I, L, and F. At the C-terminal
anchor position the dominant amino acids are Y and F, while M and L are
also found, but not as commonly, among A*2602 epitopes. Note that as
a default, Motif Scan will search on all possible anchor position amino
acids, both dominant and preferred. It is possible to restrict a search to the
dominant amino acids only, by composing a custom motif excluding the
amino acids in parentheses (see below).

Supermotif Syntax For the supermotifs, residues within brackets are residues
predicted to be tolerated and sometimes cross-presented by multiple Class
I molecules within the putative supertype.

Motif Length Motifs are stored in the database with a length of 9 amino acids
and the motifs for other lengths (8, 10 or 11 amino acids) are computed
on-the-fly by adding or removing amino acids in front of the C termi-
nus. Lengths are adjusted only for motifs from HLA class I genotypes,
serotypes and supertypes. Anchor motifs for class II HLAs and custom
motifs are not adjusted in length, and often for class II epitopes the last
anchor residue of the motif will be embedded within the epitope, and not
be the C-terminal amino acid.

Custom Motif A helpful feature of Motif Scan is the ability for users to define
custom motifs. The syntax for the custom motif is the same as for the data-
base motifs. Positions where several amino acids may be possible include
all amino acids listed within square brackets [], and an x denotes arbi-
trary residues that specify the spacing in a motif. One can optionally use a
dash (-) to separate the residues. For example, x [LM] xxx [K]xx [V] or
x—[LM] -x-x-x- [K] -x-x—[V] are equivalent. With regard to defin-
ing epitopes, this feature, for example, allows the user to restrict a search to
dominant anchor residues, or to add in auxiliary residues that are available
in the listings of [Marsh2000/ and Rammensee1997. Auxiliary residues in
epitopes do not bind directly in the pockets of HLA proteins that hold the
anchor residues, but still influence the ability of a peptide to bind; auxiliary
residues are not included in the Motif Scan database. The custom motif
feature is useful also for the purposes other than scanning sequences for
the HLA binding motifs. One can scan query sequences for any pattern of
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interest, for example, studying motifs with characteristic functions found
in functional domains.

Sequences and sequence alignments

To scan for a binding motif, a user can select from our predefined HIV protein
sequences or upload or copy and paste their own sequences.

Predefined Sequences The predefined sequences include either all proteins
from the HIV-1 HXB2 reference strain, or alignments of consensus and
ancestral protein sequences for M group (subtypes A-D, F-H, J, K and cir-
culating recombinant forms CRF01, CRF02) and O Group of HIV-1, from
Los Alamos HIV Sequence Database, 2002 [Kuiken2003]]. The align-
ments can give a rapid assessment of how well the search motif is pre-
served among the diverse forms in the epidemic. This will be updated
periodically, as consensus and ancestral sequences are updated.

User’s Own Sequences The user can upload or cut and paste either an individ-
ual protein sequence, or a set of individual sequences, or an alignment of
sequences. User sequences should be input as simple text files in FASTA
or TABLE format. Examples of sequence formatting can be obtained by
clicking on the links provided on the web page. Individual sequences are
stripped of gaps before processing. Gaps inserted to maintain the align-
ment are specified with a dash (). If the sequences are aligned and the
user wants to preserve the alignment, the user should check “Yes” in the
box “Are the input sequences aligned”? In this case the gaps will be main-
tained and the alignment will be preserved, but they will not be counted as
characters in terms of motif spacing.

Output

The results of the program are presented in several stages. First, the motifs cor-
responding to the input HLA types are presented. Then, the user chooses which
motifs or set of motifs to scan with, chooses motif length (between 8-11 amino
acids, one can select all possible lengths to be comprehensive), uploads query
sequences or chooses predefined sequences, and initiates the scanning of these
sequences for the respective motifs.

The final output is organized by search pattern, and all motifs with identi-
cal search patterns are grouped together. The matching motifs are presented on
the input sequences in two colors: C-terminal anchor amino acids are shown in
magenta and anchor amino acids in the other positions are shown in cyan. If
a given amino acid is matched by more than one motif, then it is highlighted
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as a C-terminal anchor amino acid if any of the motifs are matched at the C-
terminal anchor. All motif amino acids are shown in uppercase and non-anchors
are lowercase. Following the sequences is a list of potential epitopes showing
their positions in the input sequences.

The output can be viewed and downloaded in a format convenient for further
coding and analysis: sequences can be downloaded in the FASTA format where
the anchor amino acids are presented in uppercase and all the remaining ones in
lowercase, but the colors are omitted. Alternatively, the color-highlighted motifs
can be retained and copied and pasted from the web page directly into a word
processor file. The list of potential epitopes and their positions in the protein can
be downloaded in CSV (comma-separated value) format, which can be read into
a spreadsheet.

Example

The motif search on all motif libraries for HLA A*0214 reveals the following
table of motifs:

Genotype | Serotype | Motif Source Scan?
A*0214 A2 X-[QV]-x-x-x-[K]-x-x-[VL] Luscher2001 | @
A*0214 A2 X-[VQ(L)]-X-X-X-X-X-X-[L] Marsh2000 Jua}
A*0214 A2 X-[VQL(A)[-x-x-x-x-x-x-[L(VM)] | SYFPEITHI | @

(x can be any amino acid). Here the three sources listed give slightly different
information. In Luscher2001, either Q or V is favored in the second position, K in
the sixth position, and either V or L is favored in the C-terminal position. In the
Marsh2000 and SYFPEITHI sources, only the second and C-terminal positions
are listed as anchor positions. In Marsh2000, the second position favors either
V or Q, or less frequently L, and the C-terminal position favors L. In SYFPEI-
THI, the second position favors either V or Q or L, or less frequently 2, and the
C-terminal position favors L, or less frequently V or M. We do not address this
different sources motif discrepancy in Motif Scan, rather, we display all existing
views and let the user decide which one (or more) to use for scanning the pro-
tein sequences. Additionally, the user can compose a custom motif that would
combine or summarize the information we present.

Once the motif is chosen, the user can either use our predefined consensus
and ancestral sequence alignments, or copy-paste or upload their own sequences.
For example, we scanned the following two aligned test sequences to search for
the Marsh2000 A*0214 motif x— [VQ (L) ] —~x—-x—x—-x—-x-x—[L]:
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>Test.1l

KTITFKVSSQGDPLIVLHSON-—-LEFLYCNLTKLENSTW

>Test .2

KTI-—-KKSSQGDPEIVLHSONCGGEFLHCNSTQFEFNSTW

The resulting output contains query sequences in lowercase letters, where
the anchor residues are uppercase and colored: C-terminal anchor is magenta
and the other anchor is cyan?, and the list of potential epitopes based on these
anchor motifs:

Test.1 ktiifkWss@ gdpividhsg n--LefLycn @Btk@fnstw
Test.2 kti--kkss@ gdpeivi®hs@ ncggeffdhcn stqffnstw

Protein | Seq. Pos. | Aln. Pos. | Sequence Anchors

Test.1 6-14 6-14 KVSSQGDPL | .V......

Test.1 9-17 9-17 SQGDPLIVL | .Q......

Test.1 21-29 21-31 NLEFLYCNL | .L......

Test.1 24-32 26-34 FLYCNLTKL | .L......

Test.2 7-15 9-17 SQGDPEIVL | .Q......

Test.2 17-25 19-27 SQNCGGEFL | .Q......

I-B-4 Summary and future directions

We envision several applications for Motif Scan. It is particularly useful for
the situations when a CTL response is partially characterized from an individual
with a known HLA type, and already localized to a protein or protein region. The
presence of HLA appropriate anchor residues could help focus the search for po-
tential epitopes in known reactive protein regions. These anchor residues have
to be considered with caution however, as anchor residues are frequently present
in regions with no reactive epitopes, and there are many true epitopes that do
not contain the anchor residue motifs. This simple tool is useful, however, as
an initial indication for potential epitopes. Many external tools for HLA binding
predictions are also available. These include methods based on “extended” mo-
tifs including secondary anchors and disfavored residues and statistical matrices
representing the weight of every amino acid in every position [De Groot1997,
Parker1995, IRammensee1997] and relatively new methods based on artificial
neural networks (ANNs) [Buus2003, Milik1998., ISchonbach2002], which, in

2For better visibility in print, the example shows the C-terminal anchors in a black box (8) and
shows the other anchors in a gray box (X).
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contrast to motif based methods, are well suited to recognize complex nonlin-
ear sequence-dependent correlated effects.

We are working on adding several more features to Motif Scan in the near
future. One useful feature would be to identify all possible HLA motifs listed
in our database for a peptide. Currently it is possible to do so by scanning the
protein sequence for all HLA motifs. However the current output then contains
results for both positive matches (those HLAs that have anchor residues in the
query peptide) and negative ones (those HLAs that do not), and is a little cum-
bersome to navigate. We plan in the future to have a special field for this kind of
search and have output showing only positive matches in a convenient form.

Motif Scan is useful not only for HIV sequences, but for any protein or DNA
sequence; the only feature of the tool that is specifically tailored for HIV is the
ready availability of predefined HIV sequences. We are in the process of adapting
this tool for the hepatitis C database website (http://hcv.lanl.gov/),
where we will link Motif Scan with the hepatitis C consensus sequences as the
predefined sequences.
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Human Monoclonal Antibodies that Neutralize HIV-1

Miroslaw K. Gorny?, Susan Zolla-Pazner®’

Abstract

The HIV Immunology Database provides continuously updated infor-
mation on monoclonal antibodies (mAbs) against HIV-1 produced by vari-
ous techniques, including cellular methods utilizing Epstein-Barr transfor-
mation, phage display technology, antigen stimulation of lymphoid cells in
vitro, and preparation of hybridomas from cells of transgenic mice. In this
review, particular attention is focused on those human mAbs that are able
to inhibit the infectivity of HIV virions. These mAbs target several clusters
of neutralizing epitopes in the HIV-1 envelope proteins, including V1, V2,
V3, CD4bs, CD4i in gp120, and cluster I, cluster II, and a region adjacent
to cluster II in gp41. Only five of the 174 mAbs listed here can be classi-
fied as broadly and potently neutralizing for HIV-1 primary isolates; these
include mAbs 2G12, IgG1b12, and 447-52D (specific for gp120) and 2F5
and 4E10 (specific for gp41). Certain other monoclonal reagents are capa-
ble of broad neutralization as Fab fragments but not as IgG molecules. The
existence of human mAbs with neutralizing activity against diverse HIV-1
isolates demonstrates the ability of the human immune response to recog-
nize B cell epitopes on the HIV-1 envelope that are shared and that, when
complexed with antibody, prevent virus infectivity. The paucity of such
broadly neutralizing mAbs highlights the challenge faced by designers of
HIV-1 vaccines: to design a vaccine that will induce that small proportion
of antibodies with broad neutralizing activity.
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I-C-1 Introduction

The HIV Immunology Database catalogues existing rodent and human mono-
clonal antibodies (mAbs) that are specific for various proteins of HIV-1. The
human mAbs, which are reviewed herein, were produced by a variety of differ-
ent techniques, although the two techniques that have given rise to the majority of
useful mAbs are based on hybridoma and recombinant technologies. Both tech-
niques have resulted in extremely valuable mAbs that have provided important
information about the antigenic structure of neutralizing epitopes. Hybridoma
techniques are based on the transformation of B cells from the cells of infected
individuals [[Gorny1989], and the mAbs derived from these cells represent an-
tibodies that are part of the normal human B cell repertoire. In contrast, while
the recombinant technology has several advantages over the cellular technol-
ogy [Barbas1992], given the random recombination of heavy and light chains
that takes place in vitro during this process, the resulting Fab fragments and
IgG molecules may not actually represent antibodies that exist in human hosts
[Huang2004].

The 174 mAbs summarized in this review are grouped on the basis of the
epitopes that they recognize in gp120 and gp41. Among these mAbs and Fab
fragments, 11 regions are recognized, however, only five human mAbs specific
for four regions of gp120 and gp41 have been established as capable of broad
and potent neutralization of HIV-1; these include mAbs 2G12, IgG1b12, and
447-52D (specific for various epitopes in gp120) and 2F5 and 4E10 (specific
for gp41). Thus, while the existence of these latter mAbs demonstrates that the
human immune system has the capacity to recognize shared neutralizing epi-
topes on the HIV-1 envelope glycoproteins, the paucity of broadly neutralizing
mAbs highlights the limited immunogenicity and/or restricted availability of the
regions in the native virions that are critical for virus infectivity.

Several phenomena may explain the rarity of functional antibodies against
regions of the virus that are indispensable for its infectivity. These include, but
are not limited to, the following: (a) the ability of the virus to continually vary
its sequence in critical regions while maintaining function [Zolla-Pazner2004al;
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(b) carbohydrate masking of critical epitopes [Back1994] [Wei2003||; (c) con-
formational masking of receptor-binding sites [Kwong2002]; (d) poor immuno-
genicity of some neutralizing epitopes [Irkolal1996b]; and (e) inaccessibility or
transient exposure of neutralizing epitopes on the intact virus and on the virus as
it binds to cell receptors.

Despite these phenomena, which form the basis for virus escape from the
neutralizing potential of antibodies, the human humoral immune response is able
to produce antibodies that neutralize HIV-1. The characterization of neutraliz-
ing epitopes recognized by human mAbs provides the basic data for the ratio-
nal design of effective vaccine immunogens. In addition, the identification and
characterization of neutralizing human mAbs may provide reagents for passive
immunization to prevent infection, as in the setting of maternal-fetal transmis-
sion. These mAbs should also provide important information about mechanisms
of virus neutralization, the antigenic structure of the virus, and the nature of
the B-cell repertoire that can be tapped to provide protective humoral immune
responses against the virus.

The characteristics of 174 human mAbs that target the envelope glycopro-
teins of HIV-1 are reviewed below. The epitopes within gp120 and gp41 that are
recognized by these mAbs have been mapped and are catalogued in the HIV Im-
munology Database. For the convenience of the reader, we have linked the mAbs
discussed in this review with each antibody’s web page in the HIV Immunology
Database (http://www.hiv.lanl.gov/).

I-C-2 Anti-V1 mAbs

No anti-V1 mAbs have been derived from the cells of infected humans. How-
ever, the HIV Immunology Database provides information on ten human anti-V'1
mAbs (Table[[-C.T)) that were generated from transgenic mice carrying the genes
coding for fully human IgGxk. These “xeno-mAbs” were derived from transgenic
mice that had been immunized with native recombinant gp120 from HIV-1gFi62;
the Ab-producing cells were selected with recombinant gp120sr;e2 [He2002].
All of these anti-V1 xeno-mAbs display potent type-specific neutralizing activ-
ity against the autologous strain SF162 with 50% neutralizing doses (ND50) in
the range of 0.3 to 4.5 ug/ml, as determined in a luciferase assay. Ten out of the
35 xeno-mAbs selected with rgp20sg162 Were specific for V1, suggesting that in
this transgenic model, V1 is an immunodominant epitope [He2002]. The dearth
of human anti-V1 mAbs derived from the cells of infected humans is probably re-
lated to the very high diversity of the V1 domain; this would render the selection
of anti-V1 mAbs with heterologous gp120 reagents a difficult task. However, the
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lower immunogenicity of this region in the setting of natural infection cannot be
excluded.

I-C-3 Anti-V2 mAbs

Anti-V2 antibodies have the capacity to neutralize HIV, but their activity is
generally weak and their cross-reactivity is usually limited, suggesting that the
antibodies with this specificity may have limited utility in mediating vaccine-
induced, broad-based protection. The HIV Immunology Database contains a list
of five anti-V2 human mAbs, two Fab fragments generated from HIV-infected in-
dividuals, and one xeno-mAb (Table[[-C.2). The most thoroughly analyzed of the
anti-V2 mAbs, mAb 697-D, could only weakly neutralize three of four primary
isolates when a relatively high dose of mAb was used against a low virus input
[Gorny1994]); this mAb displayed no neutralizing activity against four TCLA
strains [Gorny1994, [Nyambil1998|]. mAb 697-D recognizes a conformational
epitope, showing only weak reactivity with a V2 peptide; it binds weakly and
only sporadically to intact virions from clades A, B and D [Nyambi2000]; simi-
larly, other human anti-V2 mAbs, such as mAbs 830A, 1357, 1362 and 1393A,
could bind to soluble gp120 but showed only weak and sporadic binding to viri-
ons of primary isolates, with the most frequent binding to B, C and D clades
[Nyambi1998| Nyambi2000]. mAb 697-D could not inhibit the ability of gp120
to block the binding of MIP-1 beta to CCRS, suggesting that the V2 region does
not block envelope/coreceptor interaction [[Irkolal996al.

Two Fab fragments, L15 and L17, are specific for the V2 domain (Table E]
@D and four Fab fragments, L25, L39, L40 and L78, are directed to complex
epitopes that include the V2 loop and the CD4 binding site (CD4bs) (Table [[-]
[Ditzel1995, Ditzel1997]. These latter Fab fragments were retrieved after
epitope masking of gp120 with CD4bs Fab fragments during the screening stage.
They were characterized by their V2 region-dependence, indicated by their sen-
sitivity to amino acid changes in the V2 loop and by competition with murine
anti-V2 mAbs. In addition, they are sensitive to amino acid changes usually
associated with CD4 binding, and their binding to gp120 can be inhibited by
soluble CD4. Among these several Fab molecules, only L25 and L78 mediate
weak neutralization of T cell line-adapted (TCLA) viruses; neutralizing activity
against primary isolates was not reported. The poor performance of these anti-
V2 and anti-V2/CD4bs Fab fragments in neutralization assays does not exclude
the possibility that, as whole IgG molecules, they could display neutralizing ac-
tivity since Fab fragments usually display affinities that are lower by two to three
orders of magnitude than intact IgG molecules. However, no studies of these
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Table I-C.1: Anti-V1 mAbs

Human Monoclonal Antibodies that Neutralize HIV-1

mAbs Ab type Neutralization = Reference

35D10/D2, 40H2/C7, Xeno-mAb  psSF162 He2002

43A3/E4,43C7/B9, 45D1/B7,

46E3/E6, S8E1/B3|64B9/A6,

69D2/A1,82D3/C3

Table I-C.2: Anti-V2 mAbs

mAbs Ab type Neutralization  Reference

697-D mAb PI (weakly) Gorny 1994

830A mAb psSF162 Pinter2004

1357,11361,|1393A mAb non-neutralizing |Nyambil998

8.22.2 Xeno-mAb  psSF162 He2002
(weakly)

L15,L17 Fab non-neutralizing  |Parren1998

Table I-C.3: Anti-V2-CD4bs mAbs

mAbs Ab type Neutralization = Reference

1L.25,L78 Fab TCLA (weakly) |Ditzel1995

L.39,L40 Fab non-neutralizing  [Ditzel1995

fragments as whole IgG molecules have been published, and the lack of potent
neutralizing activity by anti-V2 IgG mAbs (see above) is not an encouraging
indicator.

In summary, the information about anti-V1 and anti-V2 mAbs is incomplete
because the number of mAbs, Fab fragments and xeno-mAbs is still relatively
small. The results utilizing these mAbs suggest that anti-V1 mAbs are rather
type-specific but can be quite potent, while anti-V?2 are more broadly neutralizing
but of low activity. A notable exception is the chimp mAb C108G, which is
directed against a glycan-dependent epitope localized in V2 and was shown to
neutralize primary HIV-1BaL isolate and TCLA strain ITIB [[Vijh-Warrier1996].

HIV Immunology and HIV/SIV Vaccine Databases 2003

I-C-4 Anti-V3 mAbs

Human antibodies directed to the V3 loop of gp120 constitute the major group
of human mAbs in the database. There are currently 33 IgG mAbs, two Fab
fragments generated from HIV-infected individuals, four xeno-mAbs produced
by transgenic mice, and three IgM mAbs produced by in vitro stimulation of pe-
ripheral blood mononuclear cells (PBMC) with V3 peptides (Table[[-C.4). These
numbers reflect both the strong immunogenicity of the V3 region and the early
interest in anti-V3 Abs generated when it was shown that they could neutral-
ize TCLA virus strains [Rusche1988]; subsequent studies have documented the
ability of anti-V3 antibodies to also neutralize primary isolates [Conley1994,
Gorny2004, |(Gorny2002] [Scott1990] and to mediate protection as demonstrated
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Table I-C.4: Anti-V3 mAbs

Anti-V3 mAbs

mAbs Ab type Neutralization  Reference
N70-1.9b mADb TCLA Robinson1990
19b mADb TCLA Moore1994
257-D, 268-D, 311-11-D, mAb TCLA Karwowskal992| |Gorny 1993
386-D, 391/95-D) 412-D,
418-D\ 419-D, 453-D|504-D,
694/98-D), [782-D, 838-D,
908-D, [1006-15D,[1027-15D,
1108, |1324-E, |1334-D
447-52D, 2182, 2191, 2219, mAb PI Gorny 1993 [Gorny2002
2412, 2442, 2456
4117C, 41148D mADb TCLA Tilley1992], [Pinter1993
M77 mADb TCLA diMarzo Veronese1992
MN215 mAb TCLA Schutten1995
TH1 mAb TCLA D’Souzal995
loop 2, DO142-10 Fab TCLA Barbas1993| |Seligman1996
8E11/A8,8.27.3 Xeno-mAb TCLA He2002
6.1,6.7 Xeno-mAb  non-neutralizing |He2002
MO96/V3, MO97/V3, IgM mAb, non-neutralizing |Ohlin1992
MQO9Y9/V3 in vitro
stimulation
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Anti-CD4-binding site (CD4bs) mAbs

in passive immunization experiments in various animal models [Andrus1998|
Emini1992].

Many of the human anti-V3 mAbs were produced from cells of HIV-infected
individuals who had been infected for several years; these were shown to neu-
tralize TCLA and/or primary isolates [Gorny2004, |Gorny1997, |Gorny2002,
Gorny1993| Moore19935/ Scott1990]. In contrast, the IgG anti-V3 xeno-mAbs
displayed neutralizing activity that appeared to be specific for the immunizing
SF162 virus strain [He2002], while the IgM mAbs that were induced in vitro
by antigenic stimulation of cells from HIV-uninfected individuals displayed no
neutralizing activity [Ohlin1992]]. These results suggest that the induction of
broadly reactive and potent anti-V3 antibodies may require prolonged antigenic
stimulation, resulting in mature and broadly reactive anti-V3 antibodies. This is
consistent with the slow appearance of broadly reactive antibodies in the sera of
infected individuals [Pilgrim1997|], a factor that could have profound implica-
tions for the development of vaccine regimens.

Another important element in the generation of broadly reactive and potent
human anti-V3 mAbs is the method used to select for cells producing the ap-
propriate mAbs. Although the most broadly reactive of the neutralizing anti-V3
mAbs, 447-52D, was selected using a V3 peptide, the majority of mAbs selected
with V3 peptides do not efficiently neutralize primary isolates [[Gorny1993|]. This
is most probably due to the fact that peptides are highly flexible and may assume
a myriad of conformations. Thus, most of the V3 mAbs selected with peptides
are directed to structures which are irrelevant in the context of primary isolate
infectivity; by chance, the structure of the V3yN peptide that captured mAb 447
bore a relevant conformation. In contrast, the use of a V3 fusion protein for mAb
selection in which the V3 region retains a structure which approximates that of
the native V3 loop [Kayman1994] resulted in the identification of mAbs that rec-
ognize conformation-sensitive V3 epitopes; the majority of these latter anti-V3
mAbs neutralize many primary isolates [Gorny2002]]. Thus, within the repertoire
of anti-V3 antibodies elicited in HIV-infected subjects, there are broadly reactive
neutralizing antibodies, and these can be rescued if appropriate selection meth-
ods are employed.

The conformation-sensitive anti-V3 mAbs can neutralize primary isolates,
and most can cross-neutralize a variety of isolates from clade B and, to a
lesser extent, those from other clades [Gorny2004, |(Gorny2002]]. The mAb 447-
52D, though selected with a peptide, recognizes a conformational determinant
[Gorny2002| ISharon2003 [Stanfield2004]], and it is the most broadly neutraliz-
ing of all the currently existing anti-V3 mAbs. This mAb interacts with the 14
residues at the crown of the V3 loop; its “core epitope” is defined by the sequence
GPxR, a motif that is highly conserved among clade B viruses and which exists
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in a minority of other HIV subtypes [Gorny1992]. The presence and recognition
of the arginine (R) residue in the core epitope is required for mAb 447-52D to
exercise its activity [Zolla-Pazner2004bl]), a fact that is explained by structural
studies of this mAb in complex with a V3 peptide showing salt bridge and cation-
pi interactions formed between the R residues in the core epitope and residues in
the heavy chain of the mAb [Stanfield2004]]. Other anti-V3 mAbs, such as mAbs
2182,2191, 2219, 2412, 2442 and 2456 (Table @, do not recognize the same
epitope as 447-52D, yet also display the ability to cross-neutralize primary iso-
lates [[Gorny2004, |Gorny2002]. This cross-reactivity reveals the presence of fea-
tures within the V3 loop which are conserved despite the sequence variation in
this region. This structural conservation is also reflected in the role of the V3
loop in binding to the chemokine receptors which act as coreceptors for the virus
[Cormier2002| Hill1997, Suphaphiphat2003|, [Trkola1996a].

I-C-5 Anti-CD4-binding site (CD4bs) mAbs

The HIV Immunology Database provides information about 30 anti-CD4bs hu-
man mAbs and 15 recombinant Fab fragments generated from PBMCs or bone
marrow of HIV-1-infected individuals. In addition, there are six human anti-
CD4bs mAbs listed which were produced from the cells of transgenic mice (Ta-
ble [-C.5). Antibodies specific to the CD4bs inhibit the binding of sCD4 to
gp120 and, as a consequence, interfere with virus attachment to the target cells.
The CD4bs is made up of residues from C2, C3 and C4, conferring the con-
served character of this domain and explaining the cross-reactivity of anti-CD4bs
mAbs when tested for their ability to bind to gp120 molecules from viruses of
diverse subtypes [Jeffs2001]]. This immunochemical cross-reactivity is reflected
in the ability of these mAbs to neutralize a broad array of TCLA strains; sur-
prisingly, however, most anti-CD4bs mAbs cannot neutralize primary isolates
[D’Souzal997, McDougal1996/ [Sullivan1995]]. Since the CD4bs is a key fea-
ture of both TCLA and primary isolates, the selective neutralization of TCLA
strains as opposed to primary isolates by most anti-CD4bs mAbs is surprising
and still not fully explained. MAb IgG1bl12 is a striking exception to the gen-
eralization that anti-CD4bs do not neutralize primary isolates [Burton1994]. In-
deed, this mAb neutralized half of 90 primary isolates from diverse subtypes,
and when tested against 30 primary isolates of subtype B, it neutralized 73%
[Binley2004, [Burton2004]].

The differential activity of IgG1b12 vs. other anti-CD4bs mAbs has not been
fully explained. It is possible that IgG1b12, which was produced using recom-
binant technology [Barbas1992], possesses a paratope that does not exist in na-
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Table I-C.5: Anti-CD4bs mAbs

mAbs Ab type Neutralization = Reference

F105 mAb TCLA Posner1991

IgG1b12 mAb PI Burton1991

15e, 21h, F91 mAb TCLA Ho1991, Moorel1993,
Thali1992

1125H,|5145A mAb TCLA Tilley1991

448-D, |559/64-D, 588-D, mAb TCLA Karwowskal992

654-D, [729-D, 830D, 9CL,
1027-30D, |1202-D\ 1331E,
1570, (1595, 1599

GP13,/GP44, GP68 mAb TCLA Schutten1993
S1-1 mAb TCLA Moran1993
120-1B1 mADb TCLA Watkins1993
50-61A mAb TCLA Fevrier1995
48-16 mAb non-neutralizing  |[Fevrier1995
TH9 mAb TCLA D’Souzal995
205-43-1(HTY), mAb TCLA Fouts1997

205-46-9(HT7),
205-42-15(HT6)

1.28,L.33,L41, 142, L52 Fab TCLA Ditzel1995
DA48, DO8i, b3, b6, bll, Fab TCLA Parren1998
b13,bl4,2G6

MTW61D Fab TCLA Fouts1998
28A11/B1, 35F3/E2, Xeno-mAb TCLA He2002
38G3/A9

55D5/F9, 46D2/D5, 67G6/C4| Xeno-mAb  non-neutralizing [He2002
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Anti-CD4-induced (CD4i) epitopes

ture. There is, however, nothing notably unusual about the structure of this mAb
[Saphire2001]]. Other explanations for its broad and potent activity may lie in its
unusual dependence on regions within the V2 domain in order for binding to oc-
cur. Thus, it was shown that the Fab fragment of b12, as opposed to that of other
anti-CD4bs mAbs, has reduced binding activity to V2-deleted gp120, and that
deletion of V2 from isolate SF162, but not of V1, diminished the neutralizing
activity of IgG1b12 for this virus; this distinguished IgG1b12 from another anti-
CD4bs mAb, 654-D, and from IgG-CD4 [Stamatatos1998]]. Additional evidence
that the IgG1b12 epitope includes a portion of V2 comes from data showing that
escape mutants generated when JR-FL was cultured in the presence of IgG1b12
displayed two substitutions in V2 as well as one in C3 [M01997]. The specificity
of IgG1b12 for the CD4bs and V2 is reminiscent of the “V2/CD4bs” Fab frag-
ments described by Dietzl ef al. [Ditzel1995| [Ditzel1997]] (see above); however,
no primary isolate neutralizing activity has been described for these latter Fab
fragments, nor have they been compared to IgG1b12 in any published experi-
ments.

A notable feature of mAb IgG1b12 is its long CDR H3 region, consisting of
18 amino acids. The CDR H3 projects above the rest of the antigen-binding site
of the mAD, fitting into the pocket of the CD4bs of gp120 [Saphire2001]. In-
terestingly, several other broadly reactive and potent neutralizing human mAbs,
such as anti-V3 mAb447-52D (see above), anti-CD4i mAbXS5 (see below) and
anti-gp41 mAb 2F5 (see below), also have long CDR H3 regions consisting of
20 to 22 residues [Darbha2004, [Kunert1998| [Stanfield2004]], a characteristic that
is shared by many human anti-viral Abs [Stanfield2004].

I-C-6 Anti-CD4-induced (CD4i) epitopes

This is a small group of human mAbs (Table which binds to the gp120
bridging sheet, a beta-sheet consisting of four anti-parallel beta-strands con-
tributed by the C4 region and the V1/V2 stem [Kwong199§]].

Several anti-CD4i mAbs were derived by Epstein-Barr virus transformation
of B cells from the PBMCs of HIV-infected subjects [Thali1991] Xiang2002]],
while Fab X5 was selected from a phage display library derived from an
HIV-1 infected donor whose serum displayed strong neutralizing activity
[Moulard2002]. The phage library was screened with gp120-CD4-CCRS com-
plexes which exposed the CD4i epitope. The X5 epitope is near the CD4bs
and CCRS binding site but does not overlap with them; its specificity is slightly
different than the 17b epitope which reacts with the CCRS binding site only
[Darbha2004, Moulard2002]]. Immunochemical analyses show that the CD4i
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epitope only becomes accessible after the binding of gp120 to CD4. For exam-
ple, anti-CD4i mAbs have little or no ability to bind to gp120 in ELISA until the
envelope protein is preincubated with sCD4, which, by definition, induces the
conformational changes that expose the CD4-induced epitope.

Since the bridging sheet interacts with the chemokine receptors, the mech-
anism of neutralization of the anti-CD4i mAbs is thought to be through the in-
hibition of gp120 binding to CCRS and CXCR4 [Irkolal1996a]. However, the
anti-CD4i mAbs display no neutralizing activity against primary isolates. Only
the Fab or single chain forms of antibodies with specificity for the CD4i epi-
tope display neutralizing activity [Labrijn2003|]. Thus, the scFv and Fab frag-
ments of mAbs 17b and 48d displayed more potent neutralizing activity against
JR-CSF, JR-FL and ADA than did the intact IgG forms of these mAbs, and,
similarly, the scFv and Fab fragments of X5 potently neutralized these viruses
but lost this activity when converted into a whole IgG molecule [Labrijn2003]].
These data suggest that the size of the neutralizing molecule is a critical fac-
tor, and models juxtaposing the gp120 molecule on the virus particle and the
chemokine receptor on the surface of the target cell indicate that the bulk of
an intact IgG molecule prevents its insertion between gp120 and the corecep-
tor [Dey2003| [Labrijn2003} Moulard2002]]. Thus, steric hindrance precludes the
ability of anti-CD4i IgGs from effectively neutralizing virus infectivity. Nev-
ertheless, the X5 Fab neutralizes primary isolates from clades A, B, C, D, E,
F and G, and neutralizes R5, X4 and R5X4 isolates, showing the exceptionally
conserved character of CD4i epitopes [Moulard2002].

I-C-7 Anti-carbohydrate mAbs

There is only one neutralizing human mAb, 2G12, which recognizes an epi-
tope composed of carbohydrates (Table [[-C.7); this mAb is specific for high-
mannose and/or hybrid glycans at residues 295, 332 and 392 with peripheral
glycans from 386 and 448 on either flank [Sanders2002) [Scanlan2002]. These
carbohydrate moieties are located on an exposed surface of the gp120 trimer
that does not interact with CD4 or the chemokine receptors. Nonetheless, mAb
2G12 inhibits gp120 interaction with CCRS as shown in MIP-1beta-CCRS com-
petition studies [Sanders2002, [Trkola1996a]. These data led to the hypothesis
that the neutralizing activity of mAb 2G12 is an indirect, steric effect mani-
fested by a binding site that is physically close to the receptor-binding sites
of gp120 [Scanlan2002]. mAb 2G12 potently neutralizes TCLA and was re-
cently shown to neutralize 41% of primary isolates representing various subtypes
[Binley2004, [Burton2004, [Scanlan2002} [Trkola1996b|.
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Table I-C.6: Anti-CD4i mAbs

- mAbs Ab type Neutralization = Reference
%. 17b, 21c, 23e, 48d, 49e mAb TCLA Thali1993] [Xiang2002
= X5 Fab PI Moulard2002

Table I-C.7: Anti-Carbohydrate mAbs

mAbs Ab type Neutralization  Reference

2G12 mAb PI Buchacher1994

Despite the standard cellular technique used in the generation of mAb 2G12 MAD 2F5 is one of the best studied of the human mAbs. It has broad

and the commonly employed approach for selection of the mAb by measuring
binding to gp160 [Buchacher1994], mAb 2G12 is unique both in terms of struc-
ture as well as specificity. Recent crystallographic studies revealed that two Fabs
of mAb 2G12 assemble into an interlocked VH domain-exchanged dimer form-
ing an extended binding site which targets the aforementioned conserved cluster
of oligomannose moieties on the surface of gp120 [Calarese2003]].

The 2G12 epitope is poorly immunogenic as reflected by competitive binding
assays that demonstrated that 2G12-like antibodies were absent from all of 16
sera from HIV-infected long-term survivors and AIDS patients [Trkolal996b].
These factors—the unusual structure of mAb 2G12, its unusual epitope, and
the poor immunogenicity of this epitope—suggest that, despite the undeniable
potency and breadth of activity of mAb 2G12, the probability of inducing similar
Abs with a vaccine may be quite low.

I-C-8 Anti-gp41 mAbs

As shown in Table [-C.8| there are 28 human mAbs and 24 Fab fragments
directed to the highly immunogenic regions of gp4 [Binley1996, Xul991].
Twenty-four mAbs and Fab fragments are directed to the most immunodomi-
nant region, cluster I (aa 579-604), 19 mAbs and Fab fragments are specific for
cluster II (aa 644-663), three are specific for an epitope adjacent to cluster II,
and six Fab fragments are specific for cluster III (a conformational epitope in-
volving aa 619-648). Only four out of these 52 mAbs and Fab fragments have
documented neutralizing activity: mAbs 2F5, 4E10, clone 3 and Fab fragment
Z13.
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and potent activity, neutralizing 67% of 90 isolates from various virus sub-
types [Binley2004} Burton2004, [Trkolal995]]. The linear 2F5 epitope is lo-
cated near the transmembrane domain at aa 662-667, a region which is adja-
cent to cluster II and is not well exposed on the virus or on virus-infected cells
[Nyambi1998| |Ofek2004, |Sattentau1995]]. Immunochemical data show that 2F5
reacts strongly with peptide C43 representing a portion of the C-heptad repeat
region of gp41, while there is no reactivity with peptide N51, the N-heptad re-
peat region of gp41. While mAb 2F5 reacts with the N51:C43 complex, which
forms a coiled-coil complex, it reacts with the complex less strongly than it does
with C43 alone [deRosny2004, (Gorny2000]. While this might suggest that 2F5
interferes with the formation of the gp41 coiled-coil, this was not borne out by
recent studies [deRosny2004]. Thus, the mechanism of neutralization by mAb
2FS5 is still unknown, although interference with the late fusion process has been
suggested [deRosny2004].

MAD 4E10 and Fab Z13 are also specific for a region that is adjacent to
cluster II. They recognize the same epitope, and both are specific for a predom-
inantly linear and relatively conserved epitope at aa 671-677 that is proximal
to that of 2F5 [Zwick?2001]. mAbs 4E10 and Z13 neutralize primary isolates
of diverse clades, including A, B, C, D and E [Zwick2001]]. While mAb 4E10
is the most broadly neutralizing mAb currently described, it is less potent than
the other well-described, broadly neutralizing mAbs [Binley2004, Burton2004,
Zwick2001].

MAD clone 3 binds to a linear epitope between aa 597 and 606 at
the C-terminal end of cluster I, the most immunodominant region of gp41
[Cotropial 996|. The epitope is quite conserved, a fact reflected by its ability
to neutralize three diverse TCLA viruses from clade B and three primary isolates
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Anti-gp41 mAbs

Table I-C.8: Anti-gp41 mAbs

Human Monoclonal Antibodies that Neutralize HIV-1

mAbs Ab type Neutralization = Reference
Cluster I*

1B8 mAb non-neutralizing |Banapour1987
86 mAb non-neutralizing [Suganol198§
50-69, 181-D), 240-D, 246-D, mAb non-neutralizing  |Gorny 1989, Nyambi1998
1367

V10-9 mAb non-neutralizing [Robinson1990
3D6 mAb non-neutralizing |Felgenhauer1990
2F11 mAb non-neutralizing |[Eaton1994

1F11, |1HS, 3D9, 4B3, 4D4, mADb non-neutralizing [Buchacher1994
4G2

clone 3 mAb TCLA, PI Cotropial 996
F240 mAb non-neutralizing |Cavacinil998
Al, A4, M8B, M12B, M26B, Fab non-neutralizing |Binley1996

T2

Cluster IT*

98-6,|126-6,|167,/1281,(1342, mAb non-neutralizing |Gorny1989,Xul991
1379

ND-15GI mAb non-neutralizing [Eddleston1993
Md-1 mAb non-neutralizing  |Chen1995

D5, D11, G1, M10, M12, Fab non-neutralizing [Binley1996
M15,S6, S8,S9, S10, T3

Adjacent to Cluster IT*

2F5 mAb PI Buchacher1994
4E10 mAb PI Buchacher1994
713 Fab PI Zwick2001
Cluster IIT*

A9, G5, G15, L1, L2, L11 Fab non-neutralizing |Binley1996

* Cluster I: aa 596-613; Cluster II: aa 644-663; Adjacent to Cluster II: aa 662—676; Cluster III:

conformational epitope involving aa 619-648.
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from group O [Cotropial 996, [Ferrantelli2004]. Beyond the activity of clone 3
against these viruses, few details are known about its functional breadth. The
clone 3 epitope overlaps with the epitope of mAbs 246 and 240 (aa 590-597 and
592-600, respectively). Interestingly, these latter mAbs bind to cluster I but have
little or no neutralizing activity [Hioe1997] despite their ability to bind to intact
virus particles [Nyambil99§|.

As noted above, the mechanism(s) of neutralization of all four neutralizing
anti-gp41 mAbs is still unknown. An indication that at least some anti-gp41
mAbs may interfere with virus/cell fusion was provided by studies of the fusion
process at a suboptimal temperature (31.5°C), which prolongs the time during
which fusion intermediates are exposed to mAbs [Golding2002]. These experi-
ments showed that human mAbs against cluster IT (mAbs 98-6, 1281 and 167-D)
strongly inhibited fusion between HIV envelope-expressing effector cells and
target cells expressing appropriate receptors [Golding2002].

I-C-9 Concluding remarks

Among the 174 human mAbs summarized in Tables [-C.8| only five mAbs
(2G12, IgGb12, 447-52D, 2F5 and 4E10) and two Fab fragments (X5 and Z13)
can be classified as broadly and potently neutralizing for HIV-1 primary isolates.
Presently, the epitopes targeted by some of these mAbs do not appear to be prac-
tical targets for vaccine development due to their weak immunogenicity (2G12,
2F5) or their inaccessibility to antibody molecules (17b, X5, etc.). The CD4bs,
which would appear to be an ideal target for neutralizing antibodies, induces
antibodies which, for the most part, have little or no activity against primary
isolates. And, while the epitopes recognized by neutralizing V3 mAbs are ac-
cessible and immunogenic, they induce a spectrum of antibodies ranging from
narrowly to broadly cross-reactive, but the latter apparently require prolonged
antigenic stimulation to emerge.

While the search for and design of effective immunogens continues, the most
efficacious of the mAbs described to date may serve as beacons to illuminate the
effort. Meanwhile, continuing work is needed, using new screening techniques,
to identify neutralizing mAbs to additional classes of epitopes in order to provide
the maximum number of viral determinants to target with a vaccine.
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I-A
Summary

Part |lI] includes tables, maps, and associated references of HIV-specific CTL
epitopes arranged sequentially according to the location of the proteins in the
HIV-1 genome. We attempted to make this part as comprehensive as possi-
ble, requiring that the epitope be contained within a defined region of a maxi-
mum of 30 amino acids, but not that the optimal boundaries be defined. Stud-
ies that were based on the analysis of whole proteins are described at the end
of each protein section. The same epitope can have multiple entries, and each
entry represents a single publication in this part of the database. For more re-
cent updates and useful searching capabilities, please see our web site: http:
//www.hiv.lanl.gov/content/immunology. For a concise listing of
the best defined CTL epitopes, see the summary by Nicole Frahm, Christian
Brander and Philip Goulder on page [3]in Part[[] of this compendium. CTL pro-
tein reactions with no well-defined epitopes are listed at the end of each protein
section.

Recent studies utilize multiple functions attributed to T cells to define re-
sponses, and the simple distinctions of cytotoxic T-cell and helper T-cells have
become blurred as more is learned about the range of responses triggered in
CD4 and CDS positive T-cells responding to antigenic stimulus. When adding
the most recent studies, we have tried to place T cell responses in a reasonable
manner into our traditional helper T cell and CTL parts, and to specify the assay
used to measure the response in each study.

II-A-1 CTL epitope tables

Each CTL reference has a multi-part basic entry:

HXB2 Location: The viral strain HXB2 (GenBank Accession Number K03455)
is used as a reference strain throughout this publication. The position of
the defined epitope location relative to the sequence of the HXB2 pro-
tein is indicated. The numbering in this table corresponds to the protein
maps. Because of HIV-1 variation the epitope may not actually be present
in HXB2, rather the position in HXB2 indicates the position aligned to the

HIV Immunology and HIV/SIV Vaccine Databases 2003

epitope. HXB2 was selected as the reference strain because so many stud-
ies use HXB2, and because crystal structures for HXB2-related proteins
are often available. The precise positions of an epitope on the HXB?2 refer-
ence strain can be readily obtained using the interactive position locator at
our web site: http://www.hiv.lanl.gov/content/hiv-db/
LOCATE/locate.html.

Author Location: The amino acid positions of the epitope boundaries and the
reference sequence are listed as given in the primary publication. Fre-
quently, these positions as published are imprecise, and do not truly cor-
respond to the numbering of the sequence, but they provide a reasonable
guide to the peptide’s approximate location in the protein. Also, in many
cases the reference sequence identification was not provided, and in such
cases it is not possible to use these numbers to specify precise locations.

Epitope Sequence: The amino acid sequence of the epitope of interest as de-
fined in the reference, based on the reference strain used in the study defin-
ing the epitope. On occasions when only the position numbers and not the
actual peptide sequence were specified in the original publication, we tried
to fill in the peptide sequence based on the position numbers and reference
strain. If the sequences were numbered inaccurately by the primary au-
thors, or if we made a mistake in this process, we may have misrepresented
the binding site’s amino acid sequence. Because of this uncertainty, epi-
topes that were not explicitly written in the primary publication, that we
determined by looking up the reference strain and the numbered location,
are followed by a question mark in the table.

Immunogen: The original stimulus of the CTL response. Often this is an HIV-1
infection. If a vaccine was used as the original antigenic stimulation, not a
natural infection, this is noted on a separate line, and additional informa-
tion about the vaccine antigen is provided as available.

Species(HLA): The species responding and HLA or MHC specificity of the
epitope.

Reference: The primary reference (sometimes two or more directly related stud-
ies are included). Details for some of the earlier references are in Part[V]
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Summary

Keywords: Keywords are a searchable field for the web interface that is in-
cluded in the T-cell sections of the printed version to help identify entries
of particular interest.

Following the entry for a given CTL epitope are brief comments explaining the

context in which the epitope was studied and what was learned about the epitope

in a given study.

II-A-2 HIV protein epitope maps

All HIV CTL epitopes mapped to within a region of 21 amino acids or less are
indicated on the HIV protein epitope maps. The location and HLA restriction
elements of CTL epitopes are indicated on protein sequences of HXB2. These
maps are meant to provide the relative location of defined epitopes on a given
protein, but the HXB2 sequence may not actually carry the epitope of interest, as
it may vary relative to the sequence for which the epitope was defined. Epitopes
with identical boundaries and HLA fields are included in the maps only once.
If one laboratory determines HLA presenting molecules at the serotype level
(example: A2) and another at the genotype level (example: A*0201) both will
be included in the map. MHC specificities are indicative of the host species;
when no MHC presenting molecule is defined, the host species is noted.

II-A-3 Alignments

To conserve space, no epitope alignments are provided in this book, but they
can be generated using the CTL epitope search tool at http://www.hiv.
lanl.gov/content/immunology. All epitopes are aligned to the HXB2
sequence, with the sequence used to define the epitope indicated directly above
it. Sequences are sorted by their subtype and country of origin.

The master alignment files from which the epitope alignments were cre-
ated are available at our web site (http://www.hiv.lanl.gov/ALIGN_
CURRENT/ALIGN-INDEX.html). The alignments were modified in some
cases to optimize the alignment relative to the defined epitope and minimize in-
sertions and deletions; epitope alignments are generated by anchoring on the
C-terminal residue. A dash indicates identity to the consensus sequence, and a
period indicates an insertion made to maintain the alignment. Stop codons are
indicated with a $, and frameshifts by a #, or ambiguous codons (nucleotide
was r, y, or n) by an x; they are inserted to maintain the alignments. In con-
sensus sequences an upper case letter indicates the amino acid was present in
all sequences, a lower case letter indicates the amino acid was present in most
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HIV protein epitope maps

sequences in a given position, and a question mark indicates two or more amino
acids were represented with equal frequency.
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Il-B

HIV CTL Epitope Tables

All HIV CTL epitopes arranged by protein position. The table entries are sorted in a nested way—first by protein, then by HXB2 start location and finally by HLA
presenting molecule. CTL reactions against proteins with undefined epitopes are listed at the end of the protein that stimulated the response.

II-B-1 p17 CTL epitopes

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References
pl7 (11-19) GELDRWEKI HIV-1 infection human (B*4002) Sabbaj2002b
Keywords HAART.
Epitope name Gag-GI9.
Donor HLA A*0201 A*0217 B*0801 B*4002 Cw*0303 Cw*070.

* This study monitored epitope responses in HIV-1 infected minority women living in the United States.

* 24 epitopes were described — 8 were novel, 8 used new restricting elements but were previously defined epitopes, and 8 were previously described.

* Serial peptide truncations were used to define optimal epitopes for CTL cell lines isolated from 12 individuals, assayed by a Cr-release.

* This epitope was newly defined in this study.

* Patient 01RCH46 was Hispanic, on HAART, and had a viral load of 21000 and CD4 count of 623 — she also recognized KETINEEAA p24(70-78), HLA
B*4002, and TAFTIPSI, RT(128-135), HLA A*0217.

* Among HIV+ individuals who carried HLA B40, 2/5 (40%) recognized this epitope.

pl7 (11-19) pl7 (11-19) GELDRWEKI HIV-1 infection human (B*4002) Frahm2004
pl7 (11-30) Gag (11-30) GELDRWEKIRLRPGGKKKYK HIV-1 infection human (B62) Musey2003
Keywords genital and mucosal immunity.
Assay type Chromium-release assay.
Donor HLA A2, A32, B27, B62.

* CTL clones from blood, semen, cervix and rectum samples from 12 individuals were compared. CTL clones derived from blood and mucosal samples had
similar high lysis efficiency, primarily perforin dependent, and TCRbeta VDJ region sequencing revealed cases of expansion of the same clone in different
compartments.

* CD8+ T cell clones directed at this epitope were derived from blood and semen.

pl17 (16-30) pl7 (16-30 HXB2) WEKIRLRPGGKKKYK HIV-1 infection human Addo2003

Keywords immunodominance, early treatment.
Assay type T-cell Elispot.

HIV Immunology and HIV/SIV Vaccine Databases 2003 57



HIV CTL Epitope Tables p17 CTL epitopes

HXB2 Location

Author’s Location Sequence Immunogen Species (HLA) References

» Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STI.

63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl7 was the most frequently

recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)

recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl7 was the most frequently

recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)

recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

Responses to this peptide were detected in 19% of the study subjects, and it was one of the 25 most frequently recognized peptides.

pl7 (18-26)

p17 (18-26 11IB) KIRLRPGGK human (A*0301) Frahm2004
C. Brander notes that this is an A*0301 epitope.

pl7 (18-26)

pl7 (18-26 SF2) KIRLRPGGK HIV-1 infection human (A*0301) Altfeld2001al

HIV+ individual AC-06 was tested for reactive overlapping peptides spanning all HIV-1 proteins in an ELISPOT and was found to react with 12 peptides
from 7 proteins, suggesting that the breadth of CTL responses are underestimated if accessory proteins are not included in the study.

The reactive peptide p17 gag WEKIRLRPGGKKKYK contained two A*0301-restricted epitopes, KIRLRPGGK and RLRPGGKKK A*0301.

pl17 (18-26)

pl7 (18-26 11IB) KIRLRPGGK HIV-1 infection human (A3) Wilson1996
Keywords responses in children, mother-to-infant transmission, escape.

Epitope defined in the context of the Pediatric AIDS Foundation ARIEL Project, a mother-infant HIV transmission study.
KIRLRPGGR and RIRLRPGGR, naturally occurring variants, were found in mother, and are escape mutants.

pl7 (18-26)

pl7 (18-26) KIRLRPGGK in vitro stimulation or selectio human (A3) Zarling1999

Keywords dendritic cells.

This study compares the ability of macrophages and dendritic cells to stimulate primary responses in CD8+ lymphocytes isolated from HLA-appropriate
HIV-uninfected donors using peptide-pulsed APC — the dendritic cells performed better as APC for the stimulation of primary responses.

Strong CTL responses were elicited by the epitopes DRFYKTLRA and GEIYKRWII when presented by either immature or mature dendritic cells —
macrophages were not able to prime a CTL response against DRFYKTLRA.

A weak response to KLTPLCVSL was stimulated using macrophages as the APC.

No detectable response was observed for the following previously-defined HIV epitopes: KIRLRPGGK, ILKEPVHGYV, IRLRPGGK, GPKVKQWPL.

pl7 (18-26)

Gag (18-26) KIRLRPGGK HIV-1 infection human (A3) Brodie 1999

The ability of CTL effector cells was studied by expanding autologous HIV-1 Gag-specific CTL in vitro, and adoptive transfer.

The transferred CTLs migrated to the lymph nodes and transiently reduced circulating productively-infected CD4+ T cells, showing that CTL move to
appropriate target sites and mediate anti-viral effects.

pl7 (18-26)

58

(18-26) KIRLRPGGK HIV-1 infection human (A3) Brodie2000

Study tracks and quantifies in vivo migration of neo-marked CD8 HIV-specific CTL.

Adoptively transferred gene-marked HIV-specific CTL homed to specific lymph node sites, colocalizing within the parafollicular regions of the lymph node
adjacent to cells expressing HIV tat-fusion transcripts, indicative of viral replication.

The CTL clones expressed CCRS and localized among HIV-1 infected cells expressing MIP-1alpha and MIP-1beta, CC-chemokines produced at sites of
viral replication, suggesting a possible homing mechanism.
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HIV CTL Epitope Tables

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References
* This study provides a methodology for tracking and studying antigen specific CTL in vivo
pl7 (18-26) pl7 (18-26 I1IB) KIRLRPGGK HIV-1 infection transgenic mouse (A3)  [Wilson1999a
Keywords responses in children, mother-to-infant transmission, escape.
* This study describes maternal CTL responses in the context of mother-to-infant transmission.
* Detection of CTL escape mutants in the mother was associated with transmission, but the CTL-susceptible forms of the virus tended to be found in infected
infants.
* KIRLRPGGR and RIRLRPGGR were escape mutants.
* This epitope was recognized and many escape mutants were detected in an HLA A3 transmitting mother, and was recognized but invariant in an HLA A3
non-transmitting mother.
pl17 (18-26) pl7 (18-26 11IB) KIRLRPGGK HIV-1 infection human (A3) Goulder1997el |Goulder1997a
Keywords review, escape.
* Identical twin hemophiliac brothers were both infected with the same batch of factor VIII. One had a response to this epitope, the other did not.
[Goulder1997e] is a review of immune escape that summarizes this study.
pl7 (18-26) p17 (subtype B) KIRLRPGGK HIV-1 exposed seronegative human (A3) Kaul2000:
* 11/16 heavily HIV exposed but persistently seronegative sex-workers in Nairobi had HIV-specific CD8 gamma-IFN responses in the cervix — systemic
CD8+ T cell responses tended to be to the same epitopes but at generally lower levels than cervical CD8+ T cell responses.
* Low risk individuals did not have such CD8+ cells.
* CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNVATL (4 individuals), LSPRTLNAW (3 individuals) and YPLTFGWCEF (4 individuals) were
most commonly recognized by the HIV-resistant women.
pl17 (18-26) pl7 (SF2) KIRLRPGGK HIV-1 infection human (A3) Goulder2000al
Keywords inter-clade comparisons, immunodominance.
* WEKIRLRPGGKKKYKLK was the target of the dominant response in Caucasoids (38%) more frequently than non-Caucasoids (12%) — 7/10 that had a
dominant response to this epitope were A3, and 5/7 targeted RLRPGGKKK while 2/7 targeted KIRLRPGGK.
* Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.
pl17 (18-26) pl7 KIRLRPGGK HIV-1 infection human (A3) Seth2001
Keywords HAART.
* CTL responses were studied by tetramer staining in 41 patients with combination therapy — activated CD8+ T-cells decline as the viral load drops in response
to therapy, but the overall level of antigen-specific cells capable of differentiating into effectors stays constant and new epitopes may be recognized.
pl7 (18-26) pl7 (18-26 SF2) KIRLRPGGK HIV-1 infection human (A3) Altfeld2001b

HIV Immunology

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.
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HIV CTL Epitope Tables p17 CTL epitopes

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References

* Previously described and newly defined optimal epitopes were tested for CTL response.
* Number of HLA-A3+ individuals that had a CTL response to this epitope broken down by group: 3/7 group 1, 0/4 group 2, and 2/2 group 3.

pl7 (18-26) pl7 (18-26) KIRLRPGGK HIV-1 infection, HIV-1 exposed = human (A3) Kaul2001a
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
KIRLRPGGK is cross-reactive for A, B, and D clades.
» ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

pl7 (18-26) pl7 (JRCSF) KIRLRPGGK HIV-1 infection human (A3) Severino2000

Primary HLA-A3+ CD4+ and HLA-mismatched lymphocytes from uninfected donors were infected with JRCSF after isolation then cocultured with the

A3-restricted CTL clone 11504/A7 specific for KIRLRPGGK, and viral inhibition was MHC-restricted.

* Primary monocytes and monocyte-derived DC were generated from the same donors, replication of HIV-1 in these cell types was less efficient than in
lymphocytes and could also be inhibited by MHC-restricted CTL.

* DC-lymphocyte cluster cultures allowed vigorous viral replication and MHC-restricted CTL viral inhibition was blunted or lost depending on the ratio of
DC to CD4+ lymphocyte in the culture.

pl7 (18-26) pl7 (18-26) KIRLRPGGK HIV-1 infection human (A3) Day2001
Keywords rate of progression, acute infection.
* The CTL response to optimally defined CTL epitopes restricted by HLA class I A and B alleles in individuals who coexpressed HLA A2, A3, and B7 was
studied in eight HIV-1-infected subjects, two with acute infection, five with chronic, and one long-term non-progressor (LTNP)
* 2 to 17 epitopes were recognized in a given individual, A2-restricted CTL response tended to be narrow and never dominated the response, and 25/27
epitopes were targeted by at least one person.
All patients recognized at least 1 A3 epitope, up to 8 A3 epitopes, but none was clearly dominant.

pl17 (18-26) pl7 KIRLRPGGK HIV-1 infection human (A3) Ostrowski2000

Keywords dendritic cells.

The role of CD4+ T-cell help in expansion of virus-specific memory CTL was studied through co-culture ex vivo

Optimal expansion of HIV-1-specific memory CTL depended on CD4+ T cell help in 9 of 10 patients — CD40 ligand trimer (CD40LT) could enhance CTL
in the absence of CD4+ T cell help to a variable degree in most of patients.

Those CTL that didn’t respond to CD40LT could expand with IL2 present, and IL15 produced by dendritic cells also contributes.

The T-helper epitope used for CD4+ T cell stimulation was the universal tetanus helper epitope TET830-843 (QYIKANSKFIGITE)

pl7 (18-26) Gag (p17) (18-26) KIRLRPGGK HIV-1 infection human (A3) Yu2002a
Keywords dynamics, supervised treatment interruptions (STI), immunodominance, acute infection.
Epitope name A3-KKO9.
Donor HLA A3, B7, Cw7.
* CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or -B7 (n=4) or both -A3 and B7 (n=7) positive individuals were studied.
* One individual, AC-06 was homozygous at all three class I alleles (A3, B7, Cw7), was treated during acute infection and had supervised treatment
interruptions (STI). He had only two detectable CTL responses during acute infection, but after STI this broadened to 27 distinct epitopes including 15
restricted by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.
8/14 HLA-A3 positive individuals had detectable A3-restricted responses during acute infection. Only 5/15 of HLA-A3 epitopes tested were targeted during
acute infection. 7/8 individuals with acute responses had specific responses for this epitope.
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HIV CTL Epitope Tables

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References
* KIRLRPGGK and RLRPGGKKK were the most commonly recognized HLA-A3 epitopes during acute infection, after 1 year of treatment, and after STI.
RLRPGGKKK was immunodominant.
pl7 (18-26) pl7 (18-26) KIRLRPGGK HIV-1 infection human (A3, A3.1, B27) |Ferrari2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
pl7 (18-26) KIRLRPGGK HIV-1 infection human (B*0301) Wilson2000a
Keywords acute infection.
* Three individuals with highly focused HIV-specific CTL responses were studied during acute infection using tetramers — high frequencies of HIV-1-specific
CD8+ T cells were found prior to seroconversion, and there was a close temporal relationship between the number of circulating HIV-specific T cells and
viral load was also found.
* All three patients were B*2705, with HLA alleles: A1, A30/31, B*¥2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301, B2705, B39.
» ELISPOT was used to test a panel of CTL epitopes that had been defined earlier and were appropriate for the HLA haplotypes of the study subjects — 3/3
subjects showed a dominant response to the B*2705 epitope KRWIILGGLNK.
* The subject with A*0201 had a moderately strong response to SLYNTVATL.
* Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was HLA A1, A*0301, B7,
B*2705.
* No acute response was detected to the following epitopes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-AIFQSSMTK, A*301-TVYYGVPVWK,
B35-EPIVGAETF, B35-HPDIVIYQY, B35-PPIPVGELY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-DPNPQEV VL.
pl7 (18-27) pl7 (18-27 LAI) KIRLRPGGKK human (B27) Brander1996b
* D. Lewinsohn, pers. comm.
pl7 (18-27) pl7 (18-27) KIRLRPGGKK HIV-1 infection human (B27) Birk1998b
* A study of p17 variation considering known p17 epitopes and individuals with known HLA types revealed that p17 evolution is influenced by immune
pressure from CTLs.
pl7 (18-31) pl7 (18-31) KIRLRPGGKKKYKL HIV-1 infection human (A3) Birk1998b
* A study of p17 variation considering known p17 epitopes and individuals with known HLA types revealed that p17 evolution is influenced by immune
pressure from CTLs.
pl7 (18-31) pl7 (18-31) KIRLRPGGKKKYKL HIV-1 infection human (B62) Lubakil997
¢ Eighty two HIV-1-specific CTL clones from 5 long-term non-progressors were isolated and analyzed for breadth of CTL response.
* A sustained Gag, Env and Nef response was observed, and clones were restricted by multiple HLA epitopes, indicating a polyclonal response.
* A subject who was HLA-B62+ had CTL that recognized this peptide, and p24 LGLNKIVRMYS, and one additional unknown epitope.
pl7 (18-42) pl7 (18-42 IIIB) KIRLRPGGKKKYKLKHIVW—- HIV-1 infection human (A3) Jassoy1992
ASRELE
* Epitope recognized by CTL clone derived from CSF.
pl7 (18-42) pl7 (18-42 PV22) KIRLRPGGKKKYKLKHIVW- HIV-1 infection human (A3) Jassoy1993
ASRELE

HIV-1 specific CTLs release y-IFN, and - and 3-TNF.
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pl7 (18-42) pl7 (18-42 BH10) KIRLRPGGKKKYKLKHIVW— HIV-1 infection human (Bw62) Johnson1991
ASRELE

* Gag CTL response was studied in three individuals.
pl7 (19-27) pl7 (19-27 JRCSF) IRLRPGGKK HIV-1 infection scid-hu mouse (B*2705) [Frahm2004

* Noted by Brander to be B*2705.
pl7 (19-27) pl7 (19-27 LAI) IRLRPGGKK human (B27) Brander1996b
pl7 (19-27) pl7 (19-27 JRCSF) IRLRPGGKK HIV-1 infection scid-hu mouse (B27) McKinney 1999

Keywords escape.

Epitope-specific CTL were infused in infected human PBL-SCID mice, and transient decreases in viral load were observed, however virus was not eradicated
and the HIV-specific CTL rapidly disappeared.

* No escape mutants were observed.

Control CTL were long lived in both infected and uninfected mice, showing the rapid loss of CTL was due to target interaction.

pl7 (19-27) pl7 (SF2) IRLRPGGKK HIV-1 infection human (B27) Goulder2000al

Keywords inter-clade comparisons, immunodominance.

WEKIRLRPGGKKKYKLK was the target of the dominant response in Caucasoids (38%) more frequently than non-Caucasoids (12%) — 2/3 individuals
that were B27+ had a dominant response to this epitope.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

pl17 (19-27) pl7 (19-27) IRLRPGGKK HIV-1 infection human (B27) Day2001
pl7 (19-27) p17 (19-27) IRLRPGGKK HIV-1 infection human (B27) Goulder2001b!
Keywords immunodominance, escape.
Epitope name 1K9.
» This B27 epitope is generally recognized only if there is escape in the B27 dominant epitope, p24 KRWIILGLNK.
p17 (20-28) pl7 (20-28) RLRPGGKKK HIV-1 infection human Betts2000

Keywords immunodominance.

Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.

95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.

Three of the four individuals that responded to SLYNTVATL recognized HIV epitopes, and one individual who was A*0201, A31 and B51 and B58w4
recognized this epitope (previously described as HLA A3.1), as well as one other.

pl17 (20-28) pl7 (20-28) RLRPGGKKK HIV-1 infection human (A*03) Goulder1997el |Goulder1997a
Keywords review, escape.
* Identical twin hemophiliac brothers were both infected with the same batch of factor VIII.
* One had a response to gag A3 epitope RLRPGGKKK, the other non-responder carried the sequence RLRPGGKKC.
* [Goulder1997a] is a review of immune escape that summarizes this study.
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p17 (20-28) pl7 (20-28) RLRPGGKKK HIV-1 infection human (A*0301) Frahm2004
* C. Brander notes that this is an A*0301.
p17 (20-28) pl7 RLRPGGKKK HIV-1 infection human (A*0301) Wilson2000a
Keywords acute infection.
* Three individuals with highly focused HIV-specific CTL responses were studied during acute infection using tetramers — high frequencies of HIV-1-specific
CDS8+ T cells were found prior to seroconversion, and there was a close temporal relationship between the number of circulating HIV-specific T cells and
viral load was also found.
* All three patients were B*2705, with HLA alleles: A1, A30/31, B#2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301, B2705, B39.
» ELISPOT was used to test a panel of CTL epitopes that had been defined earlier and were appropriate for the HLA haplotypes of the study subjects — 3/3
subjects showed a dominant response to the B*¥2705 epitope KRWIILGGLNK.
* The subject with A*0201 had a moderately strong response to SLYNTVATL.
* Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was HLA A1, A*0301, B7,
B#2705.
* No acute response was detected to the following epitopes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-AIFQSSMTK, A*301-TVYYGVPVWK,
B35-EPIVGAETF, B35-HPDIVIYQY, B35-PPIPVGELY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-DPNPQEV VL.
p17 (20-28) pl17 (20-28 SF2) RLRPGGKKK HIV-1 infection human (A*0301) Altfeld2001a
* HIV+ individual AC-06 was tested for reactive overlapping peptides spanning all HIV-1 proteins in an ELISPOT and was found to react with 12 peptides
from 7 proteins, suggesting that the breadth of CTL responses are underestimated if accessory proteins are not included in the study.
* The reactive peptide p17 gag WEKIRLRPGGKKKYK contained two A*0301-restricted epitopes, KIRLRPGGK and RLRPGGKKK A*0301.
p17 (20-28) Gag (p17) (20-28) RLRPGGKKK HIV-1 infection human (A*0301) Sabbaj2002a
Keywords mother-to-infant transmission.
Epitope name RK9.
Donor HLA A3, All, B35, B51.
* IFNgamma T-cell responses in breast milk of 5 HIV-1 infected women from the US and 6 from Zambia were tested with using Elispot. 11/11 women
responded to Gag, 8/11 responded to Pol, 7/11 women to Nef, and 2/5 women to Env peptide pools. These responses were shown to be primarily due to
CD8+ T-cells in one woman, and another woman had cytolytic responses measured by Cr-release.
* Tetramer analysis of breast milk and peripheral blood samples of one volunteer showed responses to RLRPGGKKK in both compartments, 0.65% of
CD3+/CD8+ cells in breast milk, and 0.22% of CD3+/CD8+ cells in peripheral blood cells.
* The frequencies of responses in the two compartments differed, and 2/4 women that responded to epitopes in Nef 101-205 and Pol 601-710 showed
responses in breast milk but no detectable responses in peripheral blood cells.
p17 (20-28) RLRPGGKKK HIV-1 infection human (A03) Sabbaj2002b
Epitope name Gag-RKO.
* Among HIV+ individuals who carried HLA A03, 7/20 (35%) recognized this epitope.
p17 (20-28) pl7 (20-28) RLRPGGKKK HIV-1 infection human (A3) Goulder2000c¢

Two clonal CTL responses were generated in donor 021-BMC (HLA A3/3001, B42/-, Cw17/-) against different optimal versions of this epitope, one nine
amino acids long, one ten.
* A previously described optimal A3 epitope overlapping this region, KIRLRPGGK, was not recognized by CTL from 021-BMC.
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p17 (20-28) pl7 (20-28) RLRPGGKKK HIV-1 infection human (A3) Goulder1997f
* A control CTL line that reacts with this peptide was included in the study.
p17 (20-28) pl7 (20-28) RLRPGGKKK HIV-1 infection human (A3) Caol997a
Keywords inter-clade comparisons.
* The consensus peptide of A, B, and D clade viruses is RLRPGGKKK.
* The consensus peptide of C clade viruses is RLRPGGKKH and is equally reactive.
pl7 (20-28) pl7 (SF2) RLRPGGKKK HIV-1 infection human (A3) Goulder2000a
Keywords inter-clade comparisons, immunodominance.
* WEKIRLRPGGKKKYKLK was the target of the dominant response in Caucasoids (38%) more frequently than non-Caucasoids (12%) — 7/10 that had a
dominant response to this epitope were A3, and 5/7 targeted RLRPGGKKK while 2/7 targeted KIRLRPGGK.
* Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.
pl17 (20-28) pl17 (20-28 SF2) RLRPGGKKK HIV-1 infection human (A3) Altfeld2001b
Keywords HAART, acute infection.
* Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.
* The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.
* Previously described and newly defined optimal epitopes were tested for CTL response.
* Number of HLA-A3+ individuals that had a CTL response to this epitope broken down by group: 5/7 group 1, 2/4 group 2, and 2/2 group 3.
pl7 (20-28) pl7 (20-28) RLRPGGKKK HIV-1 infection human (A3) Day2001
Keywords rate of progression, acute infection.
* The CTL response to optimally defined CTL epitopes restricted by HLA class I A and B alleles in individuals who coexpressed HLA A2, A3, and B7 was
studied in eight HIV-1-infected subjects, two with acute infection, five with chronic, and one long-term non-progressor (LTNP)
* 2 to 17 epitopes were recognized in a given individual, A2-restricted CTL response tended to be narrow and never dominated the response, and 25/27
epitopes were targeted by at least one person.
* All patients recognized at least 1 A3 epitope, up to 8 A3 epitopes, but none was clearly dominant.
pl7 (20-28) pl7 (20-28) RLRPGGKKK HIV-1 infection human (A3) Goulder2001b
Keywords acute infection.
Epitope name RK9.
* Responses to this dominant A3-restricted Gag epitope are present during the time of decreasing viral load in acute infection.
» Mutations in this epitope were observed in autologous clones of subjects who were A3-positive with a higher frequency than those who were A3-negative
(P =0.0002)
* These mutations are being sexually transmitted in adult infections.
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p17 (20-28) Gag (p17) (20-28) RLRPGGKKK HIV-1 infection human (A3) Yu2002a’
Keywords dynamics, supervised treatment interruptions (STI), immunodominance, acute infection.
Epitope name A3-RKO.
Donor HLA A3, B7, Cw7.
* CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or -B7 (n=4) or both -A3 and B7 (n=7) positive individuals were studied.
* One individual, AC-06 was homozygous at all three class I alleles (A3, B7, Cw7), was treated during acute infection and had supervised treatment
interruptions (STI). He had only two detectable CTL responses during acute infection, but after STI this broadened to 27 distinct epitopes including 15
restricted by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.
» 8/14 HLA-A3 positive individuals had detectable A3-restricted responses during acute infection. Only 5/15 of HLA-A3 epitopes tested were targeted during
acute infection. 7/8 individuals with acute responses had specific responses for this epitope.
* KIRLRPGGK and RLRPGGKKK were the most commonly recognized HLA-A3 epitopes during acute infection, after 1 year of treatment, and after STI.
RLRPGGKKK was immunodominant during acute infection and throughout the study period in the 5/6 individuals who targeted it.
pl17 (20-28) Gag (LAI) RLRPGGKKK HIV-1 infection human (A3) Lewinsohn2002
Keywords class I down-regulation by Nef.
* CTL kill targets through releasing perforin, that forms pore in the plasma membrane, and granzymes, that induce apoptosis.
* Vpr is capable of arresting infected cells in the G2 phase, and it was hypothesized that Vpr may inhibit CTL-mediated apoptosis because it interacts with
the granzyme B molecular complex.
* Vpr expression in the target cell did not inhibit epitope specific lysis — neither perforin or granzyme mediated events were inhibited, as measured by a
Chromium release assay and a TUNEL assay.
* In contrast, deletion of Nef, which is thought to protect primary HIV infected cells by down-regulating cell-surface expression of MHC class I complexes,
increased the susceptibility of HIV-1 infected cells to CTL mediated killing 2-fold using the TUNEL assay.
pl7 (20-28) pl7 RLRPGGKKK HIV-1 infection human (A3) Sabbaj2002a
Keywords mother-to-infant transmission.
Donor HLA A3, All, B35, B51.
* JFNgamma T-cell responses in breast milk of 5 HIV-1 infected women from the US and 6 from Zambia were tested with using Elispot. 11/11 women
responded to Gag, 8/11 responded to Pol, 7/11 women to Nef, and 2/5 women to Env peptide pools. These responses were shown to be primarily due to
CD8+ T-cells in one woman, and another woman had cytolytic responses measured by Cr-release.
* T-cells in breast milk from a volunteer who was HLA A3, A11, B35, B51 induced IFNgamma after stimulation with a peptide that carries known A3 epitope
RLRPGGKKK.
* The frequencies of responses in the two compartments differed, and 2/4 women that responded to epitopes in Nef 101-205 and Pol 601-710 showed
responses in breast milk but no detectable responses in peripheral blood cells.
p17 (20-28) pl7 (20-28) RLRPGGKKK HIV-1 infection human (A3) Cao02003

Keywords acute infection, early-expressed proteins.

Assay type CD8 T-cell Elispot - IFNY.

Donor HLA A*0201, A3, B44, B57, Cw5, Cw6; Al, A3, B7, B14, Cw*0702, Cw*0802; A1, A3, B8, B35; Al, A3, B8, B62, Cw3, Cw7.

All proteins were scanned and optimal epitopes were mapped in a study of CD8+ gamma IFN T-cell responses in 21 men within 15-92 days post-HIV-1
infection. Subjects initially a showed narrow immune responses with a mean of 2.3 epitopes recognized per patient. The immune response broadened
later in infection. No correlation between the plasma viral load and the number of recognized epitopes or the frequency of IFN-gamma secreting cells was
observed, and there was no correlation between the functional avidity of a responses and the abundance of IFN-secreting cells that recognized the epitope.
The first epitopes to be recognized did not tend to be the most avid, and earliest responses tended to be directed against Nef, Tat, Vpr, and Env.

HIV Immunology and HIV/SIV Vaccine Databases 2003 65



HIV CTL Epitope Tables p17 CTL epitopes

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References

» This epitope was recognized in four individuals during early infection, each time presented by A3.

* All HIV-1 proteins except Vpu were recognized, and a responses to a total of 41 optimal epitopes were characterized; 24 had been identified previously.
48% of the total T-cell responses were directed against Nef and 43% were directed against Gag.

* More common HLA alleles were less frequently used in primary infection than less common alleles, for example A3, B35, B57, and B62 were more
frequently utilized than A1, A2, A30, and A44.

pl17 (20-29) p17 (20-29 LAI) RLRPGGKKKY HIV-1 infection human (A*0301) Frahm2004
* C. Brander notes this is an A*0301 epitope.
pl7 (20-29) pl17 (20-29) RLRPGGKKKY HIV-1 infection human (A3) Goulder2000c

Two clonal CTL responses were generated in donor 021-BMC (HLA A3/3001, B42/-, Cw17/-) against different optimal versions of this epitope, one nine
amino acids long, one ten.
A previously described optimal A3 epitope overlapping this region, KIRLRPGGK, was not recognized by CTL from 021-BMC.

pl7 (20-29) pl7 (20-29) RLRPGGKKKY HIV-1 infection human (A3.1) Brander1995b
* Unpublished, C. Jassoy and Beatrice Culman, pers. comm.

p17 (20-29) pl7 (20-29 LAI) RLRPGGKKKY HIV-1 infection human (A3.1) Wilkens1999
e Pers. comm., B. Wilkens and D. Ruhl.

p17 (20-29) pl17 (20-29) RLRPGGKKKY HIV-1 infection human (A30, A3.1) Betts2000.

Keywords immunodominance.

Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.
95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.

1/11 of the A2+ individuals was A30, and one was A3, and both responded to RLRPGGKKKY.

The A2+ A3 individual also reacted with two other A3.1 epitopes.

pl7 (20-29) pl7 (20-29 I1IB) RLRPGGKKKY HIV-1 infection human (B42) Wilson1996
Keywords responses in children, mother-to-infant transmission.

Epitope defined in the context of the Pediatric AIDS Foundation ARIEL Project, a mother-infant HIV transmission study.

* RLRPGGKKRY, a naturally occurring variant, was found in non-transmitting mother and is recognized.

Binds HLA-A3 and Bw62 as well.

pl7 (20-29) pl7 (20-29) RLRPGGKKKY HIV-1 infection human (B42, Bw62) Ferrar12000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

pl7 (20-29) pl7 (20-29) RLRPGGKKKY HIV-1 infection human (B62) Brodie2000:

Study tracks and quantifies in vivo migration of neo-marked CD8 HIV-specific CTL.

Adoptively transferred gene-marked HIV-specific CTL homed to specific lymph node sites, colocalizing within the parafollicular regions of the lymph node
adjacent to cells expressing HIV tat-fusion transcripts, indicative of viral replication.

* The CTL clones expressed CCR5 and localized among HIV-1 infected cells expressing MIP-1¢o and MIP-13, CC-chemokines produced at sites of viral
replication, suggesting a possible homing mechanism.

This study provides a methodology for tracking and studying antigen specific CTL in vivo.
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pl17 (20-29) pl7 (2029 LAI) RLRPGGKKKY human (Bw62) McMichael 1994
Keywords review.
* Review of HIV CTL epitopes.
* Also P. Johnson, pers. comm.
pl7 (20-30) pl7 (SF2) RLRPGGKKKYK HIV-1 infection human Goulder2000a
Keywords inter-clade comparisons, immunodominance.

* WEKIRLRPGGKKKYKLK was the target of the dominant response in Caucasoids (38%) more frequently than non-Caucasoids (12%) — the dominant
response in a Haitian immigrant living in Boston who was HLA A24/29 B7/B44 Cw6/7 was to this epitope, although the restricting element was not
determined.

* Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

pl17 (20-35) p17 (90-105 SF2) CLRPGGKKKYKLKHIV HIV-1 infection human Lieberman1997a

» Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

» Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

* One of these 12 had CTL response to this peptide.

* The responding subject was HLA A-2, A-24, B-13, B-35.

pl7 (21-35) Gag LRPGGKKKYKLKHIV HIV-1 infection human Weekes1999a

* Peptide 703.3: Memory CTL specific for HIV-1 may contribute to oligoclonal expansions within the CD57+ CD28- CD8+ CTLp populations.

pl7 (21-35) pl7 (91-105 SF2) LRPGGKKKYKLKHIV HIV-1 infection human Lieberman1997a

* Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

» Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

* One of these 12 had CTL response to this peptide.

* The responding subject was HLA-A1, A2, B50, B57.

pl7 (21-35) Gag LRPGGKKKYKLKHIV HIV-1 infection human (A3) Weekes1999b
Keywords TCR usage.

* Peptide 703.3: Almost all CD8+ T cells are CD28+ at birth, and the proportion of CD28-CD8+ cells increases with age — this study examines the contribution
of CD8+CD28- cells to CTL memory pools for CTL clones specific for two persistent human viruses, CMV and HIV — clones were found to be similarly
distributed in the CD28 depleted cell population.

* HIV CTL responses to 3 Env and 2 Gag peptides were studied.

* The clonal composition of the TCR Vf responses was studied and was found to be highly focused, with one TCR beta-chain sequence tending to dominate
the peptide-specific response — clones to this epitope were VB 13.1 and V35.2.

pl7 (21-35) pl7 (21-35) LRPGGKKKYKLKHIV human (B8) Nixon1991
» Two CTL epitopes defined (see also p24(191-205))
pl7 (21-35) pl7 (21-35) LRPGGKKKYKLKHIV HIV-1 infection human (not B8) vanBaalen1996

» Unknown HLA specificity, but not B8.
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pl7 (21-40) pl7 (21-40 subtype A) LRPGGKKKYRLKHLVWASRE HIV-1 infection human (Cw4) Dorrell1999
Keywords inter-clade comparisons.

» CTL responses in three individuals with non-clade B infections were studied, 2 with subtype A infections, 1 with subtype C — their infections all originated
in East Africa.

* This epitope was defined in an A subtype infection — the B clade variant (LRPGGKKKYKLKHIVWASRE) has two mutations relative to the A subtype
form, and the CTL from this patient were not A-B cross-reactive.

pl7 (22-31) Gag (22-31) RPGGKKRYKL HIV-1 infection human (B7) Jin2000b!

» This B7 epitope is one of three subdominant CTL responses detected in a long-term non-progressor.

* A dominant B7 epitope was defined using conventional methods, and three additional sub-dominant HLA B7 epitopes were defined by first using a
non-anchor based strategy, EpiMatrix, to identify 2078 possible epitopes in the autologous HIV-1, followed by B7 anchor residue prediction to narrow the
set to 55 peptides for experimental testing.

pl7 (24-31) pl7 (24-31) GGKKKYKL human (BS8) Goulder1997g

 The crystal structure of this peptide bound to HLA-B8 was used to predict new epitopes and the consequences of epitope variation.

* The predictions were experimentally confirmed.

* The anchors for HLA-BS epitopes, as defined by peptide elution data, are P3 (K), P5 (K/R), and P8 (L)

* Structural data suggests that a positive charge at P5 is essential, but that the constraints on P3 may be less severe.

* Small hydrophobic residues at P2 may be favorable for binding.

* A spacious F-pocket favors mid-sized hydrophobic residues in the C-term anchor.

pl7 (24-31) pl7 (24-31 SF2) GGKKKYKL HIV-1 infection human (B8) McAdam1998
Keywords inter-clade comparisons.
* CTL from a patient infected with clade B virus did not recognize Ugandan variants of this epitope.
pl7 (24-31) pl17 (24-31 LAI) GGKKKYKL HIV-1 infection human (B8) Reid1996
Keywords TCR usage.

* The variants 7R: GGKKKYRL, 7Q: GGKKKYQL, 5R: GGKKRYKL, and 3R: GGRKKYKL, were studied.

* Crystal structures were obtained to study these peptides in the context of HLA-BS8, and CTL binding and activity were determined.

* 3R has been detected in 3 patients, and it abolishes recognition causing extensive conformational changes upon binding including MHC main chain
movement.

* 7Q and 7R alter the TCR exposed surface, and retain some recognition.

* Reactivity of SR depends on the T cell clone, this amino acid is embedded in the C pocket of B8 when the peptide is bound.

* Optimal peptide is 8-mer, not 9-mer, and positions 3, 5, and 8 are the anchor residues.

pl7 (24-31) pl7 (24-31 LAI) GGKKKYKL HIV-1 infection human (BS8) Price1997
* A weak CTL response to the index peptide was observed in an HLA-B8+ infected individual.
* Sequences from the earliest available time point showed that a variant at position 5, an anchor residue, GGKKQYKL, was present.
pl7 (24-31) p17 (24-31 SF2) GGKKKYKL HIV-1 infection human (B8) Altfeld2001b
Keywords HAART, acute infection.

* Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.
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» The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.
* Previously described and newly defined optimal epitopes were tested for CTL response.
* Number of HLA-B8+ individuals that had a CTL response to this epitope broken down by group: 0/3 group 1, 1/3 group 2, and 2/2 group 3.
pl7 (24-31) pl7 (24-31) GGKKKYRL HIV-1 infection, HIV-1 exposed = human (B8) Kaul2001a
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.
pl7 (24-31) pl7 (24-31) GGKKKYKL HIV-1 infection human (B8) Day2001
* B8-restricted CTL accounted for about 1/3 of the total CTL response in one individual.
pl7 (24-31) pl7 GGKKKYKL HIV-1 infection human (B8) McMichael2002
Keywords binding affinity, review, inter-clade comparisons, epitope processing, escape.
* CTL response-eliciting vaccines are reviewed. The natural epitope interactions with the HLA class I presenting molecules and T-cell receptors are described,
using the structure of this epitope, taken from [Reid1996], as an example.
pl7 (24-32) pl7 (24-32 LAI) GGKKKYKLK HIV-1 infection human (B*0801) Frahm2004
* C. Brander notes epitope to be presented by B*0801.
pl7 (24-32) pl7 (24-32 LAI) GGKKKYKLK HIV-1 infection human (B8) Sutton1993
* Exploration of HLA-B8 binding motif through peptide elution.
pl7 (24-32) pl7 (24-32 LAD) GGKKKYKLK HIV-1 infection human (B8) Rowland-Jones1993
Keywords epitope processing.
* Study of an individual with partially defective antigen processing.
pl7 (24-32) pl7 (24-32) GGKKKYKLK HIV-1 infection human (B8) Klenerman1994
* Naturally occurring variants GGKKKYQLK and GGKKRYRLK may act as antagonists.
pl7 (24-32) pl7 (24-32) GGKKKYKLK HIV-1 infection human (B8) Klenerman1995
* Naturally occurring antagonist GGKKKYQLK found in viral PBMC DNA and RNA.
pl7 (24-32) pl7 (24-32) GGKKKYKLK HIV-1 infection human (BS8) Nowak1995
Keywords escape.
* Longitudinal study of CTL response and immune escape — the variant GGRKKYKLK binds to HLA-B8 but is not reactive.
pl7 (24-32) pl7 (24-32) GGKKKYKLK HIV-1 infection human (B8) Dyer1999
» CTL specific responses were measured over a 1.3 to 1.5 year period in members of the Sydney Blood Bank Cohort (SBBC) who had been infected with a
natural attenuated strain of HIV-1 which was Nef-defective.
* Some of these patients had prolonged high levels of CTL effector and memory cells despite low viral load.
pl7 (24-32) pl7 GGKKKYKLK human (B8) Rowland-Jones1999

CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women had no delta 32 deletion
in CCRS.
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* In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive, and the B35 allele
seems to be protective.
* HIV-2 sequence: GGKKKYKMK - no cross-reactivity [[Phillips1991]
pl7 (24-32) pl7 (24-32) GGKKKKYKLK HIV-1 infection human (BS8) Oxenius2000
Keywords HAART, supervised treatment interruptions (STI), immunodominance, acute infection.
Epitope name GGK.
* Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.
* This epitope was recognized by 1/7 study subjects that were HLA-B8+
* Patient SC12(HLA A1, B8/39, Cw0701/0702, DR2/3, DR51/52, DQ2/6) had sustained therapy started during acute infection and maintained an
immunodominant response to FLKEKGGL throughout and minor responses to GEIYKRWII, DCKTILKAL, GGKKKYKLK — GEIYKRWII and
GGKKKYKLK responses were stimulated by a brief period off therapy.
pl7 (24-32) pl7 GGKKKKYKKL HIV-1 infection human (BS) Seth2001
Keywords HAART.
* CTL responses were studied by tetramer staining in 41 patients with combination therapy — activated CD8+ T-cells decline as the viral load drops in response
to therapy, but the overall level of antigen-specific cells capable of differentiating into effectors stays constant and new epitopes may be recognized.
pl7(24-32) pl7 GGKKKKYKLK HIV-1 infection human (B8) Oxenius2002b
Keywords HAART, supervised treatment interruptions (STI).
Epitope name GGK.
* Using previously defined epitopes [Oxenius2000, (Oxenius2001al] in an IFNgamma Elispot assay, 13 chronically HIV-1 infected patients were studied over a
period including therapy with standard treatment interruptions (STI).
 STIs induced increased recognition of CTL epitopes, but there was no correlation between CTL responses with viral rebound rates, plateau viral loads, or
clearance rates.
pl7 (24-35) pl7 (25-35 SF2) GGKKKYKLKHIV HIV-1 infection human (B8) Goulder1997al |Phillips1991
Keywords review, immunodominance, escape.
* Longitudinal study of CTL escape mutants in people with the appropriate HLA types — little variation was observed in the immunodominant B27 epitope,
relative to B8 epitopes, which varied over time.
* [Goulder1997a] is a review of immune escape that points out that there may be a protective effect associated with B27, and that HLA-BS individuals tend to
progress more rapidly than HLA B27 patients.
pl17 (24-35) pl7 (25-35) GGKKKYKLKHIV HIV-1 infection human (BS8) Birk1998b
* A study of p17 variation considering known p17 epitopes and individuals with known HLA types revealed that p17 evolution is influenced by immune
pressure from CTLs.
pl7 (28-36) KYRLKHLVW HIV-1 infection human Kaul2001c¢
Keywords HIV exposed persistently seronegative (HEPS).
* This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.
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» The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.
* This epitope was recognized in 1/22 HEPS sex worker controls (ML1573)
pl7 (28-36) p17 (28-36 LAI) KYKLKHIVW human (A*2402) Frahm2004
* C. Brander notes that this is an A*2402 epitope.
pl7 (28-36) pl17 (28-36 SF2) KYKLKHIVW HIV-1 infection human (A*2402) Ikeda-Moore 1998
 Strong CTL activity to this peptide was detected in 2/3 HIV-infected individuals who were HLA A24+
* HLA A24 is very common in Japanese (70% carry it) and is common globally.
* This epitope was detected by looking for peptides with appropriate A24 anchor residues (Y at position 2, carb-term ILF or W) — 16/17 such peptides bound
to A24 — KYKLKHIVW was found to be a naturally processed epitope that elicits a strong CTL response.
pl7 (28-36) pl7 (28-36 LAI) KYKLKHIVW human (A23) Goulder1999b
* P. Goulder, pers. comm.
pl7 (28-36) pl7 (28-36 LAI) KYKLKHIVW human (A24) Brander1996b
* D. Lewinsohn, pers. comm.
pl7 (28-36) p17 (28-36 SF2) KYKLKHIVW HIV-1 infection human (A24) Altfeld2001b
Keywords HAART, acute infection.
* Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.
» The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.
* Previously described and newly defined optimal epitopes were tested for CTL response.
* Number of HLA-A24+ individuals that had a CTL response to this epitope broken down by group: 0/0 group 1, 2/3 group 2, and 0/0 group 3.
pl7 (28-36) pl17 (28-36 93TH253 KYKLKHIVW HIV-1 infection human (A24) Bond2001
subtype CRFO01)
Keywords inter-clade comparisons.
* More than half of a cohort of HIV+ female sex workers (FSW) from Northern Thailand were HLA-A11 positive, and this study concentrated on All
epitopes in this group, although E clade versions of previously defined B-clade A2 and A24 epitopes were also tested.
* The only HLA-A24 FSWs tested did not recognized the E clade version of this epitope KYKMKHLVW, which differs from the previously defined B clade
version by two amino acids, KYKLKHIVW.
pl17 (28-36) Gag (p17) KYKLKHIVW HIV-1 infection human (A24) Montefiori2003
Keywords supervised treatment interruptions (STI), acute infection.
Epitope name KW9.

HIV Immunology

Assay type CD8 T-cell Elispot - IFN7y.
Donor HLA A2, A24 B38, B60, Cw2, Cwl12.
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* HIV-1+ patient AC10 underwent early HAART treatment, which was discontiuned 1.5 years later. At this timepoint potent NAb responses against autologous
virus were detected. Treatment interruption initially induced weak CD8+ responses directed against 5 epitopes. By days 873d and 923d the CTL response
had broadened to target 22 epitopes; of these six were fully characterized. Eventually the virus escaped the NAb response, but escape was not accompanied
by arise in viral load, and the authors suggest the virus was contained by the CTL response.

pl7 (28-36) pl7 (728-736 subtype =~ KYRLKHLVW HIV-1 infection, HIV-1 exposed  human (Cw4) Kaul2001a
A) seronegative
Keywords HIV exposed persistently seronegative (HEPS), immunodominance.

* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

* Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.

* 43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.

* Among HLA-Cw4 women, 2/2 HEPS and 7/11 HIV-1 infected women recognized this epitope.

* The dominant response to this HLA allele was to this epitope in both of the 2/2 HEPS cases and in 3 of the 7/11 HIV-1 infected women.

pl17 (28-36) pl7 (28-36) KYRLKHLVW HIV-1 infection human (Cw4) Appay2000

* This epitope is newly defined in this study.

* Combined tetramer and intracellular cytokine staining was used to study the function of circulating CD8+ T cells specific for HIV and CMV.

» HIV-specific CD8+ T cells expressed lower levels of perforin than CM V-specific CD8+ T cells from the same donor, and this was associated with persistent
CD27 expression on HIV-specific cells, suggesting impaired maturation.

* In most donors, between 50% and 95% of the activated virus-specific CD8+ T cells produced IFN-y and MIP-1f with a distinct subset that failed to produce
TNF-o

pl7 (36-44) pl7 (SF2) WASRELERF HIV-1 infection human Goulder2000al
Keywords inter-clade comparisons, immunodominance.

* The dominant response in an African American who was HLA A3/33 B35/B53 Cw4/7 was to this epitope, although the restricting element was not
determined — this epitope fell outside the most recognized peptides in the study.

* Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

pl17 (36-44) pl7 (3543 LAI) WASRELERF HIV-1 infection human (B*3501) Goulder199°7d

* Optimal epitope defined from within p17(30-44), LKHIVWASRELERFA.

* Dominant CTL response in an HIV+ asymptomatic donor was to this epitope.

* The Phe in the C-term anchor is distinct from the previously-defined Tyr for B*3501 C-term anchors.

pl7 (36-44) pl7 (36-44 LAI) WASRELERF human (B*3501) Frahm2004, |Goulder1997b

* C. Brander notes this is a B*3501 epitope.

72 HIV Immunology and HIV/SIV Vaccine Databases 2003



p17 CTL epitopes

HIV CTL Epitope Tables

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References
pl7 (36-44) pl7 (36-44) WASRELERF HIV-1 infection human (B35) Birk1998b
* A study of p17 variation considering known p17 epitopes and individuals with known HLA types revealed that p17 evolution is influenced by immune
pressure from CTLs.
pl7 (36-44) pl7 (36-44) WASRELERF HIV-1 infection human (B35) Ferrari2000:
* One of the 51 HIV-1 epitopes selected by Ferrari ef al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
pl7 (36-44) pl7 (36-44 SF2) WASRELERF HIV-1 infection human (B35) Altfeld2001b
Keywords HAART, acute infection.
* Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.
 The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.
* Previously described and newly defined optimal epitopes were tested for CTL response.
* Number of HLA-B35+ individuals that had a CTL response to this epitope broken down by group: 0/2 group 1, 0/2 group 2, and 1/1 group 3.
pl7 (36-44) WASRELERF HIV-1 infection human (B35) Sabbaj2002b
Epitope name Gag-WF9.
* Among HIV+ individuals who carried HLA B35, 1/21 (5%) recognized this epitope.
p17 (69-93) pl7 (69-93 BH10) QTGSEELRSLYNTVATLYC— HIV-1 infection human (A2) Johnson1991
VHQRIE
* Gag CTL response studied in three individuals.
pl7 (71-79) pl7 (71-79 LAI) GSEELRSLY human (A1) Brander1996b
* P. Goulder, pers. comm.
pl7 (71-79) pl7 (71-79) GSEELRSLY HIV-1 infection human (A1) Birk1998b
* A study of pl7 variation considering known p17 epitopes and individuals with known HLA types revealed that p17 evolution is influenced by immune
pressure from CTLs.
pl7 (71-79) pl7 (71-79 HXB2) GSEELRSLY HIV-1 infection human (A1) Oxenius2000
Keywords HAART, supervised treatment interruptions (STI), immunodominance, acute infection.
Epitope name GSE.
* Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.
* This epitope was not recognized by the 6/8 study subjects that were HLA-A1.
pl7 (71-79) pl7 (71-79) GSEELRSLY HIV-1 infection, HIV-1 exposed = human (A1) Kaul2001a
seronegative

Keywords HIV exposed persistently seronegative (HEPS).
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ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

* Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.

43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.

» Among HLA-A1 women, 1/1 HEPS and 3/3 HIV-1 infected women recognized this epitope, and the response was the dominant HLA-A1 response in all

cases.

pl7 (71-79) pl7 GSEELRSLY HIV-1 infection human (A1) Oxenius2002b
Keywords HAART, supervised treatment interruptions (STI).
Epitope name GSE.

Using previously defined epitopes [Oxenius2000, |Oxenius2001a] in an IFNgamma Elispot assay, 13 chronically HIV-1 infected patients were studied over a
period including therapy with standard treatment interruptions (STI).

STIs induced increased recognition of CTL epitopes, but there was no correlation between CTL responses with viral rebound rates, plateau viral loads, or
clearance rates.

pl7 (71-85) pl7 (71-85 SF2) GSEELRSLYNTVATL HIV-1 infection human Lieberman1997a
Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

One of these 12 had CTL response to this peptide.

The responding subject was HLA-A1, All, B8, B27.

pl17 (71-85) pl7 (71-85 HXB2) GSEELRSLYNTVATL HIV-1 infection human Addo2003

Keywords supervised treatment interruptions (STI), immunodominance, early treatment.

Assay type T-cell Elispot.

Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STIL.

63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl7 was the most frequently

recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)

recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.

Responses to this peptide were detected in 16% of the study subjects, and it was one of the 25 most frequently recognized peptides.

pl17 (71-90) Gag (HXB2) GSEELRSLYNTVATLYCVHQ HIV-1 infection human Chitnis2003

Keywords assay standardization, HAART.

Assay type CD8 T-cell Elispot - IFNYy.

Donor HLA A2.

17 perinatally HIV-1 infected children (0.08-16 years) were evaluated for HLA-A2-restricted IFN-gamma CD8+ CTL responses against 4 immunodominant
peptides that carry HLA-A2 epitopes. Two peptides were from gp120 (one at position 112, one from the V3 loop), and one each was from gp41 and Gag.

15/17 patients responded to the Gag peptide, 13/17 to the gp41 and the non-V3 gp120 peptides, and 11/17 responded to the V3 loop. 4 children recognized
all 4 peptides.
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* In 10/14 children, addition of exogenous IL-15 induced increased frequencies of SFCs to the Gag peptide. IL-2 and IL-7 did not increase SFCs, however
IL-2, IL-7 and IL 15 could all increase the intensity of the spots in some patients. In 4 children, IL-15 addition brought the SFC response up to the level of
detection.
pl7 (74-82) pl7 ELRSLYNTV human (B*0801) Frahm2004
* Noted by Brander to be a B*0801 epitope.
pl7 (74-82) pl7 ELRSLYNTV human (BS8) Goulder1997g
* Defined in a study of the B8 binding motif.
pl7 (74-82) pl7 (74-82) ELRSLYNTV HIV-1 infection human (B8) Birk1998b
* A study of p17 variation considering known p17 epitopes and individuals with known HLA types revealed that p17 evolution is influenced by immune
pressure from CTLs.
pl7 (74-82) pl7 (74-82) ELRSLYNTV HIV-1 infection human (B8) Ferrari2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
pl17 (74-82) pl7 (74-82) ELRSLYNTV HIV-1 infection human (BS8) Day2001
* B8-restricted CTL accounted for about 1/3 of the total CTL response in one individual.
pl7 (76-86) p17 (74-86 LAI) RSLYNTVATLY human (A*3002) Frahm2004
* C. Brander notes this is an A*3002 epitope.
pl7 (76-86) pl7 (SF2) RSLYNTVATLY HIV-1 infection human (A*3002) Goulder2000a
Keywords inter-clade comparisons, immunodominance.
* The CTL-dominant response was focused on this epitope in a single HIV+ individual from Boston — this epitope fell outside the most recognized peptides
in the study.
* Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.
pl7 (76-86) Gag (96ZM651.8) RLSYNTVATLY human (A*3002) Novitsky2001
* This study is provides a survey of CTL responses and full length HIV-1 genome sequences from a C subtype infected Botswanan cohort.
* Only 3 of 13 (23.1%) A*3002-positive subjects demonstrated moderate CTL responses to the peptide GTEELRSLYNTVATLYCVHE (residues 71 to 90),
which contains the previously described A*3002 epitope RLSYNTVATLY.
pl7 (76-86) pl7 (76-86) RSLYNTVATLY HIV-1 infection human (A*3002) Goulder2001al

HIV Immunology

Epitope name RY 11 (p17).

HLA-A*3002 is very common in African populations, 50% of Zimbabweans express HLA-A30, 44% in African Zulu, so five new HIV epitopes were

characterized that are presented by this HLA molecule.

* A rapid method was developed combining ELISPOT with intracellular IFN-y staining of PBMCs to map optimal epitopes, then HLA presenting molecules
were defined — this method was completed within 48 to 72 hours of receipt of blood.

» Two individuals were studied: Subject 199 (HLA A*0201/%3002 B*4402/51 Cw2/5), a Caucasian, and Subject 6007 (HLA A*3002/ B53/*5801 Cw4/7) an
African-Caribbean.
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* In both HLA-A*3002 individuals the response to RSLYNTVATLY was dominant.

* Three quantitative assays, ELISPOT, precursor frequency and chromium release, confirmed a hierarchy of response: RY11 (p17) > KY9 (gp41) > KY9
(RT-53) > 1Y9 (gp41)

» HLA-A*3001-positive targets do not present RSLYNTVATLY.

pl7 (76-86) RSLYNTVATLY HIV-1 infection human (A*3002) Sabbaj2002b

Keywords HAART.

Epitope name Gag-RY11.

Donor HLA A*3002 A*3201 B*4501 B*5301 Cw*0401 Cw*1202.

This study monitored epitope responses in HIV-1 infected minority women living in the United States.

24 epitopes were described — 8 were novel, 8 used new restricting elements but were previously defined epitopes, and 8 were previously described.

Serial peptide truncations were used to define optimal epitopes for CTL cell lines isolated from 12 individuals, assayed by a Cr-release.

Subject 00RCH33 was on HAART had a viral load of 2900 and CD4 count of 727 and also recognized the epitopes YPLTFGWCY, Nef(135-143), HLA
B*5301; AETFYVDGA, RT(437-445), HLA B*4501; and HIGPGRAFY, gp160(310-318), HLA A*3002.

Among HIV+ individuals who carried HLA B30, 3/16 (19%) recognized this epitope.

pl7 (76-86) pl17 (74-86 SF2) RSLYNTVATLY HIV-1 infection human (A30) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-A30+ individuals that had a CTL response to this epitope broken down by group: 0/1 group 1, 0/0 group 2, and 1/1 group 3.

pl17 (76-86) pl7 RSLYNTVATLY HIV-1 infection human (A30) Altfeld2002

Keywords HAART, supervised treatment interruptions (STI).

Epitope name A30-RY11(p17).

Donor HLA A30,A32,B18,B27.

Peripheral blood (PB) and lymph node (LN) CD8+ T-cell responses were compared in 15 asymptomatic HIV-1 infected patients using all known optimal
CTL epitopes (http://hiv-web.lanl.gov/content/hiv-db/REVIEWS/brander2001.html) for each person’s class I HLA alleles.

60 epitope responses were detected in both PB and LN samples of the 15 patients, and an additional 8 responses were detected only in LN. The total
magnitude of the response was similar in LN and PB, but the percentage of CD8+ T cells in the LN is lower so the number of HIV-specific cells per million
CD8+ T-cells is higher in the LN.

1 year post-HAART treatment in five patients studied, the magnitude of the CD8 T-cell response was decreased in both LN and PB, but more dramatically
in PB, and 13/25 epitope responses in the PB became undetectable, in contrast to 5/26 in the LN.

Treatment interruption following HAART induced resulted in increased viremia accompanied by the restoration of the detection of 13 epitopes that had
become undetectable in the PB, and the addition of 9 novel epitope responses.

Breakdowns of epitope responses were shown for 4 individuals. Patient D displayed the greatest response to B27-KK10 (p24), and also responded to
A30-RY11(p17), A32-PW10(RT), A30-KY11(RT), A32-RW10(gp120), and B18-YY9(Nef).

pl7 (77-85) pl7 SLYNTVATL HIV-1 infection human Sewell2000
Keywords review, escape.
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» Review of the impact of CTL on viral immunity and escape that notes that SLYNTVATL-tetramer binding cells in individuals that react to this epitope
inversely correlate with plasma viral load.
pl7 (77-85) (SF2, HXBc2/Bal SLYNTVATL HIV-1 infection Douek2002
chimeric)
Keywords rate of progression, escape.
Epitope name SL9.
» Seven HIV-positive subjects tended to make their strongest CD8+ T-cell response against Gag; these responses had varying breadth and magnitude that were
unrelated to disease progression.
* Patient TX7 primarily recognized SL9 during a three year study period and used six T-cell clonotypes for this recognition.
o SLYNTVATL was the only form of the epitope found initially, but three alternate forms eventually appeared: SLYNTVAVL, SLYNTIATL, and most
commonly SLYNTIAVL. These distinct forms bind A2, but have distinct abilities to stimulate different T-cell clonotypes.
* In subject TX7, the observed mutations of SL9 failed to escape overall CTL recognition, presumably because the six T-cell clonotypes allowed a more
flexible response.
* The BV17 T-cell clone recognized SL9 but not SLYNTIAVL, and BV17 became undetectable at week 20 when SLYNTIAVL predominated. Subsequently
BV17 became the second most common clone. Thus the relative frequency of of the T-cell clonotypes varied with respect to each other and to epitope
variation.
pl7 (77-85) Gag pl7 (77-85 LAI) SLYNTVATL HIV-1 infection human Luzuriaga2000
Keywords HAART, responses in children.
Donor HLA A*0201.
* Longitudinal study of 8 infants with prolonged viral suppression due to combination antiretroviral therapy showed no HIV-1 specific CTL responses in
peripheral blood cells. 6/8 were studied using a Chromium release assay and no response was detected using Gag expressed in vaccinia in the target cells.
Three HLA-A*0201 children were tested using SLYNTVATL or ILKEPVHGV HLA A*0201 tetramers and again no HIV-specific response was detected,
either using PBMC specimens, or PBMC which had been stimulated in vitro for a week.
* In contrast, one of the children with therapy suppressed HIV viral replication who was co-infected with HIV and EBV, while HIV-tetramer negative, had
EBV-tetramer staining cells at a frequency of 0.14% in the PBMC.
pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*02) Huang2000):
Keywords HAART.
* The single cell ELISPOT assay was optimized and highly specific, and found to work well even after the primary cells had been frozen and thawed.
* Increases in gamma IFN producing cells were observed in response to anti-retroviral therapy using single cell IFN-gamma-production ELISPOT.
* 4/8 A*02 subjects had a positive response to this epitope indicating that it is a major epitope for CD8+ gamma IFN production.
* In 3/3 HLA A*02, B*27 individuals, the dominant response in gag measured by both gamma IFN production and T cell lysis was a B27 epitope,
p24(263-272), not the A2 SLYNTVATL epitope.
pl17 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*02) Rinaldo2000
Keywords HAART.
Epitope name SL9.

Administration of triple-drug antiretroviral therapy (IDV, 3TC and ZDV) sometimes showed a transient increase and other times failed to increase CTL
responses in patients with advanced HIV disease, but there is a stable population of tetramer stained HIV-specific CD8+ CD45RO+ cells that can persist
after therapy and long periods of virus being below the level of detection.
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pl7 (77-85) pl7 SLYNTVATL HIV-1 infection human (A*02) Scott-Algara2001
Keywords HAART, immunodominance.
Epitope name SL9.

* This study examined with CTL response in HLA A*02+ children by tetramer staining for HLA-A2 immunodominant epitopes SLYNTVATL and
ILKEPVHGV.

* 71% of the 28 HIV-1 infected HLA-A*02 positive children recognized both epitopes, with cells from 26 children stained positive by the gag tetramer
(SLYNTVATL) and 21 children by the pol tetramer (ILKEPVHGV)

» There were no differences observed in children that had therapy versus those that did not.

¢ Tetramer-binding cells were memory activated CD28-, CD45RO+, CD45RA- HLADR+, CD69-, CD8+ T-cells.

pl7 (77-85) pl7 (77-85 HXB2) SLYNTVATL HIV-1 infection human (A*0201) Brander1999
Keywords epitope processing, immunodominance, escape.
Epitope name SL9.

* Multiple natural variations in the SL9 flanking regions of the immunodominant epitope SLYNTVATL were tested and found not to adversely affect CTL
recognition or prevent epitope processing, suggesting that viral escape from the HLA-A*0201-restricted CTL response against SLYNTVATL is probably
not linked to variations in the flanking regions of this epitope.

* The substitution Y79F was an escape mutation in that it interfered with CTL recognition by one CTL clone from an A*0201 infected individual, clone
13010.B17, but it was still recognized by another CTL clone, 115.D4.

pl17 (77-85) pl7 SLYNTVATL HIV-1 infection human (A*0201) Wilson2000a
Keywords acute infection.

¢ Three individuals with highly focused HIV-specific CTL responses were studied during acute infection using tetramers — high frequencies of HIV-1-specific
CD8+ T cells were found prior to seroconversion, and there was a close temporal relationship between the number of circulating HIV-specific T cells and
viral load was also found.

* All three patients were B*2705, with HLA alleles: A1, A30/31, B*2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301, B2705, B39.

* ELISPOT was used to test a panel of CTL epitopes that had been defined earlier and were appropriate for the HLA haplotypes of the study subjects — 3/3
subjects showed a dominant response to the B*2705 epitope KRWIILGGLNK.

* The subject with A*0201 had a moderately strong response to SLYNTVATL.

* Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was HLA A1, A*0301, B7,
B#2705.

* No acute response was detected to the following epitopes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-AIFQSSMTK, A*301-TVYYGVPVWK,
B35-EPIVGAETF, B35-HPDIVIYQY, B35-PPIPVGELY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-DPNPQEV VL.

pl7 (77-85) Gag SLYNTVATL HIV-1 infection human (A*0201) Tan1999

* Adoptive transfer of two autologous in vitro-expanded CTL clones against the A*0201 restricted epitopes SLYNTVATL and VIYQYMDDL were infused
into a patient — they were well tolerated, but the SLYNTVATL clone was shown by tetramer staining to be rapidly eliminated through apoptosis, and the
treatment had no impact upon viral load and CD4 and CD8 cell counts.

pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Betts2000
Keywords immunodominance.

* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.

* 95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.

* Individuals that did not respond to SLYNTVATL recognized other HIV epitopes, and 2/4 SLYNTVATL responders had stronger responses to epitopes
restricted by other class I alleles.
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* SLYNTVATL was the only response detected in a one individual that was HLA A*0201, B44, B70.
pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Ogg1999
Keywords HAART.
Epitope name SL9.

CTL effector levels were measured after potent ARV therapy using HLA-tetramer complexes for the A*0201 epitopes SLYNTVATL and ILKEPVHGYV in
seven patients, and the B*3501 epitope DPNPQEV VL in one additional patient.

Levels of CTL effectors typically decline for 5-7 days and then rebound, fluctuating during the first two weeks of therapy.

After the early fluctuation, there was a steady exponential decay with a median half-life of 45 days.

pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Altman 1996

Epitope name SL9.

This paper introduces the tetramer methodology which permits quantification of specific CTL based on expression of specific TCRs — HLA-A2 tetramers
were prepared that can stain CTL lines specific for ILKEPVHGYV and SLYNTVATL, and quantitate HIV-specific CD8+ cell lines in freshly isolated PBMCs.
Three patients only stained the Gag epitope SLYNTVATL, one patient had the highest frequency of tetramer staining to the Pol epitope (0.77%), less to the
Gag epitope (0.28%)

pl17 (77-85) Gag SLYNTVATL HIV-1 infection human (A*0201) Gray1999

Keywords HAART.

Administration of highly active antiretroviral therapy (HAART) reduced CD8+ cell frequency, and the CD8+ cells detected by tetramer staining were likely
to be memory cells, indicating that persistently replicating viral populations are needed to maintain high frequencies of HIV-1 specific CTL.

pl7 (77-85) pl17 (77-85 SF2) SLYNTVATL HIV-1 infection human (A*0201) McAdam1998
Keywords inter-clade comparisons.
Epitope name SL9.
* CTL from a patient infected with clade B virus did not recognize the clade A analog of this epitope.
pl17 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Wilson1998a
Keywords TCR usage.
Epitope name SL9.

HIV+ individuals were followed longitudinally using MHC tetramers in combination with 14 anti-BV chain MAbs, and clonal expansion of HIV-specific T
cells was followed in vivo.

Seven HIV+ people were studied, and all showed expansions of particular TCR BV clones, often several, relative to uninfected controls.

Three patients were followed in detail, TCR VB expansions persisted for 2 to 3 years, with occasional transient increases.

* An A2-Gag specific line from one patient was found to be BV8, and at its highest level represented 17.5% of the patient’s CD8+ T cells.

pl7 (77-85) p17 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Ogg1998b
Epitope name SL9.
* HLA-tetrameric complexes were used in a cross-sectional study of 14 untreated HLA A*0201 positive individuals, revealing an inverse relationship between
HIV Gag and Pol specific CTL effector cells (CTLe) and viral load.
Inclusion of both the p17 SLYNTVATL and RT ILKEPVHGYV epitopes gives a good representation of HLA A*0201-restricted activity.
No correlation was observed between the CTLe and CD4 count or clearance rate of productively infected cells.

pl17 (77-85) pl7 (77-85) SLYNTVATL in vitro stimulation or selectio human (A*0201) Walter1997
Keywords epitope processing.
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Epitope name SL9.
* HLA-A2 heavy chain and f32-microglobulin expressed in E. coli were refolded in the presence of this peptide.
* The HLA-A2-peptide complex elicited HLA-A2 peptide-specific CTL response in cells lacking HLA-A2.
* Suggests that preformed HLA-peptide complexes could provide an alternate to intracellular processing for immunogens.
pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Lalvani1997
Epitope name SL9.
* A peptide-based protocol was optimized for restimulation of CTLp using optimized peptide and IL-7 concentrations — importantly this protocol does not
stimulate a primary response, only secondary — peptide-specific CTLp counts could be obtained via staining with peptide-Class I tetramers.
* This peptide was one of the test peptides for optimizing the protocol.
pl17 (77-85) pl7 (76-84) SLYNTVATL in vitro stimulation or selectio human (A*0201) vanderBurg1996
Epitope name SL9.
* Slow dissociation rate is associated with immunogenicity.
* CTL generated by in vitro stimulation of PBMC derived from uninfected individual.
pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Goulder1997el |Goulder1997a
Keywords review, escape.
Epitope name SL9.
* Identical twin hemophiliac brothers were both infected with the same batch of factor VIII.
* One had a response to gag A2 epitope SLYNTVATL, the other to pol A2 epitope ILKEPVHGV.
* Viral sequencing from the twin that had no response to SLYNTVATL indicated his virus had the substituted form SLHNAVAVL.
* 71% of an additional set of 22 HIV-1 infected HLA-A*0201 positive donors preferentially responded to gag SLYNTVATL.
* Those individuals with a pol ILKEPVHGYV response tended to have mutations in or around SLYNTVATL.
* An additional subject went from SLYNTVATL responder to non-responder coincident with a switch to the variant SLFNTVATL.
* [Goulder1997a] is a review of immune escape that summarizes this study.
pl7 (77-85) Gag (77-85) SLYNTVATL HIV-1 infection human (A*0201) Gray 1999
Keywords HAART.
Epitope name SL9.
* Peptide-tetramer complexes of A*0201 and SLYNTVATL or ILKEPVHGYV were used to study individuals receiving HAART to determine the frequency of
Class I HLA-restricted anti-HIV CD8+ T cells.
* 17/18 asymptomatic patients had a CTL response to one or both epitopes — 72% had a CTL response to SLYNTVATL.
» After HAART, the majority of the epitope-specific CTL were apparently memory cells.
pl7 (77-85) pl7 (77-85 subtype A) SLFNTVATL HIV-1 infection human (A*0201) Dorrell1999
Keywords inter-clade comparisons.
Epitope name SL9.
* CTL responses in three individuals with non-clade B infections were studied, 2 with subtype A infections, 1 with subtype C — their infections all originated
in East Africa.
* This epitope is most commonly SLYNTVATL in B subtype, and CTL from the C subtype infection did not recognize B clade gag or the 3Y form of the
epitope, but do recognize the predominant A and C clade form, SLENTVATL.
pl17 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Brander1998a
Keywords immunodominance.
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Epitope name SL9.
* Of 17 infected HLA A*0201 subjects, 13 had CTL responses against the p17 SLYNTVATL epitope, six recognized ILKEPVHGYV and five recognized
VIYQYMDDL, and there was no correlation between viral load and recognition of a specific epitope.
* Only one subject had CTL against all three epitopes.
* There was significant heterogeneity in the CTL response to this immunodominant epitope.
* The overall variation in this epitope among the 17 who had a CTL response and 11 non-HLA A*0201 HIV-1+ individuals was similar, suggesting a lack of
immune pressure.
* Subjects were part of the San Francisco City Clinic Cohort, the ARIEL project and from the Boston area.
pl7 (77-85) pl7 (77-85 HXB2) SLYNTVATL HIV-1 infection human (A*0201) Hay1999b
Keywords rate of progression, immunodominance.
Epitope name SL9.
* CTL response to IPRRIRQGL was the immunodominant response in a rapid progressor — there was a subdominant response to SPAIFQSSM in Pol, and
interestingly, no response to commonly immunodominant HLA A*0201 epitope SLYNTVATL, although this individual was HLA A*0201.
* The individual showed a strong initial CTL response at the time of the initial drop in viremia, but it was quickly lost, although memory cells persisted.
* Despite the initial narrow response to two epitopes, no other CTL responses developed.
» No HIV-specific lymphoproliferative responses were detected in this patient, and neutralizing antibody response was weak.
* A variant of this epitope was observed in vivo (-F—-V-), but this mutation is recognized by SLYNTVATL-specific CTL, and in this case the patient’s cells
could present the peptide to SLYNTVATL-specific CTL.
pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Kalams1999b:
Keywords HAART.
» Two patients were followed before and after HAART — reduced plasma HIV-1 RNA levels resulted in a decline in HIV-specific in-vivo activated CTL such
that by day 260 CTL activities were undetectable.
* ERYLKDQQL was the dominant response in one of the individuals, SLYNTVATL subdominant.
* Sporadic breakthrough in viremia resulted in transient increases in CTLp.
* Memory CTL frequency directed against Vac-Gag, Vac-RT, Vac-Env, and Vac-Nef initially increased with HAART and then decreased with the decline of
the viral load.
pl17 (77-85) Gag (77-85) SLYNTVATL HIV-1 infection human (A*0201) Spiegel2000:
* High levels of CD8+ HIV-1 specific and cytomegalovirus specific CTL were detected by HLA-A*0201-peptide tetramers in 3 infected subjects with very
low CD4 counts, but CD8 T cell mediated effector activity was not seen.
» Thus HIV-1 specific CD8+ cells may be present but may lack direct effector activity in late disease, suggesting that overcoming antigen unresponsiveness
may be a useful therapeutic strategy.
pl17 (77-85) Gag (77-85) SLYNTVATL HIV-1 infection human (A*0201) Larsson1999
* ELISPOT was used to assay the CD8 T cell response to the HIV-1 proteins Gag, Pol, Nef or Env expressed in vaccinia vectors in 19 HIV+ people.
» The highest CTL frequency was directed at epitopes Pol.
* In A*0201 individuals, higher numbers of spot-forming T cells were directed against HIV-1 proteins expressed in vaccinia than to peptides SLYNTVATL
and ILKEPVHGYV presented by A2.
pl7 (77-85) pl7 (SEF2) SLYNTVATL HIV-1 infection human (A*0201) Goulder2000a

Keywords inter-clade comparisons, immunodominance.
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» The CTL-dominant response was focused on this epitope in 11/25 HLA A2 (A*0201 or A*0202) HIV+ individuals from Boston and in 1/8 HLA A2 HIV+
individuals from Durban.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)

contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-

DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected

subjects from South Africa.

pl7 (77-85) pl17 (77-85 LAI) SLYNTVATL human (A*0201) Frahm2004
 C. Brander notes this is an A*0201 epitope.
pl17 (77-85) pl7 (77-85 SF2) SLYNTVATL HIV-1 infection human (A*0201) Goulder2001al
Keywords escape, acute infection.
Epitope name SL9.

This epitope is targeted by 75% of HLA-A*0201, HIV+ adults, and the magnitude of the response is inversely correlated with viral load.

CTL responses to SL9 and autologous SL9 variants were not detected in 11 HLA-A*0201 positive subjects during acute infection.

Longitudinal studies of two individuals (AC13 and PI004) showed that the initial control of viremia was independent of the SL9 CTL response.

Low Gag expression levels did not correlate with the delayed CTL response to this epitope.

Autologous SL9 variants SLYNTIAVL, SLYNTVAVL, SLENTVATL, SLENTVATL, and SLFNTVATL are each capable of inducing a range of CTL
responses, sometimes strong, sometimes diminished, and sometimes complete escape relative to the than the wild type variant SLYNTVATL in patients with
chronic HIV-1 infection — the ability to cross-react with a particular variant was patient dependent.

pl7 (77-85) pl7 SLYNTVATL HIV-1 infection human (A*0201) Altfeld2001c
Keywords inter-clade comparisons, supertype, computational epitope prediction.
Epitope name p17 SL9.

HIV was scanned for all peptides which carried the A2-supermotif pattern conserved in more than 50% of B clade sequences — 233 peptides met this criteria,
and 30 of these bound to HLA-A*0201 — 20/30 bound to at least 3/5 of HLA-A2 supertype alleles tested.

Three additional previously described HLA-A?2 epitopes were added to the set of 20, including p17 SL9, and 18/22 chronically infected HLA-A?2 individuals
had CTL that recognized at least one of the 23 peptides (median of 2 and maximum of 6), while 6/12 acute infected individuals recognized at least 1 (median
of 1 and maximum of 2)

p17 SL9 was recognized in 12/22 patients with chronic HIV-1 infection.

Only 1/13 patients with acute HIV-1 infection recognized p17 SL9.

pl7 (77-85) Gag SLYNTVATL HIV-1 infection human (A*0201) Goeptert2000

Epitope name (SL9).

This paper describes a comparison of results of different CTL assays, a SL9 tetramer assay and IFN-gamma ELISPOT, using 7 HIV-positive patients.

The IFN-gamma ELISPOT assay was compared using the single SL9, a pool of overlapping 20 mers, and recombinant vaccinia encoding Gag as antigen —
pooled peptides gave the highest number of spot forming cells, vaccinia gave high background.

A correlation with results of the tetramer assay was found only for ELISPOT using the Gag epitope as antigen, but the tetramer assay detected a 10-fold
higher number of cells than could produce IFN-gamma in the ELISPOT assay — the authors suggest not all tetramer-positive cells may produce IFN-gamma,
some may be undergoing apoptosis, some may be producing other cytokines.

* The tetramer assay could detect a reaction to SLYNTVATL in most of the HLA-A*0201 chronically HIV-1 infected study subjects.
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pl7 (77-85) Gag (LAD SLYNTVATL in vitro stimulation or selectio human (A*0201) Engelmayer2001
Keywords dendritic cells.

* Recombinant canarypox virus vector containing HIV-1 sequences, upon infection of mature dendritic cells, can trigger specific lysis through in vitro by
T-cells from HIV-1 infected individuals at levels comparable to the response seen to HIV carried in vaccinia vectors.

* Recombinant canarypox virus vector containing HIV-1 sequences can also stimulate HIV-specific CD4+ helper T-cell responses.

pl17 (77-85) pl7 (77-85 LAI) SLYNTVATL HIV-1 infection human (A*0201) Mollet2000
Keywords HAART.
Epitope name G3.

* A panel of 16 epitopes covering 15 class I alleles was tested in 14 HIV+ patients from an unselected Caucasian population treated with HAART, using
tetramer staining or CD8+ cell IFNgamma production to measure responses.

* In general, during the first month of treatment viral load decreased and frequencies of HIV-specific CTL tripled and broadened — eight new HIV specificities
that were not previously detectable were newly detected, as were CMV specific CD8+ PBL — but with continued viral suppression, HIV-specific responses
diminished.

* Viral rebounds gave different patterns of response: increases or decreases in pre-existing response, new specificities, or no change.

pl7 (77-85) Gag SLYNTVATL HIV-1 infection human (A*0201) Gea-Banacloche2000

* In a study including many long-term non-progressors, no correlation between plasma virus levels and number of HIV-specific CD8+ T-cells was found.

* High frequencies of circulating CD8+ T-cells were HIV-1 specific, and the majority of these responses were to gag-pol gene products.

* 4/21 subjects were HLA-(A*0201), and of these only 2 subjects (patient 3 and 19) tested positive to this epitope.

pl7 (77-85) pl17 (77-85 SF2) SLYNTVATL HIV-1 infection human (A*0201) Propato2001
Keywords supertype, rate of progression.

* Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

* Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

* A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

* Tetramer staining with A2, beta2microglobulin, and either SLYNTVATL, KLVGKLNWA, or LTFGWCFKL revealed that tetramers detected more HIV-
specific sells in LTNP than in progressors, activated effector cells were the minority population, and ELISPOT correlated better with the effector cell
subpopulation than the total tetramer stained population.

pl7 (77-85) Gag (77-85) SLYNTVATL HIV-1 infection human (A*0201) Jin2000a
Keywords HAART, rate of progression.

* The CTL eftector levels (CTLe) were compared in long term non-progressors (LTNP) with low viral load and in patients whose virus was well-suppressed
by therapy, using a tetramer assay.

* LTNPs have high memory CTLe numbers and low viral load, while HAART patients had low CTLe numbers and low viral load.

pl17 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Appay2000

* Combined tetramer and intracellular cytokine staining was used to study the function of circulating CD8+ T cells specific for HIV and CMV.

» HIV-specific CD8+ T cells expressed lower levels of perforin than CMV-specific CD8+ T cells from the same donor, and this was associated with persistent
CD27 expression on HIV-specific cells, suggesting impaired maturation.

* In most donors, between 50% and 95% of the activated virus-specific CD8+ T cells produced IFN-y and MIP-18 with a distinct subset that failed to produce
TNF-o
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pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Goulder2000b

» Tetramer assays were compared with three functional assays in 42 people with chronic HIV infection: ELISPOT, intracellular cytokine staining, and
precursor frequency (limiting dilution assay [LDA])

» HIV-specific tetramer staining CTLs appeared to be active, and inert CTL were not found to play a significant role in chronic pediatric or adult HIV infection.

pl7 (77-85) pl7 SLYNTVATL HIV-1 infection human (A*0201) Ostrowski2000
Keywords dendritic cells.

* The role of CD4+ T-cell help in expansion of virus-specific memory CTL was studied through co-culture ex vivo

* Optimal expansion of HIV-1-specific memory CTL depended on CD4+ T cell help in 9 of 10 patients — CD40 ligand trimer (CD40LT) could enhance CTL
in the absence of CD4+ T cell help to a variable degree in most of patients.

* Those CTL that didn’t respond to CD40LT could expand with IL2 present, and IL15 produced by dendritic cells also contributes.

* The T-helper epitope used for CD4+ T cell stimulation was the universal tetanus helper epitope TET830-843 (QYIKANSKFIGITE)

pl7 (77-85) SLYNTVATL Vaccine human (A*0201) Ferrari2001
Vaccine Vector/Type: canarypox prime with gp120 boost, canarypox prime with gpl160 boost Strain: B clade LAI, B clade MN, B clade SF2 HIV
component: Gag, gp120, gp41, Nef, Pol
Keywords vaccine-specific epitope characteristics.

* Different HIV strains were used for different regions: gp41 LAI, Gag LAI, gp120 MN, gp120 SF2

» Two vaccinees with Gag responses were HLA-A*0201+, but neither made SLYNTVATL responses to the Gag vaccine, in contrast to its frequent recognition
in natural infections. No HLA-A*0201 responses were observed to an Env vaccine.

pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Migueles2001
Keywords rate of progression, immunodominance.

* CTL activity was monitored in 27 individuals, including 10 LTNP with an over-expression of HLA B*5701 — these individuals have viral loads below
the threshold of infection without therapy, and their immune response tends to be focused on peptides that contain B*5701 epitopes ISPRTLNAW,
KAFSPEVIPMF, TSTLQEQIGW, and QASQEVKNW.

* CTL responses are broader in B*¥5701+ individuals with progressive viremia than those that control viremia.

* The HLA-A*0201 SLYNTVATL epitope response was not as strong individuals that carried both A2 and B57.

pl7 (77-85) Gag (77-85) SLYNTVATL HIV-1 infection human (A*0201) Sewell2002
Keywords epitope processing, immunodominance.

* Epitope processing of three different HLA-A*0201 HIV epitopes was shown to use different pathways, which might influence patterns of immunodominance.
.174 cells were used that lack TAP1 and TAP2 genes, as well as the LMP2 and LMP7 genes that encode the beta-subunits of the immunoproteasome. These
genes could be added back through transfection to study processing.

* ILKEPVHGYV was efficiently presented in TAP-1 and -2 transfected cells while VIYQYMDDL and SLYNTVATL were not. VIYQYMDDL was destroyed
by the MB1 subunit of the protease, and could be expressed in the presence of the proteasome inhibitor lactacystin, but SLYNTVATL expression was not
restored. SLYNTVATL expression was unaltered by lactacystin in a wild type cell line.

pl17 (77-85) Gag (ADA) SLYNTVATL HIV-1 infected monocyte-derived mouse (A*0201) Poluektova2002
Epitope name SL-9.

» Nonobese diabetic NOD-C.B-17 SCID mice were reconstituted with HLA-A*0201 positive human PBL and injected with HIV-1 infected monocyte-derived
macrophages MDM in the basal ganglia to provide a mouse model of HIV-1 encephalitis.

* HLA-A*0201 CTL responses were detected by tetramer staining in the spleen in seven days, increased through day 14, and the numbers of productively
infected were reduced >85% in the second week.
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pl7 (77-85) pl7 (77-85) SLYNTVATL computer prediction (A*0201) Schonbach2002

Keywords inter-clade comparisons, computational epitope prediction, vaccine-specific epitope characteristics, escape.
* Computational methods (artificial neural networks (ANN), hidden Markov models (HMM), binding matrices based on HLA association rates BIMAS) were
used to identify HLA-A*0201 and HLA-B*3501 HIV T-cell epitope candidates from 533 Gag, Env and Pol sequences of which 374 were derived from
HIV-1, 97 were derived from HIV-2 and 62 from SIV. Comparisons to known epitopes and between clades were made.
The SLYNTVATL epitope received focused discussion. SLYNTVATL, slFntvatl, slyntvaVl, and slyntlaVI are all recognized variants, ANN predicts all
four variants would be recognized, while BIMAS only predicts SLYNTVATL and slFntvatl would be recognized. However, [Sewell1997|] suggested certain
substitutions may be antagonistic, including slFntvatl, and vaccines do not stimulate SLYNTVATL responses as well as natural infections. The authors note
these kinds of issues complicate the application of computational predictions of epitopes to vaccine design.

pl7 (77-85)

Gag (76-84) SLYNTVATL Vaccine mouse (A*0201) Singh2002 |Sykes1999
Vaccine Vector/Type: DNA  HIV component: HIV-1

Keywords epitope processing, vaccine-specific epitope characteristics, immunodominance.

C3H (H-2k) transgenic mice carrying a fused HLA-A*0201 alphal and alpha2 and H-2Dk alpha3 hybrid class I molecule were immunized using an
epidermal gene gun with an ubiquitin expression library of 32 plasmids that spanned the HIV-1 genome. Ubiquitin targets the expressed HIV-1 peptides to
the proteasome.

A single immunization with the UB-HIV-1 library vaccine induced potent, stable and multivalent CTL responses against all library members.
Immunodominant epitopes SLYNTVATL (Gag), ILKEPVHGV (Pol), RIQRGPGRAFVTIGK(P18) and AFHHVAREK (Nef) elicited strong CD8+/IFN-
responses and stimulated CTL that were functional in a Cr-release assay and against wild type antigen.

The presence of multiple plasmids HLA-A*0201-restricted CTL epitopes did not decrease CTL immunogenicity, and CTL responses to single peptide
immunizations were comparable to responses based on mixtures of either 16 or 32 peptides.

p17 (77-85)

SLYNTVATL HIV-1 infection human (A*0201) Imami2002b
Keywords rate of progression, Th1, Th2.
Donor HLA A0202/2501, B1801/62, C10/1203, DRB1 1501, DQBI 8.
70 patients with chronic disease progression, 10 clinical non-progressors, and 3 immunologically discordant progressors (individuals who controlled viremia
but had progressive CD4+ T-cell decline) were analyzed for their T-helper cell responses to p24 and cytokine profile. Long term non-progressors had much
strong Th responses, particularly to p24 peptides, and they tended to be balanced between Th1, IL-2 producing and Th2, IL-4 producing responses.
One of the immunologically discordant progressors became symptomatic during the course of the study, and he had a rapid drop in proliferative response to
all antigens and also a shift from a Thl to a Th2 response. To find out if the CD8 response also shifted in cytokine production, the CD8+ T-cell response to
SLYNTVATL in this patient was also tested. It to was found to shift, from IFNgamma to IL-4 producing in Elispot, and using a bioassay of indicator lines,
from IL-2 to IL-4 production.

pl7 (77-85)

HIV Immunology

Gag pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Cao02003

Keywords binding affinity, acute infection, early-expressed proteins.

Assay type CD8 T-cell Elispot - IFNYy.

Donor HLA A*0201, A11, B51, B61, Cw2, Cw14.

CTL epitope responses were mapped in 21 men within 15-92 days post-HIV-1 infection. Subjects initially a showed narrow immune responses with a
mean of 2.3 epitopes recognized per patient. The immune response broadened later in infection. No correlation between the plasma viral load and the
number of recognized epitopes or the frequency of IFN-gamma secreting cells was observed, and there was no correlation between the functional avidity of
a responses and the abundance of IFN-secreting cells that recognized the epitope. The first epitopes to be recognized tended not to be the most avid, and
earliest responses tended to be directed against Nef, Tat, Vpr, and Env.

* Only 1/10 HLA A*02 carrying individuals in this study recognized SLYNTVATL.
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 All HIV-1 proteins except Vpu were recognized, and a responses to a total of 41 optimal epitopes were characterized; 24 had been identified previously.
48% of the total T-cell responses were directed against Nef and 43% were directed against Gag.

* More common HLA alleles were less frequently used in primary infection than less common alleles, for example A3, B35, B57, and B62 were more
frequently recognized than Al, A2, A30, and A44.

pl7 (77-85) SLYNTVATL HIV-1 infection human (A*0201) Dagarag2003

Assay type cytokine production, proliferation, Tetramer binding, Intracellular cytokine staining, Chromium-release assay.

Telomer length is short in the CD8+ T-cell compartment of HIV-1 infected people, indicating excessive CTL activation and premature senescense. Here
human telomerase RT (hTERT) transduction of HIV-1-specific CTL was used to study the functional impact of telomerase. Telomerase expression enhanced
proliferative capacity, as well as cytolytic and antiviral capabilities; cytokine production was unchanged. hTERT transduced CTLs were 10-fold more
efficient in controlling HIV-1 replication in culture. Thus telomerase transduction can restore CTL mediated cytolysis, and may have therapeutic potential.
Three polyclonal CD8+ T-cell lines derived from an HIV-1, HLA A*0201 positive patient were used in this study, including one specific for this epitope.

pl7 (77-85) pl7 (77-85) SLYNTVATL Vaccine mouse (A*0201) Okazaki2003

Vaccine Vecror/Type: peptide HIV component: p24 Gag

Keywords binding affinity, vaccine-induced epitopes.

Assay type cytokine production, Chromium-release assay.

Donor HLA A2.1.

Alanine substitutions of VIYQYMDDL were tested for importance of each amino acid for HLA-A2.1 binding. Peptide variant (vLyqymddV) showed an 8
fold higher MHC binding affinity than wild type. YLyqymddV had an even higher binding affinity, but the Y at positions one blocked TCR recognition. The
higher affinity form of vLyqymddV induced CTL in vivo that could protect against a vaccinia virus expressing RT and the wild type epitope.

SLYNTVATL was included as a control.

pl17 (77-85) Gag (77-85) SLYNTVATL HIV-1 infection human (A*0201) Shacklett2003
Keywords genital and mucosal immunity.
Epitope name SL9.

Assay type Tetramer binding.

Lymphocytes from rectal biopsies were used to characterize the CD8+ T cell response to HIV in GALT, Gut-associated lymphoid tissues. Patients were

selected on the basis of being HLA-A2+ and having detectable SLYNTVATL and ILKEPVHGYV tetramer responses in PBMC. SLYNTVATL frequency was

increased in GALT relative to PBMC in 6/7 patients studied, while a control response to a CMV-peptide was diminished in GALT. Only two patients had

ILKEPVHGYV CD8+ T cell responses, and both had slightly higher frequencies in GALT than PBMC.

* HIV may perturb lymphocyte retention in GALT, suggested by an overall reduction of GALT CD8+ cells expressing alphaEbeta7. GALT HIV-specific
CDS8+ T cells expressed alphaEbeta7, suggesting mucosal priming.

pl7 (77-85) pl7 (77-85) SLYNTVATL human (A*0202) Frahm2004
¢ C. Brander notes that this epitope can be presented by A*0201 and A*0202.
pl7 (77-85) pl7 (SF2) SLYNTVATL HIV-1 infection human (A*0202) Goulder2000a

Keywords inter-clade comparisons, immunodominance.
* The CTL-dominant response was focused on this epitope in 11/25 HLA A2 (A*0201 or A*0202) HIV+ individuals from Boston and in 1/8 HLA A2 HIV+
individuals from Durban.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
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* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

pl7 (77-85) p17 (77-85 LAI) SLYNTVATL human (A*0205) Frahm2004
* C. Brander notes that this epitope can be presented by A*0201 and A*0202.
pl7 (77-85) pl7 (subtype A) SLYNTVATL HIV-1 exposed seronegative human (A*0214, Kaul2000
A*0201)

* 11/16 heavily HIV exposed but persistently seronegative sex-workers in Nairobi had HIV-specific CD8 gamma-IFN responses in the cervix — systemic
CD8+ T cell responses tended to be to the same epitopes but at generally lower levels than cervical CD8+ T cell responses.

* Low risk individuals did not have such CD8+ cells.

* CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNVATL (4 individuals), LSPRTLNAW (3 individuals) and YPLTFGWCEF (4 individuals) were
most commonly recognized by the HIV-resistant women.

* The epitope variants SLYNTVATL and SLFNTVATL were both recognized.

pl7 (77-85) SLYNTVATL HIV-1 infection human (A02) Sabbaj2002b
Epitope name Gag-SL9.
* Among HIV+ individuals who carried HLA A02, 17/30 (57%) recognized this epitope.
pl7 (77-85) Gag (77-85) SLYNTVATL Vaccine human (A2) ‘Woodberry1999
Vaccine Vector/Type: vaccinia

* A polyepitope vaccine was generated in a vaccinia construct that contiguously encoded seven epitopes, all presented by HLA A-2.

« HHD mice have a transgene of HLA A2 linked to the transmembrane and cytotoxic domains of H-2D9 — this transgene is the only MHC molecule expressed
in the mice.

* CTL responses to Gag (77-85) SLYNTVATL, Pol (476-484) ILKEPVHGYV, gp120 (120-128) KLTPLCVTL, and Nef (190-198) AFHHVAREL were
observed in HIV polytope HHD-vaccinated mice, and these responses were enhanced with vaccinia boost.

* No CTL immune responses were generated against HLA A2-restricted HIV epitopes Nef 157-166 (PLTFGWCYKL), Pol 346-354 (VIYQYMDDL), and
Nef 180-189 (VLEWRFDSRL)

» Sixteen HLA A2+ patients were tested for their ability to make CTL responses by peptide restimulation in culture with the epitopes selected for inclusion
in the polytope — one individual recognized all seven of these epitopes; 7 patients had CTL cultures able to recognize at least one of the epitopes, and 6 of
those 7 recognized more than one epitope, but they were not able to test all peptides for all patients; many patients only had three peptides tested.

* SLYNTVATL was recognized by 5/16 HLA-A2 patients.

pl17 (77-85) pl7 (77-85) SLYNTVATL Vaccine human (A2) Carruth1999

HIV Immunology and HIV/SIV Vaccine Databases 2003

Vaccine Vector/Type: canarypox Strain: B clade LAI, B clade MN  HIV component: Gag, gp120, gp41, Protease

Keywords immunodominance.

The vaccine used was a live recombinant canarypox (CP) virus vaccine containing multiple HIV-1 genes (HIV-1 MN gp120, HIV-1 LAI gp41, HIV-1 LAI
Gag, HIV-1 LAI protease)

CD4+ and CD8+ Gag and Env specific CTL responses were detected in only 1/5 vaccinated volunteers, and were not detectable 1 year after vaccination.
CTL responses to epitopes SLYNTVATL and TVYYGVPVWK from HIV+ control patients were used as positive controls.

The study explored why vaccinees were non-responsive — non-response was not due to inherent defects or differences in the ability of these individuals to
process and present antigen.
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* Lack of response to SLYNTVATL led the authors to speculate that the immunodominance of this epitope in natural infections may not be recapitulated by
vaccine antigen.

pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Birk1998b

Epitope name SL9.

A study of pl7 variation considering known p17 epitopes and individuals with known HLA types revealed that p17 evolution is influenced by immune
pressure from CTLs.

pl17 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Callan1998
Epitope name SL9.
* Included as a negative control in a tetramer study of A2-EBV CTL response.
pl7 (77-85) pl7 SLYNTVATL HIV-1 infection human (A2) Wagner1998a
Epitope name SL9.

* CTL specific for HIV epitopes were used to show that the mediators of both the cytolytic (granzyme A was used as the marker) and non-cytolytic (HIV-1
inhibitory chemokines MIP-1 ¢ and RANTES were used as markers) anti-viral responses are localized within the CTL’s cytotoxic granules.

pl7 (77-85) pl7 (77-85 HXB2) SLYNTVATL HIV-1 infection human (A2) Collins1998
Epitope name SL9.
* Two CTL clones recognize this epitope, but not the NL4-3 form of the epitope SLYNTIAVL.
* Nef down-regulates MHC class I molecules, which inhibits CTL killing, and this down-regulation can be partially compensated for by adding excess soluble

peptide.

pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Durali11998
Keywords inter-clade comparisons.
Epitope name SL9.

Cross-clade CTL response was studied by determining the CTL activity in seven patients from Bangui, (6 A subtype, and 1 AG recombinant infections) and
one A subtype infection from a person living in France originally from Togo, to different antigens expressed in vaccinia.

Pol reactivity: 8/8 had CTL to A subtype, and 7/8 to B subtype, and HIV-2 Pol was not tested.

Gag reactivity: 7/8 reacted with A or B subtype gag, 3/8 with HIV-2 Gag.

Nef reactivity: 7/8 reacted with A subtype, and 5/8 with B subtype, none with HI'V-2 Nef.

Env reactivity: 3/8 reacted with A subtype, 1/8 with B subtype, none with HIV-2 Env.

Patient B18 had the greatest breadth and diversity of response, and recognized Gag SLYNTVATL and Nef PLTFGWCFKL.

pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Kundu1998b:

Keywords dendritic cells.

Epitope name SL9.

Allogeneic dendritic cells (DCs) were obtained from HLA-identical siblings, pulsed with rgp160 MN or A2-restricted HIV-1 epitope peptides, and infused
monthly into six HIV-infected patients.

1/6 showed increased env-specific CTL and increased lymphoproliferative responses, 2/6 showed increase only in proliferative responses, and 3/6 showed
no change — pulsed DCs were well tolerated.

SLYNTVATL is a conserved HLA-A2 epitope included in this study — 3/6 patients had this sequence as their HIV direct sequence, one had the form
SLYNTVAVL and all four of these had a detectable CTL response — the other two had either the sequence SLESAVAVL or SLFSAVAAL and no detectable
CTL response.
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pl7 (77-85) pl7 (77-85 11IB) SLYNTVATL HIV-1 infection human (A2) Sipsas1997
Epitope name SL9.
» HIV IIIB proteins were used to define the range of CTL epitopes recognized by 3 lab workers accidentally infected with HIV-1 IIIB.
* SLYNTVAVL, a variant found in HIV-1 MANC, was also recognized.
* SLFENTVAVL, a variant found in HIV-1 NY5CG, was also recognized.
pl17 (77-85) pl7 SLYNTVATL HIV-1 infection human (A2) Rowland-Jones1998al
Keywords inter-clade comparisons.
Epitope name SL9.
* A CTL response was found in exposed but uninfected prostitutes from Nairobi using previously-defined B clade epitopes that tended to be conserved in A
and D clades — such cross-reactivity could protect against both A and D and confer protection in Nairobi where both subtypes are circulating.
* The A subtype consensus is SLfNtvatL.
* The D subtype consensus is SLyNTvATL.
pl7 (77-85) pl7 SLYNTVATL HIV-1 infection human (A2) Sewell1997
Keywords binding affinity.
Epitope name SL9.
 Naturally occurring variants of this epitope escaped killing and acted as antagonists.
* The following variants were found in HIV-1 infected patients who mounted a strong response against this epitope: -F——, -F—-V-, -S——, -SF——,
-r— —I—, —I-V-, -F-I—, -F-I-V-, -F-A—
* All variants bound to A2 with at least half the affinity of SLYNTVATL except the triple mutant: —F-I-V-
* Antagonism could be observed at low concentrations, abrogating lysis at an antagonist:agonist ratio of 1:10 — the antagonism was observed in one
SLYNTVATL-specific CTL line but not another.
pl7 (77-85) pl7 (77-85 HXB2) SLYNTVATL HIV-1 infection human (A2) Yang1997b
Keywords kinetics.
Epitope name SL9.
* A chimeric universal T cell receptor was created by linking CD4 or an HIV-specific anti-gp41 Ig sequence to the signaling domain of the T cell receptor
chain ¢, and transduced into CD8+ cells.
* The response using universal-receptor-bearing CD8+ cells to lyse infected cells in vitro was comparable to the natural occurring responses of CTL-clones
from HIV+ individuals in terms of kinetics and efficiency.
* A CTL clone specific for this epitope was used for the comparison.
pl7 (77-85) pl7 (77-85) SLYNTVATL in vitro stimulation or selectio human (A2) Stuhler1997
Epitope name SL9.
» Keyhole limpit hemocyanin or tetanus toxoid Th epitope co-expression with peptide CTL epitopes on the same APC was required for induction of
peptide-specific CTL.
pl17 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Yang1996
Epitope name SL9.

* CD4+ cell lines acutely infected with HIV were studied to determine their susceptibility to lysis by CTL.
* Clones specific for RT lysed HIV-1 infected cells at lower levels than Env or Gag specific clones.

* The distinction was thought to be due to lower expression of RT relative to Env and Gag.

* CTL can lyse infected cells early after infection, possibly prior to viral production.
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pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Yang1997a
Epitope name SL9.
Assay type CTL suppression of replication.
* CTL inhibit HIV-1 replication at effector cell concentrations comparable to those found in vivo.
* CTL produced HIV-1-suppressive soluble factors — MIP-1o, MIP-18, RANTES, after antigen-specific activation.
* CTL suppress HIV replication more efficiently in HLA-matched cells.
pl7 (77-85) pl7 (77-85 LAI) SLYNTVATL HIV-1 infection human (A2) Parker1992| [Parker1994
Epitope name SL9.
* Examined in the context of motifs important for HLA-A2 binding.
pl7 (77-85) pl7 (77-85 LAI) SLYNTVATL HIV-1 infection human (A2) McMichael1994
Keywords review.
Epitope name SL9.
» Review of HIV CTL epitopes.
pl17 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Tsomides1994
Epitope name SL9.
* CTL clones recognize naturally processed peptide.
pl7 (77-85) pl17 (77-85) SLYNTVATL in vitro stimulation or selectio human (A2) Stuhler1997
Epitope name SL9.
* A three cell-type cluster consisting of APCs, Th, and CTLs is the minimal regulatory unit required for Th cell-dependent induction of CTLs.
pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Caol1997al
Keywords inter-clade comparisons.
Epitope name SL9.
* The consensus peptides of B and D clade viruses and some Cs have the sequence SLYNTVATL.
» The consensus peptide of A, and some C strains have SLENTVATL, a form that is cross-reactive.
pl17 (77-85) Gag (77-85) SLYNTVATL HIV-1 infection human (A2) Dyer1999
Epitope name SL9.
* CTL specific responses were measured over a 1.3 to 1.5 year period in members of the Sydney Blood Bank Cohort (SBBC) who had been infected with a
natural attenuated strain of HIV-1 which was Nef-defective.
* Some of these patients had prolonged high levels of CTL effector and memory cells despite low viral load.
pl17 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Harrer1998
Keywords escape.
Epitope name SL9.
» Two overlapping epitopes were recognized in a long-term survivor, restricted by two different HLA molecules, HLA-A11(TLYCVHQR) and -A2
(SLYNTVATL)
* Viral sequence substitutions were present in this individual which did not affect viral replication and did not alter CTL-recognition of the A2 epitope, but
reduced recognition of the A11 epitope, indicative of immune escape.
pl7 (77-85) pl7 (77-85 SF2) SLYNTVATL HIV-1 infection human (A2) Altfeld2001a
Keywords acute infection.
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* The relative contribution of CTL responses against HIV-1 Vpr, Vpu, and Vif were analyzed in multiple HIV-1-infected individuals.
* Individuals with long-term nonprogressive and treated chronic HIV-1 infection targeted Vpr more frequently than individuals with treated acute infection.
* Vpr is a frequent target of HIV-1 specific CD8+ T-cells — a response was detected in 45% of individuals tested and Vpr and p17 were the most preferentially
targeted proteins per unit length by CD8+ T-cells.
* The A2 epitopes Vpr AIIRLLQQL and p17 SLYNTVATL do not account for the dominance of Vpr and p17, the result holds even when HLA-A2+
individuals are excluded.
pl17 (77-85) pl7 (BRU) SLYNTVATL in vitro stimulation or selectio human (A2) Buseyne2001
Keywords epitope processing, dendritic cells.
Epitope name SL9.
* Exogenous presentation or cross-presentation of epitopes by antigen presenting cells (APC) without protein synthesis is an alternative pathway for CTL
epitope processing that may be important in the initial generation of viral specific CTL.
* Dendritic cells treated with AZT to inhibit protein synthesis were able to elicit a strong specific CTL response in SLYNTVATL specific CTL line EM71-1
without protein synthesis, while macrophages demonstrated a decreased presentation efficiency.
* Exogenous Gag epitope presentation was Env-dependent and required receptor-dependent fusion.
pl7 (77-85) pl7 SLYNVATL HIV-1 infection human (A2) Kostense2001
* HLA tetramers to six epitopes were used to study HLA-A2, B8 and B57 CTL in 54 patients — HIV-specific tetramer positive cells were inversely correlated
with viral load in patients with high CD4, but in patients with CD4 T-cells below 400 high tetramer frequencies were found despite high viral load.
* Most patients have high levels of HIV-specific T-cell expansions, but many of these cells aren’t functional.
* In 15 of the patients, the proportion of IFN gamma producing tetramer cells correlated with AIDS-free survival.
* In one patient with a SLYNVATL response, no SLYNVATL mutations were found among 21 clones despite high viral load (260,000 RNA copies/ml serum),
suggesting low in vivo efficacy of the SLYNVATL response.
pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Ferrari2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
pl7 (77-85) pl7 SLYNVATL HIV-1 infection human (A2) Seth2001
Keywords HAART, immunodominance.
* CTL responses were studied by tetramer staining in 41 patients with combination therapy — activated CD8+ T-cells decline as the viral load drops in response
to therapy, but the overall level of antigen-specific cells capable of differentiating into effectors stays constant and new epitopes may be recognized.
* 6/10 A*0201+ individuals had HIV-specific tetramer staining cells, and 5 of these declined upon successful therapy.
* 4/10 A*0201+ individuals with chronic HIV-1 infection recognized this epitope.
* Prior to therapy, the mean percentage of CD8+ cells that recognized the immunodominant epitope SLYNVATL was six-fold greater than the percentage
recognizing the epitope ILKEPVHGV.
pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Islam2001
Keywords HAART, TCR usage.
Epitope name SL9.

Transcript frequencies were followed for four CTL clones from patient 115, with a chronic and stable HIV-1 infection, were tracked in a longitudinal study
of samples collected 6-11 years post infection: clone M21 and E15 recognize ERYLKDQQL, and clone D87 recognizes variant ERYLQDQQL, and clone
p175b recognizes the A2 epitope SLYNTVATL.

This epitope sequence from clone p175b uses the V5, CDR3 (FDS), J32.7 TCR beta gene.
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» Responses were stable even through HAART with undetectable viral loads, but frequencies varied over time by 100-fold, ranging from 0.012% of the total

population for SLYNTVATL at its lowest point to 3.78% for M21, with the relative frequencies of clones shifting over time.
pl7 (77-85) pl7 (77-85 SF2) SLYNTVATL HIV-1 infection human (A2) Altfeld2001b
Keywords HAART, acute infection.

* Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

 The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

* Previously described and newly defined optimal epitopes were tested for CTL response.

* Number of HLA-A2+ individuals that had a CTL response to this epitope broken down by group: 1/10 group 1, 2/6 group 2, and 2/4 group 3.

pl7 (77-85) pl7 (77-85) SLFNTVATL HIV-1 infection, HIV-1 exposed  human (A2) Kaul2001a:
seronegative
Keywords inter-clade comparisons, HIV exposed persistently seronegative (HEPS), immunodominance.

e Variants SL(F/Y)NTVATL are A/B clade specific.

* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

» Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.

* 43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.

* Among HLA-A2 women, 1/10 HEPS and 22/26 HIV-1 infected women recognized this epitope, likelihood ratio 18.3, p value < 0.003, and ILK(D/E)PVHGV
tended to be more reactive in HEPS women, SL(F/Y)NTVATL in infected women.

* The dominant response to this HLA allele was to this epitope in the 1/10 HEPS case and in 18 of the 22/26 HIV-1 infected women that responded.

* Differences in epitope specificity were only seen for responses restricted by class I HLA alleles A2, A24, A*6802, B14, and B18, previously shown to be
associated with resistance to HIV-1 in this cohort.

* Subject ML 1250 had an A2 response to ILK(D/E)PVHGYV prior to seroconversion, which switched to SL(F/Y)NTVATL post-seroconversion.

* Subjects ML 1575 and ML 1592 had no response to SL(F/Y)NTVATL prior to seroconversion, but made responses post-seroconversion.

* Subject ML 1760 had an A2 response to ILK(D/E)PVHGYV prior to seroconversion, and gained responses to epitopes A2 SL(F/Y)NTVATL and B27
KRWII(L/M)GLNK post-seroconversion.

pl7 (77-85) pl7 (77-85 93TH253 SLYNTIATL HIV-1 infection human (A2) Sriwanthana2001
subtype CRF01)
Keywords HIV exposed persistently seronegative (HEPS).
Epitope name G77-85.

* This was a study of HIV-1 exposed persistently seronegative (HEPS) female sex workers in Chiang Mai, northern Thailand.

* HLA-A11 is very common in this population, and was enriched among the HEPS sexworkers — weak CTL responses were detected in 4/7 HEPS women,
and CTL responses were found in 8/8 HIV+ controls, and 0/9 HIV- women that were not exposed.

* This epitope was reactive in HIV+ control study subjects 125 and 144 who carried HLA-A2.
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pl7 (77-85) pl7 (77-85 93TH253 SLYNTIATL HIV-1 infection human (A2) Bond2001
subtype CRFO1)
Keywords inter-clade comparisons.

* More than half of a cohort of HIV+ female sex workers (FSW) from Northern Thailand were HLA-A11 positive, and this study concentrated on A1l
epitopes in this group, although E clade versions of previously defined B-clade A2 and A24 epitopes were also tested.

* 2/4 tested FSWs recognized the E clade version of this epitope, SLYNTIATL, the B clade version is SLYNTVATL.

* This epitope was only conserved in CRF01 and subtypes B and D, and exact matches were uncommon.

pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Day2001
Keywords rate of progression, acute infection.

* The CTL response to optimally defined CTL epitopes restricted by HLA class I A and B alleles in individuals who coexpressed HLA A2, A3, and B7 was
studied in eight HIV-1-infected subjects, two with acute infection, five with chronic, and one long-term non-progressor (LTNP)

* 2 to 17 epitopes were recognized in a given individual, A2-restricted CTL response tended to be narrow and never dominated the response, and 25/27
epitopes were targeted by at least one person.

* SLYNTVATL was the dominant A2 epitope recognized in patients with chronic infection, except for Subject 11841 who recognized 5/8 epitopes.

* Three subjects had an A2 response only to SLYNTVATL.

* The two subjects with acute infection did not respond to SLYNTVATL.

pl7 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (A2) Goulder2001c
Keywords mother-to-infant transmission, escape.
Epitope name SL9.

* Immune escape variants in this epitope where transmitted both horizontally and vertically in two families.

* Eight transmitting mothers and 14 non-transmitters mothers were studied and variation within the SL9 epitope was associated carrying HLA-A2 (P=0.04),
but no link between variation from the SL9 consensus and vertical transmission was established.

pl7 (77-85) pl17 (SF2) SLYNTVATL HIV-1 infection human (A2) Altfeld2000b

* This epitope was mapped by ELISPOT in a study identifying new HLA-B60 epitopes, and was one of the epitopes presented by another HLA molecule in
an HLA-B60 individual.

* The response to the peptide was CD8 dependent, but the HLA presenting molecule and optimal epitope were not determined.

pl7 (77-85) pl7 (77-85 LAI) SLYNTVATL HIV-1 infection human (A2) Kelleher2001a
Keywords HAART, epitope processing, immunodominance.

* Ritonavir (RTV) inhibits chymotryptic activity in the 20S proteasome in vitro, as does Saquinavir (SQV) to a lesser extent; Indinavir (IDV) does not. Thus
there is concern protease inhibitors may adversely effect CTL epitope processing, but this paper indicates that processing is not inhibited at therapeutically
relevant concentrations of RTV when the proteasome is functioning in in an intracellular context.

* RTV did not reduce antigen presentation and concentration of the two immunodominant Gag CTL epitopes (KRWIIMGLNK (B27) and SLYNTVATL
(A2)).

* RTV did not inhibit the processing and assembly of HLA-B35 or -A2, which are assembled with a rapid and moderate time course, respectively, or of
HLA-A3, -B27 and -B39.

pl7 (77-85) pl7 SLYNTVATL HIV-1 infection human (A2) Kaul2002

Keywords HIV exposed persistently seronegative (HEPS).
Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers caused a functional deficiency in IFN-gamma production in HIV-1 epitope-specific CD8+
T-cells, detected by intracellular cytokine production and tetramer assays, while not affecting the total number of epitope-specific CTLs.

HIV Immunology and HIV/SIV Vaccine Databases 2003 93



HIV CTL Epitope Tables p17 CTL epitopes

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References

* Ghonorrhea caused the weaker HIV-1 specific CTL responses in 4 HIV-1 exposed persistently seronegative (HEPS) women to become undetectable by
Elispot and tetramer assays, and CM V-specific CTL in 2 HEPS subjects were shown to have impaired function with regard to IFN-gamma production.

pl7 (77-85) Gag (p17) (77-85 NL43) SLYNTVATL HIV-1 infection human (A2) Yang2002
Keywords class I down-regulation by Nef.
* Nef down-modulates class I protein expression, and this study demonstrates directly that Nef-deleted HIV-1 NL-43 can be more effectively killed in vitro
than NL-43 with an intact Nef. The effect was shown to be specific for class I presentation of epitopes, and unlike Nef, deleting Vpr did not alter CTL
susceptibility of NL-43. The CTL clone 18030D23, specific for the class I A2 presented SLYNTVATL epitope, was one of four used in this study.

pl7 (77-85) pl7 (77-85 BRU) SLYNTVATL HIV-1 infection human (A2) Cohen2002

Keywords epitope processing.

The antigen presentation of two A2-restricted epitopes was compared, SLYNTVATL (p17) and ILKEPVHGYV (RT). HIV-1 infected cells were more sensitive

to lysis by SLYNTVATL-specific CTL than by ILKEPVHGV-specific CTL, because of a higher density of SLYNTVATL-A2 resulting from differences in

processing.

* Incubation with a T1-cell proteolytic extract showed that by four hours, 25% of a p17 peptide had a C-term Leu-85 and were SLYNTVATL-precursors,
while ILKEPVHGV-precursors were far less frequent (6.8%) even with four times more proteolytic extract after 30 hours.

* p17 was preferentially cleaved between Leu85 and Tyr86, while appropriate Val484 and Tyr485 cleavage was minor for RT.

* In a competition experiment, RSLYNTVATL bound TAP 3.7-fold more efficiently than RT peptides.

* No difference in CTL avidity was detected in six patients with HLA-A2-restricted responses to these epitopes.

* No significant difference in HLA-A2 binding of to p17 or RT epitopes was observed.

pl7 (77-85) pl7 (77-85) SLYNTVATL Vaccine mouse (A2) Kmieciak2001

Vaccine Strain: B clade IIIB  HIV component: Gag, Pol Adjuvant: 1L-12

Transgenic mice expressing a HLA-A2/Kb chimeric protein were vaccinated with either a p17-p24-p51 fusion protein (vG/P-92) or the Gag-Pol precursor

protein (vVKI).

* Compared to vVK1, vG/P-92 induced a significant increase in Gag and Pol induced IFNgamma production and CTL responses, and to the epitopes
SLYNTVATL and ILKEPVHGY, as determined by Elispot and 51Cr-release assays.

pl7 (77-85) Gag (77-85) SLYNTVATL HIV-1 infection human (A2) Appay2002
Keywords HAART.
Donor HLA A2,A3,B7,Bw6.

Four HIV patients with prolonged clinically successful anti-viral therapy but with ongoing evidence of replication and Nef mRNA transcription, showed
specific T-cell responses by Elispot and Tetramer staining, maintained for 2-4 years after initiation of HAART.

Nef epitope recognition was detected in all 4 subjects, gp120, Pol and Gag-specific in 1 or 2 subjects.

» The HIV-specific CD8+ T-cells had an intermediate maturation phenotype characterized by low levels of perforin and high levels of CD27 expression.

pl17 (77-85) pl7 (77-85 NL-43) SLYNTVATL HIV-1 infection human (A2) Ali2003
Keywords class I down-regulation by Nef, escape.

* NL43 was passaged in the presencNL43 was passaged in the presence of Nef KEKGGLEGL-specific CTL clones STD11 and KM3, rapid selection of
escape mutations, including E93G, E93K, K94N+G99R, G95SR+G99R, E98K, E98D, G99R, GY9E, L100P, and L100I; insertions, deletions, frameshifts
and an early stop codon. 34/36 (94%) of sequences carried mutations in the epitope by seven days, 36/36 (100%) by 14 days.

* Several mutations selected by KEKGGLEGL-specific CTL were shown to impair the down regulation of class I MHC by Nef, in particular E93G, E93K,
and a truncation mutation at position 51.

94 HIV Immunology and HIV/SIV Vaccine Databases 2003



p17 CTL epitopes

HIV CTL Epitope Tables

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References
* Nef deletion mutants increased 100-fold NL-43 susceptibility to inhibition by CTL specific for epitopes in other proteins, the A2 epitopes ILKEPVHGYV in
RT and SLYNVATL in p17 Gag.
pl7 (77-85) Gag SLYNTVATL HIV-1 infection human (A2) Bobbitt2003
Keywords class I down-regulation by Nef.
Epitope name SL9.
Assay type Chromium-release assay, Flow cytometric CTL assay.

¢ Nef, through Nef-mediated MHC-1 down-regulation, is not the only viral protein to influence levels of HIV-specific CTL recognition. The Rev L60F
mutation, a common natural variant, can decrease CTL recognition of late gene products. The Rev mutation impacts the early to late gene switch, reducing
late gene product production (Gag, Pol, Env, Vpu, Vpr and Vif), while increasing Nef production, both of which reduce the impact CTL recognition of late
gene products. As expected, Rev L60F rendered HIV infected cells more resistant to CTL that recognized epitopes from the late proteins Env and Gag. Gag
expression is more profoundly reduced than Env, and Gag-specific CTL were more profoundly affected. Conversely CTL against an epitope in an early gene
product, Tat, were more effeciently recognized when infected with viruses carrying the Rev L60F mutation.

* Patients in the asymptomic phase with active immune responses had more CTL resistant viruses, with lower Rev activity, lower Gag expression and greater
resistance to Gag-specific CTL killing, while viruses isolated from people with AIDS were more sensitive to CTL killing.

pl7 (77-85) Gag (77-) SLYNTVATL HIV-1 infection, Vaccine human, transgenic Corbet2003
mouse (A2)
Vaccine Vector/Type: peptide HIV component: Gag Adjuvant: Incomplete Freund’s Adjuvant (IFA)
Keywords binding affinity, inter-clade comparisons, computational epitope prediction.
Epitope name Gag77.
Assay type CD8 T-cell Elispot - IFN7y, Chromium-release assay, Flow cytometric CTL assay.

* HLA-A2-restricted HIV-1 CTL epitopes were computationally predicted. Binding affinities for HLA-A*0204, immunogenicity in HLA-A*0201 transgenic
mice, and responses to the peptides in 17 HIV-1 infected patients were tested. 31 novel conserved A2 epitopes were detected. An average of 4 epitopes were
recognized per patient.

* This epitope was one of the previously identified HLA-A2 epitopes studied.

* 10/17 HIV-infected HLA-A2+ people in this study recognized this epitope, and CTL and CD8+ T cells responses were elicted by immunization of transgenic
mice with this peptide.

pl17 (77-85) Gag (p17) SLYNTVATL HIV-1 infection human (A2) Kaul2003
Keywords immunodominance, genital and mucosal immunity.
Assay type Intracellular cytokine staining.

* Predefined immunodominant peptide responses were used to compare CD8+ T cells responses in the blood and cervix of 16 HIV+ Kenyan sex workers.
Cervical responses were detected in 8/10 women from whom adequate samples could be obtained. The frequency of the CD8+ T cell response in the genital
tract was comparable to the blood, with a trend toward being slightly higher.

* The immunodominant response was to this epitope in the PBMC of 1/16 patients (Kaul ez al. 2001, AIDS, 107:1303).

pl7 (77-85) Gag (pl17) SLYNTVATL HIV-1 infection human (A2) Montefior12003
Keywords supervised treatment interruptions (STI), early treatment.
Epitope name SL9.

HIV Immunology

Assay type CD8 T-cell Elispot - IFNY.
Donor HLA A2, A24, B38, B60, Cw2, Cw12.
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* HIV-1+ patient AC10 underwent early HAART treatment, which was discontiuned 1.5 years later. At this timepoint potent NAb responses against autologous
virus were detected. Treatment interruption initially induced weak CD8+ responses directed against 5 epitopes. By days 873d and 923d the CTL response
had broadened to target 22 epitopes; of these six were fully characterized. Eventually the virus escaped the NAb response, but escape was not accompanied
by arise in viral load, and the authors suggest the virus was contained by the CTL response.

pl7 (77-85) Gag (77-85) SLYNTAVTL HIV-1 infection human (A2) Sandberg2003

Keywords responses in children.

Assay type CD8 T-cell Elispot - [FNy, Tetramer binding, Flow cytometric CTL assay.

65 vertically HIV-1 infected children, ages 1-16, the majority undergoing ART, were analyzed in regard to their plasma viremia and CD4+ and CD8+ T cell
counts, and CD8+ T cell responses.

* Using vaccina expressed Gag, Pol, Env, Rev, Nef in target cells in an Elispot assay, 85% of the children recognized at least one HIV antigen. Strong CD8+
T cell responses were directed against Pol, followed by Gag and Nef. Children younger than 4 had significantly weaker responses (7/14 had no reponse)
than older children (only 1/32 had no response, and responses were greater in magnitude).

SLYNTVATL and ILKEPVHGV tetramers were used to quantitate specific responses. 49 chlidren in an expanded cohort carried HLA-A2. 1/11 children
under 3 years of age had detectable CD8+ T-cell responses to SLYNTVATL, 2/11 to ILKEPVHGV. Among children over 3, 11/38 recognized SLYNTVATL
and 9/38 recognized ILKEPVHGV.

Older children that maintained a CD4 count greater than 400 cells/ul tended to have stronger CTL reponses.

pl7 (77-85) Gag (77-85) SLYNTVATL HIV-1 infection (A2) Sun2003

Keywords assay standardization, memory cells.

Assay type cytokine production, CD8 T-cell Elispot - IFNy, Tetramer binding, Intracellular cytokine staining.

Donor HLA A2, A3, B27, B51; A2, A3, B27, B57; A2, A23, B57.

This study compares assay methods for testing CTL responses using samples from 20 HIV+ patients. The study compares ELISpot, tetramer-binding,
and intracellular IFNy. Tetramer-bidning analysis was performed with Gag (SLYNTVATL) or Pol ILKEPVHGYV) tetramers. Antigen presentation using
recombinant vaccinia viruses (rVVs) encoding HIV-LAI Gag, Pol, Env, Nef, Tat and Vif proteins was compared to peptide panels. HIV antigen recognition
in memory CTLs was measured by chronium release assay and compared to effector/memory CD8+ T cells in an IFN-y ELISpot assay.

Results: IFNYy Elispot and flow cytometry gave similar frequencies of HIV specific CD8+ Tcells. Tetramer-binding analysis was most sensitive. Pools of
peptides and the sum of frequencies of individual peptides were comparable. Elispot assays using peptides were more sensitive than assays using vaccinia
expressed proteins. Cr release and Elispot against rVVs gave comparable memory cell responses 2/3s of the time.

3/7 HLA-A2+ patients recognized this epitope.

pl7 (77-85) pl17 (77-85 NL43) SLYNTVATL HIV-1 infection human (A2) Yang2003
Keywords escape, TCR usage.
Epitope name SL9.

Assay type Chromium-release assay, CTL suppression of replication.
* Virus was cultured in the presence of CTL lines specific for 5 different epitopes (SLYNTVATL, ILKEPVHGYV, IEIKDTKEAL, SEGATPQDL, and
KEKGGLEGL) to study the emergence of escape mutations. Escape varied between clones for the same epitope, and between different epitopes. Gag and
RT epitope escape, if it occurred at all, tended to be monoclonal and within the epitope, indicating strong fitness constraints, while the Nef epitope escape
was rapid, polyconal, and sometimes the result of upstream frameshifts.
Three CTL clones were studied that recognized SLYNTVATL, 161JxA 14, 18030D23, and 115DEC4. The different TCR usage on the CTL clones resulted
in different patterns of recognition and escape. 161JxA14 suppressed the variant slFntvatl, 18030D23 did not; conversely the variants slfntlaV1 and sIFntlatl
were suppressed by 18030D23, but not 161JxA14.
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* After two weeks of passage the predominant escape mutant from 161JxA14 was slyntlatl. Amino acid residues flanking SL9 were unchanged. Escape
mutations did not occur within two weeks for the two additional SL9-specific CTL clones 18030D23 and 115DEC4.

pl7 (77-85) pl7 SLYNTVATL HIV-1 exposed seronegative human (A2, A*0202) Rowland-Jones1998b
Keywords inter-clade comparisons.
Epitope name SL9.

HIV-specific CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection.

Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world.

Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive, however stronger
responses are frequently observed using A or D clade versions of epitopes.

This epitope is conserved among B and D clade viruses.

The Clade A version of the epitope, SLENTVATL, was preferentially recognized by CTL.

This epitope was recognized by two different exposed seronegative prostitutes.

pl17 (77-85) pl7 (77-85 LAI) SLYNTVATL Vaccine mouse (A2.1) Peter2001

Vaccine Vector/Type: peptide  Strain: B clade LAl  Adjuvant: Incomplete Freund’s Adjuvant (IFA), Montanide (ISA 720), P30, PLG

Keywords binding affinity, vaccine-specific epitope characteristics, immunodominance.

Epitope name LR23.

The stability of peptide binding to HLA-A2.1 was determined for six HLA-A2.1 peptides included in this vaccine study — ILKEPVHGYV (RT), SLYNTVATL
(p17), SLLNATDIAV (gp41) and LLWKGEGAV (RT) all bound with high affinity comparable to a influenza epitope reference (GILGFVFTL), while
RGPGRAFVTI and VIYQYMDDL bound with a lower affinity (relative binding activity = 0.01).

The four high-affinity peptides formed stable complexes with half-lives ranging between 8 and 32 hours, while the low affinity peptides had half lives of less
than an hour.

HLA-A2.1 transgenic mice were immunized with the six HIV-1 peptides and P30, as a universal T-helper epitope, with IFA or Montanide or microspheres
as adjuvants.

All peptides except VIYQYMDDL induced a stong CTL response in Cr-release assays - stronger responses were observed when peptides were delivered
alone, indicating immunodominance when the combination was used.

pl7 (77-85) pl7 (77-85 LAI) SLYNTVATL Vaccine mouse (A2.1) Peter2002

Vaccine Vector/Type: peptide Strain: B clade LAl Adjuvant: Incomplete Freund’s Adjuvant (IFA), IL-12, P30

Keywords vaccine-specific epitope characteristics, immunodominance.

Epitope name LR23.

When HIV-1 peptides were used to vaccinate HLA-A2.1 transgenic A2-Kb mice, strong responses to five peptides were observed when the peptides were
given individually, but immunodominance limited the response to some of the peptides when they were given in combination [Peter2001]]. IL-12 can
counteract immunodominance in BALB/c mice, so it was given with the multiple epitope vaccination, and was instead found to specifically eliminate the
HLA-A2.1-epitope CTL responses, but not Kb CTL responses. This was possibly a consequence of transient depletion of T-cells, B cells and macropahges
in the spleen.

pl17 (77-85) pl7 (77-85) SLYNTVATL HIV-1 infection human (B62) Goulder1997a
Keywords review.
Epitope name SL9.
* This paper is a review of CTL and immune evasion, but it presents a study of a shift from an HLA-A*0201 response to SLYNTVATL, to a B62 response to
GLNKIVRMY.
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* As long as a strong CTL response to SLYNTVATL was evident, the epitope variants SLFNTVATL or SLYNTIATL dominated the viral population —
eventually the CTL response to the index peptide became undetectable, the CTL response shifted to a focus on GLNKIVRMY, and the index peptide
SLYNTVATL once again established itself as the dominant form.

pl7 (77-85) Gag (77-85) SLYNTVATL human (HLA-A201) Sandberg2000,

Keywords binding affinity.

This epitope served as a positive control in a study comparing peptide binding affinity to HLA-A201 to CTL responses upon vaccination with a nef DNA
vaccine.

pl17 (80-88) Gag (80-) NTVATLYCV HIV-1 infection, Vaccine human, transgenic Corbet2003
mouse (A2)
Vaccine Vecror/Type: peptide HIV component: pl17 Gag Adjuvant: Incomplete Freund’s Adjuvant (IFA)
Keywords binding affinity, inter-clade comparisons, computational epitope prediction.
Epitope name Gag80.
Assay type CD8 T-cell Elispot - IFN7y, Chromium-release assay, Flow cytometric CTL assay.

* HLA-A2-restricted HIV-1 CTL epitopes were computationally predicted. Binding affinities for HLA-A*0204, immunogenicity in HLA-A*0201 transgenic
mice, and responses to the peptides in 17 HIV-1 infected patients were tested. 31 novel conserved A2 epitopes were detected. An average of 4 epitopes were
recognized per patient.

This peptide was an intermediate A2 binder that induced CTL and CD8+ T-cell IFN gamma responses in mice. Responses were detected in 1/17 HIV+
HLA-A2 subjects.

pl7 (82-91) pl7 (82-91 93TH253 IATLWCVHQR HIV-1 infection, HIV-1 exposed  human (A11) Sriwanthana2001
subtype CRFO1) seronegative
Keywords HIV exposed persistently seronegative (HEPS).
Epitope name G82-91.
* This was a study of HIV-1 exposed persistently seronegative (HEPS) female sex workers in Chiang Mai, northern Thailand.
* HLA-A11 is very common in this population, and was enriched among the HEPS sexworkers — weak CTL responses were detected in 4/7 HEPS women,
and CTL responses were found in 8/8 HIV+ controls, and 0/9 HIV- women that were not exposed.
This epitope was weakly reactive in the HEPS study subject 265 who was HLA A2/A11.
This epitope was strongly reactive in HIV+ study subject 053 who carried HLA-A11.

pl7 (82-91) pl17 (82-91 93TH253 TATLWCVHQR HIV-1 infection human (A11) Bond2001

subtype CRF01)

Keywords inter-clade comparisons.

* HLA-A11 CRFOI (called subtype E in Bond et al.) epitopes were identified that stimulated CTL from HIV+ female sex workers (FSW) from Northern

Thailand, of whom more than half were HLA-A11 positive.
77 possible HLA-A11 epitopes were first defined using EpiMatrix, these were screened for binding to Al1 finding and 26 bound, and 12 of these were
epitopes for CTL responses from 8 HLA-A11 positive FSWs, six were novel, six were previously identified.
This epitope was predicted by the EpiMatrix method to be likely to bind to A11, and it served as an epitope in the FSWs, it was one of the six A11 epitopes
that had been previously defined.
3/8 tested FSWs recognized this epitope.
This epitope was not conserved in other subtypes, and exact matches were uncommon.
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pl7 (84-91) Gag (83-90) TLYCVHQR HIV-1 infection human (A*1101) Fukada2002
Keywords inter-clade comparisons, TCR usage.

* Counterparts for eight known clade B HLA A*1101 epitopes were generated for clade E (CRFO1). Three epitopes, identical among clade A-E, were
cross-reactive and recognized by clade E infected individuals. The clade E and B analogs to three more HLA A*1101 epitopes was recognized in a clade
specific manner. Two other HLA A*1101 clade B defined epitopes were found not to have stimulated a response in clade E infected individuals.

* TLYCVHQR was found to elicit clade-specific responses in clade B (TLYCVHQR is most common, and is also common in clade A — the variant tlycvhqgK
is common in clade B) and clade E (tIWcvhqr is most common). TLYCVHQR was not recognized by any CTL, tlycvhgK was recognized by CTL from 1/5
B clade infected Japanese subjects, and tiIWcvhgr was not recognized by CTL from infected Thai subjects, so this seems to be a B clade exclusive epitope.

* The binding of the variant peptides to HLA A*1101 was comparable, but CTL that recognized tlycvhqK did not cross-recognize the other forms, implicating
TCR interaction differences.

pl7 (84-91) pl7 (83-91) TLYCVHQR HIV-1 infection human (A11) Harrer1998
Keywords escape.

» Two overlapping epitopes were recognized in a long-term survivor, restricted by two different HLA molecules, HLA-A11(TLYCVHQR) and -A2
(SLYNTVATL)

* Viral sequence substitutions were present in this individual which did not affect viral replication and did not alter CTL-recognition of the A2 epitope, but
reduced recognition of the A11 epitope, indicative of immune escape.

* A QO0E substitution resulted in a loss of the ability of the peptide to induce lysis, a R91K substitution was still reactive, and a R91Q substitution show a
reduced ability to stimulate lysis.

pl7 (84-92) pl7 (84-92) TLYCVHQRI HIV-1 infection human (A*1101) Frahm2004
* C. Brander notes that this is an A*1101 epitope.
pl7 (84-92) pl7 (84-92) TLYCVHQRI HIV-1 infection human (A11) Brander1995b
Keywords responses in children, mother-to-infant transmission.
* Epitope defined in the context of the Pediatric AIDS Foundation ARIEL Project, a mother-infant HIV transmission study.
pl7 (84-92) pl7 (84-92) TLYCVHQRI HIV-1 infection human (A11) Birk1998b

¢ A study of p17 variation considering known p17 epitopes and individuals with known HLA types revealed that p17 evolution is influenced by immune

pressure from CTLs.
pl7 (84-92) pl7 (84-92) TLYCVHQRI HIV-1 infection human (A11) Ferrar12000:

* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common

HLA alleles.
pl7 (84-92) p17 (84-92 SF2) TLYCVHQRI HIV-1 infection human (A11) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

* Previously described and newly defined optimal epitopes were tested for CTL response.

* Number of HLA-A11+ individuals that had a CTL response to this epitope broken down by group: 0/3 group 1, 0/0 group 2, and 1/2 group 3.
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pl7 (84-92) pl7 (84-92) TLYCVHQRI HIV-1 infection, HIV-1 exposed  human (A11) Kaul2001a:
seronegative

Keywords HIV exposed persistently seronegative (HEPS).
* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

pl17 (86-101) pl7 (SF2) YCVHQRIEIKDTKEAL HIV-1 infection human Altfeld2000b

This epitope was mapped by ELISPOT in a study identifying new HLA-B60 epitopes, and was one of the epitopes presented by another HLA molecule in
an HLA-B60 individual.

* The response to the peptide was CD8 dependent, but the HLA presenting molecule and optimal epitope were not determined.

pl7 (86-101) pl7 (SF2) YCVHQRIEIKDTKEAL HIV-1 infection human Altfeld2000b

This epitope was mapped by ELISPOT in a study identifying new HLA-B60 epitopes, and was one of the epitopes presented by another HLA molecule in
an HLA-B60 individual.

» The response to the peptide was CD8 dependent, but the HLA presenting molecule and optimal epitope were not determined.

pl17 (87-105) pl7 (91-105 SF2) CRIDVKDTKEALEKIE HIV-1 infection human Lieberman1997b
* CTL expanded ex vivo were later infused into HIV-1 infected patients.
pl7 (88-115) pl7 (88-115 ARV) VHQRIEIKDTKEALDKIEE- HIV-1 infection human (A2) Achour1990
EQNKSKKKA
* B cell epitope HGP-30 also serves as a CTL epitope.
pl7 (88-115) pl7 (88-115 ARV) VHQRIEIKDTKEALDKIEE- Vaccine mouse (H-Zd) Hamajimal997
EQNKSKKKA

Vaccine Vector/Type: peptide HIV component: CD4BS, HPG30, V3  Adjuvant: 1L-12
B cell epitope HGP-30 also serves as a CTL epitope.

* Vaccine combined HGP-30, V3 loop peptide variants, and CD4 binding site peptide.

* IL-12 expression plasmid included with the vaccination enhanced the CTL response.

pl7 (91-101) pl7 (SF2) RIDVKDTKEAL HIV-1 infection human Goulder2000al
Keywords inter-clade comparisons, immunodominance.

* The CTL-dominant response was focused on this epitope in an HIV+ Haitian living in Boston, who was A23/68 B45/72 Cw2/16 — this epitope fell outside
the most recognized peptides in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

pl17 (91-105) pl7 (91-105 SF2) RIDVKDTKEALEKIE HIV-1 infection human Lieberman1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.
» Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A3, A24, B8, B55.
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pl7 (92-101) pl7 (92-101) IEIKDTKEAL HIV-1 infection human (B*4001) Frahm2004
C. Brander notes this is a B¥4001 epitope.

pl17 (92-101) pl7 IEIKDTKEAL HIV-1 infection human (B60) ‘Wagner1998a
CTL specific for HIV epitopes were used to show that the mediators of both the cytolytic (granzyme A was used as the marker) and non-cytolytic (HIV-1
inhibitory chemokines MIP-1 o« and RANTES were used as markers) anti-viral responses are localized within the CTL’s cytotoxic granules.

pl7 (92-101) pl7 (92-101 SF2) IEIKDTKEAL HIV-1 infection human (B60) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B60+ individuals that had a CTL response to this epitope broken down by group: 0/2 group 1, 1/1 group 2, and 0/0 group 3.

pl7 (92-101) Gag (92-101) IEIKDTKEAL HIV-1 infection human (B60) Yang2002

Keywords class I down-regulation by Nef.

Nef down-modulates class I protein expression, and this study demonstrates directly that Nef-deleted HIV-1 NL-43 can be more effectively killed in vitro
than NL-43 with an intact Nef. The effect was shown to be specific for class I presentation of epitopes, and unlike Nef, deleting Vpr did not alter CTL

susceptibility of NL43 infected cells. The CTL clone 161JD27, specific for the class I B60 presented epitope IEIKDTKEAL, was one of four used in this
study.

pl7 (92-101) Gag (p17) (92-101 IEIKDTKEAL HIV-1 infection human (B60) Yang2003
NL43)
Keywords escape.
Epitope name IL10.
Assay type Chromium-release assay, CTL suppression of replication.

* Virus was cultured in the presence of CTL lines specific for 5 different epitopes (SLYNTVATL, ILKEPVHGYV, IEIKDTKEAL, SEGATPQDL, and
KEKGGLEGL) to study the emergence of escape mutations. Escape varied between clones for the same epitope, and between different epitopes. Gag and
RT epitope escape, if it occurred at all, tended to be monoclonal and within the epitope, indicating strong fitness constraints, while the Nef epitope escape
was rapid, polyconal, and sometimes the result of upstream frameshifts.

» There was one cloned cell line that recognized IEIKDTKEAL, 161JD27. After 2 weeks of passaging HIV-1 in the presence of 161JD27, no mutations were
observed within the epitope in 10 sequences; one of the 10 had a single E -> K substitution 6 amino acids beyond the C-terminal end of the epitope.

pl7 (92-101) pl7 (SF2) IEIKDTKEAL HIV-1 infection human (B60(B*4001) Altfeld2000b
This epitope was mapped by ELISPOT in a study identifying new HLA-B60 epitopes.
* B60 is present in 10-20% of the Caucasoid and very common in Asian populations.

pl7 (92-101) pl7 (92-101) IEIKDTKEAL HIV-1 infection human (B60/B61) Day2001
Keywords immunodominance.
* No immunodominant responses were detected to five B61-restricted epitopes tested.
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All five B60-restricted epitopes were reactive in another subject, and the B60-restricted responses together contributed over one-third of the total CTL
response.

pl7 (93-101) pl7 (SF2) DVKDTKEAL HIV-1 infection human Goulder2000a
Keywords inter-clade comparisons, immunodominance.

* The CTL-dominant response was focused on this epitope in a HIV+ Caucasian from Boston, who was A1/%0201 B8/63 Cw7/- — this epitope fell outside the
most recognized peptides in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

pl7 (93-101) pl7 (93-101) EIKDTKEAL Peptide-HLA interaction human (B8) DiBrino1994b
* Examined in the context of motifs important for HLA-B8 binding, predicted epitope based on Achour et al.
pl7 (93-101) pl17 (93-101) EIKDTKEAL HIV-1 infection human (B8) Birk1998b

A study of pl7 variation considering known p17 epitopes and individuals with known HLA types revealed that p17 evolution is influenced by immune
pressure from CTLs.

pl17 (93-101) p17 (93-101 LAI) EIKDTKEAL human (B8, B60) Brander1997
* Pers. comm. from A. Trocha and S. Kalams to C. Brander and B. Walker.

pl7 (121-132) pl7 (121-132 HXB2R) DTGHSNQVSQNY HIV-1 infection human (A33) Buseyne1993b
* Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people.

pl7 (121-132) Gag (121-132 LAD) DTGHSNQVSQNY HIV-1 infection human (A33) Buseyne 19934l

Vertical transmission of HIV ranges from 13% to 39%

* Primary assays showed cytotoxic activity against at least one HIV protein was detected in 70% of infected children.
Epitopes recognized in five children were mapped using synthetic peptides and secondary cultures.

Patient EM17 (CDC P2A+C+D2) had a CTL response to two epitopes in Gag.

pl7 (124-132) pl7 (124-132 LAI) NSSKVSQNY HIV-1 or HIV-2 infection human (B*3501) Frahm2004
* Noted by Brander to be B¥3501 epitope.
pl7 (124-132) pl7 NSSQVSQNY HIV-1 infection human (B*3501) Dorrell2001

Keywords binding affinity.

The crystal structure of this epitope bound to HLA-B*3501 shows that a serine can fit into the B pocket, which is shared between B35 and B53, with the
hydroxyl group of the P2 serine occupying a position almost identical to the P2 proline that was previously considered the anchor motif.

Novel B53 epitopes (DTINEEAAEW and QATQEVKNM) were defined in this study that showed that A and T can also serve as P2 anchor residues for
the B pocket of HLA-B35 and B53 — while S, T, and P could all fit into the B pocket and form a hydrogen bond, A would not form a bond, so the authors
propose compensatory interactions account for the high affinity of QATQEVKNM for B53.

pl7 (124-132) pl7 (124-132 LAI) NSSKVSQNY HIV-1 infection human (B35) McMichael1994
Keywords review.
Review of HIV CTL epitopes.
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pl7 (124-132)

NSSKVSQNY HIV-1 infection human (B35) Wilson2000a
Keywords dynamics, acute infection.
Three individuals with highly focused HIV-specific CTL responses were studied during acute infection using tetramers — high frequencies of HIV-1-specific
CDS8+ T cells were found prior to seroconversion, and there was a close temporal relationship between the number of circulating HIV-specific T cells and
viral load.
All three patients were B*2705, with HLA alleles: A1, A30/31, B*¥2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301, B2705, B39.
ELISPOT was used to test a panel of CTL epitopes that had been defined earlier and were appropriate for the HLA haplotypes of the study subjects — 3/3
subjects showed a dominant response to the B*2705 epitope KRWIILGGLNK.
The subject with A*0201 had a moderately strong response to SLYNTVATL.
Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was HLA A1, A*0301, B7,
B#2705.
No acute response was detected to the following epitopes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-AIFQSSMTK, A*301-TVYYGVPVWK,
B35-EPIVGAETEF, B35-HPDIVIYQY, B35-PPIPVGELIY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-DPNPQEV VL.

pl7 (124-132)

pl7 (124-132) NSSKVSQNY HIV-1 infection human (B35) Birk1998b
A study of pl7 variation considering known p17 epitopes and individuals with known HLA types revealed that p17 evolution is influenced by immune
pressure from CTLs.

pl17 (124-132)

pl7 (124-132 LAI) NSSKVSQNY HIV-1 or HIV-2 infection human (B35) Rowland-Jones1995b
Established by titration.

pl7 (124-132)

pl7 (124-132 LAD) NSSKVSQNY in vitro stimulation or selectio human (B35) Lalvani1997

A peptide-based protocol was optimized for restimulation of CTLp using optimized peptide and IL-7 concentrations — importantly this protocol does not
stimulate a primary response, only secondary — peptide-specific CTLp counts could be obtained via staining with peptide-Class I tetramers.

This peptide was one of the B35 presented test peptides used in control experiments showing that the assay gave no activity using lymphocytes from 21
healthy B35 seronegative donors.

pl7 (124-132)

pl7 NSSKVSQNY human (B35) Rowland-Jones 1999

CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women had no delta 32 deletion
in CCRS.

In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive.

HIV-2 version of this epitope is not conserved: PPSGKGGNY, but the CTLs are cross-reactive — this is one of five B35 CTL epitopes that are cross-reactive,
see also [Rowland-Jones1995b]

pl17 (124-132)

pl7 NSSKVSQNY HIV-1 infection human (B35) Seth2001

Keywords HAART.

CTL responses were studied by tetramer staining in 41 patients with combination therapy — activated CD8+ T-cells decline as the viral load drops in response
to therapy, but the overall level of antigen-specific cells capable of differentiating into effectors stays constant and new epitopes may be recognized.

pl7 (124-132)

pl7 (124-132 SF2) NSSKVSQNY HIV-1 infection human (B35) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.
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» The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

* Previously described and newly defined optimal epitopes were tested for CTL response.

* Number of HLA-B35+ individuals that had a CTL response to this epitope broken down by group: 0/2 group 1, 0/2 group 2, and 1/1 group 3.

pl7 (124-132) NSSKVSQNY HIV-1 infection human (B35) Sabbaj2002b
Epitope name Gag-NY9.
* Among HIV+ individuals who carried HLA B35, 1/21 (5%) recognized this epitope.

104 HIV Immunology and HIV/SIV Vaccine Databases 2003



p17-p24 CTL epitopes HIV CTL Epitope Tables

II-B-2 p17-p24 CTL epitopes

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References
pl7-p24 (127-3) pl7-p24 (127-135 sub- QVSQNYPIV human (A*6802) Dong1998a
type D)

Epitope starts in p17 and ends in p24.
Predicted on binding motif, no truncations analyzed.

pl7-p24 (131-6) pl17-p24 (132-140 SF2) NYPIVQNL HIV-1 infection human (A*2402) Ikeda-Moore1997

The epitope starts in p17 and ends in p24.

* Defined using reverse immunogenetics — 59 HLA-A*2402 binding peptides were predicted by searching for A*2402 anchors in HIV proteins (Tyr at 2, and
Phe, Leu or Ile at the C term) — 53 of the 59 peptides bound A*2402.

This peptide induced CTL in 1/4 HIV-1+ people tested.

NYPIVQNL bound to A*2402 with medium strength, and the epitope can be processed in a vaccinia construct and presented — no CTL clone was obtained.
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p24 (8-17) p24 (140-149) GQMVHQAISP HIV-1 infection human (B57) Betts2000
Keywords immunodominance.

* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.

* 95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.

* 1/11 of the A2+ individuals was HLA A*0201, A1, B57 and responded to four B57 epitopes and two others.

p24 (8-20) p24 (140-152 11IB) GQOMVHQAISPRTL HIV-1 infection human (Cw3) Littaual991
* Fine specificity of human Cw3 restricted Gag CTL epitope.
p24 (8-27) p24 (140-159) GQOMVHQATISPRTLNAWVKVV HIV-1 infection human (B14) Musey 1997
* CTL specific for this epitope were found in the peripheral blood but not in the cervical mucosa of one donor.
p24 (9-18) Gag (173-182) QMVHQAISPR HIV-1 infection human (A3 supertype)  |Propato2001
Keywords supertype, rate of progression.

* Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

* Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

* A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

* This epitope can bind 3/5 HLA-A3 supertype alleles (A*0301, A*1101, A*3101, A*3301 and A*6801).

p24 (10-18) Gag (144-152 SF2) MVHQAISPR HIV-1 infection, computer predic- human (A*3303) Hossain2003
tion
Keywords binding affinity, computational epitope prediction.
Assay type Chromium-release assay.

» HLA-A*3303 is a common HLA allele in east and southeast Asia. Pol, Gag and Nef SF2 proteins were scanned for potential A*3303 epitopes. 99 potential
epitopes were synthesized, and 52/99 bound to A*3303. Six of these served as peptide-targets for lysis by PBMC from infected individual, and clones
derived from 4 of these 6 could lyse HIV-vaccinia infected target cells, indicating proper processing.

* This epitope is one of the 4 that are properly processed.

p24 (10-18) Gag (174-182) MVHQAISPR HIV-1 infection human (A3 supertype)  |Propato2001
Keywords supertype, rate of progression.

* Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

* Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

* A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

* This epitope can bind 5/5 HLA-A3 supertype alleles (A*0301, A*1101, A*3101, A*3301 and A*6801).

p24 (11-24) p24 (SF2) VQHAISPRTLNAWV HIV-1 infection human Goulder2000al
Keywords inter-clade comparisons, immunodominance.
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» The CTL-dominant response was focused on this epitope in an HIV+ Haitian living in Boston, who was A34/68 B57/71 Cw3/7 — this epitope fell outside
the most recognized peptides in the study.

* Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

p24 (11-25) p24 (11-25 HXB2) VHQAISPRTLNAWVK HIV-1 infection human Addo2003
Keywords supervised treatment interruptions (STI), immunodominance, early treatment.
Assay type T-cell Elispot.

* Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STL

* 63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl7 was the most frequently
recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

* A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.

* The authors did not note the reference strain, but based on the peptide sequences provided it appears to be HXB2.

* Responses to this peptide were detected in 29% of the study subjects, and it was the third most frequently recognized peptide.

p24 (11-32) p24 (143-164 BH10) VHQAISPRTLNAWVKVVEE—- HIV-1 infection human (Bw57) Johnson1991
KAF
* Gag CTL response studied in three individuals.
p24 (12-20) Gag (146-154) HQAISPRTL HIV-1 infection chimpanzee (Patr-B*02) |Balla-Jhagjhoorsingh1999b

* Certain HLA-alleles have been associated with long-term survival — among them are HLA-B*27 and HLA-B*57.

* Of more than 150 chimpanzees that have been reported to be infected with HIV-1, only one has developed AIDS.

* CTL responses were studied in two HIV-1 infected chimpanzees that have strong CTL responses, and they were found to respond to highly conserved
epitopes that are recognized in humans in the context of HLA-B*27 and HLA-B*57.

* The human HLA protein which presents this Patr-B*02 epitope is HLA-B*5701 but the amino acid sequences in the binding pockets of HLA-B*5701 and
Patr-B*02 are distinctive.

p24 (13-20) p24 (145-152) QAISPRTL HIV-1 infection, HIV-1 exposed  human (Cw3) Kaul2001a
seronegative
Keywords HIV exposed persistently seronegative (HEPS).

* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87

HIV-1-infected female Nairobi sex workers.
p24 (13-23) p24 (145-155) QAISPRTLNAW HIV-1 infection human Betts2000

HIV Immunology

Keywords immunodominance.
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.
* 95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.
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* 1/11 of the A2+ individuals was HLA A*0201, A1, B57 and responded to QAISPRTLNAW noted previously to be A25.
p24 (13-23) p24 (145-155 LAI) QAISPRTLNAW human (A*2501) Frahm?2004:
* C. Brander notes that this is an A*2501 epitope.
p24 (13-23) p24 (145-155 SF2) QAISPRTLNAV HIV-1 infection human (A25) Altteld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-A25+ individuals that had a CTL response to this epitope broken down by group: 0/0 group 1, 0/2 group 2, and 1/3 group 3.

p24 (13-23) Gag (145-155 11IB) QAISPRTLNAW HIV-1 infection human (A25) Kurane2003

Assay type Chromium-release assay.

Three CD8+ CTL cell clones were derived from 2 HIV-1 positive asymptomatic patients, and their epitope specificities and HLA presenting proteins were
defined.

p24 (13-23) p24 (145-155 LAI) QAISPRTLNAW human (A5) Kurane1998

p24 (15-23) LSPRTLNAW HIV-1 infection, HIV-1 exposed  human Kaul2001c¢

seronegative
Keywords HIV exposed persistently seronegative (HEPS).
This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.
The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.
ISPRTLNAW was consistently recognized by 1/22 HEPS sex worker controls (ML1250), and LSPRTLNAW was recognized by 2 additional HEPS sex
worker controls (ML1693 and ML1589)

p24 (15-23) p24 LSPRTLNAW HIV-1 infection human (B*57) Kaul2002

Keywords HIV exposed persistently seronegative (HEPS).

Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers caused a functional deficiency in IFN-gamma production in HIV-1 epitope-specific CD8+
T-cells, detected by intracellular cytokine production and tetramer assays, while not affecting the total number of epitope-specific CTLs.

Ghonorrhea caused the weaker HIV-1 specific CTL responses in 4 HIV-1 exposed persistently seronegative (HEPS) women to become undetectable by
Elispot and tetramer assays, and CM V-specific CTL in 2 HEPS subjects were shown to have impaired function with regard to IFN-gamma production.

p24 (15-23) p24 (147-155 11IB) ISPRTLNAW HIV-1 infection human (B*5701) Frahm2004
C. Brander notes this is a B*5701 epitope.

p24 (15-23) ISPRTLNAW HIV-1 infection human (B*5701) Migueles2001
Keywords rate of progression, immunodominance.
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* HLA B*5701 was found in a very high frequency in HIV-1 infected non-progressors, 11/13 (85%) versus 19/200 (9.5%) of progressors. Non-progressors
tended to have an immune response that was highly focused on four p24 epitopes that were presented by B*5701, ISPRTLNAW, KAFSPEVIPMEF,
TSTLQEQIGW, and QASQEVKNW.
p24 (15-23) ISPRTLNAW HIV-1 infection human (B*5701) Migueles2001
Keywords rate of progression, immunodominance.
e CTL activity was monitored in 27 individuals, including 10 LTNP with an over-expression of HLA B*5701 — these individuals have viral loads below
the threshold of infection without therapy, and their immune response tends to be focused on peptides that contain B*5701 epitopes ISPRTLNAW,
KAFSPEVIPMF, TSTLQEQIGW, and QASQEVKNW.
* CTL responses are broader in B*5701+ individuals with progressive viremia than those that control viremia.
* The HLA-A*0201 SLYNTVATL epitope response was not as strong individuals that carried both A2, B57.
p24 (15-23) ISPTRTLNAW HIV-1 infection human (B*5701) Migueles2003
Keywords rate of progression, escape.
Assay type Intracellular cytokine staining, Flow cytometric CTL assay.
* cDNA Gag sequences from a set of 17 HLA-B*5701+ progressors and 10 LTNPs were obtained, and the variation in four p24 B*5701 epitopes examined.
Sequence variants were more common (p < 0.01) in the epitopes in the progressors (median 3, range 1-7) than LTNPs (median 2, range 0-4).
* In general use of the autologous protein in a target cell did not diminish the overall CD8+ T-cell responses.
p24 (15-23) Gag (147-155 LAD) ISPRTLNAW HIV-1 infection human (B*5701 Klein1998
B*5801)
Keywords rate of progression.
* B57 has been associated with long-term non-progression in the Amsterdam cohort.
* The most pronounced CTL responses in HLA B*5701 LTS were to RT and Gag.
p24 (15-23) p24 (147-155) ISPRTLNAW HIV-1 infection human (B57) Betts2000!
Keywords immunodominance.
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.
* 95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.
* 1/11 of the A2+ individuals was HLA A*0201, A1, B57 and responded to four B57 epitopes and two others, but not SLYNTVATL.
p24 (15-23) Gag (SF2) ISPRTLNAW HIV-1 infection human (B57) Goulder2001a
Keywords acute infection.
Epitope name IW9.
» This epitope elicited the second strongest CTL response in patient PI004 during acute infection, and maintained the response.
» Three CTL responses, to epitopes TSTLQEQIGW, ISPRTLNAW, and KAFSPEVIPMEF, were evident early after infection; CTL responses to SLYNTVATL,
QASQEVKNW, EIYKRWII, and FLKEKGGL were detectable at 5 months post-infection and beyond.
p24 (15-23) p24 (147-155) ISPRTLNAW HIV-1 infection human (B57) Oxenius2000
Keywords HAART, acute infection.
Epitope name ISP.

HIV Immunology

Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.
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* None of the 8 study subjects recognized this epitope but none were HLA B57+

p24 (15-23) p24 (15-23) ISPRTLNAW HIV-1 infection human (B57) Ferrari2000:
* One of the 51 HIV-1 epitopes selected by Ferrari ef al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
p24 (15-23) p24 (147-155 SF2) ISPRTLNAW HIV-1 infection human (B57) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B57+ individuals that had a CTL response to this epitope broken down by group: 0/0 group 1, 0/0 group 2, and 2/2 group 3.

p24 (15-23) ISPRTLNAW HIV-1 infection human (B57) Sabbaj2002b
Epitope name Gag-IW9.

Among HIV+ individuals who carried HLA B57, 2/5 (40%) recognized this epitope.

Among HIV+ individuals who carried HLA BS58, 0/4 (0%) recognized this epitope.

p24 (15-23) ISPRTLNAW HIV-1 infection human (B57) Oxenius2002b
Keywords HAART, supervised treatment interruptions (STT).
Epitope name ISP.
* Using previously defined epitopes [Oxenius2000, (Oxenius2001al] in an IFNgamma Elispot assay, 13 chronically HIV-1 infected patients were studied over a
period including therapy with standard treatment interruptions (STI).
STIs induced increased recognition of CTL epitopes, but there was no correlation between CTL responses with viral rebound rates, plateau viral loads, or
clearance rates.

p24 (15-23) Gag (147-155) ISPRTLNAW HIV-1 infection human (B57) Musey2003
Keywords TCR usage, genital and mucosal immunity.
Assay type Chromium-release assay.
Donor HLA A3, A28, B53, B57; A31, B7, B57.

* CTL clones from blood, semen, cervix and rectum samples from 12 individuals were compared. CTL clones derived from blood and mucosal samples had
similar high lysis efficiency, primarily perforin dependent, and TCRbeta VDJ region sequencing revealed cases of expansion of the same clone in different
compartments.

* CD8+ T cell clones directed at this epitope were derived from blood and semen of one male subject, and blood and cervix of one female subject.

* From the male patient, six clones that recognized this epitope had three different patterns of TCRbeta usage: 2 from the blood and 1 from the semen used
VB6S2DJ2S2; 1 from the blood and 1 from the semen used VB6S2DJ1.1; and 1 from the semen used VB7S1DJ2.3.

* From the female patient, five clones that recognized this epitope had different TCRbeta usage. Blood derived clones were Bbeta6S7DJ2.7, Bbeta6.4DJ2.3,
and Bbeta6S3DJ2.1. Cervix derived clones were Bbeta6S3DJ1.4 and Bbeta6S5DJ2.5.

p24 (15-23) p24 (147-155 11IB) ISPRTLNAW HIV-1 infection human (B57, B*5801)  |Goulder1996b
Keywords rate of progression.
* Five slow progressors made a response to this epitope, and in two it was the dominant response.
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* Peptide defined on the basis of B*5801 binding motif, yet not cross-restricted except at high concentrations.

p24 (15-23) p24 (subtype A) LSPRTLNAW HIV-1 exposed seronegative human (B57, B58) Kaul2000

* 11/16 heavily HIV exposed but persistently seronegative sex-workers in Nairobi had HIV-specific CD8 gamma-IFN responses in the cervix — systemic
CDS8+ T cell responses tended to be to the same epitopes but at generally lower levels than cervical CD8+ T cell responses.

* Low risk individuals did not have such CD8+ cells.

* CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNVATL (4 individuals), LSPRTLNAW (3 individuals) and YPLTFGWCEF (4 individuals) were
most commonly recognized by the HIV-resistant women.

p24 (15-23) p24 (147-155) LSPRTLNAW HIV-1 infection, HIV-1 exposed =~ human (B57, B58) Kaul2001a
seronegative
Keywords HIV exposed persistently seronegative (HEPS), immunodominance.

* Variants (L/)SPRTLNAW are specific for the A/B clades.

» ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

* Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.

* 43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.

* Among HLA-B57/B58 women, 4/6 HEPS and 14/17 HIV-1 infected women recognized this epitope.

* The dominant response to this HLA allele was to this epitope in 2 of the 4/6 HEPS cases and in 7 of the 14/17 responsive HIV-1 infected women.

p24 (16-24) p24 SPRTLNAWV HIV-1 infection chimpanzee Santral999

* 3/4 animals displayed HIV-1 Gag-specific CTL activity.

* Effector cells from two chimpanzees were able to recognize epitopes also recognized by human HIV-1 Gag-specific CTL (SPRTLNAWYV, HLA-B7, and
DLNTMLNTYV, HLA-B14)

* No chimpanzee CTL were detected to the following human HIV-1 specific Gag epitopes, although they were embedded within 20mer peptides that contained
areactive epitope: ISPRTLNAW, HLA-B57; KRWIILGLNK, HLA-B27; and DRFYKTLRA, HLA-B14.

p24 (16-24) p24 (148-156) SPRTLNAWV human (B*0702) Frahm2004
* C. Brander notes this is a B*¥0702 epitope.
* Optimal peptide mapped by titration.

p24 (16-24) SPRTLNAWV HIV-1 infection human (B07) Sabbaj2002b

Epitope name Gag-SW9.

* Among HIV+ individuals who carried HLA B07, 1/9 (11%) recognized this epitope.
* Among HIV+ individuals who carried HLA B81, 1/6 (17%) recognized this epitope.

p24 (16-24) p24 (148-156) SPRTLNAWV human (B7) Brander1997
* Optimal peptide mapped by titration, pers. comm. from D. Lewinsohn to C. Brander and B. Walker.

p24 (16-24) p24 (148-156) SPRTLNAWV HIV-1 infection human (B7) Brodie2000:

Study tracks and quantifies in vivo migration of neo-marked CD8 HIV-specific CTL.
Adoptively transferred gene-marked HIV-specific CTL homed to specific lymph node sites, colocalizing within the parafollicular regions of the lymph node
adjacent to cells expressing HIV tat-fusion transcripts, indicative of viral replication.
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» The CTL clones expressed CCRS5 and localized among HIV-1 infected cells expressing MIP-1alpha and MIP-1beta, CC-chemokines produced at sites of
viral replication, suggesting a possible homing mechanism.

* This study provides a methodology for tracking and studying antigen specific CTL in vivo

p24 (16-24) p24 (148-156) SPRTLNAWV HIV-1 infection, HIV-1 exposed = human (B7) Kaul2001a:
seronegative
Keywords HIV exposed persistently seronegative (HEPS).

» ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

» Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.

* 43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.

* Subject ML 1203 started with CTL responses to A*6802 DTVLEDINL and to B7 FPVTPQVPLR prior to seroconversion, and upon seroconversion acquired
additional responses to A*6802 ETAYFILKL which became dominant, B7 TPGPGVIRYPL, B7 IPRRIRQGL, and B7 SPRTLNAWV.

p24 (16-24) p24 (16-24) SPRTLNAWV HIV-1 infection human (B7) Day2001
Keywords rate of progression, acute infection.

* The CTL response to optimally defined CTL epitopes restricted by HLA class I A and B alleles in individuals who coexpressed HLA A2, A3, and B7 was
studied in eight HIV-1-infected subjects, two with acute infection, five with chronic, and one long-term non-progressor (LTNP)

* 2 to 17 epitopes were recognized in a given individual, A2-restricted CTL response tended to be narrow and never dominated the response, and 25/27
epitopes were targeted by at least one person.

* Subjects with chronic HIV-1 infection recognized between 2-8 out of 11 B7-restricted epitopes.

* An acute seroconvertor homozygous for the B7 allele recognized five B7-restricted epitopes.

» The other acute seroconvertor failed to recognize any of the 11 B7-restricted epitopes tested.

* The B7-restricted CTL response was highly variable and there was no clearly dominant epitope.

p24 (16-24) p24 (16-24) SPRTLNAWV HIV-1 infection human (B7) Yu2002a
Keywords dynamics, supervised treatment interruptions (STI), acute infection.
Epitope name B7-SVO.
Donor HLA A3, B7, Cw7.

* CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or -B7 (n=4) or both -A3 and B7 (n=7) positive individuals were studied.

* One individual, AC-06, was homozygous at all three class I alleles (A3, B7, Cw7), was treated during acute infection and had supervised treatment
interruptions (STI). He had only two detectable CTL responses during acute infection, but after STI this broadened to 27 distinct epitopes including 15
restricted by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.

* 1/11 HLA-B7 positive individuals had detectable B7-restricted responses to this epitope during acute infection — 10/15 of HLA-B7 epitopes tested were
targeted by at least one person during acute infection. 1/4 individuals had detectable responses to this epitope after STI.

p24 (16-24) p24 (subtype B) SPRTLNAWV HIV-1 exposed seronegative human (B7, B*8101) Kaul2000

* 11/16 heavily HIV exposed but persistently seronegative sex-workers in Nairobi had HIV-specific CD8 gamma-IFN responses in the cervix — systemic
CD8+ T cell responses tended to be to the same epitopes but at generally lower levels than cervical CD8+ T cell responses.

* Low risk individuals did not have such CD8+ cells.
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e CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNVATL (4 individuals), LSPRTLNAW (3 individuals) and YPLTFGWCEF (4 individuals) were

most commonly recognized by the HIV-resistant women.
p24 (16-24) Gag (subtype B) SPRTLNAWV HIV-1 exposed seronegative human (B7, B*8101) Rowland-Jones1998b
Keywords inter-clade comparisons.

* HIV-specific CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection.

* Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world.

* Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive, however stronger
responses are frequently observed using A or D clade versions of epitopes.

* This epitope is conserved among A, B, and D clade viruses.

p24 (18-26) Gag (150-) RTLNAWVKV HIV-1 infection, Vaccine human, transgenic Corbet2003
mouse (A2)
Vaccine Vector/Type: peptide HIV component: p24 Gag Adjuvant: Incomplete Freund’s Adjuvant (IFA)
Keywords binding affinity, inter-clade comparisons, computational epitope prediction.
Epitope name Gag150.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release assay, Flow cytometric CTL assay.

* HLA-A2-restricted HIV-1 CTL epitopes were computationally predicted. Binding affinities for HLA-A*0204, immunogenicity in HLA-A*0201 transgenic
mice, and responses to the peptides in 17 HIV-1 infected patients were tested. 31 novel conserved A2 epitopes were detected. An average of 4 epitopes were
recognized per patient.

* This peptide was an intermediate A2 binder that induced CTL responses in mice. Responses were detected in 1/17 HIV+ HLA-A2 subjects.

p24 (19-27) p24 (151-159) TLNAWVKVV HIV-1 infection human (A*02) Huang2000
Keywords HAART, immunodominance.

* The single cell ELISPOT assay was optimized and highly specific, and found to work well even after the primary cells had been frozen and thawed.

* Increases in gamma interferon producing cells were observed in response to anti-retroviral therapy using single cell IFN-gamma-production ELISPOT.

* In 3/3 HLA-A*02, -B*27 subjects the immunodominant epitope was against HLA B*27 Gag p24 epitope KRWIILGL, not A2 Gag epitopes.

p24 (19-27) p24 (151-159) TLNAWVKVV HIV-1 infection human (A*02) Rinaldo2000
Keywords HAART.

* Administration of triple-drug antiretroviral therapy (IDV, 3TC and ZDV) sometimes showed a transient increase and other times failed to increase CTL
responses in patients with advanced HIV disease, but there is a stable population of tetramer stained HIV-specific CD8+ CD45RO+ cells that can persist
after therapy and long periods of virus being below the level of detection.

p24 (19-27) p24 (151-159) TLNAWVKVV HIV-1 infection human (A2) Parker1992] [Parker1994
* Study of sequence motifs preferred for peptide binding to class I HLA-A2.
p24 (19-27) p24 (19-27) TLNAWVKVV HIV-1 infection human (A2) Ferrari2000:

* One of the 51 HIV-1 epitopes selected by Ferrari ef al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common

HLA alleles.
p24 (19-27) p24 (150-159) TLNAWVKVI HIV-1 infection, HIV-1 exposed = human (A2) Kaul2001a
seronegative

HIV Immunology

Keywords inter-clade comparisons, HIV exposed persistently seronegative (HEPS).
* Variants TLNAWVKV(I/V) are A/B clade specific.
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» ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.
p24 (19-27) p24 (subtype B) TLNAWVKVV HIV-1 exposed seronegative human (A2, A*0202) Rowland-Jones1998b
Keywords inter-clade comparisons.
* HIV-specific CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection.
* Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world.
* Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive, however stronger
responses are frequently observed using A or D clade versions of epitopes.
» This epitope is conserved among A, B and D clade viruses.
p24 (21-40) p24 (153-172 SF2) NAWVKVVEEKAFSPEVIPME HIV-1 infection human Lieberman1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.
» Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A2, -B21.
p24 (21-40) p24 (153-172 SF2) NAWVKVVEEKAFSPEVIPME Vaccine macaque Wagner1998b
Vaccine Vector/Type: virus-like particle (VLP) HIV component: CD4BS, Gag, gp120, V3
* A VLP is a non-infectious virus-like particle self-assembled from HIV Pr55 gag — macaques were immunized with VLPs bound to either gp120 or V3+CD4
linear domains Gag and Env specific CTL were stimulated in each case, and Ab response to gag and gp120 was elicited, but the gp120 neutralizing response
occurred only with whole gp120, not V3+CD4 — despite the CTL and Ab response, immunized macaques were infected by intervenous challenge with SHIV
chimeric challenge stock [Wagner1998b]
* CTL specific for this epitope could be found both before and after SHIV challenge.
p24 (21-40) Gag (153-172) NAWVKVVEEKAFSPEVIPMF HIV-1 infection human (B57) Brodie1999
* The ability of CTL effector cells was studied by expanding autologous HIV-1 Gag-specific CTL in vitro, and adoptively transferring them.
* The transferred CTLs migrated to the lymph nodes and transiently reduced circulating productively infected CD4+ T cells, showing that CTL move to
appropriate target sites and mediate anti-viral effects.
p24 (21-40) p24 (153-172) NAWVKVVEEKAFSPEVIPME HIV-1 infection human (B57) Brodie2000:
* Study tracks and quantifies in vivo migration of neo-marked CD8 HIV-specific CTL.
* Adoptively transferred gene-marked HIV-specific CTL homed to specific lymph node sites, colocalizing within the parafollicular regions of the lymph node
adjacent to cells expressing HIV tat-fusion transcripts, indicative of viral replication.
* The CTL clones expressed CCRS and localized among HIV-1 infected cells expressing MIP-1alpha and MIP-1beta, CC-chemokines produced at sites of
viral replication, suggesting a possible homing mechanism.
* This study provides a methodology for tracking and studying antigen specific CTL in vivo
p24 (21-42) p24 (153-174 BH10) NAWVKVVEEKAFSPEVIPM- HIV-1 infection human (Bw57) Johnson1991
FSA
* Gag CTL response studied in three individuals.
p24 (28-36) p24 EEKAFSPEV HIV-1 infection human (B*4415) Bird2002
Keywords HIV exposed persistently seronegative (HEPS).
* 5/233, (4 HIV-1 positive, 1 HEPS) (2.1%) Kenyan female sex workers carried the novel HLA allele B¥4415.
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* Residues forming the B pocket of HLA B*4415 were identical to HLA B*4001, B*¥4402 and B*4403. These alleles preferred E, an acidic residue, at the P2
position.

* The amino acid residues forming the F pocket of allele B*¥4415 were not correlated with other known HLA molecules, but analogy suggests a binding
preference for small, neutral amino acids.
* Based on the binding motif x[DE]xxxxxx[VILA], 19 potential B*4415 epitopes were identified, and 1/19 was reactive in an Elispot, EEKAFSPEV.

p24 (28-36) p24 (28-36) EEKAFSPEV human (B*4415) Frahm2004-
p24 (28-47) p24 (160-179) EEKAFSPEVIPMFSALSEGA HIV-1 infection human (B27) Musey1997
* Cervical and peripheral blood derived CTL clones from an HIV-infected woman recognized this epitope.
p24 (29-48) Gag (161-180 C consen- EKAFSPEVPMFTALSEGAT  HIV-1 infection human Novitsky2002
sus)

Keywords inter-clade comparisons.
* HLA, viral sequence, and Elispot data was obtained from 105 HIV-1 positive Botswanans; Elispot data was obtained from between 55 and 64 subjects for
each HIV protein.
Nef and p24 had the highest percentage of reactive peptides, and p24 had the highest magnitude of HIV-1 responses.
This peptide was among the 28 most reactive C clade peptides from among over 350 tested spanning all HIV proteins.

p24 (30-37) p24 (162-170 LAD) KAFSPEVI HIV-1 infection human (B*5703) Frahm2004
* C. Brander notes this is a B¥5703 epitope.
p24 (30-37) p24 (30-37) KAFSPEVI HIV-1 infection human (B57) Goulder2000¢

Two strong clonal CTL responses were generated in donor 026-BMC (HLA A3/-, B42/B57, Cw7/17) against different optimal versions of this epitope, one
8 amino acids long, one 11.

Improved stabilization of the B57-peptide complex was demonstrated by the 11 mer which fits the B57 binding motif, relative to the 8 mer, which does not.
B57 tolerates marked difference in optimal peptide length — and B57 is associated with non-progressive infection.

p24 (30-37) KAFSPEVI HIV-1 infection human (B57) Sabbaj2002b
Epitope name Gag-KIS.
Among HIV+ individuals tested who carried HLA B57, 0/5 (0%) recognized this epitope.

p24 (30-40) p24 KAFSPEVIPMF HIV-1 infection, HIV-1 exposed = human Kaul2001c¢
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.
* The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.
This epitope was recognized by 1/22 HEPS sex worker controls, ML1250.

p24 (30-40) p24 KAFSPEVIPMF HIV-1 infection human (B*57) Spiegel 1999
Keywords HAART.
* Study examines the effect of highly active antiretroviral therapy (HAART) on HIV-1 plasma viral load, CTLp and CTLe frequencies in 8 infected children.
* CTLp (precursors) were measured by stimulating in culture and assaying using 51Cr release, against vaccina expressed IIIB Env, Gag, Pol, Nef, and CTLe
were measured by ELISPOT.
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» CTL against B*57-KAFSPEVIPMF was a de novo response observed in one of the children when viral load increased as a result of stopping therapy.
* HIV-1 specific CTL responses initially increased in children with complete viral suppression, but then decreased, suggesting viral replication is needed to
maintain CTL responses.

p24 (30-40) p24 (162-172 LAI) KAFSPEVIPMF HIV-1 infection human (B*5701) Goulder1996b
Keywords rate of progression.

This peptide was recognized by CTL from five slow progressors.

Peptide defined on the basis of B*5801 binding motif, yet not cross-restricted except at high concentrations.

This epitope is highly conserved.

p24 (30-40) p24 (162-172 LAI) KAFSPEVIPMF HIV-1 infection human (B*5701) Frahm2004
* C. Brander notes this is a B*¥5701 epitope.
p24 (30-40) KAFSPEVIPMF HIV-1 infection human (B*5701) Migueles2001

Keywords rate of progression, immunodominance.

HLA B*5701 was found in a very high frequency in HIV-1 infected non-progressors, 11/13 (85%) versus 19/200 (9.5%) of progressors. Non-progressors
tended to have an immune response that was highly focused on four p24 epitopes that were presented by B*5701, ISPRTLNAW, KAFSPEVIPMF,
TSTLQEQIGW, and QASQEVKNW.

Attempts to make all for HLA B*5701-epitope tetramers were made, but only the HLA B*5701-KAFSPEVIPMF tetramer folded properly. The percentage of
CD8+ T cells staining with this HLA B*57 gag tetramer and the fraction of CD69+IFN-+ cells responding to autologous B cells pulsed with KAFSPEVIPMF
was highly correlated (r = 0.84; P = 0.005). The percent of CD8+ T cells that stain with the A*2 gag SLYNTVATL tetramer was low (0-0.31%) in a A2+
B57+ LTNP, emphasizing the focus of the immune response on the B*5701 epitopes.

p24 (30-40) KAFSPEVIPMF HIV-1 infection human (B*5701) Migueles2001
Keywords rate of progression, immunodominance.
* CTL activity was monitored in 27 individuals, including 10 LTNP with an over-expression of HLA B*5701 — these individuals have viral loads below
the threshold of infection without therapy, and their immune response tends to be focused on peptides that contain B*5701 epitopes ISPRTLNAW,
KAFSPEVIPMF, TSTLQEQIGW, and QASQEVKNW.
* CTL responses are broader in B*5701+ individuals with progressive viremia than those that control viremia.
e The HLA-A*0201 SLYNTVATL epitope response was not as strong in individuals that carried both A2 and B57.

p24 (30-40) Gag (162-172) KAFSPEVIPMF HIV-1 infection human (B*5701) Migueles2003
Keywords rate of progression, escape.
Epitope name KAF11.

Assay type Intracellular cytokine staining, Flow cytometric CTL assay.
* cDNA Gag sequences from a set of 17 HLA-B*5701+ progressors and 10 LTNPs were obtained, and the variation in four p24 B*5701 epitopes examined.
Sequence variants were more common (p < 0.01) in the epitopes in the progressors (median 3, range 1-7) than LTNPs (median 2, range 0-4).
In general use of the autologous protein in a target cell did not diminish the overall CD8+ T-cell responses.
This epitope tends to be quantitavtively immunodominant in B57+ people, including in some of the individuals in this study. It was extremely well conserved
in the sequences obtained here, despite strong immune pressure, suggesting fitness constraints.

p24 (30-40) p24 (30-40) KAFSPEVIPMF HIV-1 infection human (B*5701, Gillesp1e2002
B*5703)

Keywords inter-clade comparisons, rate of progression.
Epitope name KAFS.
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» CTL responses of eight HIV+ slow progressors from Nairobi Kenya or Oxford, UK who were B*5701 or B*5703 were studied, as B*57 is associated with
slow progression.

This epitope is located between the structurally conserved alpha-helix 1 and alpha-helix 2 (H1-H2) region of the p24 capsid protein, and tends to elicit
strong reactions in B*57 individuals.

Broad heterogeneous cross-clade reactivity to 6 clade variants of the KAFS peptide sequence were observed in one B*5701 and 5 B*5703 HLA-restricted
patients, measured by IFNy productionElispot assays as well as tetramer binding. The clade variants were: KAFSPEVIPMF (clades A and B), kGfNpevipmf
(clades A/AC); kaLspevipmf (clade A); kafspevipV{f (clade A); kafNpelipmf (group O); kafspelipmf (A/C); kafsQevipmf (A/C); and kaLspevipmf
KNFSPEVIPMF A/G). Not all variants were well recognized in all patients, for example kafsQevipmf was not able to induce IFN gamma production in 3/6
tested, and had a diminished capacity to sensitize target cells for lysis.

p24 (30-40) p24 (162-172 LAI) KAFSPEVIPMF HIV-1 infection human (B*5703) Frahm2004
* C. Brander notes this is a B*¥5703 epitope.
p24 (30-40) KAFSPEVIPMF HIV-1 infection human (B*5703) Sabbaj2002b
Keywords HAART.
Epitope name Gag-KF11.
Donor HLA A*3402 A*7401 B*0801 B*5703 Cw*0302 Cw*0701.
* This study monitored epitope responses in HIV-1 infected minority women living in the United States.
* 24 epitopes were described — 8 were novel, 8 used new restricting elements but were previously defined epitopes, and 8 were previously described.
* Serial peptide truncations were used to define optimal epitopes for CTL cell lines isolated from 12 individuals, assayed by a Cr-release.
* Subject 00RCHS9 was African American, on HAART, viral load 170, CD4 count 477.
* Among HIV+ individuals who carried HLA-B57, 6/6 (100%) recognized this epitope.
p24 (30-40) p24 (30-40) KAFSPEVIPMF HIV-1 infection human (B57) Goulder2000c¢
* Two strong clonal CTL responses were generated in donor 026-BMC (HLA A3/-, B42/B57, Cw7/17) against different optimal versions of this epitope, one
8 amino acids long, one 11.
* Improved stabilization of the B57-peptide complex was demonstrated by the 11mer which fits the BS7 binding motif, relative to the 8 mer, which does not.
* B57 tolerates marked difference in optimal peptide length — and B57 is associated with non-progressive infection.
p24 (30-40) p24 (162-172) KAFSPEVIPMF HIV-1 infection human (B57) Betts2000
Keywords immunodominance.
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.
* 95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.
* 1/11 of the A2+ individuals was HLA A*0201, A1, B57 and responded to four B57 epitopes and two others.
p24 (30-40) p24 (SF2) KAFSPEVIPMF HIV-1 infection human (B57) Goulder2000al

Keywords inter-clade comparisons, immunodominance.

The CTL-dominant response was focused on this epitope in a HIV+ Caucasian living in Boston — this epitope is not among the most recognized peptides in
the study.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)

contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-

DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected

subjects from South Africa.
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p24 (30—40) Gag (SF2) KAFSPEVIPMF HIV-1 infection human (B57) Goulder2001al
Epitope name KF11.
» Three CTL responses in patient PI004, to epitopes TSTLQEQIGW, ISPRTLNAW, and KAFSPEVIPMEF, were evident early after infection; CTL responses
to SLYNTVATL, QASQEVKNW, EIYKRWII, and FLKEKGGL were detectable at 5 months post-infection and beyond.
p24 (30-40) p24 (162-172) KAFSPEVIPMF HIV-1 infection human (B57) Oxenius2000
Keywords HAART, acute infection.
Epitope name KAF.
* Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.
* None of the 8 study subjects recognized this epitope but none were HLA B57+
p24 (30-40) p24 KAFSPEVIPMF HIV-1 infection human (B57) Kostense2001
* HLA tetramers to six epitopes were used to study HLA-A2, B8 and B57 CTL in 54 patients — HIV-specific tetramer positive cells were inversely correlated
with viral load in patients with high CD4, but in patients with CD4 T-cells below 400 high tetramer frequencies were found despite high viral load.
* Most patients have high levels of HIV-specific T-cell expansions, but many of these cells aren’t functional.
* In 15 of the patients, the proportion of IFN gamma producing tetramer cells correlated with AIDS-free survival.
p24 (30-40) p24 (162-172 SF2) KAFSPEVIPMF HIV-1 infection human (B57) Altfeld2001b
Keywords HAART, acute infection.
* Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.
 The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.
* Previously described and newly defined optimal epitopes were tested for CTL response.
* Number of HLA-B57+ individuals that had a CTL response to this epitope broken down by group: 0/0 group 1, 0/0 group 2, and 2/2 group 3.
p24 (30-40) p24 (163-174) KAFSPEVIPMF HIV-1 infection human (B57) Appay2000
* Combined tetramer and intracellular cytokine staining was used to study the function of circulating CD8+ T cells specific for HIV and CMV.
» HIV-specific CD8+ T cells expressed lower levels of perforin than CM V-specific CD8+ T cells from the same donor, and this was associated with persistent
CD27 expression on HIV-specific cells, suggesting impaired maturation.
* In most donors, between 50% and 95% of the activated virus-specific CD8+ T cells produced IFN-y and MIP-1f with a distinct subset that failed to produce
TNF-o
p24 (30-40) KAFSPEVIPMF HIV-1 infection human (B57) Sabbaj2002b
* Among HIV+ individuals who carried HLA B57, 1/5 (20%) recognized this epitope.
p24 (30-40) p24 KAFSPEVIPMF HIV-1 infection human (B57) Oxenius2002b
Keywords HAART, supervised treatment interruptions (STI).
Epitope name KAF.
» Using previously defined epitopes [Oxenius2000, (Oxenius2001a]] in an IFNgamma Elispot assay, 13 chronically HIV-1 infected patients were studied over a
period including therapy with standard treatment interruptions (STI).
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» STIs induced increased recognition of CTL epitopes, but there was no correlation between CTL responses with viral rebound rates, plateau viral loads, or
clearance rates.
p24 (30-40) p24 (30-40) KAFSPEVIPMF HIV-1 infection human (B57) Ca02003
Keywords acute infection, early-expressed proteins.
Assay type CD8 T-cell Elispot - IFN7y.
Donor HLA A*0201, A3, B44, B57, Cw5, Cwb6.

* All proteins were scanned and optimal epitopes were mapped in a study of CD8+ gamma IFN T-cell responses in 21 men within 15-92 days post-HIV-1
infection. Subjects initially a showed narrow immune responses with a mean of 2.3 epitopes recognized per patient. The immune response broadened
later in infection. No correlation between the plasma viral load and the number of recognized epitopes or the frequency of IFN-gamma secreting cells was
observed, and there was no correlation between the functional avidity of a responses and the abundance of IFN-secreting cells that recognized the epitope.
The first epitopes to be recognized did not tend to be the most avid, and earliest responses tended to be directed against Nef, Tat, Vpr, and Env.

» All HIV-1 proteins except Vpu were recognized, and a responses to a total of 41 optimal epitopes were characterized; 24 had been identified previously.
48% of the total T-cell responses were directed against Nef and 43% were directed against Gag.

* Alleles A3, B35, B57, and B62 were more frequently recognized than alleles A1, A2, A30, and A44 e.g., during primary infection. 2/10 patients, 1372 and
1397, recognized A2-restricted epitopes. The common A2-restricted epitopes Gag SL9 and Pol IV9 were not recognized in peptide tetramer-binding assays.

p24 (30—40) Gag (p24) KAFSPEVIPMF HIV-1 infection human (B57) Kaul2003
Keywords immunodominance, genital and mucosal immunity.
Assay type Intracellular cytokine staining.

* Predefined immunodominant peptide responses were used to compare CD8+ T cells responses in the blood and cervix of 16 HIV+ Kenyan sex workers.
Cervical responses were detected in 8/10 women from whom adequate samples could be obtained. The frequency of the CD8+ T cell response in the genital
tract was comparable to the blood, with a trend toward being slightly higher.

* The immunodominant response was to this epitope in the PBMC of 10/16 patients (Kaul ez al. 2001, AIDS, 107:1303).

p24 (30-40) p24 (153-164) KAFSPEVIPMF HIV-1 infection, HIV-1 exposed ~ human (B57, B58) Kaul2001a:
seronegative
Keywords HIV exposed persistently seronegative (HEPS), immunodominance.

» ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

* Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.

* 43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.

* Among HLLA-B57/B58 women, 4/6 HEPS and 12/17 HIV-1 infected women recognized this epitope.

* The dominant response to this HLA allele was to this epitope in 2 of the 4/6 HEPS cases and in 7 of the 12/17 HIV-1 infected women.

p24 (30-40) p24 (30-40) KAFSPEVIPMF HIV-1 infection human (B57/B58) Kaul2002

Keywords HIV exposed persistently seronegative (HEPS).

Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers caused a functional deficiency in IFN-gamma production in HIV-1 epitope-specific CD8+
T-cells, detected by intracellular cytokine production and tetramer assays, while not affecting the total number of epitope-specific CTLs.

Ghonorrhea caused the weaker HIV-1 specific CTL responses in 4 HIV-1 exposed persistently seronegative (HEPS) women to become undetectable by
Elispot and tetramer assays, and CM V-specific CTL in 2 HEPS subjects were shown to have impaired function with regard to IFN-gamma production.
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p24 (30—40) p24 (30-40) KAFSPEVIPMF HIV-1 infection human (B58) Ferrari2000:

* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

p24 (31-44) p24 (31-44 HXB2) AFSPEVIPMFSALS HIV-1 infection human Addo2003
Keywords supervised treatment interruptions (STI), immunodominance, early treatment.
Assay type T-cell Elispot.

* Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STL

* 63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl7 was the most frequently
recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

* A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.

* The authors did not note the reference strain, but based on the peptide sequences provided it appears to be HXB2.

* Responses to this peptide were detected in 22% of the study subjects, and it was one of the 25 most frequently recognized peptides.

p24 (31-50) p24 (163-182) AFSPEVIPMFSALSEGATPQ HIV-1 infection human Lieberman1995
* HIV-specific CTL lines developed by ex vivo stimulation with peptide.
p24 (31-50) p24 (163-182 SF2) AFSPEVIPMFSALSEGATPQ HIV-1 infection human Lieberman1997a

* Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

» Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

* One of these 12 had CTL response to this peptide.

* The responding subject was HLA-A2, B21.

p24 (31-50) p24 (163-182 SF2) AFSPEVIPMFSALSEGATPQ HIV-1 infection human Lieberman1997b
* CTL expanded ex vivo were later infused into HIV-1 infected patients.
p24 (31-50) p24 (SF2) AFSPEVIPMFSALSEGATPQ HIV-1 infection human Altfeld2000b

* This epitope was mapped by ELISPOT in a study identifying new HLA-B60 epitopes, and was one of the epitopes presented by another HLA molecule in
an HLA-B60 individual.

* The response to the peptide was CD4 dependent, but the HLA presenting molecule and optimal epitope were not determined.

p24 (32-40) Gag (164-172) FSPEVIPMF HIV-1 infection human (B57) Musey2003
Keywords TCR usage, genital and mucosal immunity.
Assay type Chromium-release assay.
Donor HLA A3, A28, B53, B57.

* CTL clones from blood, semen, cervix and rectum samples from 12 individuals were compared. CTL clones derived from blood and mucosal samples had
similar high lysis efficiency, primarily perforin dependent, and TCRbeta VDJ region sequencing revealed cases of expansion of the same clone in different
compartments.

* CD8+ T cell clones directed at this epitope were derived from blood and semen.

 The TCRbeta VDJ rearrangement of a CTL clone from the blood was V321S3DJ1.2, and a clone from the semen used V7S1DJ2.3.
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p24 (35-43) p24 (167-175 LAI) EVIPMFSAL human (A*2601) Goulder1996a
Keywords inter-clade comparisons.

* Identified as optimal epitope within Gag sequence AFSPEVIPMFSALSEGATPQ.

* Relatively conserved epitope within B clade and in other clades.

* Suspected binding motif for HLA-A26 includes T or V anchor at position 2, negative charge at position 1.

 C. Brander notes that this is an A*2601 epitope in the 1999 database.

p24 (35-43) p24 (167-175 LAI) EVIPMFSAL human (A*2601) Frahm2004
* C. Brander notes that this is an A*2601.
p24 (35-43) p24 (167-175) EVIPMFSAL HIV-1 infection human (A26) Betts2000
Keywords immunodominance.

* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.

* 95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.

e 1/11 of the A2+ individuals that didn’t respond to SLYNTVATL reacted with seven other epitopes including this epitope.

p24 (35-49) p24 (3548 HXB2) EVIPMFSALSEGATP HIV-1 infection human Addo2003
Keywords supervised treatment interruptions (STI), immunodominance, early treatment.
Assay type T-cell Elispot.

* Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STIL.

* 63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). p17 was the most frequently
recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

* A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.

* Responses to this peptide were detected in 16% of the study subjects, and it was one of the 25 most frequently recognized peptides.

p24 (36-43) p24 (168-175 LAI) VIPMFSAL human (C*0102(Cw1))  [Frahm2004
* C. Brander notes this is a C*0102(Cw1) epitope.
p24 (36-43) p24 (168-175 LAI) VIPMFSAL human (Cw*0102, Cwl) |Goulder1997b
p24 (36-43) p24 (168-175) VIPMFSAL HIV-1 infection human (CwO01, 02) Betts2000
Keywords immunodominance.

* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.

* 95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.

e 1/11 of the A2+ individuals that didn’t respond to SLYNTVATL reacted with seven other epitopes including this epitope.

p24 (37-52) Gag (169-184 LAI) IPMFSALSEGATPQDL HIV-1 infection human (B12) Buseyne1993a

Vertical transmission of HIV ranges from 13% to 39%

Primary assays showed cytotoxic activity against at least one HIV protein was detected in 70% of infected children.
Epitopes recognized in five children were mapped using synthetic.

Patient EM17 (CDC P2A+C+D2) had a CTL response to two epitopes in Gag.
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p24 (37-52) p24 (169-184 LAI) IPMFSALSEGATPQDL HIV-1 infection human (B12(44)) Buseyne1993b)
* Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people.
p24 (37-52) p24 (37-52) IPMFSALSEGATPDQL HIV-1 infection human (B44) Ferrari2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
p24 (39-58) Gag (171-190) MFTALSEGTPQDLNTMLNT  HIV-1 infection human Novitsky2002:

Keywords inter-clade comparisons.
» HLA, viral sequence, and Elispot data was obtained from 105 HIV-1 positive Botswanans; Elispot data was obtained from between 55 and 64 subjects for
each HIV protein.
Nef and p24 had the highest percentage of reactive peptides, and p24 had the highest magnitude of HIV-1 responses.
This peptide was among the 8 most reactive C clade peptides from among over 350 tested spanning all HIV proteins.

p24 (41-60) p24 (173-192 SF2) SALSEGATPQDLNTMLNTVG HIV-1 infection human Lieberman1997a
» Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

Three of these 12 had CTL response to this peptide.

The responding subjects were HLA-A3, A32, B7, B14; and HLA-A2, A3, B14, B44.

p24 (41-60) p24 (173-192 SF2) SALSEGATPQDLNTMLNTVG HIV-1 infection human Lieberman1997b
* CTL expanded ex vivo were later infused into HIV-1 infected patients.

p24 (41-60) p24 (SF2) SALSEGATPQDLNTMLNTVG HIV-1 infection human Altfeld2000b

This epitope was mapped by ELISPOT in a study identifying new HLA-B60 epitopes, and was one of the epitopes presented by another HLA molecule in
an HLA-B60 individual.

* The response to the peptide was CD8 dependent, but the HLA presenting molecule and optimal epitope were not determined.

p24 (41-60) p24 (179-188 subtype =~ SALSEGATPQDLNMMLNIVG HIV-1 infection human (B*8101) Dorrell 1999

A)

Keywords inter-clade comparisons.

* CTL responses in three individuals with non-clade B infections were studied, 2 with subtype A infections, 1 with subtype C — their infections all originated

in East Africa.
This CTL epitope is presented by B*8101 in one of the patients with an A subtype infection — B*¥8101 is a newly discovered HLA allele found in Africans,
and the epitope has yet to be mapped precisely.
This epitope is distinct in subtype A relative to subtypes B, C, and D which share the dominant sequence: SALSEGATPQDLNTMLNTVG.

p24 (41-62) p24 (173-194 BH10) SALSEGATPQDLNTMLNTV- HIV-1 infection human (B14) Johnson1991
GGH
* Gag CTL response studied in three individuals.
p24 (43-52) p24 (subtype A) LSEGATPQDL HIV-1 infection human (B42, B44) Ca02000

Keywords inter-clade comparisons.

HIV-1 subtypes A and D dominate the Ugandan epidemic, and a vaccine trial using B clade antigen is underway — this study addresses relative levels of
cross-reactive CTL responses in Ugandans to A, D, and B clade recombinant vaccinia viruses expressing Gag, Env, Pol, RT or Nef from HIV-1 clades A, B,
and D.
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* Proteins corresponding to the subtype of the infecting strains tended to trigger higher levels of CTL response measured by percent specific lysis, but there
was extensive inter-subtype cross-reactivity with B clade proteins and the co-circulating subtype.

This optimal epitope sequence, recognized by CTL derived from a Ugandan with an A subtype infection (patient SP 511), is cross-reactive with subtypes A,
B and D peptides.

p24 (44-52) p24 (176-184) SEGATPQDL human (B*4001) Frahm2004
* C. Brander notes this is a B*¥4001, B60 epitope.
p24 (44-52) Gag (p24) SEGATPQDL HIV-1 infection human (B60) Montefiori2003
Keywords HAART, supervised treatment interruptions (STI), acute infection, early treatment.
Epitope name SL9.
Assay type CD8 T-cell Elispot - IFN7y.
Donor HLA A2, A24, B38, B60, Cw2, Cw12.

» HIV-1+ patient AC10 underwent early HAART treatment, which was discontiuned 1.5 years later. At this timepoint potent NAb responses against autologous
virus were detected. Treatment interruption initially induced weak CD8+ responses directed against 5 epitopes. By days 873d and 923d the CTL response
had broadened to target 22 epitopes; of these six were fully characterized. Eventually the virus escaped the NAb response, but escape was not accompanied
by arise in viral load, and the authors suggest the virus was contained by the CTL response.

p24 (44-52) p24 (44-52 NL43) SEGATPQDL HIV-1 infection human (B60) Yang2003
Keywords escape.
Assay type Chromium-release assay, CTL suppression of replication.

* Virus was cultured in the presence of CTL lines specific for 5 different epitopes (SLYNTVATL, ILKEPVHGYV, IEIKDTKEAL, SEGATPQDL, and
KEKGGLEGL) to study the emergence of escape mutations. Escape varied between clones for the same epitope, and between different epitopes. Gag and
RT epitope escape, if it occurred at all, tended to be monoclonal and within the epitope, indicating strong fitness constraints, while the Nef epitope escape
was rapid, polyconal, and sometimes the result of upstream frameshifts.

* One CTL clone, 161Jx12, recognized this epitope, and apparently no resistance mutations were selected by this clone, although the data was no shown in
the paper.

p24 (44-52) p24 (SF2) SEGATPQDL HIV-1 infection human (B60(B*4001) Altfeld2000b
¢ This epitope was mapped by ELISPOT in a study identifying new HLA-B60 epitopes.

* B60 is present in 10-20% of the Caucasoid and very common in Asian populations.

p24 (44-52) p24 (44-52) SEGATPQDL HIV-1 infection human (B60/B61) Day2001
Keywords immunodominance.

* No immunodominant responses were detected to five B61-restricted epitopes tested.

* All five B60-restricted epitopes were reactive in another subject, the strongest CTL response directed against the B60-epitope p24 SEGATPQDL, and the
B60-restricted responses together contributed over one-third of the total CTL response.

p24 (46-59) p24 (SF2) GATPQDLNTMLNTV HIV-1 infection human Goulder2000a

HIV Immunology

Keywords inter-clade comparisons, immunodominance.

The CTL-dominant response was focused on this epitope in a HIV+ African American living in Boston with HLA A*3002/68 B14/#*5802 Cw6/8 — this
epitope fell within the most recognized peptides in the study.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
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* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.
p24 (47-55) p24 (47-55) ATPQDLNTM HIV-1 infection human (B7) Ferrari2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
p24 (47-56) p24 (subtype A) ATPQDLNMML HIV-1 exposed seronegative human (B53) Kaul2000
* 11/16 heavily HIV exposed but persistently seronegative sex-workers in Nairobi had HIV-specific CD8 gamma-IFN responses in the cervix — systemic
CD8+ T cell responses tended to be to the same epitopes but at generally lower levels than cervical CD8+ T cell responses.
* Low risk individuals did not have such CD8+ cells.
* CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNVATL (4 individuals), LSPRTLNAW (3 individuals) and YPLTFGWCEF (4 individuals) were
most commonly recognized by the HIV-resistant women.
p24 (47-58) p24 (181-192) CTPYDINQMLNC HIV-2 infection human (B58) Bertoletti1998a
» HIV-2 epitope defined from an infection in Gambia, Bertoletti, pers. comm.
p24 (48-56) Gag (96ZM651.8) TPQDLNTML human (A*4201, Novitsky2001
B*8101)
Keywords inter-clade comparisons, immunodominance.
Epitope name G180-TL9.
* This study is provides a survey of CTL responses and full length HIV-1 genome sequences from a C subtype infected Botswanan cohort.
* 19 of 46 (41.3%) had CTL responses to one or more peptides within the first immunodominant region of Gag (peptides TLNAWVKVIEEKAFSPEVIP,
EKAFSPEVIPMFTALSEGAT, and MFTALSEGATPQDLNTMLNT), with magnitudes of response with ELISPOT results median and range 495 (103 to
1,447) SEC/10° PBMC.
» 7 of 11 HLA-A*4201+ subjects (64%) responded to peptide MFTALSEGATPQDLNTMLNT.
* TPQDLNTML is a A*4201 epitope within TLNAWVKVIEEKAFSPEVIP.
p24 (48-56) p24 (180-188 I1IB) TPQODLNTML HIV-1 infection human (B*0702) Frahm2004
* C. Brander notes this is a B*0702 epitope.
p24 (48-56) p24 (179-187 LAI) TPQDLNTML human (B*4201) Frahm2004
* C. Brander notes this is a B*4201 epitope.
p24 (48-56) Gag (173-181 HIV-2) TPYDINQML HIV-2 infection human (B*5301) Frahm2004
* C. Brander notes this is a B*5301 epitope.
p24 (48-56) p24 (180-188 LAI) TPQDLNTML HIV-1 infection human (B*8101) Frahm2004
* C. Brander notes this is a B¥8101 epitope.
p24 (48-56) TPQDLNTML HIV-1 infection human (B*8101, Sabbaj2002b
B*5301, B07)
Keywords HAART.
Epitope name Gag-TL9.
Donor HLA A*3402 A*7401 B*5301 B*8101 Cw*0401 Cw*0802.
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* This study monitored epitope responses in HIV-1 infected minority women living in the United States.
* 24 epitopes were described — 8 were novel, 8 used new restricting elements but were previously defined epitopes, and 8 were previously described.
* Serial peptide truncations were used to define optimal epitopes for CTL cell lines isolated from 12 individuals, assayed by a Cr-release.
* Subjects 00RCHS86 and 03RCHS59 both recognized this epitope, both restricted by HLA B*8101.
* Subject 00RCH86 was African American, not on HAART, viral load 51000, CD4 count 520.
* Subject 03RCHS59 was African American, male, on HAART, viral load 22000, CD4 count 769.
* Among HIV+ individuals who carried HLA B07, 2/9 (22%) recognized this epitope.
* Among HIV+ individuals who carried HLA B*5301, 3/15 (20%) recognized this epitope.
* Among HIV+ individuals who carried HLA B81, 4/6 (67%) recognized this epitope.
p24 (48-56) p24 (C consensus) TPQDLNTML HIV-1 infection human (B42) Goulder2000al
Keywords inter-clade comparisons, immunodominance.
* B42 and B8l are very similar, and both can present this epitope to B42-positive effector cells — this epitope is almost certainly optimal for B81 as well —
B42 and or B81 are expressed in 40-45% of Zulu and Xhosa infected individuals in South Africa, and in 14/18 B42 or B81+ individuals, the dominant gag
response was to TPQDLNTML.
* Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects.
p24 (48-56) Gag TPQDLNTML HIV-1 infection human (B42) Goulder2000b
* Tetramer assays were compared with three functional assays in 42 people with chronic HIV infection: ELISPOT, intracellular cytokine staining, and
precursor frequency (limiting dilution assay [LDA])
» HIV-specific tetramer staining CTLs appeared to be active, and inert CTL were not found to play a significant role in chronic pediatric or adult HIV infection.
p24 (48-56) p24 TPQDLNQML human (B53) Rowland-Jones1999
* CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women had no delta 32 deletion
in CCRS.
* In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive, and the B35 allele
seems to be protective.
» HIV-2 sequence: TPYDINQML, no cross-reactivity, [Gotch1993|
p24 (48-56) Gag (173-181 HIV-2) TPYDINQML HIV-2 infection human (B53) Gotch1993
p24 (48-56) Gag (180-188 subtype =~ TPODLNMML HIV-1 infection, in vitro stimula- human (B53) Dorrell2001
A) tion or selectio
Keywords inter-clade comparisons.
* In vitro restimulation of CTL specific for dominant epitopes from infected individuals is possible using recombinant modified vaccinia virus Ankara (MVA)
carrying A or D subtype HIV-1 Gag proteins.
p24 (48-56) p24 (180-188 subtype A TPODLNMML HIV-1 infection human (B53) Dorrell2001
consensus)

Keywords inter-clade comparisons, immunodominance, TCR usage.
In clade A infected Gambians, three HLA-B53 epitopes were defined in Gag p24 using ELISPOT, tetramer, and cytotoxicity assays.
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This optimal epitope was identified within the 20 mer reactive peptide that carried it by homology with a B53 epitope from HIV-2, a B subtype B7 peptide
that corresponds to it, as B53 is part of the B7 superfamily, and by the proline in the anchor at position 2.

*» TPQDLNMML was recognized in 6/7 HLA-BS53 subjects and was immunodominant in most subjects.

TPQDLNMML was A subtype-specific with no cross-recognition of the subtype B, C, and D variant, TPQDLNTML, although the B/C/D variant bound
more efficiently to BS3 — position 7 show great positional variation in crystal structures of two HLA-B53 complexes, suggesting variation here might
significantly alter the position of the peptide in the binding groove and thus affect TCR interactions.

* Only one subject might have had a cross-reactive response with the HIV-2 and Mamu-A*01 variant CTPYDINQML, and this subject might have been dual
infected with HIV-2.

p24 (48-56) Gag (p24) TPQDLNMML HIV-1 infection human (B53) Kaul2003

Keywords immunodominance, genital and mucosal immunity.

Assay type Intracellular cytokine staining.

Predefined immunodominant peptide responses were used to compare CD8+ T cells responses in the blood and cervix of 16 HIV+ Kenyan sex workers.
Cervical responses were detected in 8/10 women from whom adequate samples could be obtained. The frequency of the CD8+ T cell response in the genital
tract was comparable to the blood, with a trend toward being slightly higher.

* The immunodominant response was to this epitope in the PBMC of 2/16 patients (Kaul ez al. 2001, AIDS, 107:1303).

p24 (48-56) p24 (180-188 11IB) TPQDLNTML HIV-1 infection human (B7) Wilson1999a

Keywords responses in children, mother-to-infant transmission, escape.

This study describes maternal CTL responses in the context of mother-to-infant transmission.

Detection of CTL escape mutants in the mother was associated with transmission, but the CTL-susceptible forms of the virus tended to be found in infected

infants.
* No variants of this epitope were found in a non-transmitting mother that had a CTL response to this epitope.
p24 (48-56) p24 (180-188) TPQDLNTML HIV-1 infection human (B7) Jin2000b!

Keywords immunodominance.

This is the optimal epitope for the immunodominant response defined using a conventional approach in an HLA B7+ long-term non-progressor.

Three additional sub-dominant HLA B7 epitopes were defined using EpiMatrix, a non-anchor based strategy for defining potential epitopes, which
highlighted 2078 possible epitopes in the autologous HIV-1 derived from the study subject — this was followed by B7 anchor residue prediction which
narrowed the set to 55 peptides, three of which could serve as functional CTL epitopes.

p24 (48-56) p24 (SF2) TPQDLNTML HIV-1 infection human (B7) Goulder2001a
Epitope name TL9.
* Recognized by patient 9354 during chronic infection, used as a positive control in a study of the SLYNTVATL epitope.
p24 (48-56) p24 (48-56) TPODLNTML HIV-1 infection human (B7) Day2001

Keywords rate of progression, acute infection.

* The CTL response to optimally defined CTL epitopes restricted by HLA class I A and B alleles in individuals who coexpressed HLA A2, A3, and B7 was
studied in eight HIV-1-infected subjects, two with acute infection, five with chronic, and one long-term non-progressor (LTNP)

* 2 to 17 epitopes were recognized in a given individual, A2-restricted CTL response tended to be narrow and never dominated the response, and 25/27
epitopes were targeted by at least one person.

* Subjects with chronic HIV-1 infection recognized between 2-8 out of 11 B7-restricted epitopes.

* An acute seroconvertor homozygous for the B7 allele recognized five B7-restricted epitopes.

* The other acute seroconvertor failed to recognize any of the 11 B7-restricted epitopes tested.
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* The B7-restricted CTL response was highly variable and there was no clearly dominant epitope.

p24 (48-56) p24 (48-56) TPQDLNTML HIV-1 infection human (B7) Yu2002a

Keywords dynamics, supervised treatment interruptions (STI), acute infection.

Epitope name B7-TL9.

Donor HLA A3, B7, Cw7.

CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or -B7 (n=4) or both -A3 and B7 (n=7) positive individuals were studied.

One individual, AC-06, was homozygous at all three class I alleles (A3, B7, Cw7), was treated during acute infection and had supervised treatment
interruptions (STI). He had only two detectable CTL responses during acute infection, but after STI this broadened to 27 distinct epitopes including 15
restricted by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.

1/11 HLA-B7 individuals had detectable B7-restricted responses to this epitope during acute infection — 10/15 of HLA-B7 epitopes tested were targeted by
at least one person during acute infection. 1/4 individuals had detectable responses to this epitope after STI.

p24 (48-56) p24 TPQDLNTML HIV-1 infection human (B7) Altfeld2002

Keywords HAART, supervised treatment interruptions (STI).

Epitope name B7-TL9(p24).

Donor HLA A32,A?,B7,B14.

Peripheral blood (PB) and lymph node (LN) CD8+ T-cell responses were compared in 15 asymptomatic HIV-1 infected patients using all known optimal
CTL epitopes (http://hiv-web.lanl.gov/content/hiv-db/REVIEW S/brander2001.html) for each person’s class I HLA alleles.

60 epitope responses were detected in both PB and LN samples of the 15 patients, and an additional 8 responses were detected only in LN. The total
magnitude of the response was similar in LN and PB, but the percentage of CD8+ T cells in the LN is lower so the number of HIV-specific cells per million
CD8+ T-cells is higher in the LN.

1 year post-HAART treatment in five patients studied, the magnitude of the CD8 T-cell response was decreased in both LN and PB, but more dramatically
in PB, and 13/25 epitope responses in the PB became undetectable, in contrast to 5/26 in the LN.

Treatment interruption following HAART induced resulted in increased viremia accompanied by the restoration of the detection of 13 epitopes that had
become undetectable in the PB, and the addition of 9 novel epitope responses.

Breakdowns of epitope responses were shown for 4 individuals. Patient A displayed the greatest response to epitope B14-EL9(gp41), a strong response to
B7-TL9(p24), and responses to B7-TM9(Nef) and A32-PW10(RT).

p24 (48-56) p24 (180-188 LAI) TPQDLNTML HIV-1 infection human (C*0802(Cw8)) [Frahm2004
* C. Brander notes this is a C*0802(Cw8) epitope.
p24 (48-57) Gag TPQDLNMMLN human (B7) De Groot2001

* The program Epimatrix was used in conjunction with the program Conservatrix to identify conservered regions of HIV that might serve as epitopes.

* A subset of the potential epitopes was identified that could bind to the appropriate HLA-allele, and 15 predicted B7 superfamily (HLA B7, B8, and B58)
epitopes were identified that could stimulate IFNy production in an ELISPOT assay.

* TPQDLNMMLN was newly defined as an HLA-B7 epitope in this study, athough it was previously published as a B*¥8101 epitope.

* TPQDLNMMLN was shown to stimulate an ELISPOT response, but could not be shown to bind to HLA-B7.

* The variant TPQDLNTMLN was cross-reactive, had previously been identified as a HLA-B14 epitope, and could bind to HLA-B7.

p24 (49-57) p24 (181-189 LAI) PODLNTMLN HIV-1 infection human (B14, Cw8) Lubaki1997
* Eighty two HIV-1-specific CTL clones from 5 long-term non-progressors were isolated and analyzed for breadth of response.
* A sustained Gag, Env and Nef response was observed, and clones were restricted by multiple HLA epitopes, indicating a polyclonal response.
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Despite this being a well defined conserved epitope, none of the 11 gag-specific clones from a B-14 positive subject could recognize either it or p24
RAEQASQEV.
Christian Brander notes that B14 and Cw8 are in linkage disequilibrium, and that this epitope may be CwS8.

p24 (51-59) p24 DLNTMLNTV HIV-1 infection chimpanzee Santral 999

3/4 animals displayed HIV-1 Gag-specific CTL activity.

Effector cells from two chimpanzees were able to recognize two epitopes also recognized by human HIV-1 Gag-specific CTL (SPRTLNAWYV, HLA-B7, and

DLNTMLNTYV, HLA-B14)

* No chimpanzee CTL were detected to the following human HIV-1 specific Gag epitopes, although they were embedded within 20mer peptides that contained
a reactive epitope: ISPRTLNAW, HLA-B57; KRWIILGLNK, HLA-B27; and DRFYKTLRA, HLA-B14.

p24 (51-59) p24 (subtype A) DLNMMLNIV HIV-1 exposed seronegative human (B14) Kaul2000
* 11/16 heavily HIV exposed but persistently seronegative sex-workers in Nairobi had HIV-specific CD8 gamma-IFN responses in the cervix — systemic
CD8+ T cell responses tended to be to the same epitopes but at generally lower levels than cervical CD8+ T cell responses.
* Low risk individuals did not have such CD8+ cells.
* CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNVATL (4 individuals), LSPRTLNAW (3 individuals) and YPLTFGWCEF (4 individuals) were
most commonly recognized by the HIV-resistant women.

p24 (51-59) p24 DLNMMLNIV HIV-1 infection human (B14) Kaul2001c¢

Keywords HIV exposed persistently seronegative (HEPS).

This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.

» The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.

This epitope was recognized in 1/22 HEPS sex worker controls, ML1792.

p24 (51-59) p24 (183-191 LAI) DLNTMLNTV HIV-1 infection human (B14) Mollet2000

Keywords HAART.

Epitope name G5.

A panel of 16 epitopes covering 15 class I alleles was tested in 14 HIV+ patients from an unselected Caucasian population treated with HAART, using
CD8+ cell IFNgamma production to measure responses.

In general, during the first month of treatment viral load decreased and frequencies of HIV-specific CTL tripled and broadened — eight new HIV specificities
that were not previously detectable were newly detected, as were CMV specific CD8+ PBL — but with continued viral suppression, HIV-specific responses

diminished.
* Viral rebounds gave different patterns of response: increases or decreases in pre-existing response, new specificities, or no change.
p24 (51-59) p24 (183-191) DLNMMLNIV HIV-1 infection, HIV-1 exposed  human (B14) Kaul2001a:

seronegative
Keywords HIV exposed persistently seronegative (HEPS), immunodominance.
Variants DLNMMLNIV/DLNTMLNVYV are specific for clades A/B.
* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.
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* Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.
* 43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.
* Among HLA-B14 women, 4/4 HEPS and 3/7 HIV-1 infected women recognized this epitope, likelihood ratio 4.8, p value 0.1, and HEPS women tended to
respond to DLNMMLNIV/DLNTMLNVYV, while infected women tended to respond to DRF(F/W)KTLRA.
» The dominant response to this HLA allele was to this epitope for all 4/4 HEPS cases and in only one of the 3/7 HIV-1 infected women.
* Differences in epitope specificity were only seen for responses restricted by class I HLA alleles A2, A24, A*6802, B14, and B18, previously shown to be
associated with resistance to HIV-1 in this cohort.
» Four epitopes were considered to be “resistant epitopes”, as they were preferentially reactive in HEPS women and so may confer resistance, and these
were found in three different proteins: A2 ILK(D/E)PVHGV in RT, A*6802 DTVLEDINL in Protease, B14 DLN(M/T)LN(I/V)V in p24 and B18
FRDYVDRF(Y/F)K also in p24.
p24 (51-59) p24 DLNMMLNIV HIV-1 infection human (B14) Kaul2002
Keywords HIV exposed persistently seronegative (HEPS).
» Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers caused a functional deficiency in IFN-gamma production in HIV-1 epitope-specific CD8+
T-cells, detected by intracellular cytokine production and tetramer assays, while not affecting the total number of epitope-specific CTLs.
* Ghonorrhea caused the weaker HIV-1 specific CTL responses in 4 HIV-1 exposed persistently seronegative (HEPS) women to become undetectable by
Elispot and tetramer assays, and CMV-specific CTL in 2 HEPS subjects were shown to have impaired function with regard to IFN-gamma production.
p24 (51-59) p24 (183-191 LAI) DLNTMLNTV HIV-1 infection human (B14, Cw8) Johnson1992| INixon1988
» Recent evidence indicates this is a Cw8 epitope; B14 and Cw8 are in linkage disequilibrium and the HLA presenting molecule is hard to distinguish (P.
Goulder, personal communication)
p24 (51-59) p24 DLNTMLNTV HIV-1 exposed seronegative human (B14, Cw8) Rowland-Jones1998a
Keywords inter-clade comparisons.
* A CTL response was found in exposed but uninfected prostitutes from Nairobi using previously-defined B clade epitopes that tended to be conserved in A
and D clades — such cross-reactivity could protect against both A and D and confer protection in Nairobi where both subtypes are circulating.
» The A subtype consensus is identical to the B clade epitope.
* The D subtype consensus is ALNmMLNiV.
* Recent evidence indicates this is a Cw8 epitope;B14 and Cw§ are in linkage disequilibrium and the HLA presenting molecule is hard to distinguish (P.
Goulder, personal communication)
p24 (51-59) p24 (183-191 LAI) DLNTMLNTV HIV-1 infection human (Cw8) McMichael 1994
Keywords review.
* Review of HIV CTL epitopes — defined by B14 motif found within a larger peptide.
* Recent evidence indicates this is a Cw8 epitope;B14 and Cw§ are in linkage disequilibrium and the HLA presenting molecule is hard to distinguish (P.
Goulder, personal communication)
p24 (51-59) p24 (subtype B) DLNTMLNTV HIV-1 exposed seronegative human (Cw8, B¥1402) |Rowland-Jones1998b:

Keywords inter-clade comparisons.
HIV-specific CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection.
Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world.
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Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive, however stronger
responses are frequently observed using A or D clade versions of epitopes.

This epitope is conserved among B and D clade viruses.

The Clade A version of the epitope, DLNNMLNIV, was preferentially recognized by CTL.

Recent evidence indicates this is a Cw8 epitope;B14 and Cw8 are in linkage disequilibrium and the HLA presenting molecule is hard to distinguish (P.
Goulder, personal communication)

p24 (51-70) p24 (183-202 SF2) DLNTMLNTVGGHQAAMQMLK HIV-1 infection human Lieberman1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

* One of these 12 had CTL response to this peptide.

The responding subject was HLA-A26, A30, B38.

p24 (51-82) Gag (183-214 LAI) DLNTMLNTVGGHQAAMQML~ Vaccine human Gahery-Segard2000
KETINEEAAEWDR

Vaccine Vector/Type: lipopeptide

Anti-HIV lipopeptide vaccine consisting of six long amino acid peptides derived from Nef, Gag and Env HIV-1 proteins modified by a palmitoyl chain was

administered in a phase I trial.

* A CD4+ T cell proliferative response to at least one of the six peptides was observed in 9/10 vaccinees — 2/10 reacted to this peptide.

9/12 tested mounted a CTL response to at least one of the six peptides; each of the six peptides elicited a CTL response in at least one individual.

None of the 12 tested had an IgG response to this peptide.

p24 (61-69) Gag (p24) (61-69) GHQAAMQML HIV-1 infection human (B*1510) Frahm2004

p24 (61-69) p24 (193-201 LAI) GHQAAMQML human (B*3901) Frahm?2004’
» C. Brander notes this is a B¥3901 epitope.

p24 (61-69) Gag (193-201 I1IB) GHQAAAMQML HIV-1 infection human (B38) Kurane2003

Assay type Chromium-release assay.
Three CD8+ CTL cell clones were derived from 2 HIV-1 positive asymptomatic patients, and their epitope specificities and HLA presenting proteins were

defined.
p24 (61-69) p24 (193-201 LAI) GHQAAMOQML human (B39) Kurane1998
* Optimal peptide defined by titration.
p24 (61-71) p24 (193-203 BRU) GHQAAMQMLKE HIV-1 infection human (A2) Claverie 1988

* One of 4 epitopes first predicted, then shown to stimulate HLA-A2 restricted CTL line.

p24 (61-80) p24 (193-212 SF2) GHQAAMQMKETINEEAAEW  HIV-1 infection human Lieberman1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

* One of these 12 had CTL response to this peptide.

The responding subject was HLA-A26, A30, B38.
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p24 (61-82) p24 (193-214 BH10) GHQAAMQOMLKETINEEAAE- HIV-1 infection human (Bw52) Johnson1991
WDR
* Gag CTL response studied in three individuals.
p24 (62-70) p24 (194-202 LAI) HQAAMOMLK human (B52) Brander1996b
* P. Goulder, pers. comm.
p24 (64-80) p24 (63-80 HXB2) AAMQOMLKETINEEAAEW HIV-1 infection human Addo2003
Keywords supervised treatment interruptions (STI), immunodominance, early treatment.
Assay type T-cell Elispot.

* Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STL

* 63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl7 was the most frequently
recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

* A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.

* The authors did not note the reference strain, but based on the peptide sequences provided it appears to be HXB2.

* Responses to this peptide were detected in 22% of the study subjects, and it was one of the 25 most frequently recognized peptides.

p24 (65-72) Gag (p24) AMOMLKET Vaccine mouse (H-2d) Bojak2002b,
Vaccine Vector/Type: DNA  HIV component: Gag
Epitope name A9I.
Assay type Chromium-release assay.

* Codon-optimized gag gene DNA vaccines were compared to wild type by vaccination of BALB/c mice. Codon optimized DNA gave a Thl polarized Th
response, a strong antibody response that persisted from more than 20 weeks, and CTL responses, while wild-type DNA induced weak and inconsistent
immune respones.

p24 (65-73) Gag (199-207) AMQMLKETI Vaccine mouse Vajdy2001
Vaccine Vector/Type: vaccinia, Sindbis HIV component: Gag
Keywords genital and mucosal immunity.
Epitope name p7g.
Assay type CD8 T-cell Elispot - IFNY.

* Nasal, vaginal, rectal and i.m. immunization was performed with Sindbis virus expressing HIV-1 Gag (SIN-Gag), followed by intravaginal or intrarectal
challenge with vaccinia virus expressing either Gag (VV-Gag) or gp160 (VV-gp160) as a control.

* Intranasal and intramuscular immunization followed by intravaginal challenge induced HIV-1 Gag specific, IFN-y producing CD8+ T cells in the
vaginal/uteral mucosal tissue, as well as in the draining iliac lymph nodes and in the spleen, but could not protect against a VV-Gag infection of the ovaries.
Local vaginal or rectal immunization, despite lower CD8+ T cells responses, did provide protection.

p24 (65-73) Gag (Du422) AMQMLKDTI Vaccine mouse vanHarmelen2003

Vaccine Vector/Type: DNA  Strain: C clade Du422 HIV component: Gag
Keywords inter-clade comparisons, variant cross-recognition or cross-neutralization.
Assay type Chromium-release assay.

HIV Immunology and HIV/SIV Vaccine Databases 2003 131



HIV CTL Epitope Tables p24 CTL epitopes

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References
Donor HLA H-2d.

* The pTHgagC DNA vaccine employed in this study expressed the gag gene derived from the South African isolate Du422, which was selected on the basis
of being the natural strain most similar to the South African subtype C consensus sequence (aa distance of 1.8%).

» A E7D mutation was introduced into the epitope to match the gag subtype C sequence in the vaccine. Mice vaccinated with the gag DNA made strong CTL
responses against AMQMLKDTI, boosting enhanced the response, and memory cells persisted for 15 weeks.

p24 (65-73) Gag (p24) (197-205) AMQOMLKETI? Vaccine mouse Yoshizawa2003
Vaccine Vector/Type: protein HIV component: Gag Adjuvant: Cholera toxin (CT)
Keywords TCR usage, genital and mucosal immunity.
Assay type CDS8 T-cell Elispot - IFNY, Intracellular cytokine staining, Chromium-release assay.
Donor HLA H-2d.

* Intranasal immunization triggered CTL response in the nasal-associated lymphoid tissue (NALT), posterior cervical lymph nodes (pCLNs) and the spleen,
but not in the mesenteric lymph nodes (MLNs). Rectal immunzation elicited CTL responses only in the MLNs. By immunizing mice nasally following
rectal immunization, CTL responses were detected in NALT, pCLNs, spleen and MLNs. Epitope-specific CD8+ T-cells were primarily located in NALT
after 6 days and in pCLNs after 2 months.

» The strongest specific lysis was induced by NALT-specific CTL clones. pCLNs derived memory CTL clones originated from NALT CTL clones, as
determined by T cell receptor V3 usage.

p24 (65-73) Gag (199-207 HXB2) AMQMLKETI Vaccine mouse (H-29) Qiul999
Vaccine Vector/Type: DNA  Strain: B clade HXB2 HIV component: Gag

* Different expression vectors were tested to increase Gag expression in cell lines and create suitable vectors for DNA vaccines.

* Stable Gag expression was achieved in murine p815 cells, using a Gag gene that had mutated silent base positions that disrupt inhibitory RNA sequences
which promote RNA degradation.

« Silent mutations were more effective than introduction of the D retrovirus cis-acting posttranscriptional control element (CTE) for enhancing Gag expression.

* The gag vector with silent mutations given as a vaccine to BALB/c mice gave CTL responses in splenic mononuclear cells, using peptide pulsed cells as
targets.

p24 (65-73) p24 (199-207 SF2) AMQOMLKETI Vaccine mouse (H-Zd) Neidleman2000
Vaccine Vecror/Type: protein, vaccinia Strain: B clade SF2  HIV component: Gag, Gag-Pol Adjuvant: E. coli mutant heat labile enterotoxin (LT-R72)
Epitope name p7g.

* Intranasal immunization of CB6F1 (H2bxd) mice with soluble gag p55 with LT ADP-ribosyltransferase mutants (LTK63 and LTK73) from Escherichia coli
as adjuvants was tested.

* Intranasal and intramucosal immunization of p55 gag protein with LTK63 or LTK72 adjuvant induced a CTL response comparable to intramuscular
immunization responses.

* Oral co-administration of LTR72, with residual ADP-ribosyltransferase activity, induced systemic CTL responses, but LTK63 with no ADP-
ribosyltransferase activity did not.

p24 (65-73) p24 (66-74) AMQMLKETI Vaccine mouse (H-29) Marsac2002;
Vaccine Vector/Type: DNA  HIV component: Gag Adjuvant: vesicular stomatitis virus glycoprotein (VSV-G)

* BALB/c mice were injected with plasmids expressing HIV-1 Gag with or without coinjection of a plasmid expressing vesicular stomatitis virus glycoprotein
(VSV-G). The combination encodes VSV-G pseudotyped Gag particles that can be taken up by cells for presentation in either the class I or class II pathways,
while exogenous Gag alone can only be taken into the class II pathway.
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* Vaccination with DNA expressing VSV-G pseudotyped Gag particles rather than just Gag increase Gag-specific CTL responses generally as well as the
specific H-2d restricted anti-AMQMLKETI response.
p24 (65-73) Gag (p24) (199-207 AMQMLKETI Vaccine mouse (H-2K9) 0O’Hagan2002
SF2)
Vaccine Vector/Type: protein Strain: B clade SF2  HIV component: Gag Adjuvant: DDA, DOTAP, CpG immunostimulatory sequence (ISS), MF59,
PLG, urea
Keywords dendritic cells.
Epitope name p7G.

* Intramuscular or intraperitoneal immunization of BALB/c or CB6F1 mice with urea-solubilized, emulsified, or PLG-microparticle associated p55 Gag was
studied in conjunction with the adjuvant CpG. CpG did not enhance CTL immunity when combined with urea solubilized p55, but did when combined with
emulsions and PLG-microparticle antigen.

* CpG shifted the Ab response towards a IgG2a, and CpG was shown to upregulate CD86 on mouse bone-marrow derived dendritic cells.

p24 (65-73) p24 (199-207 SF2) AMOMLKETI Vaccine mouse (H-2K%) Doel1996
Vaccine Vector/Type: vaccinia HIV component: Gag, Pol
Keywords immunodominance.
* Immunodominant murine CTL response to this peptide observed after immunization with vaccine VVgagpol.
* Optimal peptide was defined.
p24 (65-73) Gag (197-205) AMQMLKETI Vaccine mouse (H-2K9) Rayevskaya2001
Vaccine Vector/Type: Listeria monocytogenes HIV component: Gag

* BALB/c mice were immunized with a highly attenuated recombinant Listeria monocytogenes, Lmdaldat, that can grow only when supplemented with
D-alanine, and that expresses HIV-1 HXB2 Gag.

* Parenteral immunization provided protection against systemic and mucosal challenges with a recombinant vaccinia virus expressing HIV-1 gag, and a long
lasting memory CTL response against Gag in spleen, mesenteric lymph nodes, and Peyer’s patches directed against the gag protein.

* Oral immunization gave protection only against mucosal virus challenge and was associated with a transient CTL response in the three lymphoid tissues
examined.

* L. monocytogenes is a gram-positive bacteria that enters the macrophage on phagocytosis and lives in the cytoplasm — secreted L. monocytogenes antigens
are processed and presented by both class I and class II pathways.

p24 (65-73) Gag (197-205 SF2) AMQMLKETI Vaccine mouse (H-2K9) Matal998
Vaccine Vector/Type: Listeria monocytogenes Strain: B clade HXB2 HIV component: Gag
Keywords immunodominance.

* BALB/c mice were immunized with recombinant Listeria monocytogenes (Lm-Gag) expressing HIV-1 HXB2 Gag.

* L. monocytogenes is a gram-positive bacteria that enters the macrophage on phagocytosis and lives in the cytoplasm — secreted L. monocytogenes antigens
are processed and presented by both class I and class II pathways.

* This is the immunodominant CTL epitope in Gag in BALB/c mice.

* AMQMLKETI does not contain established Kd anchoring residue in position 2, tyrosine or phenylalanine, thus deviating from the typical Kd anchoring
motif — the lack of the aromatic anchor residue is compensated for by interaction of the glutamine at P3 with pocket D of Kd.

p24 (65-73) Gag (HXB2) AMQMLKETI Vaccine mouse (H-2K9) Haglund2002a)

HIV Immunology

Vaccine Vector/Type: vaccinia, vesicular stomatitis virus (VSV)  Strain: B clade HXB2, B clade IIIB  HIV component: Env, Gag
Keywords immunodominance.
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* Different HIV strains were used for different regions: Env IIIB, Gag HXB2

* BALB/c mice were vaccinated with rec vesicular stomatitis virus (rVSV) expressing either HIV-1 Gag, Env, or both, and compared to using rec Env and
Gag in vaccinia virus (rVVs). The primary response was determined by cell lysis, cytokine production and tetramer staining.

* Primary CTL responses to the immunodominant Gag (AMQMLKET]I) epitope peaked in 7 days for GAG-rVSYV, 3% of the cells were tetramer positive, and

this response was 8-fold higher than for Gag-rVV.

Vaccinating with GagEnv-rVSV carrying both Gag and Env allowed recognition of both HIV-1 proteins, but at reduced levels compared to either Gag-rVSV

or Env-rVSV alone.

Intranasal immunization with Env-rVSV yielded CTL responses that were strong but reduced compared to an intraperitoneal route.

p24 (65-73)

Gag (HXB2) AMQMLKETI Vaccine mouse (H-2K9) Haglund2002b

Vaccine Vector/Type: vaccinia, vesicular stomatitis virus (VSV)  Strain: B clade HXB2, B clade IIIB  HIV component: Env, Gag

Keywords immunodominance.

Different HIV strains were used for different regions: Env IIIB, Gag HXB2

BALB/c mice were vaccinated with rec vesicular stomatitis virus (rVSV) expressing either HIV-1 Gag or Env, or both, and retention of memory responses
and recall responses were studied by tetramer staining and IFN-gamma production.

Seven months after vaccination with Env-rVSV, 6% of the CD8+ cells were tetramer positive for the immunodominant Env epitope; these cells had a
memory phenotype, CD44-Hi positive.

Env in rec vaccinia virus (Env-rVV) elicited a strong recall response, with up to 45% to the CD8+ T-cell population tetramer positive and activated
(expressing CD62L-Lo), and capable of IFN-gamma production.

A prime with Env-rVSV and heterologous boost of Env-rVV gave remarkably high levels of memory cells, with approximately 1/3 of the CD8+ splenocytes
being Env specific memory cells 150 days after the boost.

A Gag-rVSV or EnvGag-rVSV prime and with a heterologous Gag-rVV or EnvGag-rVV boost combination gave 40% tetramer positive CD8+ cells, but the
fraction of IFN-gamma producing cells was only about 25%. Still the heterologous vector prime-boost combination showed a profound benefit.

A HIV-1 protein rVSV prime, rVV boost was a more potent combination than a vector reversal of a rVV prime and rVSV boost.

p24 (65-73)

Gag AMQOMLKETI Vaccine mouse (H-2Kd) Peters2003

Vaccine Vector/Type: Listeria monocytogenes HIV component: Gag

Keywords genital and mucosal immunity.

Assay type Tetramer binding, Intracellular cytokine staining.

Donor HLA H-2d.

Intravenous, rectal, and oral vaccination of recombinant L. monocytogenes expressing HIV-1 Gag antigen, were compared for their ability to stimulate a
mucosal CTL response; mucosal administration of this vaccine gave strong mucosal response that was readily boosted.

This CTL epitope is the immunodominant epitope in Gag for BALB/c mice, and was used to characterize the vaccine responses.

p24 (65-73)

Gag (197-205) AMQMLKETI Vaccine mouse (H-2Kd) Rayevskaya2003

Vaccine Vector/Type: vaccinia, Listeria monocytogenes HIV component: Gag, Nef

Keywords memory cells.

Assay type cytokine production, proliferation, Tetramer binding, Intracellular cytokine staining, Chromium-release assay.

Donor HLA H-2d.

Splenocytes derived from BALB/c mice immunized and boosted with Lmdd-gag were stimulated with gag-peptide specific antigen in vitro. In culture, CTL
activity against this epitope reached a maximum at 9 days, then declined. Peptide restimulation gave a delayed (18 hours) but potent response, and growth
was IL-2 or IL-15 dependent. Adoptive transfer of 5000 of the sorting purified cells could protect recipient BALB/c against vaccinia-gag challenge up to 3
months after transfer.
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p24 (69-86) Gag (201-218 LAD) LKETINEEAAEWDRVPV HIV-1 infection human Buseyne1993a
* Vertical transmission of HIV ranges from 13% to 39%
* Primary assays showed cytotoxic activity against at least one HIV protein was detected in 70% of infected children.
* Epitopes recognized in five children were mapped using synthetic peptides and secondary cultures.
» Patient EM28 (CDC P2A) had a CTL response to four epitopes in Gag.
p24 (70-78) KETINEEAA HIV-1 infection human (B*4002) Sabbaj2002b
Keywords HAART.
Epitope name Gag-KA9.
Donor HLA A*0201 A*0217 B*0801 B*4002 Cw*0303 Cw*070.
* This study monitored epitope responses in HIV-1 infected minority women living in the United States.
* 24 epitopes were described — 8 were novel, 8 used new restricting elements but were previously defined epitopes, and 8 were previously described.
* Serial peptide truncations were used to define optimal epitopes for CTL cell lines isolated from 12 individuals, assayed by a Cr-release.
* This epitope was newly defined in this study.
 Patient 01RCH46 was Hispanic, on HAART, and had a viral load of 21000 and CD4 count of 623 — she also recognized GELDRWEKI, p17(11-19), HLA
B*4002, and TAFTIPSI, RT(128-135), HLA A*0217.
* Among HIV+ individuals who carried HLA B40, 3/5 (60%) recognized this epitope.
p24 (70-78) p24 (70-78) KETINEEAA HIV-1 infection human (B*4002) Frahm2004
p24 (71-80) p24 (203-212) ETINEEAAEW HIV-1 infection human (A*2501) Klenerman1996
Keywords inter-clade comparisons.
* The epitope was defined through direct stimulation of PBMC with 20-mer peptides.
* Jtis in a conserved region, ETINEEAAEW is found in most B, D, and E subtype isolates.
*» DTINEEAAEW is found in A and some D subtype sequences.
p24 (71-80) p24 (203-212) ETINEEAAEW HIV-1 infection human (A*2501) Frahm2004
* C. Brander notes this is an A*2501 epitope.
p24 (71-80) p24 (203-212) ETINEEAAEW HIV-1 infection human (A*2501) vanBaalen1996
» Conserved between B and D subtypes, variable in other clades; a consensus of clades A, C, F, G, and H and a peptide of HIV-2ROD over this region were
not recognized by CTL recognizing the index peptide.
* C. Brander notes that this is an A*2501 epitope in the 1999 database.
p24 (71-80) p24 ETINEEAAEW human (A25) Rowland-Jones1999
* CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women had no delta 32 deletion
in CCRS.
* In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive, and the B35 allele
seems to be protective.
* HIV-2 sequence: EIINEEAAEW, no cross-reactivity [vanBaalen1996|
p24 (71-80) p24 (203-212 SF2) ETINEEAAEW HIV-1 infection human (A25) Altfeld2001b

Keywords HAART, acute infection.
Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.
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» The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

* Previously described and newly defined optimal epitopes were tested for CTL response.

* Number of HLA-A25+ individuals that had a CTL response to this epitope broken down by group: 0/0 group 1, 0/2 group 2, and 1/3 group 3.

p24 (71-80) DTINEEAAEW HIV-1 infection human (B*5301) Sabbaj2002b
Epitope name Gag-DW10.
* Among HIV+ individuals who carried HLA B*5301, 2/15 (13%) recognized this epitope.
p24 (71-80) ETINEEAAEW HIV-1 infection human (B*5301) Sabbaj2002b
Epitope name Gag-EW10.
* Among HIV+ individuals who carried HLA B*5301, 2/15 (13%) recognized this epitope.
p24 (71-80) p24 (203-212) DTINEEAAEW HIV-1 infection, HIV-1 exposed = human (B53) Kaul2001a:
seronegative
Keywords HIV exposed persistently seronegative (HEPS).

» ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

» Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.

* 43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.

* Among HLA-B53 women, 0/2 HEPS and 7/9 HIV-1 infected women recognized this epitope.

* The dominant response to this HLA allele was to this epitope in 4 of the 7/9 responsive HIV-1 infected women.

p24 (71-80) p24 (203-212 subtype A DTINEEAAEW HIV-1 infection human (B53) Dorrell2001
consensus)
Keywords binding affinity, inter-clade comparisons, epitope processing.

* In clade A infected Gambians, three HLA-B53 epitopes were defined in Gag p24 using ELISPOT, tetramer, and cytotoxicity assays.

* Two of the new epitopes lacked the predicted by P2 anchors, DTINEEAAEW and QATQEVKNM, and bound to B53 with high affinity, thus extending the
anchor residue motif for B53 and the related B35.

» Two overlapping 20 mer peptides carry this complete epitope, but only one stimulates recognition, which could be due to different peptide processing.

* DTINEEAAEW was recognized in only 2/7 HLA-B53 subjects.

* DTINEEAAEW was not A subtype specific and there was cross-recognition although diminished, of the subtype B, C, and D variant, ETINEEAAEW.

* In one of the two subjects there was cross-recognition of the HIV-2 version of the epitope, EINEEAADW.

p24 (71-90) p24 (203-222 SF2) ETINEEAAEWDRVHPVVHA- HIV-1 infection human Lieberman1997a
GP

* Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

* Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

* One of these 12 had CTL response to this peptide.

* The responding subject was HLA-A2, B21.
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p24 (78-86) AEWDRVHPV HIV-1 infection human (B*4002) Sabbaj2002b
Keywords HAART.
Epitope name Gag-AV9.
Donor HLA A*0201 A*3201 B*4002 B*5301 Cw*0202 Cw*0401.
* This study monitored epitope responses in HIV-1 infected minority women living in the United States.
* 24 epitopes were described — 8 were novel, 8 used new restricting elements but were previously defined epitopes, and 8 were previously described.
* Serial peptide truncations were used to define optimal epitopes for CTL cell lines isolated from 12 individuals, assayed by a Cr-release.
* This epitope was newly defined in this study.
* Patient 01RCHS59 was Hispanic, not on HAART, and had a viral load of 5100 and CD4 count of 349 — she also recognized TERQANFL, p2p7p1p6(64-71),
HLA-B*4002, and KEKGGLEGL, Nef(92-100), HLA-B*4002.
* Among HIV+ individuals who carried HLA B40, 4/5 (80%) recognized this epitope.
p24 (78-86) p24 (78-86) AEWDRVHPV HIV-1 infection human (B*4002) Frahm2004
p24 (83-92) p24 (215-223 I1IB) VHPVHAGPIA HIV-1 infection human (B55) Sipsas1997
» HIV IIIB proteins were used to define the range of CTL epitopes recognized by 3 lab workers accidentally infected with HIV-1 IIIB.
* LHPVHAGPVA, a variant found in HIV-1 PH136, was also recognized.
* LHPVHAGPIA, a variant found in HIV-1 RF, was also recognized.
* LHPVHAGTPIT, a variant found in HIV-1 MN, was also recognized.
* LHPAQAGPIA, a variant found in HIV-1 JH3, was recognized at high peptide concentrations.
p24 (84-92) p24 (84-92) HPVHAGPIA HIV-1 infection human (B*07) Frahm2004
p24 (84-92) p24 (84-92) HPVHAGPIA HIV-1 infection human (B7) Yu2002a’

Keywords dynamics, supervised treatment interruptions (STI), acute infection.

Epitope name B7-HA9.

Donor HLA A3, B7, Cw7.
* CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or -B7 (n=4) or both -A3 and B7 (n=7) positive individuals were studied.
* One individual, AC-06, was homozygous at all three class I alleles (A3, B7, Cw7), was treated during acute infection and had supervised treatment
interruptions (STI). He had only two detectable CTL responses during acute infection, but after STI this broadened to 27 distinct epitopes including 15
restricted by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.
1/11 HLA-B7 individuals had detectable B7-restricted responses to this epitope during acute infection—10/15 of HLA-B7 epitopes tested were targeted by
at least one person during acute infection. 3/4 individuals had detectable responses to this epitope after STI.

p24 (87-101)

Gag (219-233 LAI) HAGP IAPGQMREPRG HIV-1 infection human Buseynel1993a
Vertical transmission of HIV ranges from 13% to 39%

 Primary assays showed cytotoxic activity against at least one HIV protein was detected in 70% of infected children.

Epitopes recognized in five children were mapped using synthetic peptides and secondary cultures.

Patient EM28 (CDC P2A) had a CTL response to four epitopes in Gag.

p24 (87-101)

p24 (219-233 BRU) HAGPIAPGQMREPRG HIV-1 infection human (A2) Claverie1988
* One of 4 epitopes predicted then shown to stimulate HLA-A2 restricted CTL line.

p24 (91-110)

HIV Immunology

p24 (223-242 SF2) IAPGQMREPRGSDIAGTTST HIV-1 infection human Lieberman1997a
» Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.
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Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.
One of these 12 had CTL response to this peptide.
The responding subject was HLA-A2, A24, B13, B35.

p24 (101-120)

p24 (233-252 SF2) GSDIAGTTSTLQEQIGWMTN HIV-1 infection human Lieberman1997a
Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

One of these 12 had CTL response to this peptide.

The responding subject was HLA-A26, A30, B38.

p24 (107-115)

Gag (239-247 SF2) TTSTLQEQTI Vaccine mouse (H-2K9) Matal998

Vaccine Vector/Type: Listeria monocytogenes Strain: B clade HXB2 HIV component: Gag

BALB/c mice were immunized with recombinant Listeria monocytogenes (Lm-Gag) expressing HIV-1 HXB2 Gag.

L. monocytogenes is a gram-positive bacteria that enters the macrophage on phagocytosis and lives in the cytoplasm — secreted L. monocytogenes antigens
are processed and presented by both class I and class II pathways.

p24 (108-117)

TSTLQRQIGW HIV-1 infection human Kaul2001¢
Keywords HIV exposed persistently seronegative (HEPS).
This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.
The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.
This epitope was recognized in 1/22 HEPS sex worker controls (ML1250)

p24 (108-117)

TSTLQEQIGW HIV-1 infection human (B*5701) Migueles2001
Keywords rate of progression, immunodominance.
HLA B*5701 was found in a very high frequency in HIV-1 infected non-progressors, 11/13 (85%) versus 19/200 (9.5%) of progressors. Non-progressors
tended to have an immune response that was highly focused on four p24 epitopes that were presented by B*5701, ISPRTLNAW, KAFSPEVIPMF,
TSTLQEQIGW, and QASQEVKNW.

p24 (108-117)

TSTLQEQIGW HIV-1 infection human (B*5701) Migueles2001
Keywords rate of progression, immunodominance.
CTL activity was monitored in 27 individuals, including 10 LTNP with an over-expression of HLA B*5701 — these individuals have viral loads below
the threshold of infection without therapy, and their immune response tends to be focused on peptides that contain B*5701 epitopes ISPRTLNAW,
KAFSPEVIPMF, TSTLQEQIGW, and QASQEVKNW.
CTL responses are broader in B*5701+ individuals with progressive viremia than those that control viremia.
The HLA-A*0201 SLYNTVATL epitope response was not as strong individuals that carried both A2, B57.

p24 (108-117)

TSTLQEQIGN HIV-1 infection human (B*5701) Migueles2003
Keywords rate of progression, escape.
Assay type Intracellular cytokine staining, Flow cytometric CTL assay.
cDNA Gag sequences from a set of 17 HLA-B*5701+ progressors and 10 LTNPs were obtained, and the variation in four p24 B*5701 epitopes examined.
Sequence variants were more common (p < 0.01) in the epitopes in the progressors (median 3, range 1-7) than LTNPs (median 2, range 0-4).
In general use of the autologous protein in a target cell did not diminish the overall CD8+ T-cell responses.
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p24 (108-117) p24 (241-250 LAI) TSTVEEQQIW HIV-2 infection human (B*5801) Frahm2004
» C. Brander notes this is a B¥5801 epitope.
p24 (108-117) p24 (240-249 LAI) TSTLQEQIGW HIV-1 infection human (B*5801) Frahm2004
* C. Brander notes this is a B*¥5801 epitope.
p24 (108-117) p24 (233-252) TSTLQEQIGW HIV-1 infection human (B57) Bernard 1998

This study focuses on six rare long-term survivor HIV-infected people who were infected for many years without exhibiting immune dysregulation — such
immunologically normal HIV-infected (INHI) cases occur at a frequency between 0.1 and 1% in the infected population.

No direct CTL were found in any of the six INHIs, but above background CTLp activity was founded in 3/6 INHIs.

Epitope sequences were deduced from larger reactive peptides based on HLA binding motifs — XSXXXXXXXW is a B57 binding motif, and CTL activity
against TSTLQEQIGW has been found in two other BS7 long-term non-progressors.

p24 (108-117)

Gag (SF2) TSTLQEQIGW HIV-1 infection human (B57) Goulder2001al
Keywords HAART, acute infection.
Epitope name TW10.

Dominant epitope in acute infection in patient PI004, who did not receive any antiviral therapy.

1-2 months post seroconversion, subject PI004 displayed a significant decrease in TW 10 peptide recognition, followed by an increased CTL response against
epitope SL9, SLYNTVATL and other epitopes.

Three CTL responses, to epitopes TSTLQEQIGW, ISPRTLNAW, and KAFSPEVIPMEF, were evident early after infection; CTL responses to SLYNTVATL,
QASQEVKNW, EIYKRWII, and FLKEKGGL were detectable at 5 months post-infection and beyond.

p24 (108-117)

p24 (108-117) TSTLQEQIGW HIV-1 infection human (B57) Oxenius2000
Keywords HAART, acute infection.
Epitope name TST.

Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.

None of the 8 study subjects recognized this epitope but none were HLA B57+

p24 (108-117)

p24 (108-117) TSTLQEQIGW HIV-1 infection human (B57) Ferrar12000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

p24 (108-117)

p24 TSTLQEQIGW HIV-1 infection human (B57) Kaul2002

Keywords HIV exposed persistently seronegative (HEPS).

Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers caused a functional deficiency in IFN-gamma production in HIV-1 epitope-specific CD8+
T-cells, detected by intracellular cytokine production and tetramer assays, while not affecting the total number of epitope-specific CTLs.

Ghonorrhea caused the weaker HIV-1 specific CTL responses in 4 HIV-1 exposed persistently seronegative (HEPS) women to become undetectable by
Elispot and tetramer assays, and CMV-specific CTL in 2 HEPS subjects were shown to have impaired function with regard to IFN-gamma production.

p24 (108-117)

p24 TSTLQEQIGW HIV-1 infection human (B57) Oxenius2002b
Keywords HAART, supervised treatment interruptions (STI).
Epitope name TST.

HIV Immunology and HIV/SIV Vaccine Databases 2003 139



HIV CTL Epitope Tables p24 CTL epitopes

HXB2 Location

Author’s Location Sequence Immunogen Species (HLA) References

* Using previously defined epitopes [Oxenius2000} |Oxenius2001al] in an IFNgamma Elispot assay, 13 chronically HIV-1 infected patients were studied over a
period including therapy with standard treatment interruptions (STI).

* STIs induced increased recognition of CTL epitopes, but there was no correlation between CTL responses with viral rebound rates, plateau viral loads, or
clearance rates.

p24 (108-117)

p24 (108-117) TSTLQEQIGW HIV-1 infection human (B57, B58) Cao02003

Keywords binding affinity, acute infection, early-expressed proteins, cross-presentation by different HLA.

Assay type CD8 T-cell Elispot - IFNYy.

Donor HLA Al, A26, B35, B57, Cw4, Cw0601; A1, A30, B42, B52, Cw7, Cwl7; A1, A*0201, B44, B57, Cw5, Cw6.

All proteins were scanned and optimal epitopes were mapped in a study of CD8+ gamma IFN T-cell responses in 21 men within 15-92 days post-HIV-1
infection. Subjects initially a showed narrow immune responses with a mean of 2.3 epitopes recognized per patient. The immune response broadened
later in infection. No correlation between the plasma viral load and the number of recognized epitopes or the frequency of IFN-gamma secreting cells was
observed, and there was no correlation between the functional avidity of a responses and the abundance of IFN-secreting cells that recognized the epitope.
The first epitopes to be recognized did not tend to be the most avid, and earliest responses tended to be directed against Nef, Tat, Vpr, and Env.

This epitope was recognized in three of the acutely infected individuals and was presented by both HLA-B57 and B58.

* More common HLA alleles were less frequently used in primary infection than less common alleles, for example A3, B35, B57, and B62 were more
frequently utilized than A1, A2, A30, and A44.

All HIV-1 proteins except Vpu were recognized, and a responses to a total of 41 optimal epitopes were characterized; 24 had been identified previously.
48% of the total T-cell responses were directed against Nef and 43% were directed against Gag.

p24 (108-117)

p24 (235-243) TSTLQEQIGW HIV-1 infection, HIV-1 exposed  human (B57, B58) Kaul2001a:
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
TSTLQEQIGW cross reacts with both for the A and B clades.
* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

p24 (108-117)

p24 (241-250) TSTVEEQQIW HIV-2 infection human (B58) Bertoletti1998al
HIV-2 epitope defined from an infection in Gambia, Bertoletti, pers. comm.
All HIV-2 sequences from the database are TSTVEEQIQW in this region, not TSTVEEQQW as in the paper.

p24 (108-117)

p24 TSTLQEQIGW HIV-1 exposed seronegative human (B58) Rowland-Jones1999

* CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women had no delta 32 deletion
in CCRS.

* In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive, and the B35 allele
seems to be protective.

* HIV-2 sequence: TSTVEEQIQW, CTL are cross-reactive, [Bertoletti1998b]

p24 (108-117)

140

p24 (240-249) TSTLQEQIGW HIV-2 infection human (B58) Bertoletti1998b

Keywords inter-clade comparisons, rate of progression, immunodominance.
* CTL responses in HLA-B*5801 positive HIV-2 infected individuals have a dominant response to Gag and tolerate extensive substitution, thus HLA-B*5801+
individuals may have an enhanced potential for cross-protection between HIV-1 and HIV-2.
This can be an immunodominant epitope in HLA-B57 and B*5801 infected individuals, and is associated with long-term non-progression [Goulder1996b]
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» HIV-2 sequence: HIV-2 ROD has the epitope sequence TSTVEEQIQW, and the CTL from a person infected with HIV-2 was cross-reactive with HIV-1
epitopes.

The epitope is TSTLQEQIGW in HIV-1 B clade, and TSTVEEQIQW in HIV-2 ROD.
* HLA B*5801 and B35 may preferentially select HIV-1 and HIV-2 cross-reactive epitopes.

p24 (108-117) p24 (240-249 SF2) TSTLQEQIGW HIV-1 infection human (B58) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B58+ individuals that had a CTL response to this epitope broken down by group: 0/0 group 1, 1/1 group 2, and 0/0 group 3.

p24 (108-117) p24 (108-117) TSTLQEQIGW HIV-1 infection human (B58) Goulder2001c¢

Keywords acute infection.

Epitope name TW10.

Responses to this dominant A3-restricted Gag epitope are present during the time of decreasing viral load in acute infection.

Mutations in this epitope were observed in autologous clones of subjects who were B58-positive with a higher frequency than those who were B58-negative

(P=0.02)
* These mutations are being sexually transmitted in adult infections.
p24 (108-118) p24 (240-249 LAI) TSTLQEQIGWF HIV-1 infection human (B*57, B*5801) |Goulder1996b

Keywords rate of progression.

Response to this epitope was found in 4 slow progressing HLA-B*57 individuals, in 2 it was dominant or very strong.
For one donor (from Zimbabwe) this was defined as the optimal peptide.

This epitope can be presented in the context of the closely related HLA molecules B*5801 and B*57.

p24 (108-118) p24 (240-249 LAI) TSTLQEQIGWF HIV-1 infection human (B*5701) Frahm2004
* C. Brander notes this is a B*¥5701 epitope.
p24 (108-118) TSTLQEQIGWF HIV-1 infection human (B57) Sabbaj2002b

Epitope name Gag-TF11.
Among HIV+ individuals who carried HLA B57, 2/5 (40%) recognized this epitope.

p24 (109-117) Gag (241-249 LAI) STLQEQIGW HIV-1 infection human (B*5701 Klein1998
B*5801)

Keywords rate of progression.
* B57 has been associated with long-term non-progression in the Amsterdam cohort.
The most pronounced CTL responses in HLA B*5701 LTS were to RT and Gag.

p24 (109-117) STLOEQIGW HIV-1 infection human (B57) Sabbaj2002b
Epitope name Gag-SW9.
Among HIV+ individuals who carried HLA B57, 1/5 (20%) recognized this epitope.
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* Among HIV+ individuals who carried HLA B58, 1/4 (25%) recognized this epitope.

p24 (110-118)

Gag (242-) TLQEQIGWM HIV-1 infection, Vaccine human (A2) Corbet2003

Vaccine Vector/Type: peptide HIV component: p24 Gag Adjuvant: Incomplete Freund’s Adjuvant (IFA)

Keywords binding affinity, inter-clade comparisons, computational epitope prediction.

Epitope name Gag242.

Assay type CD8 T-cell Elispot - IFNy, Chromium-release assay, Flow cytometric CTL assay.

HLA-A2-restricted HIV-1 CTL epitopes were computationally predicted. Binding affinities for HLA-A*0204, immunogenicity in HLA-A*0201 transgenic
mice, and responses to the peptides in 17 HIV-1 infected patients were tested. 31 novel conserved A2 epitopes were detected. An average of 4 epitopes were
recognized per patient.

This peptide was an intermediate A2 binder that did not induce CTL and CD8+ T-cell IFN gamma responses in mice. Responses were detected in 2/17
HIV+ HLA-A?2 subjects.

p24 (118-126)

Gag (282-290) MTINNPPIPV HIV-1 infection human (A2 supertype)  |Propato2001

Keywords supertype, rate of progression.

Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes

Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

This epitope can bind three of the five HLA-A2 supertypes alleles (A*0201, A*0202, A*0203, A*0206 and A*6802).

p24 (121-135)

p24 (121-135 HXB2) NPPIPVGEIYKRWII HIV-1 infection human Addo2003

Keywords supervised treatment interruptions (STI), immunodominance, early treatment.

Assay type T-cell Elispot.

Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients

were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STIL.

63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl7 was the most frequently

recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)

recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.

The authors did not note the reference strain, but based on the peptide sequences provided it appears to be HXB2.

Responses to this peptide were detected in 19% of the study subjects, and it was one of the 25 most frequently recognized peptides.

p24 (121-135) p24 (253-267) NPPIPVGEIYKRWII HIV-1 infection human (BS8) Gotch1990
* High frequency of memory and effector Gag-specific CTL.
p24 (121-135) p24 (255-274 SF2) NPPIPVGEIYKRWII HIV-1 infection human (BS8) Goulder1997al |Phillips1991

142

Keywords review, immunodominance, escape.
Longitudinal study of CTL escape mutants in people with the appropriate HLA types — little variation was observed in the immunodominant B27 epitope,
relative to B8 epitopes, which varied over time.
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* [Goulder1997a] is a review of immune escape that points out that there may be a protective effect associated with B27, and that HLA-B8 individuals tend to
progress more rapidly than HLA B27 patients.

p24 (121-135)

p24 (121-135) NPPIPVGEIYKRWII HIV-1 infection human (B8) Ferrar12000
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

p24 (121-140)

p24 (253-272) NPPIPVGEIYKRWIILGLNK HIV-1 infection human Lieberman1995
HIV-specific CTL lines developed by ex vivo stimulation with peptide.

p24 (121-140)

p24 (253-272 SF2) NPPIPVGEIYKRWIILGLNK HIV-1 infection human Lieberman1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.
Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.
* Two of these 12 had CTL response to this peptide.
The responding subjects were HLA-A2, A3, B8, B62, and HLA-A1, B8, B18.

p24 (121-140)

p24 (121-140)

p24 (121-142)

p24 (121-152)

p24 (253-272 SF2) NPPIPGEIKRWIILGNIK HIV-1 infection human Lieberman1997b
* CTL expanded ex vivo were later infused into HIV-1 infected patients.
p24 (255-274 SF2) NPPIPVGEIYKRWIILGLNK HIV-1 infection human vanBaalen1993
* Gag CTL epitope precursor frequencies were estimated and peptide mapping was performed.
p24 (253-274 BH10) NPPIPVGEIYKRWIILGLN- HIV-1 infection human (BS8) Johnson1991
KIV
* Gag CTL response studied in three individuals.
Gag (183-214 LAD) NPPIPVGEIYKRWIILGLN- Vaccine human Gahery-Segard2000
KIVRMYSPTSILD

Vaccine Vector/Type: lipopeptide

Anti-HIV lipopeptide vaccine consisting of six long amino acid peptides derived from Nef, Gag and Env HIV-1 proteins modified by a palmitoyl chain was
administered in a phase I trial.

* A CD4+ T cell proliferative response to at least one of the six peptides was observed in 9/10 vaccinees — 9/10 reacted to this peptide.

9/12 tested mounted a CTL response to at least one of the six peptides; each of the six peptides elicited a CTL response in at least one individual — this
peptide was particularly immunogenic, eliciting a CTL response in four vaccinees.

All of the 12 tested had an IgG response to this peptide.

p24 (121-152)

Gag NPPIPVGEIYKRWIILGLN- HIV-1 infection, Vaccine human (A*0201) Seth2000!
KIVRMYSPTSILD
Vaccine Vector/Type: lipopeptide HIV component: Gag
Immunization of 2/4 HIV seropositive HLA selected individuals with a 32 amino acid Gag lipopeptide that contains CTL epitopes restricted by HLA A33,
B8, B27, B35, and Bw62 gave a transient increase in peptide-specific bulk CTL response, but they did not decrease plasma viral load.
Placebo and HLA mis-matched controls showed no change in CTL.
The responders carried HLA Bw62 and B35 — the two HLA-matched that did not respond carried B35 and BS.

p24 (122-130)

HIV Immunology

p24 PPIPVGDIH HIV-1 infection human Kaul2001c¢
Keywords HIV exposed persistently seronegative (HEPS).
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This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.

* The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.

This epitope was recognized in 1/22 HEPS sex worker controls, ML887.

p24 (122-130) p24 (260-268 LAI) PPIPVGDIY HIV-1 or HIV-2 infection human (B*3501) Frahm2004
* C. Brander notes this is a B*3501 epitope.
p24 (122-130) p24 (245-253 HIV-2) NPVPVGNIY HIV-1 infection human (B*3501) Rowland-Jones1995b
p24 (122-130) p24 (245-253 HIV-2) NPVPVGNIY HIV-1 infection human (B*3501) Frahm2004
* C. Brander notes this is a B*¥3501 epitope.
p24 (122-130) p24 (260-268 LAI) PPIPVGDIY HIV-1 or HIV-2 infection human (B35) Rowland-Jones1995b
* Defined as minimal peptide by titration curve, PPIPVGEIY and HIV-2 form NPVPVGNIY are also recognized.
p24 (122-130) p24 (260-268 LAI) PPIPVGDIY in vitro stimulation or selectio human (B35) Lalvani1997

A peptide-based protocol was optimized for restimulation of CTLp using optimized peptide and IL-7 concentrations — importantly this protocol does not
stimulate a primary response, only secondary — peptide-specific CTLp counts could be obtained via staining with peptide-Class I tetramers.

This peptide was one of the B35 presented test peptides used in control experiments showing that the assay gave no activity using lymphocytes from 21
healthy B35 seronegative donors.

p24 (122-130) p24 (260-268 LAI) PPIPVGDIY HIV-1 infection human (B35) McMichael1994
Keywords review.
Review of HIV CTL epitopes.

p24 (122-130) p24 (subtype B) PPIPVGEIY HIV-1 exposed seronegative human (B35) Rowland-Jones1998b
Keywords inter-clade comparisons.

HIV-specific CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection.

Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world.

Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive, however stronger
responses are frequently observed using A or D clade versions of epitopes.

This epitope is conserved among B and D clade viruses.

The Clade A version of the epitope, PPIPVGDIY, was preferentially recognized by CTL.

p24 (122-130) PPIPVGEIY HIV-1 infection human (B35) Wilson2000a:

Keywords acute infection.

Three individuals with highly focused HIV-specific CTL responses were studied during acute infection using tetramers—high frequencies of HIV-1-specific

CD8+ T cells were found prior to seroconversion, and there was a close temporal relationship between the number of circulating HIV-specific T cells and

viral load.

All three patients were B*2705, with HLA alleles: A1, A30/31, B*2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301, B2705, B39.

* ELISPOT was used to test a panel of CTL epitopes that had been defined earlier and were appropriate for the HLA haplotypes of the study subjects — 3/3
subjects showed a dominant response to the B*2705 epitope KRWIILGGLNK.

* The subject with A*0201 had a moderately strong response to SLYNTVATL.
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* Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was HLA A1, A*0301, B7,
B*2705.

* No acute response was detected to the following epitopes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-AIFQSSMTK, A*301-TVYYGVPVWK,
B35-EPIVGAETF, B35-HPDIVIYQY, B35-PPIPVGEILY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-DPNPQEVVL.

p24 (122-130)

p24 PPIPVGDIY human (B35) Rowland-Jones1999

* CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women had no delta 32 deletion
in CCRS.

* In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive, and the B35 allele
seems to be protective.

* HIV-2 version of this epitope is not conserved: NPVPVGNIY, but the CTLs are cross-reactive — one of five B35 CTL epitopes that are cross-reactive, see
also [Rowland-Jones1995b]

p24 (122-130)

p24 (260-268) PPIPVGDIY HIV-1 infection human (B35) Oxenius2000

Keywords HAART, acute infection.

Epitope name PPI.

Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.

* One of two HLA B35+ among the eight study subjects recognized this epitope.

Patient SC15 (HLA A1/68, B8/35, Bw4/6, Cw4/0704) was given acute and sustained therapy and recognized epitopes PPIPVGDIY and VPLRPMTY during
331 days of HAART treatment.

p24 (122-130)

p24 (122-130) PPIPVGDIY HIV-1 infection human (B35) Ferrari2000
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

p24 (122-130)

p24 (254-262 SF2) PPIPVGDIY HIV-1 infection human (B35) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B35+ individuals that had a CTL response to this epitope broken down by group: 0/2 group 1, 0/2 group 2, and 1/1 group 3.

p24 (122-130)

HIV Immunology

p24 (260-268) PPIPVGDIY HIV-1 infection, HIV-1 exposed = human (B35) Kaul2001a:
seronegative
Keywords HIV exposed persistently seronegative (HEPS), immunodominance.
» ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

and HIV/SIV Vaccine Databases 2003 145



HIV CTL Epitope Tables p24 CTL epitopes

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References

* Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.

43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.

Among HLA-B35 women, 1/3 HEPS and 3/4 HIV-1 infected women recognized this epitope.

* The dominant response to this HLA allele was to this epitope in the 1/3 HEPS case and in the all 3/4 responsive HIV-1 infected women.

Subject ML 857 shifted from a A*6802 DTVLEDINL and B35 (H/N)PDIVIYQY response prior to seroconversion to a B35 PPIPVGDIY and B35
VPLRPMTY response post-seroconversion.

p24 (122-130) PPIPVGDIY HIV-1 infection human (B35) Sabbaj2002b
Epitope name Gag-PY9.

Among HIV+ individuals who carried HLA B35, 2/21 (10%) recognized this epitope.

Among HIV+ individuals who carried HLA B*5301, 0/11 (0%) recognized this epitope.

p24 (122-130) p24 PPIPVGEIY HIV-1 infection, Vaccine human (B35) Hanke2000., [Wee2002
Vaccine Vector/Type: DNA prime with modified vaccinia Ankara (MVA) boost  Strain: A clade HIV component: p17 Gag, p24 Gag
Keywords inter-clade comparisons, epitope processing, vaccine-specific epitope characteristics, immunodominance.

* The HIV-1 subtype A focused vaccine HIVA contains p24 and p17, in a reversed order relative to the Gag polyprotein to prevent myristylation of p17, which
could direct the protein to the cell membrane and inhibit efficient peptide processing and class I presentation, as well as a polyepitope string of conserved,
often immunodominant epitopes that were selected to have particularly good cross-reactive potential for the A-clade epidemic in Nairobi, Kenya. A DNA
and MVA prime-boost vaccination protocol using the HIVA antigen will be used in a phase III clinical trial in Kenya. This epitope is included in the
polyepitope string [Hanke2000].

Multiple CD4+ or CD8+ T-cell vaccine-induced responses to peptide pools were detected using intracellular cytokine staining and IFNgamma Elispot
assays after vaccination of 5 macaques. The response to the Mamu A*01 SIV p27 epitope p11C (CTPYDINQM), included in the polyepitope region, was
not immunodominant in the Mamu A*01 vaccinated macaques, possibly because of processing limitations in context of the artificial polyepitope string

[Wee2002].
p24 (124-138) p24 (256270 LAI) IPVGEIYKRWIILGL HIV-1 infection human (B8) Buseyne1993b
* Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people.
p24 (124-138) Gag (256-270 LA IPVEGEIYKRWIILGL HIV-1 infection human (BS8) Buseyne1993a

Vertical transmission of HIV ranges from 13% to 39%

* Primary assays showed cytotoxic activity against at least one HIV protein was detected in 70% of infected children.

Epitopes recognized in five children were mapped using synthetic peptides and secondary cultures.

Two children, EM16 (CDC P2A+D2) and EM18 (CDC P2A), had a CTL response to this epitope, and it was shown to be presented by B8 in EM18.

p24 (126-140) p24 (126-140 HXB2) VGEIYKRWIIGLNK HIV-1 infection human Addo2003
Keywords supervised treatment interruptions (STI), immunodominance, early treatment.
Assay type T-cell Elispot.
* Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STIL.
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* 63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl7 was the most frequently
recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

* A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically

infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.

The authors did not note the reference strain, but based on the peptide sequences provided it appears to be HXB2.

* Responses to this peptide were detected in 19% of the study subjects, and it was one of the 25 most frequently recognized peptides.

p24 (127-135) p24 (259-267 SF2) GDIYKRWII HIV-1 infection human (B*0801) McAdam1998
* GDIYKRWII specific CTL clone also recognized GEIYKRWIIL.
p24 (127-135) P24 (261-269) GEIYKRWII HIV-1 infection human (BS8) Sutton1993

Predicted epitope based on B8-binding motifs, from larger peptide NPPIPVGEI'YKRWII.

p24 (127-135)

p24 (259-267) GEIYKRWITI in vitro stimulation or selectio human (BS) Zarling1999

Keywords dendritic cells.

This study compares the ability of macrophages and dendritic cells to stimulate primary responses in CD8+ lymphocytes isolated from HLA-appropriate
HIV-uninfected donors using peptide-pulsed APC — the dendritic cells performed better as APC for the stimulation of primary responses.

Strong CTL responses were elicited by the epitopes DRFYKTLRA and GEIYKRWII when presented by either immature or mature dendritic cells —
macrophages were not able to prime a CTL response against DRFYKTLRA.

* A weak response to KLTPLCVSL was stimulated using macrophages as the APC.

No detectable response was observed for the following previously-defined HIV epitopes: KIRLRPGGK, ILKEPVHGYV, IRLRPGGK, GPKVKQWPL.

p24 (127-135) p24 (259-267 LAI) GEIYKRWITI HIV-1 infection human (B8) Klenerman1994
* Naturally occurring variant GDIYKRWII may act as antagonist.
p24 (127-135) p24 (259-267) GEIYKRWII HIV-1 infection human (B8) Betts2000

Keywords immunodominance.

Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.
95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.

1/11 of the HLA A2+ was HLA A*0201, A31, B8, B51 and responded to this epitope as well as seven others.

p24 (127-135)

p24 (259-267) GEIYKRWII HIV-1 infection human (B8) Nowak 1995
Keywords dynamics, escape.
Longitudinal study of CTL response and study of immune escape — GDIYKRWII could also stimulate CTL, reactivity fluctuated.

p24 (127-135) p24 (259-267) GEIYKRWII HIV-1 infection human (B8) McAdam1995
* Equivalent sequence GDIYKRWII also recognized by CTL from some donors.
p24 (127-135) p24 (259-267) GEIYKRWII HIV-1 infection human (B8) Oxenius2000
Keywords HAART, supervised treatment interruptions (STI), immunodominance, escape, acute infection.
Epitope name GEI

HIV Immunology

Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.
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* Six of the 7/8 study subjects that were HLA B8 recognized this epitope.

* Patient SC2 (HLA Al, B7/8, Cw0701/0702, DR4/53, DQ7) had CTL responsiveness against epitopes FLKEKGGL, GPKVKQWPL, and GEIYKRWII
peptides — FLKEKGGL tetramer staining steadily declined and at day 1340 the FLKEKGGL stained cells were no longer detected and the escape mutant
FLKENGGI was found in 8/10 clones.

Patient SC9 (HLA A1/2, B8/13, Cw0/0701, DR2/11, DQ6/7) had a CTL response against epitopes FLKEKGGL, ILKEPVHGV, SQRRQDILDLWIYHTQ-
GYFPDWQNY, and GEIYKRWII and all responses declined during therapy initiated at day 390 but were restored when therapy become intermittent.
Patient SCI9(HLA A11/12, B8/44, Cw06/0701, DR3/7, DR52/53, DQ 2/8) had a CTL response to epitopes FLKEKGGL, GEITYKRWII, ACQGVGGPGHK,
AVDLSHFLK, and FNCGGEFFY that declined during therapy initiated at day 197.

Patient SCI0(HLA A1/3, B8/35, DR1/8, DQ 4/5) had sustained therapy started during acute infection and maintained an immunodominant response to
FLKEKGGL and a response to GEIT'YKRWII through day 1088.

Patient SC12(HLA Al, B8/39, Cw(0701/0702, DR2/3, DR51/52, DQ2/6) had sustained therapy started during acute infection and maintained an
immunodominant response to FLKEKGGL throughout and minor responses to GEIYKRWII, DCKTILKAL, GGKKKYKLK — GEIYKRWII and
GGKKKYKLK responses were stimulated by a brief period off therapy.

Patient SC11(HLA A1, B8, Cw0201, DR3/11, DR52, DQ?2/7) started therapy early, remained on therapy for 40 days, then reinitiated HAART at day 640
had a CTL response to FLKEKGGL, GPKVKQWPL, and GETYKRWII throughout and received a benefit from the early limited course therapy.

p24 (127-135)

p24 (259-267 SF2) GEIYKRWII HIV-1 infection human (BS8) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B8+ individuals that had a CTL response to this epitope broken down by group: 2/3 group 1, 2/3 group 2, and 2/2 group 3.

p24 (127-135)

p24 GEIYKRWII HIV-1 infection human (BS8) Oxenius2002b
Keywords HAART, supervised treatment interruptions (STT).
Epitope name GEL

* Using previously defined epitopes [Oxenius2000, (Oxenius2001al] in an IFNgamma Elispot assay, 13 chronically HIV-1 infected patients were studied over a
period including therapy with standard treatment interruptions (STI).

STIs induced increased recognition of CTL epitopes, but there was no correlation between CTL responses with viral rebound rates, plateau viral loads, or
clearance rates.

p24 (127-135)

148

p24 GEIYKRWII HIV-1 infection, Vaccine human (BS8) Hanke2000, 'Wee2002
Vaccine Vector/Type: DNA prime with modified vaccinia Ankara (MVA) boost  Strain: A clade HIV component: p17 Gag, p24 Gag
Keywords inter-clade comparisons, epitope processing, vaccine-specific epitope characteristics, immunodominance.

» The HIV-1 subtype A focused vaccine HIVA contains p24 and p17, in a reversed order relative to the Gag polyprotein to prevent myristylation of p17, which
could direct the protein to the cell membrane and inhibit efficient peptide processing and class I presentation, as well as a polyepitope string of conserved,
often immunodominant epitopes that were selected to have particularly good cross-reactive potential for the A-clade epidemic in Nairobi, Kenya. A DNA
and MVA prime-boost vaccination protocol using the HIVA antigen will be used in a phase III clinical trial in Kenya. This epitope is included in the
polyepitope string [Hanke2000].
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Multiple CD4+ or CD8+ T-cell vaccine-induced responses to peptide pools were detected using intracellular cytokine staining and IFNgamma Elispot
assays after vaccination of 5 macaques. The response to the Mamu A*01 SIV p27 epitope p11C (CTPYDINQM), included in the polyepitope region, was
not immunodominant in the Mamu A*01 vaccinated macaques, possibly because of processing limitations in context of the artificial polyepitope string
[Wee2002].

p24 (127-136)

GEIYKRWIIL HIV-1 infection human (B*0801) Sabbaj2002b
Keywords HAART.
Epitope name Gag-GL10.
Donor HLA A*0101 A*0301 B*0801 B*5802 Cw*0602 Cw*0701.
This study monitored epitope responses in HIV-1 infected minority women living in the United States.
24 epitopes were described — 8 were novel, 8 used new restricting elements but were previously defined epitopes, and 8 were previously described.
Serial peptide truncations were used to define optimal epitopes for CTL cell lines isolated from 12 individuals, assayed by a Cr-release.
Subject 00RCHS87 was not on HAART, viral load 8300, CD4 count 313.
Among HIV+ individuals who carried HLA B08, 3/6 (50%) recognized this epitope.

p24 (128-135) p24 (260-267 LAI) EIYKRWII human (B*0801) Frahm2004
* C. Brander notes this is a B¥0801 epitope.

p24 (128-135) p24 (260-267 LAI) EIYKRWII human (B8) Goulder1997g
* Defined in a study of the B8 binding motif.

p24 (128-135) p24 (SF2) EIYKRWIT HIV-1 infection human (BS8) Goulder2000al

Keywords inter-clade comparisons, immunodominance.

The CTL-dominant response was focused on this epitope in a HIV+ Caucasian living in Boston — this epitope did not fall within the three most recognized
peptides in the study.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)

contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected

subjects from South Africa.

p24 (128-135)

p24 (C consensus) DIYKRWIT HIV-1 infection human (B8) Goulder2000a

Keywords inter-clade comparisons, immunodominance.

The CTL-dominant response was focused on this epitope in a HIV+ South African — this epitope did not fall within the five most recognized peptides in the
study.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

p24 (128-135)

p24 (SF2) EIYKRWIT HIV-1 infection human (B8) Goulder2001a
Epitope name EIS.
This peptide elicited a weak CTL response during acute HIV-1 infection in patient PI004.
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Three CTL responses to epitopes, TSTLQEQIGW, ISPRTLNAW, and KAFSPEVIPMEF, were evident early after infection; CTL responses to SLYNTVATL,
QASQEVKNW, EIYKRWII, and FLKEKGGL were detectable at 5 months post-infection and beyond.

p24 (128-135)

p24 EIYKRWIT HIV-1 infection human (BS8) Kostense2001

Keywords rate of progression.

HLA tetramers to six epitopes were used to study HLA-A2, B8 and B57 CTL in 54 patients — HIV-specific tetramer positive cells were inversely correlated
with viral load in patients with high CD4, but in patients with CD4 T-cells below 400 high tetramer frequencies were found despite high viral load.

Most patients have high levels of HIV-specific T-cell expansions, but many of these cells aren’t functional.

In 15 of the patients, the proportion of IFN gamma producing tetramer cells correlated with AIDS-free survival.

4/13 patients that reacted with ETY KRWII displayed epitope mutations in a minority of sequences, which did not correlate with disease progression or viral
load — these mutations were: Patient 156 (KIYKRWMI), Patient 36 (EIYKRRII), Patient 656 (KIYKRWII, EIFYERWMI), and Patient 159 (EIYKRWVI).
Stimulation with HLA-B8 p24 and Nef epitopes significantly increased Nef-specific T-cell numbers in 2 patients (748 and 1113)

There were more functional IFN-gamma producing Nef-specific T-cells within the T-cell population than there were active p24 Gag-specific T-cells.

p24 (128-135)

p24 (259-267) DIYKRWII HIV-1 infection human (B8) Appay2000

Combined tetramer and intracellular cytokine staining was used to study the function of circulating CD8+ T cells specific for HIV and CMV.

HIV-specific CD8+ T cells expressed lower levels of perforin than CMV-specific CD8+ T cells from the same donor, and this was associated with persistent
CD27 expression on HIV-specific cells, suggesting impaired maturation.

In most donors, between 50% and 95% of the activated virus-specific CD8+ T cells produced IFN-y and MIP-18 with a distinct subset that failed to produce
TNF-o

p24 (128-135) p24 (128-135) EIYKRWII HIV-1 infection human (B8) Day2001
» B8-restricted CTL accounted for about 1/3 of the total CTL response in one individual.
p24 (128-135) Gag EIYKRWITI HIV-1 infection human (BS8) Goulder2000b

Tetramer assays were compared with three functional assays in 42 people with chronic HIV infection: ELISPOT, intracellular cytokine staining, and
precursor frequency (limiting dilution assay [LDA])
HIV-specific tetramer staining CTLs appeared to be active, and inert CTL were not found to play a significant role in chronic pediatric or adult HIV infection.

p24 (128-135)

p24 DIYKRWIT HIV-1 infection human (B8) Appay2002

Keywords HAART.

Donor HLA A2,A11,B8,B60,Bwo6.

Four HIV patients with prolonged clinically successful anti-viral therapy but with ongoing evidence of replication and Nef mRNA transcription, showed
specific T-cell responses by Elispot and Tetramer staining, maintained for 2-4 years after initiation of HAART.

Nef epitope recognition was detected in all 4 subjects, gp120, Pol and Gag-specific in 1 or 2 subjects.

The HIV-specific CD8+ T-cells had an intermediate maturation phenotype characterized by low levels of perforin and high levels of CD27 expression.

p24 (128-135)

Gag (260-267 11IB) EIYKRWII HIV-1 infection human (BS8) Kurane2003
Assay type Chromium-release assay.

Three CD8+ CTL cell clones were derived from 2 HIV-1 positive asymptomatic patients, and their epitope specificities and HLA presenting proteins were
defined.

p24 (129-136)

150

p24 (263-270 SF2) IYKRWIIL HIV-1 infection human (A*2402) Ikeda-Moore1997
Defined using reverse immunogenetics — 59 HLA-A*2402 binding peptides were predicted by searching for A*2402 anchors in HIV proteins (Tyr at 2, and
Phe, Leu or Ile at the C term) — 53 of the 59 peptides bound A*2402.
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* This peptide induced CTL in 1/4 HIV-1+ people tested.
* I[YKRWIIL bound to A*2402 with medium strength, the epitope can be processed in a vaccinia construct and presented — two specific CTL clones were
obtained.

p24 (129-138) p24 (263272 SF2) IYKRWIILGL HIV-1 infection human (A*2402) Ikeda-Moore1997

* Defined using reverse immunogenetics — 59 HLA-A*2402 binding peptides were predicted by searching for A*2402 anchors in HIV proteins (Tyr at 2, and
Phe, Leu or Ile at the C term) — 53 of the 59 peptides bound A*2402.
This peptide induced CTL in 1/4 HIV-1+ people tested.
IYKRWIILGL bound to A*2402 with medium strength, the epitope can be processed in a vaccinia construct and presented — two specific CTL clones were
obtained.

p24 (129-138) P24 (263-272) IYKRWIILGL HIV-1 infection human (B27) Betts2000
Keywords immunodominance.

Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.
95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.

1/11 of the A2+ individuals was B27 and responded to ['YKRWIILGL.

p24 (129-148) Gag (261-280) IYKLWIILGLNKIVRMYSPT HIV-1 infection human (B27, B62) Musey2003

Keywords genital and mucosal immunity.

Assay type Chromium-release assay.

Donor HLA A3, A31, B27, B38; A24, B27, B62.

CTL clones from blood, semen, cervix and rectum samples from 12 individuals were compared. CTL clones derived from blood and mucosal samples had

similar high lysis efficiency, primarily perforin dependent, and TCRbeta VDJ region sequencing revealed cases of expansion of the same clone in different

compartments.

* CD8+ T cell clones directed at this epitope were derived from blood and rectum of one individual, and blood and semen of another. Both individuals
are HLA-B27 positive, and within the peptide there is a B27 epitope that was recognied in the blood and rectum of the first patient, and in the blood of
the second. A HLA-B62 epitope is also recognized in this peptide in the second individual, and the CD8+ T cells clones from both the blood and semen
recognized this epitope.

p24 (130-148) p24 (265-280 BRU) YKRWIILGLNKIVRMYSPT  HIV-1 infection human (B27) Dadaglio1991
* Used as a positive control for HLA specificity.
p24 (131-139) Gag (265-273) KRWIILGLN HIV-1 infection chimpanzee (Patr-B*03) |Balla-Jhagjhoorsingh1999b

Certain HLA-alleles have been associated with long-term survival — among them are HLA-B*27 and HLA-B*57.

Of more than 150 chimpanzees that have been reported to be infected with HIV-1, only one has developed AIDS.

* CTL responses were studied in two HIV-1 infected chimpanzees that have strong CTL responses, and they were found to respond to highly conserved
epitopes that are recognized in humans in the context of HLA-B*27 and HLA-B*57.

* The human HLA protein which presents this Patr-B*03 epitope is HLA B*2705 but the amino acid sequences in the binding pockets of HLA-B*2705 and

Patr-B*03 are distinctive.

p24 (131-140) Gag (263-272 LAD) KRWILLGLNK HIV-1 infection human Buseyne1993a
* Vertical transmission of HIV ranges from 13% to 39%
* Primary assays showed cytotoxic activity against at least one HIV protein was detected in 70% of infected children.
* Epitopes recognized in five children were mapped using synthetic peptides and secondary cultures.
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* Patient EM28 (CDC P2A) had a CTL response to four epitopes in Gag.
p24 (131-140) p24 (263-272) KRWIILLGLNK HIV-1 infection human (B*27) Huang2000
Keywords HAART.

The single cell ELISPOT assay was optimized and highly specific, and found to work well even after the primary cells had been frozen and thawed.
Increases in gamma interferon producing cells were observed in response to anti-retroviral therapy using single cell IFN-gamma-production ELISPOT.
In 3/3 HLA A*02, B*27 individuals, the dominant response in gag measured by both gamma IFN production and T cell lysis was to the B27 epitope,
KRWIILLGLNK, not the A2 SLYNTVATL epitope.

p24 (131-140) p24 (263-272 SF2) KRWIILGLNK HIV-1 infection human (B*27) McAdam1998
* Epitope invariant across clades A, B, C, and D.

p24 (131-140) p24 (260-269 HIV-2) RRWIQLGLQK human (B*2703) Frahm?2004
» C. Brander notes this is a B¥2703 epitope.

p24 (131-140) p24 KRWIILGGLNK HIV-1 infection human (B*2705) Wilson2000a

Keywords dynamics, acute infection.

Three individuals with highly focused HIV-specific CTL responses were studied during acute infection using tetramers — high frequencies of HIV-1-specific

CDS8+ T cells were found prior to seroconversion, and there was a close temporal relationship between the number of circulating HIV-specific T cells and

viral load was also found.

All three patients were B*2705, with HLA alleles: A1, A30/31, B*¥2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301, B2705, B39.

Tetramers with peptide variants KRWIILGGLNK and KRWIIMGGLNK were used — CTL from most B27 donors recognize both variants, although one of

the three subjects recognized only KRWIILGGLNK.

» ELISPOT was used to test a panel of CTL epitopes that had been defined earlier and were appropriate for the HLA haplotypes of the study subjects — 3/3
subjects showed a dominant response to the B*2705 epitope KRWIILGGLNK.

» The subject with A*0201 had a moderately strong strong response to SLYNTVATL.

* Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was HLA A1, A*0301, B7,
B*2705.

* No acute response was detected to the following epitopes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-AIFQSSMTK, A*301-TVYYGVPVWK,
B35-EPIVGAETF, B35-HPDIVIYQY, B35-PPIPVGELY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-DPNPQEV VL.

p24 (131-140) p24 (263-272 LAI) KRWIILGLNK HIV-1 infection human (B*2705) Frahm2004
* C. Brander notes this is a B*2705 epitope.
p24 (131-140) P24 (263-272) KRWIILGLNK HIV-1 infection human (B*2705) Kelleher2001b

Keywords escape.
* A mutation in 4/5 B*2705 patients had substitution to lysine (K) at HIV-1 gag residue 264 (R264K), in three the change occurred late in infection — in one
patient a substitution of glycine at HIV-1 gag residue 264 (R264G) was detected — these substitutions reduce binding to B27.
» The R264K mutations were associated with a L268M mutation that may be compensatory, and R264G occurred in conjunction with E260D.
* Positions 260, 264, and 268 all lie along one aspect of helix seven of the capsid protein, a region that is important for capsid self-association and assembly.
* R264G and R264K escape mutation outgrowth occurred in conjunction with high viral loads.

p24 (131-140) p24 (263-272) KRWIIMGLNK HIV-1 infection human (B*2705) Appay2000

* Combined tetramer and intracellular cytokine staining was used to study the function of circulating CD8+ T cells specific for HIV and CMV.
HIV-specific CD8+ T cells expressed lower levels of perforin than CMV-specific CD8+ T cells from the same donor, and this was associated with persistent
CD27 expression on HIV-specific cells, suggesting impaired maturation.
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* In most donors, between 50% and 95% of the activated virus-specific CD8+ T cells produced IFN-y and MIP-1f with a distinct subset that failed to produce
TNF-o

p24 (131-140)

p24 KRWIILLGLNK HIV-1 infection, Vaccine human (B*2705) Hanke2000, 'Wee2002

Vaccine Vector/Type: DNA prime with modified vaccinia Ankara (MVA) boost = Strain: A clade HIV component: p17 Gag, p24 Gag

Keywords inter-clade comparisons, epitope processing, vaccine-specific epitope characteristics, immunodominance.
» The HIV-1 subtype A focused vaccine HIVA contains p24 and p17, in a reversed order relative to the Gag polyprotein to prevent myristylation of p17, which
could direct the protein to the cell membrane and inhibit efficient peptide processing and class I presentation, as well as a polyepitope string of conserved,
often immunodominant epitopes that were selected to have particularly good cross-reactive potential for the A-clade epidemic in Nairobi, Kenya. A DNA
and MVA prime-boost vaccination protocol using the HIVA antigen will be used in a phase III clinical trial in Kenya. This epitope is included in the
polyepitope string [Hanke2000].
Multiple CD4+ or CD8+ T-cell vaccine-induced responses to peptide pools were detected using intracellular cytokine staining and IFNgamma Elispot
assays after vaccination of 5 macaques. The response to the Mamu A*01 SIV p27 epitope p11C (CTPYDINQM), included in the polyepitope region, was
not immunodominant in the Mamu A*01 vaccinated macaques, possibly because of processing limitations in context of the artificial polyepitope string
[Wee2002].

p24 (131-140)

p24 (263272 LAI) KRWIILGLNK HIV-1 infection human (B*2705, B27) Goulder1997cl|Goulder1997a
Keywords review, rate of progression, immunodominance, escape.

HLA-B*2705 is associated with slow HIV disease progression.

11/11 HLA-B*2705 donors make a response to this epitope, usually an immunodominant response.

This is a highly conserved epitope.

* The HLA-B*2705 binding motif includes R at position 2, and L in the C-term position.

[Goulder1997a] is a review on CTL immune escape that discusses this epitope in the context of the difficulty in detection of immune escape —- KRWIILGLNK
and an R2K change, KKWIILGLNK, show little difference in titration curves, yet the K2 variants fail to bind to targets for more than 1 hour, while the R2
form can sensitize lysis by CTL for over 24 hours — minigene transfection experiments confirmed the importance of this for the CTL response.

p24 (131-140) p24 (260269 HIV-2) RRWIQLGLQK human (B27) Brander1996b
* HIV-2, HLA-B*2703, S. Rowland-Jones, pers. comm.
p24 (131-140) p24 (263-272 LAI) KRWIILGLNK HIV-1 infection human (B27) Fan1997

Keywords dendritic cells.
The capacity of dendritic cells to process and present antigen and stimulate anti-HIV-1 CTL memory responses was studied.

p24 (131-140)

Gag (263-272) KRWIILGLNK HIV-1 infection human (B27) Zheng1999

Keywords epitope processing, dendritic cells.

Protein delivery (gp160 LAV, p66 LAV, and p24 NY5) to human dendritic cells (DC) with liposomes provides enhanced memory CTL response relative to

delivery of protein alone.

* Chloroquine administration enhanced epitope presentation, and brefeldin A and peptide aldehyde inhibitors inhibited antigen presentation, suggesting
epitopes were processed by classical proteasome pathway.

* The CTL response to p24 was measured in individuals with a response to B27-KRWIILGLNK.

p24 (131-140)

HIV Immunology

p24 (263-272 LAI) KRWIILGLNK HIV-1 infection human (B27) Wilson1998a

Keywords dynamics, TCR usage.

HIV+ individuals were followed longitudinally using MHC tetramers in combination with 14 anti-BV chain MAbs, and clonal expansion of HIV-specific T
cells was followed in vivo.
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Seven HIV+ people were studied, and all showed expansions of particular TCR BV clones, often several, relative to uninfected controls.
Three patients were followed in detail, TCR VB expansions persisted for 2 to 3 years, with occasional transient increases.

p24 (131-140) p24 KRWIILGLNK HIV-1 infection human (B27) Rowland-Jones1997
Keywords review.
Described in this review as the first identified HIV CTL epitope.

p24 (131-140) p24 (263-272 LAI) KRWIILGLNK HIV-1 infection human (B27) Buseyne1993b
* Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people.
p24 (131-140) p24 (263-272 LAI) KRWIILGLNK HIV-1 infection human (B27) McMichael1994

Keywords review.
Review of HIV CTL epitopes.

p24 (131-140) p24 (263-272) KRWIIMGLNK HIV-1 infection human (B27) Klenerman1994
* Naturally occurring variant KRWIILGLNK may act as antagonist.

p24 (131-140) p24 (263-272) KRWIIMGLNK HIV-1 infection human (B27) Klenerman1995
* Naturally occurring variant KRWIILGLNK may act as antagonist.

p24 (131-140) p24 (265-274) KRWIILGLNK HIV-1 infection human (B27) Moss1995

Keywords dynamics, TCR usage.

In one individual, TCR usage changed over time indicating that new populations of CTL can be recruited.

* TCR usage showed a CTL clonal response to this epitope that persisted over 5 years.

» CTL clones specific for HIV epitopes may represent between 0.2 and 1% of the total CD8+ population of T cells.

p24 (131-140) p24 (265-276) KRWIILGLNK human (B27) Carreno1992
* Included in HLA-B27 binding peptide competition study.
p24 (131-140) p24 (265-274 SF2) KRWIILGLNK HIV-1 infection human (B27) Goulder1997al |Phillips1991

Keywords dynamics, review, immunodominance, escape.

Longitudinal study of CTL escape mutants — little variation was observed in the immunodominant B27 epitope, relative to B§ epitope.

[Goulder1997a] is a review of immune escape that points out that there may be a protective effect associated with B27, and that HLA-BS individuals tend to
progress more rapidly than HLA B27 patients.

p24 (131-140) p24 (263-272) KRWIILGLNK HIV-1 infection human (B27) Goulder1997al Nietfeld1995
Keywords review, escape.

Single point mutations were introduced and viral viability and CTL recognition tested — an Arg to Lys change at anchor position P2 abrogates binding to
B27, but doesn’t change viral viability in vitro.

[Goulder1997a] is a review of immune escape that summarizes this study.

p24 (131-140) p24 (263-272) KRWIIMGNK HIV-1 infection human (B27) Nowak1995
Keywords escape.
Longitudinal study of CTL response and immune escape — the form KRWIILGNK was also found, and both forms stimulate CTL.

p24 (131-140) p24 (263-272) KRWIILGNK HIV-1 infection human (B27) Duralil998
Keywords inter-clade comparisons.
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* Cross-clade CTL response was studied by determining the CTL activity in seven patients from Bangui, (6 A subtype, and 1 AG recombinant infections) and
one A subtype infection from a person living in France originally from Togo, to different antigens expressed in vaccinia.

Pol reactivity: 8/8 had CTL to A subtype, and 7/8 to B subtype, and HIV-2 Pol was not tested.

Gag reactivity: 7/8 reacted with A or B subtype gag, 3/8 with HIV-2 Gag.

Nef reactivity: 7/8 reacted with A subtype, and 5/8 with B subtype, none with HI'V-2 Nef.

Env reactivity: 3/8 reacted with A subtype, 1/8 with B subtype, none with HIV-2 Env.

One of the patients was shown to react to this epitope: KRWIILGNK.

p24 (131-140)

p24 (263-272) KRWIIMGLNK HIV-1 infection human (B27) Goulder19971, |Goulder1997a
Keywords review, immunodominance, escape.

Six HLA-B27 donors studied make a strong response to this epitope.

* In 4/6 cases, this was the immunodominant or only CTL response.

* Two of the cases had an epitope switch to the form KKWIIMGLNK during a period of rapid decline to AIDS, following their asymptomatic period.

* The arginine to lysine switch is in an anchor residue, and results in immune escape due to severely diminished binding to the B27 molecule.

* [Goulder19974] is a review of immune escape that summarizes this study in the context of CTL escape to fixation.

p24 (131-140)

p24 KRWIILGLNK human (B27) Rowland-Jones1999

* CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women had no delta 32 deletion
in CCRS.

* In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive, and the B35 allele
seems to be protective.

* HIV-2 sequence: RRWIQLGLQK - this epitope was not HIV-1 and HIV-2 cross-reactive.

p24 (131-140)

Gag (263-) KRWILGLNK computer prediction (B27) Schafer1998

Keywords inter-clade comparisons.

This study uses EpiMatrix for T cell epitope prediction to identify possible HLA-B27 and A-2 CTL epitopes in HIV.

Based on EpiMatrix predictions, 28 peptides were synthesized and tested using T2 binding assays for potential HLA A2 or B27 binding, and 12 of these
were shown to bind to the predicted HLA molecule.

» Two of these 12 peptides had been previously identified as CTL epitopes: HLA-B27 KRWILGLNK and HLA-A2 ILKEPVHGV.

This peptide sequence is not conserved between clades, but is found in most B clade isolates.

p24 (131-140)

p24 (263-282) KRWIILGLNK HIV-1 infection human (B27) Bernard1998

This study focuses on six rare long-term survivor HIV-infected people who were infected for many years without exhibiting immune dysregulation — such
immunologically normal HIV-infected (INHI) cases occur at a frequency between 0.1 and 1% in the infected population.

No direct CTL were found in any of the six INHIs, but above background CTLp activity was founded in 3/6 INHIs.

Epitope sequences were deduced from larger reactive peptides based on HLA binding motifs — XRXXXXXXXK is a B*¥2705 binding motif.

p24 (131-140)

HIV Immunology

p24 (265-274 SF2) KRWIILGLNK HIV-1 infection human (B27) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.
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Previously described and newly defined optimal epitopes were tested for CTL response.
Number of HLA-B27+ individuals that had a CTL response to this epitope broken down by group: 0/0 group 1, 0/0 group 2, and 1/1 group 3.

p24 (131-140)

p24 (263-272) KRWIILGLNK HIV-1 infection, HIV-1 exposed = human (B27) Kaul2001a

seronegative
Keywords HIV exposed persistently seronegative (HEPS).
ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.
Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.
Subject ML 1760 had an A2 response to ILK(D/E)PVHGV prior to seroconversion, and gained responses to epitopes A2 SL(F/Y)NTVATL and B27
KRWII(L/M)GLNK post-seroconversion.

p24 (131-140) p24 (131-140) KRWIILGLNK HIV-1 infection human (B27) Day2001

p24 (131-140) p24 (260-299) RRWIQLGLQK HIV-1 infection human (B27) Day2001

p24 (131-140) p24 (131-140) KRWIILGLNK HIV-1 infection human (B27) Goulder2001b
Keywords responses in children, mother-to-infant transmission, immunodominance, escape, acute infection.
Epitope name KK10.

85% of B27+ adults have CTL that recognize this epitope, but only 2/6 children did.

Responses to this dominant B27-restricted Gag epitope are present during the time of decreasing viral load in acute infection.

Three children who shared B27 with their mothers did not respond to this epitope and inherited escape mutations from their mothers.

A transmitted R132T anchor residue mutation abrogated binding to B27.

In the three children infected with the non-binding KK10 variants, the dominant CTL specificity was still HLA-B27-restricted, but it was directed against an
epitope in p17, IRLRPGGKK, only rarely recognized in adults when KRWIILGLNK is the dominant response.

Mutations in this epitope were observed in autologous clones of subjects who were B27-positive with a higher frequency than those who were B27-negative
(P =0.0005)

These mutations are being sexually transmitted in adult infections.

p24 (131-140)

KRWIILGLNK HIV-1 infection human (B27) Sabbaj2002b
Epitope name Gag-KK10.
Among HIV+ individuals who carried HLA B27, 2/3 (66%) recognized this epitope.

p24 (131-140)

156

p24 (263-272 LAI) KRWIIMGLNK HIV-1 infection human (B27) Kelleher2001a

Keywords HAART, epitope processing, immunodominance.

Ritonavir (RTV) inhibits chymotryptic activity in the 20S proteasome in vitro, as does Saquinavir (SQV) to a lesser extent; Indinavir (IDV) does not. Thus
there is concern protease inhibitors may adversely effect CTL epitope processing, but this paper indicates that processing is not inhibited at therapeutically
relevant concentrations of RTV when the proteasome is functioning in an intracellular context.

RTV did not reduce antigen presentation and concentration of the two immunodominant Gag CTL epitopes (KRWIIMGLNK (B27) and SLYNTVATL
(A2)).
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* RTV did not inhibit the processing and assembly of HLA-B35 or -A2, which are assembled with a rapid and moderate time course, respectively, or of
HLA-A3, -B27 and -B39.

p24 (131-140)

p24 KRWIILGLNK HIV-1 infection human (B27) Altteld2002

Keywords HAART, supervised treatment interruptions (STI).

Epitope name B27-KK10(p24).

Donor HLA A24,A?,B7,B27; A30,A32,B18,B27.

Peripheral blood (PB) and lymph node (LN) CD8+ T-cell responses were compared in 15 asymptomatic HIV-1 infected patients using all known optimal

CTL epitopes (http://hiv-web.lanl.gov/content/hiv-db/REVIEWS/brander2001.html) for each person’s class I HLA alleles.

60 epitope responses were detected in both PB and LN samples of the 15 patients, and an additional 8 responses were detected only in LN. The total

magnitude of the response was similar in LN and PB, but the percentage of CD8+ T cells in the LN is lower so the number of HIV-specific cells per million

CD8+ T-cells is higher in the LN.

1 year post-HAART treatment in five patients studied, the magnitude of the CD8 T-cell response was decreased in both LN and PB, but more dramatically

in PB, and 13/25 epitope responses in the PB became undetectable, in contrast to 5/26 in the LN.

¢ Treatment interruption following HAART induced resulted in increased viremia accompanied by the restoration of the detection of 13 epitopes that had
become undetectable in the PB, and the addition of 9 novel epitope responses.

* Breakdowns of epitope responses were shown for 4 individuals. Patient C displayed the greatest response to B27-KK10(p24), and in decreasing order
also responded to A24-RW8(Nef), B7-1L9(gp41), A24-RL9(gp41), A24-YL8(gp41), and B7-TM9(Nef). Patient D also displayed the greatest response to
B27-KK10(p24), and also responded to A30-RY11(p17), A32-PWI10(RT), A30-KY11(RT), A32-RW10(gp120), and B18-YY9(Nef).

p24 (131-140)

Gag (263-272) KRWIILGLNK HIV-1 infection human (B27) Currier2002a
Keywords inter-clade comparisons.
Donor HLLA B27.

Cross-reactive responses were found in PBMC isolated from individuals infected with either B or CRFO1_AE clade viruses, as determined by Elispot assays
of target cells expressing recombinant vaccinia viruses expressing HIV-1 gag, env, nef and pol from many clades.

Subject AIHP-6 (Thai, CDFO1-AE infected) recognized this epitope. This subject showed cross-subtype CTL responses to gag constructs derived from
subtypes A, B, C, D, F, G, and H, and this epitope was perfectly preserved in all of these but subtype A which had the sequence KRWMILGLNK.

This subject didn’t respond to a Gag CRFO1 sequence which had a R->K mutation in position 2.

p24 (131-142) P24 (265-276) KRWIILGLNKIV Peptide-HLA interaction human (B27) Jardetzky1991
* Epitope examined in the context of peptide binding to HLA-B27.
p24 (131-142) p24 (263-274 LAI) KRWIILGLNKIV HIV-1 infection human (B27) Fan1997

Keywords dendritic cells.
The capacity of dendritic cells to process and present antigen and stimulate anti-HIV-1 CTL memory responses was studied.

p24 (131-142)

p24 (131-142) KRWIILGLNKIV HIV-1 infection human (B27) Ferrari2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

p24 (131-145)

HIV Immunology

p24 (SF2) KRWILGLNKIVRMY HIV-1 infection human Goulder2000al
Keywords inter-clade comparisons, immunodominance.

* The CTL-dominant response was focused on this epitope in a HIV+ African American living in Boston with unknown HLA — this epitope did not fall within
the three most recognized peptides in the study.
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* Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

p24 (131-145) p24 (131-145 HXB2) KRWIILGLNKIVRMY HIV-1 infection human Addo2003
Keywords supervised treatment interruptions (STI), immunodominance, early treatment.
Assay type CD8 T-cell Elispot - IFN7y.

» Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STIL
63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). p17 was the most frequently
recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

* A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.
Responses to this peptide were detected in 16% of the study subjects, and it was one of the 25 most frequently recognized peptides.

p24 (131-145) p24 (263-277 LAI) KRWIILGLNKIVMRY HIV-1 infection human (A33) Buseyne1993b
* Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people.
p24 (131-145) p24 (266-277) KRWIILGLNKIVRMY Vaccine human (B27) Nixonl988

Vaccine Vector/Type: vaccinia HIV component: Gag
* Gag CTL epitope mapped with rec gag-vaccinia and synthetic peptides.
* This was the first HIV-1 epitope to be mapped.

p24 (131-145) p24 (266277 LAI) KRWIILGLNKIVMRY HIV-1 infection human (B27) Meyerhans1991
» Longitudinal study showing persistence of epitope despite CTL activity.

p24 (131-145) P24 (265-279) KRWIILGLNKIVRMY HIV-1 infection human (B27) Nixon1990, Rowland-Jones1999
* HIV-1 and HIV-2 cross-reactive CTL clone, highly conserved epitope.
* Reviewed in Rowland-Jones99, notes that it did not appear cross-reactive with HIV-2 in Rowland-Jones98, HIV-2 form: RRWIQLGLQK.

p24 (131-146) P24 (265-279) KRWIILGLNKIVRMYC HIV-1 infection human (B27) Bouillot1989
* HLA-B27 restricted epitope also binds to HLA-A2 and HLA-B37 in solid phase assay.

p24 (131-150) p24 (263-282 SF2) KRWIILGLNKIVRMYSPTSI HIV-1 infection human Lieberman1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.
» Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.
* One of these 12 A-2 had CTL response to this peptide.
* The responding subject was HLA-A3, A32, B51, B62.

p24 (131-150) p24 (265-284 SF2) KRWIILGLNKIVRMYSPTSI HIV-1 infection human (Bw627?) vanBaalen1993
* Gag CTL epitope precursor frequencies estimated.
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p24 (131-152) p24 (263-284 BH10) KRWIILGLNKIVRMYSPTS— HIV-1 infection human (Bw62) Johnson1991
ILD
* Gag CTL response studied in three individuals.
p24 (132-140) Gag (261-280) RWIILGLNK HIV-1 infection human (B27) Musey2003

Keywords genital and mucosal immunity.

Assay type Chromium-release assay.

Donor HLA A24, A33, B14, B27; A2, A32, B27, B62.

CTL clones from blood, semen, cervix and rectum samples from 12 individuals were compared. CTL clones derived from blood and mucosal samples had
similar high lysis efficiency, primarily perforin dependent, and TCRbeta VDJ region sequencing revealed cases of expansion of the same clone in different
compartments.

CD8+ T cell clones that recognize this epitope were derived from both blood and cervix from a woman, and the blood and semen from a man.

p24 (132-145)

p24 (132-145)

Gag KWILGLNKIVRMY HIV-1 infection human Weekes1999a
Peptide 728: Memory CTL specific for HIV-1 may contribute to oligoclonal expansions within the CD57+ CD28- CD8+ CTLp populations.
Gag KWILGLNKIVRMY HIV-1 infection human (B27) Weekes1999b
Keywords TCR usage.

Peptide 728: Almost all CD8+ T cells are CD28+ at birth, and the proportion of CD28-CD8+ cells increases with age — this study examines the contribution
of CD8+CD28- cells to CTL memory pools for CTL clones specific for two persistent human viruses, CMV and HIV — clones were found to be similarly
distributed the CD28 depleted cell population.

HIV CTL responses to 3 Env and 2 Gag peptides were studied.

The clonal composition of the TCR V 8 responses were studied and was found to be highly focused, with one TCR beta-chain sequence tending to dominate
the peptide-specific response — clones to this epitope were V[322.1.

p24 (134-143)

p24 (subtype B) IILGLNKIVR HIV-1 exposed seronegative human (A33) Rowland-Jones1998b
Keywords inter-clade comparisons.

HIV-specific CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection.

Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world.

Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive, however stronger
responses are frequently observed using A or D clade versions of epitopes.

This epitope is conserved among A, B and D clade viruses.

p24 (136-145)

p24 (268-277 LAI) LGLNKIVRMY HIV-1 infection human (Bw62) McMichael1994
Keywords review.

Predicted from larger peptide.

Review of HIV CTL epitopes.

Also P. Johnson, pers. comm.

p24 (136-146)

p24 (271-281) LGLNKIVRMYS HIV-1 infection human (B62) Lubaki11997

Eighty two HIV-1-specific CTL clones from 5 long-term non-progressors were isolated and analyzed for breadth of response.

A sustained Gag, Env and Nef response was observed, and clones were restricted by multiple HLA epitopes, indicating a polyclonal response.
A subject who was B62+ had CTL that recognized this peptide, p17 KIRLRPGGKKKYKL, and one additional unknown epitope.

The two clones that recognized this epitope used two different V3 genes, further demonstrating a polyclonal response.
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p24 (136-146)

p24 (136-146) LGLNKIVRMYS HIV-1 infection human (B62) Ferrari2000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

p24 (136-150)

p24 (136-150 HXB2) LGLNKIVRMYSPTSI HIV-1 infection human Addo2003

Keywords supervised treatment interruptions (STI), immunodominance, early treatment.

Assay type T-cell Elispot.

Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STL

63% of the peptides were recognized—the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl7 was the most frequently
recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized. A decrease in the total magnitude and in the
breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically infected treated or untreated individuals. No
correlation between plasma viral load and HIV-1 specific T-cell responses was observed.

Responses to this peptide were detected in 16% of the study subjects, and it was one of the 25 most frequently recognized peptides.

p24 (137-145)

p24 (C consensus) GLNKIVRMY HIV-1 infection human Goulder2000a

Keywords inter-clade comparisons, immunodominance.

The CTL-dominant response was focused on this epitope in a HIV+ South African living in Durban, HLA A2/- B5802/62 Cw4/6 — this epitope did not fall
within the three most recognized peptides in the study.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

p24 (137-145) p24 (272-280 LAI) GLNKIVRMY HIV-1 infection human (B*1501) Frahm2004
* C. Brander notes this is a B¥1501 epitope.
p24 (137-145) p24 (272-280 LAI) GLNKIVRMY HIV-1 infection human (B62) Goulder1997a

Keywords review, escape.

This paper is a review of CTL and immune evasion, but it presents a study of a shift from an HLA-A*0201 response to SLYNTVATL, to a B62 response to
GLNKIVRMY.

As long as a strong CTL response to SLYNTVATL was evident, the epitope variants SLENTVATL or SLYNTIATL dominated the viral population —
eventually the CTL response to the index peptide became undetectable, the CTL response shifted to a focus on GLNKIVRMY, and the index peptide
SLYNTVATL once again established itself as the dominant form.

p24 (137-145)
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p24 (SF2) GLNKIVRMY HIV-1 infection human (B62) Goulder2000al

Keywords inter-clade comparisons, immunodominance.

The CTL-dominant response was focused on this epitope in a HIV+ African American living in Boston — this epitope did not fall within the three most
recognized peptides in the study.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
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* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

p24 (137-145)

p24 (267-277 SF2) GLNKIVRMY HIV-1 infection human (B62) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B62+ individuals that had a CTL response to this epitope broken down by group: 0/1 group 1, 0/1 group 2, and 1/1 group 3.

p24 (137-145)

p24 (137-145) GLNKIVRMY HIV-1 infection human (B62) Day2001
Keywords immunodominance.
* No immunodominant responses were detected to four B62-restricted epitopes tested.

p24 (137-145)

p24 (137-145) GLNKIVRMY HIV-1 infection human (B62) Cao02003

Keywords binding affinity, acute infection, early-expressed proteins.

Assay type CD8 T-cell Elispot - IFN7y.

Donor HLA Al, A3, B8, B62, Cw3, Cw7.

CTL epitope responses were mapped in 21 men within 15-92 days post-HIV-1 infection. Subjects initially a showed narrow immune responses with a

mean of 2.3 epitopes recognized per patient. The immune response broadened later in infection. No correlation between the plasma viral load and the

number of recognized epitopes or the frequency of IFN-gamma secreting cells was observed, and there was no correlation between the functional avidity of

a responses and the abundance of IFN-secreting cells that recognized the epitope. The first epitopes to be recognized tended not to be the most avid, and

earliest responses tended to be directed against Nef, Tat, Vpr, and Env.

* More common HLA alleles were less frequently used in primary infection than less common alleles, for example A3, B35, B57, and B62 were more

frequently recognized than A1, A2, A30, and A44.

All HIV-1 proteins except Vpu were recognized, and a responses to a total of 41 optimal epitopes were characterized; 24 had been identified previously.

48% of the total T-cell responses were directed against Nef and 43% were directed against Gag.

* More common HLA alleles were less frequently used in primary infection than less common alleles, for example A3, B35, B57, and B62 were more
frequently recognized than A1, A2, A30, and A44.

p24 (137-145)

HIV Immunology

Gag (269-277) GLNKIVRMY HIV-1 infection human (B62) Musey2003
Keywords genital and mucosal immunity.

Assay type Chromium-release assay.

Donor HLA A2, A24, B27, B62.

* CTL clones from blood, semen, cervix and rectum samples from 12 individuals were compared. CTL clones derived from blood and mucosal samples had
similar high lysis efficiency, primarily perforin dependent, and TCRbeta VDJ region sequencing revealed cases of expansion of the same clone in different
compartments.

* CD8+ T cell clones directed at this epitope were derived from blood, rectum and semen.

and HIV/SIV Vaccine Databases 2003 161



HIV CTL Epitope Tables p24 CTL epitopes

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References

 The TCRbeta VDJ rearrangement of the CTL clones was V[322S1DJ1.2, demonstrating expansion of CTL clones in all three compartments from the same
progenitor cell.

p24 (143-150) p24 (273-283 11IB) RMYSPTSI HIV-1 infection human (B*5201) Frahm2004
* C. Brander notes this is a B*5201 epitope.
p24 (143-150) p24 (273-283 11IB) RMYSPTSI HIV-1 infection human (B52) Brander1999
Keywords epitope processing, immunodominance, escape.
Epitope name SL9.

Multiple natural variations in the SL9 flanking regions of the immunodominant epitope SLYNTVATL were tested and found not to adversely affect CTL
recognition or prevent epitope processing, suggesting that viral escape from the HLA-A*0201-restricted CTL response against SLYNTVATL is probably
not linked to variations in the flanking regions of this epitope.

* The CTL response to RMYSPTSI was used as a control.

p24 (143-150) p24 (273-283 11IB) RMYSPTSI HIV-1 infection human (B52) Wilson1999a

Keywords responses in children, mother-to-infant transmission, escape.

This study describes maternal CTL responses in the context of mother-to-infant transmission.

Detection of CTL escape mutants in the mother was associated with transmission, but the CTL-susceptible forms of the virus tended to be found in infected

infants.
* No variants of this epitope were found in a non-transmitting mother that had a CTL response to this epitope.
p24 (143-150) p24 (143-150) RMYSPTSI HIV-1 infection human (B52) Ferrari2000:
* One of the 51 HIV-1 epitopes selected by Ferrari ef al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
p24 (151-170) p24 (283-302 SF2) LDIRQGPKEPFRDYVDREFYK HIV-1 infection human McAdam1998
p24 (155-177) p24 (287-309) QGPKEPFRDYVDRFYKTLR- Vaccine mouse Nakamural997

AEQA
Vaccine Vector/Type: peptide HIV component: p24 Gag
* Mice immunized with this synthetic peptide generated specific CTLs, a proliferative response, and antibodies.
* The amino acids shown in the epitope field were based on the numbering provided by Nakamura et al., and may not be correct.
» The CTL epitope was shown to be located in positions 291-300.

p24 (157-178) P24 (290-309) PKEPFRDYVDRFYKTLRAE—- HIV-1 infection human (B14) Musey1997
QAS
* Cervical and peripheral blood derived CTL clones from an HIV-infected woman recognized this epitope.
p24 (159-168) Gag (291-300) EPFRDYVDRF Vaccine mouse (H-29) Billaut-Mulot2001
Vaccine Vector/Type: DNA, DNA with protein boost  Strain: B clade LAl HIV component: Gag, Nef, Tat Adjuvant: 1L-18
Keywords Thl.
* DNA vaccinated BALB/c mice primed and boosted with the multiepitopic vaccine with IL18 showed lymphoproliferative responses 7 weeks post
immunization.

* Strong but non-lasting HIV-specific CTL responses were detected by a Cr-release assay and DNA prime/DNA boost was more effective than DNA prime
protein boost.
* Immunization with either the multiepitopic DNA or with the mixed DNA vaccine induced HIV-1 specific Th1 cytokines (IL-2 and IFN-gamma)
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* Co-administration of IL18 increased T-cell responses but decreased anti-HIV antibody levels.

p24 (159-168)

Gag (p24) EPFRDYVDRF Vaccine mouse (H-2d) Bojak2002b,
Vaccine Vector/Type: DNA  HIV component: Gag
Epitope name E10F.

Assay type Chromium-release assay.

Codon-optimized gag gene DNA vaccines were compared to wild type by vaccination of BALB/c mice. Codon optimized DNA gave a Thl polarized Th
response, a strong antibody response that persisted from more than 20 weeks, and CTL responses, while wild-type DNA induced weak and inconsistent
immune respones.

p24 (159-178)

Gag (291-310) EPFRDYVDRFFKTLRAEQAT HIV-1 infection human Novitsky2002;
Keywords inter-clade comparisons.
* HLA, viral sequence, and Elispot data was obtained from 105 HIV-1 positive Botswanans; Elispot data was obtained from between 55 and 64 subjects for
each HIV protein.
Nef and p24 had the highest percentage of reactive peptides, and p24 had the highest magnitude of HIV-1 responses.
This peptide was among the 8 most reactive C clade peptides from among over 350 tested spanning all HIV proteins.

p24 (159-178)

Gag (96ZM651.8) EPFRDYVDRFFKTLRAEQAT human (B*44031) Novitsky2001

Keywords inter-clade comparisons, immunodominance.

This study is provides a survey of CTL responses and full length HIV-1 genome sequences from a C subtype infected Botswanan cohort.

16 of 46 (34.8%) had CTL responses to one or more peptides within the second immunodominant region region of Gag (peptides SILDIKQGPKEPFRDY V-
DRF, EPFRDY VDRFFKTLRAEQAT, and FKTLRAEQATQEVKNWMTDT) with ELISPOT results median and range 500 (100 to 1,250) SFC/10°
PBMC.

3 of 6 (50%) carriers of HLA-B*44031 showed CTL responses to the peptide EPFRDY VDRFFKTLRAEQAT.

p24 (161-170)

FRDYVDRFFK HIV-1 infection human Kaul2001c
Keywords HIV exposed persistently seronegative (HEPS).
This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.
* The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.
This epitope was recognized in 1/22 HEPS sex worker controls, ML1732.

p24 (161-170)

p24 (subtype B, D) FRDYVDRFYK HIV-1 infection human (B*1801) Ogg19984)
Noted in Brander 1999, this database, to be B¥1801, FRDYVDRFY.

p24 (161-170) p24 (subtype B, D) FRDYVDRF YK HIV-1 infection human (B*1801) Frahm2004
* C. Brander notes this is a B*¥1801 epitope.
p24 (161-170) p24 (161-170) FRDYVDRFYK HIV-1 infection human (B18) Ferrari2000

One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

p24 (161-170)

HIV Immunology

p24 (293-302) FRDYVDRFYK HIV-1 infection, HIV-1 exposed  human (B18) Kaul2001a:
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
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¢ Variants FRDYVDRF(Y/F)K are specific for the B,D/A,C clades.

* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

* Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with

reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected

women.

43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.

Among HLA-B18 women, 3/4 HEPS and 1/9 HIV-1 infected women recognized this epitope, likelihood ratio 5.3, p value 0.04, and HEPS women tended to

respond to FRDYVDRFY/FK, while infected women tended to respond to YPLTFGWCY/F.

* The dominant response to this HLA allele was to this epitope for all 3/4 HEPS cases and for the single HIV-1 infected women that responded to this epitope.

Four epitopes were considered to be “resistant epitopes”, as they were preferentially reactive in HEPS women and so may confer resistance, and

these were found in three different proteins: A2 ILK(D/E)PVHGYV in RT, A*6802 DTVLEDINL in Protease, B14 DLNM/TLN(I/V)V in p24 and B18

FRDYVDRF(Y/F)K also in p24.

Differences in epitope specificity were only seen for responses restricted by class I HLA alleles A2, A24, A*6802, B14, and B18, previously shown to be

associated with resistance to HIV-1 in this cohort.

p24 (161-170)

p24 FRDYVDRFYK HIV-1 infection, Vaccine human, macaque (B18) |Hanke2000, Wee2002

Vaccine Vector/Type: DNA prime with modified vaccinia Ankara (MVA) boost  Strain: A clade HIV component: pl17 Gag, p24 Gag

Keywords inter-clade comparisons, epitope processing, vaccine-specific epitope characteristics, immunodominance.
* The HIV-1 subtype A focused vaccine HIVA contains p24 and p17, in a reversed order relative to the Gag polyprotein to prevent myristylation of p17, which
could direct the protein to the cell membrane and inhibit efficient peptide processing and class I presentation, as well as a polyepitope string of conserved,
often immunodominant epitopes that were selected to have particularly good cross-reactive potential for the A-clade epidemic in Nairobi, Kenya. A DNA
and MVA prime-boost vaccination protocol using the HIVA antigen will be used in a phase III clinical trial in Kenya. This epitope is included in the
polyepitope string [Hanke2000].
Multiple CD4+ or CD8+ T-cell vaccine-induced responses to peptide pools were detected using intracellular cytokine staining and IFNgamma Elispot
assays after vaccination of 5 macaques. The response to the Mamu A*01 SIV p27 epitope p11C (CTPYDINQM), included in the polyepitope region, was
not immunodominant in the Mamu A*01 vaccinated macaques, possibly because of processing limitations in context of the artificial polyepitope string
[Wee2002].

p24 (161-174)

p24 (161-174 HXB2) FRDYVDREFYKTLRA HIV-1 infection human Addo2003
Keywords supervised treatment interruptions (STI), immunodominance, early treatment.
Assay type T-cell Elispot.
* Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STL
63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). p17 was the most frequently
recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.
* A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.
* Responses to this peptide were detected in 16% of the study subjects, and it was one of the 25 most frequently recognized peptides.
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p24 (161-180)

p24 (293-312 SF2) FRDYVDRFYKTLRAEQASQD HIV-1 infection human Lieberman1997a
Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

One of these 12 had CTL response to this peptide.

The responding subject was HLA-A2, A3, B8, B62.

p24 (161-180) P24 (293-312 SF2) FRDYVDRFYKTLRAEQASQD HIV-1 infection human Lieberman1997b
* CTL expanded ex vivo were later infused into HIV-1 infected patients.
p24 (161-180) p24 (293-312 SF2) FRDYVDRFYKTLRAEQASQD HIV-1 infection human (B71) McAdam1998
p24 (162-172) p24 (296-306 subtype = RDYVDRFFKTL HIV-1 infection human (A*2402) Dorrell1999
A)

Keywords inter-clade comparisons.

CTL responses in three individuals with non-clade B infections were studied, 2 with subtype A infections, 1 with subtype C — their infections all originated
in East Africa.

This epitope is similar to the A24 DY VDRYFKT epitope found for B subtype, but CTL from this A subtype infection required the additional Arg — the B
clade sequence change from F to Y diminished CTL reactivity.

C. Brander notes that this is an A*2402 epitope in the 1999 database.

p24 (162-172) p24 (296-306 subtype = RDYVDRFFKTL HIV-1 infection human (A*2402) Frahm2004
A)
* C. Brander notes this is an A*2402 epitope.
p24 (162-172) p24 (296-306) RDYVDRFFKTL HIV-1 infection, HIV-1 exposed = human (A24) Kaul2001a
seronegative

Keywords HIV exposed persistently seronegative (HEPS).

ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.

43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.

Among HLA-A24 women, 0/4 HEPS and 6/10 HIV-1 infected women recognized this epitope, likelihood ratio 7.2, p value 0.03, and (R)YL(R/K)DQQLL
tended to be reactive in HEPS and infected women, RDY VDRFFKTL in infected women only.

The dominant response to this HLA allele was to this epitope in all of the 6/10 HIV-1 infected women.

Differences in epitope specificity were only seen for responses restricted by class I HLA alleles A2, A24, A*6802, B14, and B18, previously shown to be
associated with resistance to HI'V-1 in this cohort.

Subject ML 1707 started with a CTL response to A*6802 DTVLEDINL prior to seroconversion, and switched to A*6802 ETAYFILKL and A24
RDYVDRFFKTL post-seroconversion.

p24 (162-172)

p24 (293-312 LAI) RDYVDRFYKTL HIV-1 infection human (B*4402) Frahm2004
* C. Brander notes this is a B*¥4402 epitope.
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p24 (162-172) p24 (162-172) RDYVDRFYKTL HIV-1 infection human (B44) Ferrari2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
p24 (162-172) p24 (162-172) RDYVDRFYKTL HIV-1 infection human (B44) Day2001
p24 (162-172) p24 RDYVDRFYKTL HIV-1 infection, Vaccine human, macaque (B44) |Hanke2000, Wee2002

Vaccine Vector/Type: DNA prime with modified vaccinia Ankara (MVA) boost =~ Strain: A clade HIV component: pl17 Gag, p24 Gag

Keywords inter-clade comparisons, epitope processing, vaccine-specific epitope characteristics, immunodominance.
» The HIV-1 subtype A focused vaccine HIVA contains p24 and p17, in a reversed order relative to the Gag polyprotein to prevent myristylation of p17, which
could direct the protein to the cell membrane and inhibit efficient peptide processing and class I presentation, as well as a polyepitope string of conserved,
often immunodominant epitopes that were selected to have particularly good cross-reactive potential for the A-clade epidemic in Nairobi, Kenya. A DNA
and MVA prime-boost vaccination protocol using the HIVA antigen will be used in a phase III clinical trial in Kenya. This epitope is included in the
polyepitope string [Hanke2000].
Multiple CD4+ or CD8+ T-cell vaccine-induced responses to peptide pools were detected using intracellular cytokine staining and IFNgamma Elispot
assays after vaccination of 5 macaques. The response to the Mamu A*01 SIV p27 epitope pl11C (CTPYDINQM), included in the polyepitope region, was
not immunodominant in the Mamu A*01 vaccinated macaques, possibly because of processing limitations in context of the artificial polyepitope string

[Wee2002].
p24 (162-172) p24 (293-312 LAI) RDYVDRFYKTL HIV-1 infection human (B44, A26 or Ogg1998a
B70)
p24 (163-172) p24 (163-172) DYVDRFYKTL HIV-1 infection human (A24) Ferrari2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
p24 (163-173) Gag (297-307 SF2) DYVDRFYKTLR HIV-1 infection, computer predic- human (A*3303) Hossain2003

tion

Keywords binding affinity, computational epitope prediction.

Assay type Chromium-release assay.
* HLA-A*3303 is a common HLA allele in east and southeast Asia. Pol, Gag and Nef SF2 proteins were scanned for potential A*3303 epitopes. 99 potential
epitopes were synthesized, and 52/99 bound to A*3303. Six of these served as peptide-targets for lysis by PBMC from infected individual, and clones
derived from 4 of these 6 could lyse HIV-vaccinia infected target cells, indicating proper processing.
This epitope is one of the 2/6 peptides that could induce CTL responses in the PBMC of infected individuals, but was not properly processed in a
vaccinia-HIV infected target cell.

p24 (164-172) Gag (296-304) YVDRFYKTL HIV-1 infection human (A*0207) Currier2002a
Keywords inter-clade comparisons.
Donor HLA A*0207.

Cross-reactive responses were found in PBMC isolated from individuals infected with either B or CRFO1_AE clade viruses, as determined by Elispot assays
of target cells expressing recombinant vaccinia viruses expressing HIV-1 gag, env, nef and pol from many clades.

* The Thai subject VAIP-4 demonstrated broad CTL cross-reactivity towards gag constructs derived from subtypes A, B, C, D, F, G, H, and CRF-01_AE.
Sequence alignments of this epitope showed conservation for clades B and D, and Y->F substitutions at position 6 for subtypes A, C, CDRO1-AE, F, G, and
H. YVDRFYKTL and the variant epitope Y VDRFFKTL are recognized equally well.
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p24 (164-172) p24 (164-172) YVDRFYKTL HIV-1 infection human (A*0207) Frahm2004

p24 (164-172) p24 (298-306 subtype =~ YVDRFFKTL HIV-1 infection human (A26 or B70) Dorrell 1999
A)

Keywords inter-clade comparisons.

CTL responses in three individuals with non-clade B infections were studied, 2 with subtype A infections, 1 with subtype C — their infections all originated
in East Africa.

This CTL epitope is conserved in A and C subtype, and B clade sequences tend to have a change from F to Y, YVDRFYKTL — both variants showed strong
CTL reactivity.

CTL reacted with targets presenting either in the context A26 or B70 — the epitope has the HLA-26 motif of Val at position 2 and Leu at the carboxy
terminus, and the B70 anchor residue motif is unknown.

p24 (164-172)

Gag (298-306 subtype = YVDRFFKTL HIV-1 infection, in vitro stimula- human (A26 or B70) Dorrell2001

A) tion or selectio

Keywords inter-clade comparisons.

In vitro restimulation of CTL specific for dominant epitopes from infected individuals is possible using recombinant modified vaccinia virus Ankara (MVA)
carrying A or D subtype HIV-1 Gag proteins.

p24 (164-172)

Gag (296-304 YVDRFFKRL human (B*1510, B70)  |Novitsky2001

96ZM651.8)

Keywords inter-clade comparisons.

This study provides a survey of CTL responses and full length HIV-1 genome sequences from a C subtype infected Botswanan cohort.

4 subjects who responsed to the CTL epitope Y VDRFFKTL — all were HLA-B*1510 and also shared HLA-Cw03, suggesting linkage disequilibrium.

An HIV-1 B variant of the epitope YVDRFYKTL has been described, and was recognized byCTL from an HIV-1 subtype A-infected patient, and the HLA
restriction of the epitope was suggested to be A26 or B70 — HLA-B*1510 is equivalent to the serological specificity HLA B70.

p24 (164-172)

p24 (164-172) YVDRFYKTL HIV-1 infection human (B70) Ferrari2000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

p24 (164-172) Gag (p24) (164-172) YVDRFFKTL human (Cw*0303) Frahm2004
p24 (164-172) Gag (p24) (164-172) YVDRFFKTL human (Cw*0304) Frahm2004
p24 (165-178) p24 (165-177 HXB2) VDRFYKTLRAEQAS HIV-1 infection human Addo2003

Keywords supervised treatment interruptions (STI), immunodominance, early treatment.

Assay type T-cell Elispot.

Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STIL.

63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl17 was the most frequently

recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)

recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.
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* The authors did not note the reference strain, but based on the peptide sequences provided it appears to be HXB2.
Responses to this peptide were detected in 19% of the study subjects, and it was one of the 25 most frequently recognized peptides.

p24 (166-174) p24 (298-306 LAI) DRFYKTLRA HIV-1 infection human (B*1402) Frahm2004
* C. Brander notes this is a B*1402 epitope.
p24 (166-174) p24 (298-306 11IB) DRFYKTLRA HIV-1 infection human (B14) Wilson1996

Keywords responses in children, mother-to-infant transmission.

Epitope defined in the context of the Pediatric AIDS Foundation ARIEL Project, a mother-infant HIV transmission study.
DRFYKILRA, a naturally occurring variant, was found in mother, and is recognized although less reactive.
DQFYKTLRA, a naturally occurring variant, was found in infant and is not recognized.

p24 (166-174) p24 (298-306 I1IB) DRFYKTLRA HIV-1 infection human (B14) Caol997a
* The consensus peptide for clades B and D is DRFYKTLRA.
* The consensus peptide for clades A and C is DRFFKTLRA and it is equally reactive.

p24 (166-174) p24 (298-306 HXB2) DRFYKTLRA HIV-1 infection human (B14) Yang1997b
Keywords kinetics.
* A chimeric universal T cell receptor was created by linking CD4 or an HIV-specific anti-gp41 Ig sequence to the signaling domain of the T cell receptor
chain {, and transducing into CD8+ cells.
* The response using universal-receptor-bearing CD8+ cells to lyse infected cells in vitro was comparable to the natural occurring responses of CTL-clones
from HIV+ individuals in terms of kinetics and efficiency.
* A CTL clone specific for this epitope was used for the comparison.

p24 (166-174) p24 DRFWKTLRA HIV-1 exposed seronegative human (B14) Rowland-Jones1998a
Keywords inter-clade comparisons.
* A CTL response was found in exposed but uninfected prostitutes from Nairobi using previously-defined B clade epitopes that tended to be conserved in A
and D clades — such cross-reactivity could protect against both A and D and confer protection in Nairobi where both subtypes are circulating.
The D subtype consensus is identical to the B clade epitope.
The A subtype consensus is drFfKtLRA.

p24 (166-174) p24 (298-306 LAI) DRFYKTLRA HIV-1 infection human (B14) Harrer1996b

p24 (166-174) p24 (298-306) DRFYKTLRA HIV-1 infection human (B14) Yang1996
CD4+ cell lines acutely infected with HIV were studied to determine their susceptibility to lysis by CTL.

Clones specific for RT lysed HIV-1 infected cells at lower levels than Env or Gag specific clones.

* The distinction was thought to be due to lower expression of RT relative to Env and Gag.

CTL can lyse infected cells early after infection, possibly prior to viral production.

p24 (166-174) p24 (298-306) DRFYKTLRA HIV-1 infection human (B14) Yang19974
Assay type CTL suppression of replication.
* CTL inhibit HIV-1 replication at effector cell concentrations comparable to those found in vivo.
* CTL produced HIV-1-suppressive soluble factors — MIP-1o, MIP-18, RANTES, after antigen-specific activation.
* CTL suppress HIV replication more efficiently in HLA-matched cells.
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p24 (166-174)

P24 (298-306) DRFYKTLRA in vitro stimulation or selectio human (B14) Zarling1999

Keywords dendritic cells.

This study compares the ability of macrophages and dendritic cells to stimulate primary responses in CD8+ lymphocytes isolated from HLA-appropriate
HIV-uninfected donors using peptide-pulsed APC — the dendritic cells performed better as APC for the stimulation of primary responses.

Strong CTL responses were elicited by the epitopes DRFYKTLRA and GEIYKRWII when presented by either immature or mature dendritic cells —
macrophages were not able to prime a CTL response against DRFYKTLRA.

A weak response to KLTPLCVSL was stimulated using macrophages as the APC.

No detectable response was observed for the following previously-defined HIV epitopes: KIRLRPGGK, ILKEPVHGYV, IRLRPGGK, GPKVKQWPL.

p24 (166-174)

p24 DRFYKLTRA human (B14) Rowland-Jones1999

CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women had no delta 32 deletion
in CCRS.

In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive, and the B35 allele
seems to be protective.

HIV-2 sequence: DRFYKSLRA is cross-reactive, [Harrer1993]

p24 (166-174)

p24 (298-306 11IB) DRFYKTLRA HIV-1 infection human (B14) Wilson1999a

Keywords responses in children, mother-to-infant transmission, escape.

This study describes maternal CTL responses in the context of mother-to-infant transmission.

Detection of CTL escape mutants in the mother was associated with transmission, but the CTL-susceptible forms of the virus tended to be found in infected
infants.

DRFYKILRA and DQFYKTLRA were escape mutants.

p24 (166-174)

p24 (SF2) DRFYKTLRA HIV-1 infection human (B14) Goulder2000a

Keywords inter-clade comparisons, immunodominance.

The CTL-dominant response was focused on this epitope in 2/5 HIV+ individuals who were HLA B14 living in Boston — this epitope did not fall within the
three most recognized peptides in the study.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

p24 (166-174)

p24 (SF2) DRFYKTLRA HIV-1 infection human (B14) Goulder2001al

Keywords acute infection.

Epitope name DA9.

Data from patient AC13 suggest a role for this epitope in initial control of viremia in acute infection, as it is one of several subdominant CTL epitopes
recognized during the initial decline in viremia.

A CTL response to SL9, SLYNTVATL, was not evident until 18 months post-presentation.

p24 (166-174)

p24 (166-174) DRFYKTLRA HIV-1 infection human (B14) Ferrar12000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
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p24 (166-174)

P24 (298-306 SF2) DRFYKTLRA HIV-1 infection human (B14) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B 14+ individuals that had a CTL response to this epitope broken down by group: 3/3 group 1, 1/2 group 2, and 0/0 group 3.

p24 (166-174)

p24 (298-306) DRFFKTLRA HIV-1 infection, HIV-1 exposed =~ human (B14) Kaul2001a

seronegative
Keywords HIV exposed persistently seronegative (HEPS).
Variants DRF(F/W)KTLRA are specific for clades A/B.
ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.
Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.
Among HLA-B14 women, 0/4 HEPS and 6/7 HIV-1 infected women recognized this epitope, likelihood ratio 14.4, p value 0.004 and HEPS women tended
to respond to DLNMMLNIV/DLNTMLNVYV, while infected women tended to respond to DRF(F/W)KTLRA.
The dominant response to this HLA allele was to this epitope for all of the 6/7 HIV-1 infected women.
Differences in epitope specificity were only seen for responses restricted by class I HLA alleles A2, A24, A*6802, B14, and B18, previously shown to be
associated with resistance to HIV-1 in this cohort.

p24 (166-174)

p24 (SF2) DRFYKTLRA HIV-1 infection human (B14) Altfeld2000b
This epitope was mapped by ELISPOT in a study identifying new HLA-B60 epitopes, and was one of the epitopes presented by another HLA molecule in
an HLA-B60 individual.

p24 (166-174)

p24 DRFYKTLRA HIV-1 infection human (B14) Cao02002

Keywords epitope processing.

AC13 is a B14 restricted CTL clone that recognizes DRFYKTLRA.

CTL could be activated by a fusion protein of an HIV protein and anthrax lethal factor (LFn-HIV) that promotes antigen presenting cell uptake of exogenous
protein and allows processing through the MHC class I pathway. This strategy for CTL detection could allow antigen presentation without generation of
cells by the standard methods of using live viral vectors carrying a protein, or by loading the cells with peptides and by-passing processing.

p24 (166-174)

p24 DREFWKTLRA HIV-1 infection human (B14) Kaul2002

Keywords HIV exposed persistently seronegative (HEPS).

Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers caused a functional deficiency in IFN-gamma production in HIV-1 epitope-specific CD8+
T-cells, detected by intracellular cytokine production and tetramer assays, while not affecting the total number of epitope-specific CTLs.

Ghonorrhea caused the weaker HIV-1 specific CTL responses in 4 HIV-1 exposed persistently seronegative (HEPS) women to become undetectable by
Elispot and tetramer assays, and CMV-specific CTL in 2 HEPS subjects were shown to have impaired function with regard to IFN-gamma production.
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p24 (166-174)

p24 DRFYKTLRA HIV-1 infection, Vaccine human (B14) Hanke2000., [Wee2002

Vaccine Vector/Type: DNA prime with modified vaccinia Ankara (MVA) boost ~ Strain: A clade HIV component: pl17 Gag, p24 Gag

Keywords inter-clade comparisons, epitope processing, vaccine-specific epitope characteristics, immunodominance.

The HIV-1 subtype A focused vaccine HIVA contains p24 and p17, in a reversed order relative to the Gag polyprotein to prevent myristylation of p17, which
could direct the protein to the cell membrane and inhibit efficient peptide processing and class I presentation, as well as a polyepitope string of conserved,
often immunodominant epitopes that were selected to have particularly good cross-reactive potential for the A-clade epidemic in Nairobi, Kenya. A DNA
and MVA prime-boost vaccination protocol using the HIVA antigen will be used in a phase III clinical trial in Kenya. This epitope is included in the
polyepitope string [Hanke2000].

Multiple CD4+ or CD8+ T-cell vaccine-induced responses to peptide pools were detected using intracellular cytokine staining and [FNgamma Elispot
assays after vaccination of 5 macaques. The response to the Mamu A*01 SIV p27 epitope p11C (CTPYDINQM), included in the polyepitope region, was
not immunodominant in the Mamu A*01 vaccinated macaques, possibly because of processing limitations in context of the artificial polyepitope string
[Wee2002].

p24 (166-174)

p24 (166-174) DRFYKTLRA HIV-1 infection human (B14) Ca02003

Keywords acute infection, early-expressed proteins.

Assay type CD8 T-cell Elispot - IFN7y.

Donor HLA Al, A3, B7, B14, cw*0702, Cw*0802; Al, Al, B8, B14, Cw7, Cw8.

All proteins were scanned and optimal epitopes were mapped in a study of CD8+ gamma IFN T-cell responses in 21 men within 15-92 days post-HIV-1
infection. Subjects initially a showed narrow immune responses with a mean of 2.3 epitopes recognized per patient. The immune response broadened
later in infection. No correlation between the plasma viral load and the number of recognized epitopes or the frequency of IFN-gamma secreting cells was
observed, and there was no correlation between the functional avidity of a responses and the abundance of IFN-secreting cells that recognized the epitope.
The first epitopes to be recognized did not tend to be the most avid, and earliest responses tended to be directed against Nef, Tat, Vpr, and Env.

This epitope was recognized in two subjects early in infection, presented by B14 in each case.

All HIV-1 proteins except Vpu were recognized, and a responses to a total of 41 optimal epitopes were characterized; 24 had been identified previously.
48% of the total T-cell responses were directed against Nef and 43% were directed against Gag.

More common HLA alleles were less frequently used in primary infection than less common alleles, for example A3, B35, B57, and B62 were more
frequently utilized than A1, A2, A30, and A44.

p24 (166-174)

p24 (subtype B) DRFYKTLRA HIV-1 exposed seronegative human (B14, B*¥1402)  |Rowland-Jones1998b:
Keywords inter-clade comparisons.

HIV-specific CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection.

Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world.

Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive, however stronger
responses are frequently observed using A or D clade versions of epitopes.

This epitope is conserved among B and D clade viruses.

The Clade A version of the epitope, DRFFKLTRA, was preferentially recognized by CTL.

This epitope was recognized by two different exposed and uninfected prostitutes.

p24 (166-175)

p24 (298-306 HX10) DRFYKTLRAE HIV-1 infection human (B14) Wagner1999

Keywords immunodominance.

The immunodominant CTL response in a long-term survivor was to this highly conserved and functionally relevant epitope.

By testing mutations in an HXB2 background, it was found that all mutations within the epitope that abrogated CTL recognition also abolished viral
infectivity.
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* The epitope in this study overlaps the major homology region for which highly conserved residues exist in all known lenti- and onco-viruses and yeast
transposons.
* Patient was part of the study in [Harrer1996all
p24 (166-175) Gag (298-307) DRFYKTRAE HIV-1 infection human (B14) Musey2003

Keywords TCR usage, genital and mucosal immunity.

Assay type Chromium-release assay.

Donor HLA A24, A33, B14, B27.

CTL clones from blood, semen, cervix and rectum samples from 12 individuals were compared. CTL clones derived from blood and mucosal samples had
similar high lysis efficiency, primarily perforin dependent, and TCRbeta VDJ region sequencing revealed cases of expansion of the same clone in different

compartments.
* CD8+ T cell clones directed at this epitope were derived from blood and cervix.
p24 (169-185) p24 (169-184 HXB2) YKTLRAEQASQDVKNWN HIV-1 infection human Addo2003

Keywords supervised treatment interruptions (STI), immunodominance, early treatment.

Assay type T-cell Elispot.
» Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STIL.
63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). pl7 was the most frequently
recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.
* Responses to this peptide were detected in 17% of the study subjects, and it was one of the 25 most frequently recognized peptides.

p24 (169-188)

Gag (301-320) FKTLRAEQATQDVKNWMTDT HIV-1 infection human Novitsky2002
Keywords inter-clade comparisons.
* HLA, viral sequence, and Elispot data was obtained from 105 HIV-1 positive Botswanans; Elispot data was obtained from between 55 and 64 subjects for
each HIV protein.
Nef and p24 had the highest percentage of reactive peptides, and p24 had the highest magnitude of HIV-1 responses.
This peptide was among the 8 most reactive C clade peptides from among over 350 tested spanning all HIV proteins.

p24 (169-188)

Gag (301-320) YKTLRAEQASQEVKNWMTET HIV-1 infection human (B57) Musey2003
Keywords TCR usage, genital and mucosal immunity.

Assay type Chromium-release assay.

Donor HLA Al, A66, B52, B57.

* CTL clones from blood, semen, cervix and rectum samples from 12 individuals were compared. CTL clones derived from blood and mucosal samples had
similar high lysis efficiency, primarily perforin dependent, and TCRbeta VDJ region sequencing revealed cases of expansion of the same clone in different
compartments.

* CD8+ T cell clones directed at this epitope were derived from blood and rectum.

p24 (173-181)

172

RAEQASQEV HIV-1 infection human Kaul2001¢
Keywords HIV exposed persistently seronegative (HEPS).
This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.
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The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.
This epitope was recognized in 1/22 HEPS sex worker controls ML.1792.

p24 (173-181)

p24 (305-313) RAEQASQEV HIV-1 infection human (Cw8) Johnson1991
Originally reported as HLA-B14 restricted, but subsequently found not to be presented by cells transfected with B14.
Thought to be HLA-Cw8 restricted (C. Brander and B. Walker)

p24 (173-181)

p24 RAEQASQEV HIV-1 exposed seronegative human (Cw8) Rowland-Jones1998a
Keywords inter-clade comparisons.

A CTL response was found in exposed but uninfected prostitutes from Nairobi using previously-defined B clade epitopes that tended to be conserved in A
and D clades — such cross-reactivity could protect against both A and D and confer protection in Nairobi where both subtypes are circulating.

The A subtype consensus is RAeQAtQEV.

The D subtype consensus is RAEQsQdV.

Thought to be HLA-CwS restricted, not B14 as originally reported (C. Brander, B. Walker, and S. Rowland-Jones, personal communication)

p24 (173-181)

p24 (305-313) RAEQASQEV HIV-1 infection human (Cw8) Price1995
Study of cytokines released by HIV-1 specific activated CTL.
Thought to be HLA-CwS restricted, not B14 as originally reported (C. Brander, B. Walker, and S. Rowland-Jones, personal communication)

p24 (173-181)

p24 (305-313) RAEQASQEV HIV-1 infection human (Cw8) Lubaki1997

Eighty two HIV-1-specific CTL clones from 5 long-term non-progressors were isolated and analyzed for breadth of response.

A sustained Gag, Env and Nef response was observed, and clones were restricted by multiple HLA epitopes, indicating a polyclonal response.

Despite this being a well defined conserved epitope, and thought to be presented by B14, none of the 11 gag-specific clones from a B-14 positive subject
could recognize either it or p24 PQDLNTMLN.

Thought to be HLA-Cw8 restricted, not B14 as originally reported (C. Brander, B. Walker, and S. Rowland-Jones, personal communication)

p24 (173-181)

p24 (305-313) RAEQASQEV HIV-1 infection, HIV-1 exposed  human (Cw8) Kaul2001a
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

p24 (174-184) p24 (306-316 LAI) AEQASQDVKNW human (B*4402) Frahm2004
* C. Brander notes this is a B*¥4402 epitope.

p24 (174-184) p24 (306-316 LAI) AEQASQDVKNW human (B*4402, B44) Brander1997
¢ Pers. comm. from D. Lewinsohn to C. Brander and B. Walker, C Brander et al., this database, 1999.

p24 (174-184) Gag (306-316) AEQASQEVKNW HIV-1 infection human (B44) Brodie1999

The ability of CTL effector cells was studied by expanding autologous HIV-1 Gag-specific CTL in vitro, and adoptively transferring them.
The transferred CTLs migrated to the lymph nodes and transiently reduced circulating productively infected CD4+ T cells, showing that CTL move to
appropriate target sites and mediate anti-viral effects.

p24 (174-184)

p24 (306-316) AEQASQEVKNW HIV-1 infection human (B44) Brodie2000:
Study tracks and quantifies in vivo migration of neo-marked CD8 HIV-specific CTL.
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» Adoptively transferred gene-marked HIV-specific CTL homed to specific lymph node sites, colocalizing within the parafollicular regions of the lymph node
adjacent to cells expressing HIV tat-fusion transcripts, indicative of viral replication.

The CTL clones expressed CCRS and localized among HIV-1 infected cells expressing MIP-1alpha and MIP-1beta, CC-chemokines produced at sites of
viral replication, suggesting a possible homing mechanism.

This study provides a methodology for tracking and studying antigen specific CTL in vivo

p24 (174-184) p24 (306-316 LAI) AEQASQDVKNW HIV-1 infection human (B44) Mollet2000

Keywords HAART.

Epitope name G3.

A panel of 16 epitopes covering 15 class I alleles was tested in 14 HIV+ patients from an unselected Caucasian population treated with HAART, using
CD8+ cell IFNgamma production to measure responses.

In general, during the first month of treatment viral load decreased and frequencies of HIV-specific CTL tripled and broadened — eight new HIV specificities
that were not previously detectable were newly detected, as were CMV specific CD8+ PBL — but with continued viral suppression, HIV-specific responses

diminished.
* Viral rebounds gave different patterns of response: increases or decreases in pre-existing response, new specificities, or no change.
p24 (174-184) p24 (174-184) AEQASQDVKNW HIV-1 infection human (B44) Day2001
* B44-restricted CTL response was strongest to this epitope in one individual.
p24 (174-184) p24 AEQASQDVKNW HIV-1 infection human (B44) Altfeld2002

Keywords HAART, supervised treatment interruptions (STI).

Epitope name B44-AW11(p24).

Donor HLA A32,A?,B44,B?.

Peripheral blood (PB) and lymph node (LN) CD8+ T-cell responses were compared in 15 asymptomatic HIV-1 infected patients using all known optimal
CTL epitopes (http://hiv-web.lanl.gov/content/hiv-db/REVIEW S/brander2001.html) for each person’s class I HLA alleles.

60 epitope responses were detected in both PB and LN samples of the 15 patients, and an additional 8 responses were detected only in LN. The total
magnitude of the response was similar in LN and PB, but the percentage of CD8+ T cells in the LN is lower so the number of HIV-specific cells per million
CD8+ T-cells is higher in the LN.

1 year post-HAART treatment in five patients studied, the magnitude of the CD8 T-cell response was decreased in both LN and PB, but more dramatically
in PB, and 13/25 epitope responses in the PB became undetectable, in contrast to 5/26 in the LN.

Treatment interruption following HAART induced resulted in increased viremia accompanied by the restoration of the detection of 13 epitopes that had
become undetectable in the PB, and the addition of 9 novel epitope responses.

Breakdowns of epitope responses were shown for 4 individuals. Patient B displayed the greatest response to epitope B44-AW11(p24) and also responded to
A32-PW10(RT) in both PB and LN samples, while a third response against epitope A32-RW10(gp120) was only detected in the LN sample.

p24 (174-185) Gag (p24) (174-185)  AEQASQEVKNWM human (Cw*05) Frahm2004

p24 (175-186) p24 (307-318) EQASQEVKNWMT HIV-1 infection human (B44) Quayle1998

HIV is found in semen both as cell-associated and cell-free forms, and HIV-specific CTL could be found in the semen of 5/5 men with CD4 greater than 500
— 3 of the men were analyzed in detail and had broad CTL to gag, env and pol.

Two CTL lines from one donor recognized this epitope.

Isolation of CTLs specific to HIV in both male and female urinal tracts provide evidence that virus-specific lymphocytes come from the urogenital mucosa,
and the authors speculate that CTL in mucosal tissues may be correlated with lower viral load in semen and reduced transmission.
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p24 (176-184) p24 (308-316 LAI) QASQEVKNW HIV-1 infection human (B*5301) Frahm2004
* C. Brander notes this is a B¥5301 epitope.
p24 (176-184) QASQEVKNW HIV-1 infection human (B*5301, B57) Sabbaj2002b
Keywords HAART.

Epitope name Gag-QWo.

Donor HLA 01RCHS59 A*0201 A*3201 B*4002 B*5301 Cw*0202 Cw*0401.

This study monitored epitope responses in HIV-1 infected minority women living in the United States.

24 epitopes were described — 8 were novel, 8 used new restricting elements but were previously defined epitopes, and 8 were previously described.
Serial peptide truncations were used to define optimal epitopes for CTL cell lines isolated from 12 individuals, assayed by a Cr-release.

Subject 01RCHS59 was Hispanic, was not on HAART, viral load 5100, CD4 count 349, and she also recognized PIQKETWETW, RT(392-401), A*3201.
Among HIV+ individuals who carried HLA B*5301, 11/15 (73%) recognized this epitope.

Among HIV+ individuals who carried HLA B57, 3/6 (60%) recognized this epitope.

p24 (176-184) p24 (309-317 LAI) QASQEVKNW HIV-1 infection human (B*5701) Goulder1996b
Recognition of this peptide by two long-term non-progressors.

Peptide defined on the basis of B*5801 binding motif, yet not cross-restricted except at high concentrations.

Described as B*5701 in C. Brander et al., this database, 1999.

p24 (176-184) p24 (311-319 LAI) QASQEVKNW HIV-1 infection human (B*5701) Frahm2004
C. Brander notes this is a B*5701 epitope.

p24 (176-184) QASQEVKNW HIV-1 infection human (B*5701) Migueles2001
Keywords rate of progression, immunodominance.

* HLA B*5701 was found in a very high frequency in HIV-1 infected non-progressors, 11/13 (85%) versus 19/200 (9.5%) of progressors. Non-progressors
tended to have an immune response that was highly focused on four p24 epitopes that were presented by B*5701, ISPRTLNAW, KAFSPEVIPMF,
TSTLQEQIGW, and QASQEVKNW.

Only QASQEVKNW was recognized in all of the LTNP’s tested.

p24 (176-184) QASQEVKNW HIV-1 infection human (B*5701) Migueles2001
Keywords rate of progression, immunodominance.
* CTL activity was monitored in 27 individuals, including 10 LTNP with an over-expression of HLA B*5701 — these individuals have viral loads below
the threshold of infection without therapy, and their CD8+ T-cell response tends to be focused on peptides that contain B*5701 epitopes ISPRTLNAW,
KAFSPEVIPME, TSTLQEQIGW, or QASQEVKNW.
* CTL responses are broader in B*5701+ individuals with progressive viremia than those that control viremia.
* The HLA-A*0201 SLYNTVATL epitope response was not as strong individuals that carried both A2, B57.

p24 (176-184) Gag (308-316) QASQEVKNW HIV-1 infection human (B*5701) Migueles2003
Keywords rate of progression, escape.
Epitope name QW9.

Assay type Intracellular cytokine staining, Flow cytometric CTL assay.
* cDNA Gag sequences from a set of 17 HLA-B*5701+ progressors and 10 LTNPs were obtained, and the variation in four p24 B*5701 epitopes examined.
Sequence variants were more common (p < 0.01) in the epitopes in the progressors (median 3, range 1-7) than LTNPs (median 2, range 0-4).
In general use of the autologous protein in a target cell did not diminish the overall CD8+ T-cell responses.
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* The substituion E312D (qasqDvknw) was common in progressors (8/17) and rare in LTNP (1/8) (p = 0.06). qasqDvknw and qasqEvknw peptides were
made; this mutation does not affect binding to B*57. 2/4 progressors that carried only the D variant could not recognize the D variant peptide, but could
recognize the E variant peptide, demonstrating immune escape.

p24 (176-184) p24 (308-316 LAI) QASQEVKNW HIV-1 infection human (B53) Buseynel997

Minimal sequence determined through epitope mapping.

This is a relatively conserved epitope.

* HLA-Cw*0401 was defined as the restricting element, but cells that carry Cw*0401 varied in their ability to present this epitope — this could be the result of
diminished cell-surface expression of Cw*0401 in some cells.

» The HLA presenting molecule for this epitope was originally described as Cw*0401, but subsequent experiments with an HLA B53+ C4- cell line and with
CI1R cells transfected with HLA-B53 have shown that the HLA restricting element is HLA-B53 (F. Buseyne, pers. comm. 2000)

p24 (176-184) (LAI) QASQEVKNW human (B53) Buseyne 1999, [Frahm2004
p24 (176-184) p24 (NL43) QASQEVKNW in vitro stimulation or selectio human (B53) Buseyne2001

Keywords epitope processing, dendritic cells.

Epitope name QW9.

Exogenous presentation or cross-presentation of epitopes by antigen presenting cells (APC) without protein synthesis is an alternative pathway for CTL
epitope processing that may be important in the initial generation of viral specific CTL.

Dendritic cells treated with AZT to inhibit protein synthesis were able to elicit a strong specific CTL response in QASQEVKNW specific CTL clone 141
without protein synthesis, while macrophages demonstrated a decreased presentation efficiency.

Exogenous Gag epitope presentation was Env-dependent and required receptor-dependent fusion.

p24 (176-184) p24 (308-316) QATQEVKNW HIV-1 infection, HIV-1 exposed  human (B53) Kaul2001a:
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
» ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.
Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.
Among HLA-B53 women, 1/2 HEPS and 7/9 HIV-1 infected women recognized this epitope.

p24 (176-184) p24 (308-316 subtype A QATQEVKNM HIV-1 infection human (B53) Dorrell2001

consensus)

Keywords binding affinity, inter-clade comparisons.

In clade A infected Gambians, three HLA-BS53 epitopes were defined in Gag p24 using ELISPOT, tetramer, and cytotoxicity assays.

» Two of the new epitopes lacked the predicted by P2 anchors, DTINEEAAEW and QATQEVKNM, and bound to B53 with high affinity, thus extending the
anchor residue motif for B53 and the related B35.

* While S, T, and P could all fit into the HLA-B35 or HLA-B53 B pocket and form a hydrogen bond, A would not form a bond, so the authors propose
compensatory interactions account for the high affinity of QATQEVKNM for B53.

* QATQEVKNM was recognized in 6/7 HLA-B53 subjects.
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¢ Cross-recognition of QATQEVKNM was not studied here, but it was noted that both the A, QATQEVKNM, and B, QASQDVKNW, subtype version of this
epitope, are also presented by HLA-B57 and B58, common HLA alleles in Africans.

p24 (176-184)

Gag (SF2) QASQEVKNW HIV-1 infection human (B57) Goulder2001a

Keywords acute infection.

Epitope name QW9.

This peptide elicited a weak CTL response during acute infection of patient P1004.

Three CTL responses, to epitopes TSTLQEQIGW, ISPRTLNAW, and KAFSPEVIPMEF, were evident early after infection; CTL responses to SLYNTVATL,
QASQEVKNW, EIYKRWII, and FLKEKGGL were detectable at 5 months post-infection and beyond.

p24 (176-184)

(LAID) QASQEVKNW human (Cw4) Buseyne 1999

p24 (176-184)

p24 (176-184) QASGEVKNW HIV-1 infection, HIV-1 exposed  human (Cw4) Kaul2001a
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

p24 (176-185)

p24 (311-319 SF2) QASKEVKNWV HIV-1 infection human (B57) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B57+ individuals that had a CTL response to this epitope broken down by group: 0/0 group 1, 0/0 group 2, and 1/2 group 3.

p24 (177-185)

p24 (177-185) ATQEVKNWM HIV-1 infection, HIV-1 exposed = human (B53) Kaul2001a
seronegative
Keywords HIV exposed persistently seronegative (HEPS), immunodominance.
Variants A(T/S)QEVKNWM are specific for the A/B clades.
* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.
Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.
Among HLA-B53 women, 1/2 HEPS and 5/9 HIV-1 infected women recognized this epitope.
* The dominant response to this HLA allele was to this epitope in the 1/2 HEPS case and in only one of the 5/9 HIV-1 infected women.

p24 (180-189)

HIV Immunology

p24 (313-322) EVKNWMTETL HIV-1 infection, HIV-1 exposed = human (B53) Kaul2001a
seronegative
Keywords HIV exposed persistently seronegative (HEPS), immunodominance.
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» ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

p24 (181-190) p24 (313-322 LAI) VKNWMTETLL human (B8) Brander1996b
* P. Johnson, pers. comm.
p24 (191-205) Gag (320-328 BH10, VQNANPDCKTILKAL HIV-1 infection human Maksiutov2002
LAD)

This study employs an antigenic similarity matrix to compare HIV-1 antigenic determinants with human proteins.
This CTL epitope (the HIV-1 LAI fragment with high similarity to a human protein overlapping this epitope is TLLVQNANP) has similarity with growth
differentiation factor 11, fragment THLVQQANP.

p24 (191-205) p24 (191-205) VONANPDCKTILKAL HIV-1 infection human (B51) Ferrari2000
* One of the 51 HIV-1 epitopes selected by Ferrari ef al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
p24 (191-205) p24 (323-337) VONANPDCKTILKAL HIV-1 infection human (B8) Nixonl991
» Two CTL epitopes defined (see also p17(21-35))
p24 (191-205) p24 (325-339 SF2) VONANPDCKTILKAL HIV-1 infection human (B8) Goulder1997al |Phillips1991

Keywords review, immunodominance, escape.

Longitudinal study of CTL escape mutants in people with the appropriate HLA types — little variation was observed in the immunodominant B27 epitope,
relative to the B8 epitopes, which varied over time.

[Goulder1997a] is a review of immune escape that points out that there may be a protective effect associated with B27, and that HLA-BS8 individuals tend to
progress more rapidly than HLA B27 patients.

p24 (191-210) p24 (323-342 SF2) VQONANPDCKTILKALGPAAT HIV-I1 infection human Lieberman1997a
» Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.

Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.

Three of these 12 had CTL response to this peptide.

The responding subjects were HLA-A3, A24, B8, B55; HLA-A1, All, B8, B27.

p24 (191-210) p24 (323-342 SF2) VQNANPDCKTILKALGPAAT HIV-1 infection human Lieberman1997b
* CTL expanded ex vivo were later infused into HIV-1 infected patients.
p24 (193-201) Gag (327-335 SF2) NANPDCKTI HIV-1 infection human (B*5101) Tomiyamal999

Keywords inter-clade comparisons, rate of progression.
» HLA-B27, -B51, and -B57 are associated with slow progression to AIDS, while HLA-B35, -BS, -B24 are associated with a rapid progression to AIDS (Nat.
Med. 2:405, 1996;Lancet 22:1187, 1986;Hum Immunol 22:73, 1988;Hum Immunol 44:156, 1995)
15% of Japanese populations carry HLA-B51 while HLA-B27 and -B57 are detected in less than 0.3%
Of the 172 HIV-1 peptides with HLA-B*5101 anchor residues, 33 bound to HLA-B*5101, seven of these peptides were reactive with CTL from 3 B*5101
positive individuals, and six were properly processed.
Four of the six epitopes were highly conserved among B subtype sequences, NANPDCKTI is conserved.

p24 (193-201) p24 (325-333) NANPDCKTI? HIV-1 infection human (B51) Betts2000
Keywords immunodominance.
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* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.
* 95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.
* 3/11 of the HLA A2+ individuals were HLA B51 and two of these responded to this epitope as well as to other epitopes.

p24 (193-201) p24 (324-335 11IB) NANPDCKTI HIV-1 infection human (B51) Wilson1999a

Keywords responses in children, mother-to-infant transmission, escape.

This study describes maternal CTL responses in the context of mother-to-infant transmission.

Detection of CTL escape mutants in the mother was associated with transmission, but the CTL-susceptible forms of the virus tended to be found in infected

infants.
* No variants of this epitope were found in a non-transmitting mother that had a CTL response to this epitope.
p24 (193-201) p24 (323-333) NANPDCKTI HIV-1 infection human (B51) Oxenius2000
Keywords HAART, acute infection.
Epitope name NAN.

Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became

undetectable.
* None of the 8 study subjects recognized this epitope but none were HLA B51+
p24 (193-201) p24 (191-205) NANPDCKTI HIV-1 infection human (BS8) Ferrari2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
p24 (195-202) p24 (323-342) NPDCKTIL HIV-1 infection human (B35) Bernard1998

* This study focuses on six rare long-term survivor HIV-infected people who were infected for many years without exhibiting immune dysregulation — such
immunologically normal HIV-infected (INHI) cases occur at a frequency between 0.1 and 1% in the infected population.

No direct CTL were found in any of the six INHIs, but above background CTLp activity was founded in 3/6 INHIs.

Epitope sequences were deduced from larger reactive peptides based on HLA binding motifs — XPXXXXXL is a B35 binding motif.

p24 (195-202) NPDCKTIL HIV-1 infection human (B35) Sabbaj2002b
Epitope name Gag-NL8.
Among HIV+ individuals who carried HLA B35, 3/17 (18%) recognized this epitope.

p24 (197-205) p24 (329-337 LAID) DCKTILKAL human (B*0801) Frahm2004
» C. Brander notes this is a B¥*0801 epitope.

p24 (197-205) p24 (329-337 LAI) DCKTILKAL human (B8) Sutton1993
* Predicted epitope based on B8-binding motifs, from larger peptide VQNANPDCKTILKAL.

p24 (197-205) p24 (329-337) DCKTILKAL HIV-1 infection human (B8) Nowak1995

Keywords escape.
In a longitudinal study of CTL response and immune escape — the variant DCRTILKAL was also found, binds to B8, but is not recognized.

p24 (197-205) p24 (329-337) DCKTILKAL human (B8) McAdam1995
* Defined as minimal epitope by titration and binding studies.
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p24 (197-205) p24 (197-205) DCKTILKAL human (BS8) Goulder1997g
* Included in a study of the B8 binding motif.
p24 (197-205) p24 (329-337) DCKTILKAL HIV-1 infection human (BS8) Oxenius2000
Keywords HAART, supervised treatment interruptions (STI), immunodominance, acute infection.
Epitope name DCK.

Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.

This epitope was recognized at a low level by only 1 of the 7/8 study subjects that were HLA BS.

Patient SC12(HLA Al, B8/39, Cw(0701/0702, DR2/3, DR51/52, DQ2/6) had sustained therapy started during acute infection and maintained an
immunodominant response to FLKEKGGL throughout and minor responses to GEIYKRWII, DCKTILKAL, GGKKKYKLK — GEIYKRWII and
GGKKKYKLK responses were stimulated by a brief period off therapy.

p24 (197-205)

p24 (197-205) DCKTILKAL HIV-1 infection human (BS) Ferrari2000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

p24 (197-205)

p24 (197-205) DCKTILKAL HIV-1 infection human (BS8) Day2001
B8-restricted CTL accounted for about 1/3 of the total CTL response in one individual.

p24 (197-205)

p24 DCKTILKAL HIV-1 infection human (B8) Oxenius2002b
Keywords HAART, supervised treatment interruptions (STI).
Epitope name DCK.

Using previously defined epitopes [Oxenius2000, |Oxenius2001a] in an IFNgamma Elispot assay, 13 chronically HIV-1 infected patients were studied over a
period including therapy with standard treatment interruptions (STI).

STIs induced increased recognition of CTL epitopes, but there was no correlation between CTL responses with viral rebound rates, plateau viral loads, or
clearance rates.

p24 (199-218)

Gag (331-350) KTILRALGPGATLEEMMTAC HIV-1 infection human Novitsky2002

Keywords inter-clade comparisons.

HLA, viral sequence, and Elispot data was obtained from 105 HIV-1 positive Botswanans; Elispot data was obtained from between 55 and 64 subjects for
each HIV protein.

Nef and p24 had the highest percentage of reactive peptides, and p24 had the highest magnitude of HIV-1 responses.

This peptide was among the 28 most reactive C clade peptides from among over 350 tested spanning all HIV proteins.

p24 (209-217)

180

Gag (341-) ATLEEMMTA HIV-1 infection, Vaccine human, transgenic Corbet2003
mouse (A2)

Vaccine Vector/Type: peptide HIV component: p24 Gag Adjuvant: Incomplete Freund’s Adjuvant (IFA)

Keywords binding affinity, inter-clade comparisons, computational epitope prediction.

Epitope name Gag341.

Assay type CD8 T-cell Elispot - IFN7y, Chromium-release assay, Flow cytometric CTL assay.
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* HLA-A2-restricted HIV-1 CTL epitopes were computationally predicted. Binding affinities for HLA-A*0204, immunogenicity in HLA-A*0201 transgenic
mice, and responses to the peptides in 17 HIV-1 infected patients were tested. 31 novel conserved A2 epitopes were detected. An average of 4 epitopes were
recognized per patient.

This peptide was a good A2 binder that did not induce CTL and CD8+ T-cell IFN gamma responses in mice, although responses were detected in 2/17 HIV+
HLA-A2 subjects.

p24 (211-230) p24 (345-364 SF2) LEEMMTACQGVGGPGHKARV HIV-1 infection human vanBaalen1993
* Gag CTL epitope precursor frequencies estimated, peptide mapping.
p24 (211-230) p24 (343-362 SF2) LEEMMTACQGVGGPGHKARV HIV-1 infection human (B7) McAdam1998
p24 (211-231) p24 (343-362 SF2) LEEMMTACQGVGGPGHKAR- HIV-1 infection human Lieberman1997a
VL

* Of 25 patients, most had CTL specific for more than 1 HIV-1 protein.
Twelve subjects had CTL that could recognize vaccinia-expressed LAI gag.
* One of these 12 had CTL response to this peptide.

The responding subject was HLA-A1, A2, B50, B57.

p24 (213-221)

Gag (345-) EMMTACQGV HIV-1 infection, Vaccine human, transgenic Corbet2003
mouse (A2)

Vaccine Vector/Type: peptide HIV component: p24 Gag Adjuvant: Incomplete Freund’s Adjuvant (IFA)

Keywords binding affinity, inter-clade comparisons, computational epitope prediction.

Epitope name Gag345.

Assay type CD8 T-cell Elispot - IFNy, Chromium-release assay, Flow cytometric CTL assay.
* HLA-A2-restricted HIV-1 CTL epitopes were computationally predicted. Binding affinities for HLA-A*0204, immunogenicity in HLA-A*0201 transgenic
mice, and responses to the peptides in 17 HIV-1 infected patients were tested. 31 novel conserved A2 epitopes were detected. An average of 4 epitopes were
recognized per patient.
This peptide was a good A2 binder that induced a response in 1/6 transgenic mice. Responses were detected in 1/17 HIV+ HLA-A2 subjects.

p24 (217-227) p24 (349-359 11IB) ACQGVGGPGHK HIV-1 infection human (A*1101) Frahm2004
* C. Brander notes this is an A*1101 epitope.
p24 (217-227) Gag (349-359) ACQGVGGPGHK HIV-1 infection human (A*1101) Fukada2002

Keywords inter-clade comparisons, TCR usage.

* Counterparts for eight known clade B HLA A*1101 epitopes were generated for clade E (CRFO1). Three epitopes, identical among clade A-E, were
cross-reactive and recognized by clade E infected individuals. The clade E and B analogs to three more HLA A*1101 epitopes was recognized in a clade
specific manner. Two other HLA A*1101 clade B defined epitopes were found not to have stimulated a response in clade E infected individuals.

* ACQGVGGPGHK was found to elicit clade-specific responses in clade B (ACQGVGGPGHK is most common in clades A and B) and clade E (acqgvggpShk

is most common and is also common in clades C and D). ACQGVGGPGHK was recognized by CTL from 4/5 B clade infected Japanese subjects, and

acqgvggpShk from 3/7 E clade infected Thai subjects.

The binding of the two variants to HLA A*1101 was almost identical, but bulk CTL generated from individuals did not cross-react with the cross-clade

peptides, indicating the lack of cross-reactivity was due to TCR specificity.

p24 (217-227)

HIV Immunology

p24 (349-359 11IB) ACQGVGGPGHK HIV-1 infection human (A11) Sipsas1997
» HIV IIIB proteins were used to define the range of CTL epitopes recognized by three lab workers accidentally infected with HIV-1 IIIB.
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* ACQGVGGPSHK, a variant found in HIV RF, was also recognized.
p24 (217-227) p24 (SF2) ACQGVGGPGHK HIV-1 infection human (A11) Goulder2000al

Keywords inter-clade comparisons, immunodominance.

The CTL-dominant response was focused on this epitope in a HIV+ Caucasian living in Boston — this epitope did not fall within the three most recognized
peptides in the study.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

p24 (217-227) p24 (349-359) ACQGVGGPGHK HIV-1 infection human (A11) Oxenius2000
Keywords HAART, supervised treatment interruptions (STI), immunodominance, acute infection.
Epitope name ACQ.

Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.

Both of the 2/8 HLA-A11 study subjects recognized this CTL epitope.

Patient SC19(HLA A11/12, B8/44, Cw06/0701, DR3/7, DR52/53, DQ 2/8) had a CTL response to epitopes FLKEKGGL, GEITYKRWII, ACQGVGGPGHK,
AVDLSHFLK, and FNCGGEFFY that declined during therapy initiated at day 197.

Patient SC18(HLA A2/11, B8/44, Cw06/0701, DR3/7, DR52/53, DQ2) recognizes the epitopes ACQGVGGPGHK, QVPLRPMTYK, AVDLSHFLK, and
one called QIY but not fully described — he had brief therapy upon seroconversion and has had low viral load during 600 days of follow up.

p24 (217-227) p24 (216-226) ACQGVGGPGHK HIV-1 infection human (A11) Ferrar12000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

p24 (217-227) p24 (349-359 SF2) ACQGVGGPGHK HIV-1 infection human (A11) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-A11+ individuals that had a CTL response to this epitope broken down by group: 0/3 group 1, 0/0 group 2, and 2/2 group 3.

p24 (217-227) p24 ACQGVGGPGHK HIV-1 infection human (A11) Oxenius2002b
Keywords HAART, supervised treatment interruptions (STI).
Epitope name ACQ.

* Using previously defined epitopes [Oxenius2000, (Oxenius2001al] in an IFNgamma Elispot assay, 13 chronically HIV-1 infected patients were studied over a
period including therapy with standard treatment interruptions (STI).
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» STIs induced increased recognition of CTL epitopes, but there was no correlation between CTL responses with viral rebound rates, plateau viral loads, or
clearance rates.

p24 (221-231)

p24 (353-363 LAI) VGGPGHKARVL HIV-1 infection human (B7) Mollet2000

Keywords HAART.

Epitope name G1.

A panel of 16 epitopes covering 15 class I alleles was tested in 14 HIV+ patients from an unselected Caucasian population treated with HAART, using
CD8+ cell IFNgamma production to measure responses.

In general, during the first month of treatment viral load decreased and frequencies of HIV-specific CTL tripled and broadened — eight new HIV specificities
that were not previously detectable were newly detected, as were CMV specific CD8+ PBL — but with continued viral suppression, HIV-specific responses
diminished.

Viral rebounds gave different patterns of response: increases or decreases in pre-existing response, new specificities, or no change.

p24 (223-231)

p24 (223-231 SF2) GPGHKARVL HIV-1 infection human (B*0702) Altfeld2001a

Epitope name GL9.

HIV+ individual AC-06 was tested for reactive overlapping peptides spanning all HIV-1 proteins in an ELISPOT and was found to react with 12 peptides
from 7 proteins, suggesting that the breadth of CTL responses are underestimated if accessory proteins are not included in the study.

* The response to GPGHKARVL was dominant.

p24 (223-231)

p24 (355-363 LAI) GPGHKARVL HIV-1 infection human (B7) Goulder1997el |Goulder1997a
Keywords review, escape.

Identical twin hemophiliac brothers were both infected with the same batch of factor VIII.

* One had a strong response to this peptide, the other a weak response.

[Goulder1997a] is a review of immune escape that summarizes this study.

p24 (223-231)

p24 (SF2) GPSHKARVL HIV-1 infection human (B7) Goulder2000a

Keywords inter-clade comparisons, immunodominance.
* The CTL-dominant response was focused on this epitope in a HIV+ Caucasian living in Boston — this epitope did not fall within the three most recognized
peptides in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.

p24 (223-231)

p24 (SF2) GPSHKARVL HIV-1 infection human (B7) Goulder2000al

Keywords inter-clade comparisons, immunodominance.
* The CTL-dominant response was focused on this epitope in a HIV+ Caucasian living in Boston — this epitope did not fall within the three most recognized
peptides in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.
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p24 (223-231) (LAI) GPGHKARVL (B7) Frahm2004! |Goulder1999al
p24 (223-231) p24 (223-231 SF2) GPGHKARVL HIV-1 infection human (B7) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B7+ individuals that had a CTL response to this epitope broken down by group: 1/4 group 1, 2/3 group 2, and 0/1 group 3.

p24 (223-231)

p24 (223-231) GPGHKARVL HIV-1 infection human (B7) Day2001

Keywords rate of progression, acute infection.

The CTL response to optimally defined CTL epitopes restricted by HLA class I A and B alleles in individuals who coexpressed HLA A2, A3, and B7 was
studied in eight HIV-1-infected subjects, two with acute infection, five with chronic, and one long-term non-progressor (LTNP)

2 to 17 epitopes were recognized in a given individual, A2-restricted CTL response tended to be narrow and never dominated the response, and 25/27
epitopes were targeted by at least one person.

Subjects with chronic HIV-1 infection recognized between 2-8 out of 11 B7-restricted epitopes.

An acute seroconvertor homozygous for the B7 allele recognized five B7-restricted epitopes.

The other acute seroconvertor failed to recognize any of the 11 B7-restricted epitopes tested.

The B7-restricted CTL response was highly variable and there was no clearly dominant epitope.

p24 (223-231)

p24 (223-231) GPGHKARVL HIV-1 infection human (B7) Yu2002a

Keywords dynamics, supervised treatment interruptions (STI), immunodominance, acute infection.

Epitope name B7-GL9.

Donor HLA A3, B7, Cw7.

CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or -B7 (n=4) or both -A3 and B7 (n=7) positive individuals were studied.

One individual, AC-06, was homozygous at all three class I alleles (A3, B7, Cw7), was treated during acute infection and had supervised treatment
interruptions (STI). He had only two detectable CTL responses during acute infection, but after STI this broadened to 27 distinct epitopes including 15
restricted by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw?7.

Only two epitopes were detected during acute infection in patient AC-06, B7 restricted gp41 epitope IPRRIRQGL and Gag GPGHKARVL. GPGHKARVL
was the first targeted peptide, and remained immunodominant through the 34 month study period.

3/11 HLA-B7 individuals had detectable B7-restricted responses to this epitope during acute infection — 10/15 of HLA-B7 epitopes tested were targeted by
at least one person during acute infection. 1/4 individuals had detectable responses to this epitope after STI.
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p24-p2pTplp6 (223—
D

Gag GPGHKARVLA human (B7) De Groot2001

The program Epimatrix was used in conjunction with the program Conservatrix to identify conservered regions of HIV that might serve as epitopes.

A subset of the potential epitopes was identified that could bind to the appropriate HLA-allele, and 15 predicted B7 superfamily (HLA B7, B8, and B58)
epitopes were identified that could stimulate IFNy production in an ELISPOT assay.

GPGHKARVLA was confirmed as an HLA-B7 epitope in this study, and had been previously published.

p24-p2p7plp6 (225—
3)

Gag (357-372 LAI) GHKARVLAEATLSQVN HIV-1 infection human Buseyne1993a

Vertical transmission of HIV ranges from 13% to 39%

Primary assays showed cytotoxic activity against at least one HIV protein was detected in 70% of infected children.
Epitopes recognized in five children were mapped using synthetic peptides and secondary cultures.

Patient EM28 (CDC P2A) had a CTL response to four epitopes in Gag.

p24-p2pT7plp6 (230-
7)

Gag (386-) VLAEAMSQV human (A*0201) Altteld2001c

Keywords binding affinity, inter-clade comparisons, supertype, computational epitope prediction, immunodominance.

Epitope name Gag-386.

HIV was scanned for all peptides which carried the A2-supermotif pattern conserved in more than 50% of B clade sequences — 233 peptides met this criteria,
and 30 of these bound to HLA-A*0201 — 20/30 bound to at least 3/5 of HLA-A2 supertype alleles tested.

Three additional previously described HLA-A?2 epitopes were added to the set of 20, and 18/22 chronically infected HLA-A2 individuals had CTL that
recognized at least one of the 23 peptides (median of 2 and maximum of 6), while 6/12 acute infected individuals recognized at least 1 (median of 1 and
maximum of 2)

VLAEAMSQYV binds to all five HLA-A2 supertype alleles tested: A*0201, A*0202, A*0203, A*0206 and A*6802 (highest affinity)

4/22 individuals with chronic HIV-1 infection recognized this epitope, and it was immunodominant in 3/4 by ELISPOT.

0/12 acutely infected individuals recognized this epitope.

p24-p2p7plp6 (230—
7)

VLAEAMSQV HIV-1 infection human (A02) Sabbaj2002b

Epitope name Gag-VV9.
Among HIV+ individuals who carried HLA A02, 3/29 (10%) recognized this epitope.

p24-p2pTplp6 (230—
7)

Gag (362-) VLAEAMSQV HIV-1 infection, Vaccine human, transgenic Corbet2003
mouse (A2)
Vaccine Vector/Type: peptide Adjuvant: Incomplete Freund’s Adjuvant (IFA)
Keywords binding affinity, inter-clade comparisons, computational epitope prediction.
Epitope name Gag362(9L).
Assay type T-cell Elispot, Chromium-release assay, Flow cytometric CTL assay.
HLA-A2-restricted HIV-1 CTL epitopes were computationally predicted. Binding affinities for HLA-A*0204, immunogenicity in HLA-A*0201 transgenic
mice, and responses to the peptides in 17 HIV-1 infected patients were tested. 31 novel conserved A2 epitopes were detected. An average of 4 epitopes were
recognized per patient.

HIV Immunology and HIV/SIV Vaccine Databases 2003 185



HIV CTL Epitope Tables p24-p2p7plp6 CTL epitopes

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References

* This peptide was a good A2 binder that induced CTL and CD8+ T-cell IFN gamma responses in mice. Responses were detected in 1/17 HIV+ HLA-A2
subjects.

* The variant vlaeamsqA was also immunogenic in A2 transgenic mice, eliciting a CD8+ T-cell response, as was recognized in 3/17 HIV+ people, including
the person that recognized the vlacamsqV variant.

p24-p2p7plp6 (230— Gag (397-405) VLAEAMSQV HIV-1 infection human (A2 supertype)  |[Propato2001
7)
Keywords supertype, rate of progression.
* Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.
* Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.
* A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.
* This epitope can bind all five HLA-A2 supertypes alleles (A*0201, A*0202, A*0203, A*0206 and A*6802)
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HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References
p2p7plpb (1-10) p2p7plp6 (1-10) AEAMSQVTNS human (B*4501) Frahm?2004:
p2p7plpb6 (5-13) Gag (SF2) SQVTNPANTI Vaccine mouse (H-2DP) Paliard1998

Vaccine Strain: B clade SF2  HIV component: Gag

HIV-1(SF2)p55gag vaccination of H-2 mice activates a CTL response against this epitope.

* CTL that recognized SQVTNPANI in the context of H-2DP cross-reacted with H-2 alloantigens H-2L4 and an unidentified self-peptide.

A postulate: heterozygosity at the MHC level could prevent the maturation of some T cell receptor combinations for foreign peptide and self-MHC
constructs because of thymic depletion and tolerance.

p2p7plp6 (18-37) Gag (96ZM651.8) SNFKGNKRMVKCFNCGKEGH human (A*02011) Novitsky2001
This study is provides a survey of CTL responses and full length HIV-1 genome sequences from a C subtype infected Botswanan cohort.
4 of 8 individuals (50%) who were positive for HLA-A*02011 responded to the peptide SNFKGNKRMVKCFNCGKEGH.

p2p7plp6 (33-41) p2p7plpb (33-41) KELYPLTSL HIV-1 infection human (B*4001) Frahm2004
p2p7plp6 (42-50) pl5 (42-50) CRAPRKKGC HIV-1 infection human (B*14) Frahm2004
p2p7plp6 (42-50) p15 (42-50 SF2) CRAPRKKGC HIV-1 infection human (B14) Yu2002b!
Keywords immunodominance.
Donor HLA B14.

26/57 HIV-1 infected subjects displayed Gag p15-specific CD8+ T-cell [IFNgamma responses were measured by Elispot and intracellular staining. The
immunodominant regions targeted by CD8+ T-cells were mapped to three functional domains: the zinc finger structures, the protease cleavage site p7/p1,
and to the Vpr binding site in p6.

p15 contributed on average 17% of the total Gag response (rage 0-100%).

3 optimal CTL epitopes were mapped within p15: KELYPLTSL, CRAPRKKGC, and FLGKIWPSYK.

2/6 HLA-B14+ subjects recognized this epitope. The binding motif for B14 is C-term Cys, positions 2 and 5 Arg.

p2p7plp6 (55-70) pl5 (446-460 BRU) KEGHQOMKDCTERQANF HIV-1 infection human (A2) Claverie1988
* One of 4 epitopes first predicted, then subsequently shown to stimulate an HLA-A2 restricted CTL line.
p2p7plpb (63-71) pl5 (63-71) CTERQANFL HIV-1 infection human (B61) Ca02003

Keywords binding affinity, acute infection, early-expressed proteins.

Assay type CD8 T-cell Elispot - IFN7y.

Donor HLA A*0201, Al1, B51, B61, Cw2, Cwl14.

CTL epitope responses were mapped in 21 men within 15-92 days post-HIV-1 infection. Subjects initially a showed narrow immune responses with a

mean of 2.3 epitopes recognized per patient. The immune response broadened later in infection. No correlation between the plasma viral load and the

number of recognized epitopes or the frequency of IFN-gamma secreting cells was observed, and there was no correlation between the functional avidity of

a responses and the abundance of IFN-secreting cells that recognized the epitope. The first epitopes to be recognized tended not to be the most avid, and

earliest responses tended to be directed against Nef, Tat, Vpr, and Env.

» All HIV-1 proteins except Vpu were recognized, and a responses to a total of 41 optimal epitopes were characterized; 24 had been identified previously.
48% of the total T-cell responses were directed against Nef and 43% were directed against Gag.
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* More common HLA alleles were less frequently used in primary infection than less common alleles, for example A3, B35, B57, and B62 were more
frequently recognized than A1, A2, A30, and A44.

p2p7plpb6 (64-71) TERQANFL HIV-1 infection human (B*4002) Sabbaj2002b
Keywords HAART.

Epitope name Gag-TLS.

Donor HLA A*0201 A*3201 B*4002 B*5301 Cw*0202 Cw*0401.

This study monitored epitope responses in HIV-1 infected minority women living in the United States.

24 epitopes were described — 8 were novel, 8 used new restricting elements but were previously defined epitopes, and 8 were previously described.
Serial peptide truncations were used to define optimal epitopes for CTL cell lines isolated from 12 individuals, assayed by a Cr-release.

This epitope was newly defined in this study.

Patient 01RCHS59 was Hispanic, not on HAART, and had a viral load of 5100 and CD4 count of 349 — she also recognized AEWDRVHPYV, p24(78-86),
HLA-B*4002 and KEKGGLEGL, Nef(92-100), HLA-B*4002.

Among HIV+ individuals who carried HLA B40, 3/5 (60%) recognized this epitope.

p2p7plpb (64-71) pl5 (64-71) TERQANFL human (B*4002) Frahm2004

p2p7plp6 (66-80) p15 (66-80) RQOANFLGKIWPSYKG HIV-1 infection human Addo2003
Keywords supervised treatment interruptions (STI), immunodominance, early treatment.
Assay type T-cell Elispot.

» Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STIL
63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). p17 was the most frequently
recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

* A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.
* Responses to this peptide were detected in 16% of the study subjects, and it was one of the 25 most frequently recognized peptides.

p2p7plp6 (70-77) Gag (433-) FLGKIWPS HIV-1 infection, Vaccine human, transgenic Corbet2003
mouse (A2)
Vaccine Vector/Type: peptide HIV component: Gag Adjuvant: Incomplete Freund’s Adjuvant (IFA)
Keywords binding affinity, inter-clade comparisons, computational epitope prediction.
Epitope name Gag433.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release assay, Flow cytometric CTL assay.

* HLA-A2-restricted HIV-1 CTL epitopes were computationally predicted. Binding affinities for HLA-A*0204, immunogenicity in HLA-A*0201 transgenic
mice, and responses to the peptides in 17 HIV-1 infected patients were tested. 31 novel conserved A2 epitopes were detected. An average of 4 epitopes were
recognized per patient.

This peptide was a good A2 binder that induced CTL and CD8+ T-cell IFN gamma responses in mice. Responses were detected in 7/17 HIV+ HLA-A2
subjects.

p2p7plp6 (70-79) p15 (70-79 SF2) FLGKIWPSYK HIV-1 infection human (A*0201) Yu2002b
Keywords immunodominance.

188 HIV Immunology and HIV/SIV Vaccine Databases 2003



p2p7plp6 CTL epitopes HIV CTL Epitope Tables

HXB2 Location

Author’s Location Sequence Immunogen Species (HLA) References

26/57 HIV-1 infected subjects displayed Gag p15-specific CD8+ T-cell IFNgamma responses were measured by Elispot and intracellular staining. The
immunodominant regions targeted by CD8+ T-cells were mapped to three functional domains: the zinc finger structures, the protease cleavage site p7/pl,
and to the Vpr binding site in p6.

p15 contributed on average 17% of the total Gag response (rage 0-100%).

3 optimal CTL epitopes were mapped within p15: KELYPLTSL, CRAPRKKGC, and FLGKIWPSYK.

FLGKIWPSYK was embedded in a peptide recognized by 14/57 (25%) of subjects.

13/24 (54%) of HLA-A*0201+ subjects recognized this peptide.

p2p7plp6 (70-79) p2p7plp6 (1-10) FLGKIWPSYK HIV-1 infection human (A*0201) Frahm2004
p2p7plp6 (83-97) Gag (453-462 BH10, GNFLQSRPEPTAPPF HIV-1 infection human Maksiutov2002
LAI)

This study employs an antigenic similarity matrix to compare HIV-1 antigenic determinants with human proteins.
This CTL epitope (the HIV-1 LAI fragment with high similarity to a human protein overlapping this epitope is PEPTAPPFLQ) has similarity with the T-cell
surface glycoprotein CDS5, fragment PEPTAPPRLQ.

p2p7plp6 (83-97) pl5 (418-433 BRU) GNFLQSRPEPTAPPF HIV-1 infection human (A2) Claverie1988
* One of 4 epitopes first predicted, then subsequently shown to stimulate an HLA-A2 restricted CTL line.

p2p7plp6 (118-126) p2p7plp6 (118-126) KELYPLTSL human (B*4001(B60))  [Frahm2004
* C. Brander notes that this is a B¥4001 epitope.

p2p7plp6 (118-126) pl15 (118-126 SF2) KELYPLTSL HIV-1 infection human (B60, B¥4001)  [Yu2002b

Keywords immunodominance, cross-presentation by different HLA.

Epitope name p15-24.

26/57 HIV-1 infected subjects displayed Gag p15-specific CD8+ T-cell IFNgamma responses were measured by Elispot and intracellular staining. The
immunodominant regions targeted by CD8+ T cells were mapped to three functional domains: the zinc finger structures, the protease cleavage site p7/pl,
and to the Vpr binding site in p6.

p15 contributed on average 17% of the total Gag response (rage 0-100%).

3 optimal CTL epitopes were mapped within p15: KELYPLTSL, CRAPRKKGC, and FLGKIWPSYK.

Four patients who were HLA-B60+ recognized KELYPLTSL.

The binding motif for B60 is C-term Leu and 2nd position Glu.

Four patients who did not carry HLA-B60 also recognized the 15 amino acid long peptide carrying KELYPLTSL, suggesting other epitopes in this immediate
region can be presented by other HLA class I molecules.

p2p7plp6 (121-130)

Gag (484-493) YPLTSLRSLF HIV-1 infection human (B7) Jin2000b!

This B7 epitope is one of three subdominant CTL responses detected in a long-term non-progressor.

A dominant B7 epitope was defined using conventional methods, and three additional sub-dominant HLA B7 epitopes were defined by first using a
non-anchor based strategy, EpiMatrix, to identify 2078 possible epitopes in the autologous HIV-1, followed by B7 anchor residue prediction to narrow the
set to 55 peptides for experimental testing.
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Gag Gag (IIIB) Vaccine macaque Paliard2000

Vaccine Vector/Type: virus-like particle (VLP) HIV component: Gag

CTLs primed by HIV-1 p55 gag virus-like particle (VLP) vaccination recognized epitopes in four different 20 amino acid peptides p17/4, p17/8, p24/13 and
pl4/9.

Cytotoxic T cell response lasted greater than 8.5 months.

Gag Gag (IIIB) HIV-1 infection human Wasik2000

Keywords rate of progression, Thl.

HIV+ infants that progressed rapidly to AIDS had lower Th1 responses and decreased production of beta-chemokines and IL-2 relative to other HIV+
infants.

HIV+ infants had no demonstrable CTL at birth, but Th1 responses accompanied by CTL responses developed in children with slowly progressive disease,
and not in rapid progressors.

CTLp frequencies were determined by limiting dilution using autologous B cells infected with vaccina/HIV constructs.

Gag Gag (LAD) Vaccine human Salmon-Ceron1999

Vaccine Vector/Type: canarypox Strain: B clade LAIL B clade MN  HIV component: Gag, gp41, Protease, V3

The vaccine used was a rec canarypox with HIV-1 gp120 MN, tm/gag/protease LAI (vCP205), alone or with p24E-V3 MN synthetic peptide (CLTB-36))
Twenty HIV negative subjects were vaccinated in phase I trial with combinations of vCP205 and CLTB-36.

Immunization with vCP205 induced HIV-1-specific ABs to gp120, V3, and p24 antigens, and CTL immune responses against vCP205 were detected after
the fourth immunization in 33% of the subjects against Env, Gag and Pol, but the CLTB-36 peptide did not produce AB or CTL immune responses against
p24 or gp160.

Gag p24 Vaccine human Klein1997

Vaccine Vector/Type: virus-like particle (VLP) HIV component: pl7 Gag, p24 Gag

Immunization of HIV+ people with an HIV-1 p17/p24 Ty virus-like particle (p24-VLP) resulted in a marginal, short-lived increased proliferative response
to p24 and p17 and a transient elevation in viral load.

Two of four subjects that received 500 or 1000 pg of p24-VLP had an increase in gag-specific CTL.

Gag p24 (SF2) Vaccine mouse, baboon 0O’Hagan2000

Vaccine Vector/Type: DNA  Strain: B clade SF2  HIV component: gp120, p24 Gag Adjuvant: MF59, PLG

PLG (Polylactide co-glycolide polymer) microparticles administered in MF59 emulsion induced gp120 Ab responses and CTL immune responses against
p24 gag.

Gag Gag HIV-1 infection human Lubaki11999

Three strategies were used to analyze CTL activity: area under the net HIV-specific lysis curve (ACU), linear regression (LR) of net specific lysis, and the
standard method, lytic units (LU20)

A correlation between low HIV plasma viral load and increased levels of HIV-specific Gag and Nef CTL activity was observed using ACU and LR, but not
LU20.

Gag Gag HIV-1 infection human Kalams1999a
* The presence of HIV-1 p24-specific proliferative responses was positively correlated with Gag-specific memory CTL and negatively correlated with viral
load in untreated subjects.

190 HIV Immunology and HIV/SIV Vaccine Databases 2003



Gag CTL epitopes HIV CTL Epitope Tables

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References

* Gag proliferative responses were the most readily detected — Gag CTL responses were the only responses with a significant correlation with Gag stimulated
help, although there was a positive trend with Nef, Env and RT.

Gag p55 (11IB) HIV-1 infection human Greenough1999

7/128 HIV-1 infected hemophiliac were identified as long-term non-progressors (LTNPs) and were monitored for viral and host immune parameters over 15
years — LTNPs maintained a low viral load, high frequencies of CTL precursors directed against Gag antigen and low levels of HIV-specific effector CTL
activity — effector cell activity suggests low level ongoing viral replication.

Gag Gag HIV-1 infection human Trickett1998
Twelve HIV-1 infected patients were re-infused with their own lymphocytes, cryopreserved from an earlier time point in the infection.
* Improvement in CD4+ and CD8+ T cells was seen in 7/12, and an increase in the CTL response to Gag was seen in one patient.

Gag Gag (IIIB) HIV-1 infection human Betts1999

Keywords rate of progression.

This study demonstrated an inverse correlation between HIV Type I plasma viral load and CTL activity directed against HIV-1 Pol, and stronger combined
effects of Pol- and Env-specific CTL, in long-term survivors (LTS) of HIV-1 infection.

Gag Gag (LAI) HIV-1 infection human Legrand1997
Seventeen recently infected patients were tested for CTL response to HIV proteins Env, Gag, Pol, Rev, Nef, Vif and Tat.

An early response (within a month following PI) was noted in 87% of the subjects to Gag, 75% to Env, and 50% to Nef.

Early responses to Pol, Rev, Vif and Tat were rare.

Gag Gag (IIIB) HIV-1 infection human Betts1997

Keywords inter-clade comparisons.

6/8 individuals from Zambia infected with C clade virus had CTL that were able to make response to B clade HIV-1 IIIB vaccinia-expressed Gag, Pol and
Env proteins.

* A vigorous cross-clade response was not limited to a particular protein, and the level of recognition of different proteins varied among the six patients.

Gag Gag HIV-1 infection human De Marial997

CD3+ cells that also carry a natural killer cell receptor (NKR+) can exhibit down regulation of T cell function.

Anti-NKR IgM MAb masked this inhibitory function and increased HIV-1 specific CTL activity in phytohemagglutinin-activated PBMC cultured in the
presence of IL-2 from 3/5 patients, and in one other case anti-NKR MAb brought HIV-1 specific CTL activity to detectable levels.

Gag Gag (LAD) Vaccine human Belshe1998
Vaccine Vector/Type: canarypox prime with gp120 boost ~ Strain: B clade LAIL B clade MN, B clade SF2 HIV component: Gag, gp120, gp41, Protease
* The live canarypox vaccine ALVAC-HIV(vCP205) carrying MN gp120, LAI gp41, Gag and Protease, and boosted with SF-2 rpg120, was given to HIV-1
seronegative volunteers — HIV-specific Env or Gag CD8+ CTL were detected in 64% of the volunteers.

Gag Gag (LAD) HIV-1 infection human Buseyne1998a
This study showed a correlation between strong CTL memory and breadth of response in 7-12 month old infants, and remaining AIDS-free for the first year
of life, higher absolute CD4 and CDS cells, and lower viral load.

Gag Gag (LAI) HIV-1 infection human Buseyne1998b,

Keywords inter-clade comparisons.

In infants with positive CTL responses, most responses showed cross-clade reactivity with somewhat diminished recognition of epitopes from different
subtypes.
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Gag Gag HIV-1 exposed seronegative human Goh1999

* 13/37 exposed uninfected individuals with repeated high-risk sexual exposure had HIV-1 specific CTL against Env, Gag, Pol, or a combination of proteins —
CTL activity was correlated with a CCRS5 wildtype genotype.

* In this group, the highest CTLp frequencies were directed at Gag, but the most common response was to Env and four individuals had responses to multiple
HIV-1 proteins.

Gag Gag (LAD) Vaccine human Evans1999
Vaccine Vector/Type: canarypox HIV component: Gag, gp120, gp41, Nef, Protease, RT

» A Canarypox vaccine expressing gp120, gp41, Gag, Protease, Nef and Pol CTL epitopes gave rise to CTL that could be detected in 61% of the volunteers —
responses to Gag, Env, Nef and Pol were detected 3-6 months after the last vaccination.

Gag pl7 HIV-1 infection human Kuiken1999
Keywords epitope processing.

* A correlation between conserved regions of p17 or Nef and CTL epitope density was noted — the authors suggest that this may be due to a biological reason
such as epitope processing, or may possibly be an artifact of experimental strategy for epitope definition such that conserved epitopes would tend to be
identified because they would be more likely to be cross-reactive with the test reagents.

* In contrast to p17 and Nef, p24 is a more conserved protein and known epitopes are evenly distributed across p24.

Gag Gag (LAI) Vaccine macaque Kent1998
Vaccine Vector/Type: DNA prime with vaccinia boost  Strain: B clade LAI  HIV component: Env, Gag
Keywords Th1, Th2.

* Priming with an HIV-DNA vaccine and boosting with a vaccinia construct induced greater levels of HIV T cell immunity than either vaccine alone.

* The proliferative response to Env and Gag after the DNA vaccination had a mean SI of 1.5-4, but after boosting with rHIV-fowlpox virus, there was a 6-17
fold increase in the mean SI for HIV Gag and Env. The T help response happened despite a fall in antibody titers, suggesting that the Th response was
primarily Th1, not Th2. The CTL response was also enhanced.

Gag Gag/Pol (LAIL, MN) Vaccine human Salmon-Ceron1999
Vaccine Vector/Type: canarypox Strain: B clade LAI, B clade MN  HIV component: Gag, gp120, gp41, Protease

* A live attenuated canarypox vector expressing MN gp120 and LAI gp41/gag/protease could induce CTL and a lymphoproliferative response in healthy,
uninfected volunteers.

Gag Gag/Pol (MN) Vaccine chimpanzee Kim1998
Vaccine Vector/Type: DNA  HIV component: Env, Gag, Pol Adjuvant: CD80, CD86

* The study explores the use of co-stimulatory molecules co-expressed with an HIV-1 immunogen in a DNA vaccine to enhance the immune response —

co-expression of CD86, but not CD80, dramatically increased both HIV Env and Gag/Pol specific CTL and Th proliferative responses.
Gag Gag (BRU) HIV-1 infection human Aladdin1999
Keywords rate of progression.

¢ In vitro measurements of CTL-activity by Cr release assay in bulk culture showed no correlation between CTL-activity (gp120, Gag, Pol and Nef) and
disease progression as measured by viral load, CD4 and time to death.

Gag p24 (C consensus) HIV-1 infection human Goulder2000a
Keywords inter-clade comparisons, immunodominance.

* The CTL-dominant response was focused on this epitope in a HIV+ South African — this epitope did not fall within the five most recognized peptides in the
study.
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* Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPGGKKKYKLK (p17 16-30)
contained the dominant Gag-specific epitope in 31 out of 44 B-clade infected individuals from Boston who showed Gag-CTL responses.
* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG (p24 41-60), FRDY V-
DRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specific epitopes in 32 out of 37 C-clade infected
subjects from South Africa.
Gag Gag Vaccine macaque Akahata2000
Vaccine Vector/Type: DNA  Strain: ZF1 HIV component: complete genome
* Rhesus macaques were vaccinated by i.m. injection with naked plasmid DNA carrying an HIV-1 complete genome vaccine, strain ZF1, with a mutated zinc
finger in the nucleocapsid to prevent packaging.
* Env and Gag specific CTL but no antibody responses were induced in 2/4 vaccinated monkeys (MM 145 and MM153)
* 2/4 monkeys (MM 146 and MM 143) produced antibodies against p24 and/or gp160, but no CTL response was detected.
* PBMC from all vaccinated monkeys produced IFN-gamma, in response to HIV-1 gp160, indicating a Th response — this response was 5 times higher in
MM145, the animal with the strongest CTL response.
* 4 weeks post-challenge with SHIV NM-3rN plasma viral loads of both MM 145 and MM 153 (with a homologous Env) decreased to near or below the
detection limit.
* 6-8 weeks post-challenge with SHIV NM-3rN plasma viral loads of both MM 146 and MM 143 decreased near or below the detection limit.
Gag Gag HIV-1 infection human Salerno-Goncalves2000
Keywords rate of progression.
* A general test of CD8 anti-viral activity was developed based on proviral load of coculture of autologous CD8+ cells with CD4+ cells after homogeneous
superinfection with NSI virus.
* Significantly decreased the CD4+ T-cell proviral loads were found in 12 HIV+ slow progressors relative to 10 rapid progressors.
* Significant CD8+ mediated cytotoxicity directed against autologous cells infected with vaccinia carrying the HIV-1 gag gene was observed in slow
progressors in contrast to rapid progressors, but no correlation was found between plasma viral load in 22/22 asymptomatic HIV infected individuals.
Gag Gag HIV-1 infection human Young2001
* Addition of recombinant rec human IL12 (rhIL12) to cultures increased HIV-specific lysis of HIV-Gag, Pol and gp120 vaccinia expressed antigens (11/15
tested increased lysis by > 5%) if the culture was derived from HIV+ individuals who had CD4 cells/ul > 500.
* 2/10 individuals with <200 CD4 cells/ul, and 3/10 individuals with 200-500 CD4cells/ul, had an increase of >5% upon treatment of the culture with rhIL12,
so a few individuals in late stage disease had CD8 cells that maintained responsiveness to rhIL12.
Gag p24 HIV-1 infection mouse deQuiros2000
* CB-17 SCID-Hu mice engrafted with peripheral blood mononuclear cells of four long-term nonprogressors (viral load < 50 copies/ml) displayed resistance
to challenge with HIV-1 SF162, mediated by CD8+ T-cells and associated with proliferation in response to p24 — these patients did not have a higher level
of HIV-1 specific immunity in vitro, so the mechanism is unknown.
Gag Gag (subtype A, B, D) HIV-1 infection human Ca02000

Keywords inter-clade comparisons.

HIV-1 subtypes A and D dominate the Ugandan epidemic, and a vaccine trial using B clade antigen is underway — this study addresses relative levels of
cross-reactive CTL responses in HIV infected Ugandans to A, D, and B clade recombinant vaccinia viruses expressing Gag, Env, RT or Nef from HIV-1

clades A, B, and D.

Proteins corresponding to the subtype of the infecting strains tended to trigger higher levels of CTL response measured by percent specific lysis, but there
was extensive inter-subtype cross-reactivity with B clade proteins and the co-circulating subtype.
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Gag Gag HIV-1 infection human White2001

» HIV-specific CTL activity was detected in the female reproductive tract of only 1/3 HIV-infected women who underwent a hysterectomy, although CTL
could be identified in the PBMC of all three women.

Gag Gag (HXB2) HIV-1 infection human Chun2001

* Suppression of viral replication in the resting CD4+ T-cell reservoir by autologous CD8+ T-cells via CD4+/CD8+ cell contacts was observed in long-term
nonprogressors and patients undergoing antiretroviral treatment, but this activity appears to be independent of Gag-specific CTL activity.

Gag Gag (IIIB) HIV-1 infection human Jin2000a
Keywords rate of progression.

* The CTL precursor level (CTLp) was measured in long term non-progressors (LTNP) with low viral load using limiting dilution analysis and measuring
CTL against Env Gag and Pol expressed in vaccinia in autologous targets.

* LTNPs have high memory CTL numbers and low viral load.

Gag Gag HIV-1 exposed seronegative human Rowland-Jones2001
Keywords review, HIV exposed persistently seronegative (HEPS).

e This is a review that summarizes observations about HIV-specific CTL found in the HIV-1 exposed persistently seronegative (HEPS) population.

* The CTL responses assayed by ELISPOT and by CTL precursor frequencies by limiting dilution analysis indicate that CTL in HEPS individuals tend to be
of a lower magnitude than in chronic HIV-1 infections — the responses in HEPS cases are below the level of detection by tetramer assays.

* CD8+ CTL responses tend to be detectable in HEPS subjects only if they are recently exposed, and the response diminishes if exposure is reduced — it is not
clear if there is a stable memory population in HEPS cases.

» CD8+ CTL responses in the HEPS population are associated with HIV-1 specific CD4+ T cell responses, assayed by proliferation assays, IL-2 secretion, and
ELISPOT, and the authors consider the possibility that HIV-1-specific T-help responses improve the "quality" of the CD8+ response in HEPS individuals
relative to HIV-1 infected individuals, who tend to have a poor HIV-1-specific T-help response.

» HIV-1 specific CD8+ CTL responses in HIV-1 infected individuals show reduced levels of perforin, and the T cells may not mature properly, and although
similar studies have not been conducted in HEPS individuals this is considered as a possible difference in the CTL immune response in HEPS and HIV-1
infected people.

Gag Vaccine mouse Nabel2002
Vaccine Vector/Type: DNA  HIV component: Env, Gag, Pol
Keywords review, vaccine-specific epitope characteristics.

 Using DNA that had humanized codon usage, CTL responses to DNA vaccines containing either Gag, Pol, Gag-Pol fusion protein, or Gag-Pol pseudoparticles
suggested that the greatest breadth and most potent response was to the Gag-Pol fusion protein. The Gag-Pol fusion lacks the Gag precursor protein required
for viral assemble, so does not form releaseable particles; the author speculates that longer retention of the Gag-Pol protein with in the cell may enhance
antigen presentation.

Gag HIV-1 exposed seronegative human De Maria1994, |Kuhn2002
Keywords HIV exposed persistently seronegative (HEPS), responses in children, mother-to-infant transmission.

* 6/24 HIV uninfected infants (ages 15-50 months) born to HIV+ mothers had HIV-1 specific CTL responses to vaccinia-expressed Nef, Gag/Pol, Env.

¢ Reviewed in [Kuhn2002].

Gag HIV-1 infection human Aldhous1994, [Kuhn2002
Keywords HIV exposed persistently seronegative (HEPS), responses in children, mother-to-infant transmission.

* Six of nine HIV vertically infected infants had HIV-1 specific CTL responses to vaccinia expressed Tat (4/6), Pol (6/6), Env (1/6), or Gag (1/6), but not all
responses were detected at all time points.
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* Two of eleven babies that were not infected though born to HIV+ mothers had detectable responses to Tat (1/2), Pol (2/2), Gag (1/2).

¢ Reviewed in [Kuhn2002].

Gag HIV-1 infection human Kuhn2002, [Wasik1999
Keywords HAART, HIV exposed persistently seronegative (HEPS), responses in children, mother-to-infant transmission, rate of progression.

* In HIV-infected infants HIV-specific, CTL responses were not detectable in icord blood or in PBMC collected shortly after birth and were absent or remained
very low in 3 infants with a rapidly progressive disease. For those who progressed more slowly, the HIV-specific CTL activity varied.

* The two infants with high levels of Env peptide-stimulated IL-2 responses had the highest CTLp frequencies.

* Stronger responses were detected after initiation of the antiretroviral therapy.

» Two babies that were not infected though born to HIV+ mothers had detectable though low HIV-specific CTLp responses to Env (1/2), Pol (2/2), Gag (1/2)
cord blood and transiently in PBMC after birth.

¢ Reviewed in [Kuhn2002].

Gag HIV-1 infection human Kuhn2002, McFarland1994
Keywords HIV exposed persistently seronegative (HEPS), responses in children, mother-to-infant transmission.

* Only 9% of HIV+ infants had HIV-specific CTL against Env or Gag in unstimulated PBMC. After CD3 stimulation of PBMC, Gag and Env specific CTL
were found in PBMC from 91% and 78% of HIV-infected children, respectively, with high precursor frequencies.

* Reviewed in [Kuhn2002].

Gag HIV-1 infection human Yusim2002
Keywords epitope processing, escape.

* Epitopes that have been described in the literature and included in this database tend to cluster in conserved regions and be absent or rarely found highly
variable regions found in Nef, Env and p17.

* In the more conserved p24, and Pol proteins RT and Protease, epitopes are more evenly distributed. p17 is much more variable than p24.

Gag p24 (HXB) HIV-1 infection human Lu2000a
Keywords epitope processing, vaccine-specific epitope characteristics.

* Bacillus anthrax lethal toxin (LFn)-HIV fusion proteins are candidate HIV vaccines that are safe in mice, and LFn-V3 region fusion proteins induce CD8 T
cells in BALBc mice. LFn causes exogenous protein to be taken up and processed in a class I pathway. Expressed proteins from Gag p24 and Nef fragments
cloned into the LFn expression plasmid stimulate gag-specific CD4 proliferation and CTL responses in HIV-infected donor PBMCs in vitro.

Gag (HXB2) HIV-1 infection human Edwards2002

* 96% (26/27) chronically infected HIV-1 infected patients elicited gamma-IFN CD8+ T-cell responses against Gag.

* Nef and/or Pol CTL responses were detected in 86% of the subjects.

* The magnitude and breadth of Gag and p24 T-cell responses correlated with absolute CD4 counts, and inversely correlated with viral load.

* Pol and Int CTL responses correlated positively with absolute CD4+ T-cell count.

* Nef and Env responses did not correlate with either CD4 counts or viral load.

Gag HIV-1 infection human Larsson2002b

Keywords HAART, dendritic cells.

Autologous mature dendritic cells with rec vaccinia expressing Gag, Pol, Nef and Env could amplify CD8+ T-cell Elispot responses 4-38 fold in five HIV+
patients on successful HAART treatment, relative to autologous monocytes. Some weak responses could only be detected using mature dendritic cells as
APCs, and this approach could be useful for detection of low frequency memory cells.
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Gag (IIIB) HIV-1 infection human Trickett2002
Keywords immunotherapy.

* Conditions were optimized for ex-vivo expansion of CD8+ and CD4+ T-cells with the goal of functional T-cell production for autologous immunotherapy.
10,000-fold expansions were obtained in 14 days with optimized concentrations of IL-2, anti-CD3 and anti-CD28 coated microspheres, and decreasing
amounts of serum over the first 8 days.

Gag (IIIB) HIV-1 and HCV co-infection human Lauer2002
Keywords rate of progression.

* HIV-1 and HCV immune responses were studied in 22 individuals who were co-infected with HIV-1 and hepatitis C virus (HCV). IFNgamma production
was measured in an Elispot assay of CD8+ T-cells using targets expressing either Gag, RT, Env and Nef in a vaccinia construct, or one of seven HCV
proteins.

» All 22 patients targeted at least one protein. 20/22 patients recognized RT, 17/22 patients recognized Gag, 13/22 subjects recognized Env and 11/22 patients
recognized Nef. Robust CTL activity was independent of disease progression or viral load.

* Despite high HCV viral loads, very few HCV CD8+ T-cell Elispot responses were detected. In a control HCV infected person who did not have HIV-1,
strong anti-HCV responses were mounted.

» HIV-specific CD4 proliferative responses were detected in 9/17 coinfected patients, but no HCV responses were detected.

Gag HIV-1 infection human Luzuriagal995
Keywords responses in children.

* 2/3 infants infected in utero had detectable HIV-1 Gag and Env specific CTL responses, one by 4 months, one by 11 months of age. Levels of the responses
varied at different time point. Pol responses were not detected.

* 2/4 infants infected intrapartum had detectable responses, one note until 11 months, one not until 42 months.

* HIV-specific CTL were not detected in ten HIV- infants that were born to HIV+ mothers.

Gag Vaccine human Gupta2002
Vaccine Vector/Type: canarypox prime with gp120 boost ~ Strain: B clade LAl B clade MN  HIV component: Env, Gag

* Different HIV strains were used for different regions: Gag, LAI; gp120, MN; and gp41, LAI

* A safety and immunogeniticity study of a vaccine dosing schedule was studied in a trial conducted in high and low risk study subjects. There was a 76%
cumulative probability of detecting a Gag or Env CTL response by day 728.

Gag HIV-1 infection human Scott2001
Keywords HAART, responses in children.

* CTL responses before and after initiation of ART were studied in 13 HIV-1 vertically infected infants <6 months of age, and 4 that were >6 months of age.

» Before ART 2/13 infants <6 months of age showed IFNgamma Elispot CD8+ T-cell responses, one to Nef and one to Env and Nef, and these responses
became undetectable after successful therapy— 3 infants were coinfected with CMV and all 3 had CM V-specific CD8+ T-cell responses.

* One older infant, at 23 months, had CTL responses against all for proteins tested, Gag, Pol, Nef and Env, and had the lowest plasma viremia of the study
group. 3/4 infants older than 6 months of age responded to either Nef or Pol.

* Administration of ART over 48 weeks broadened the HIV-1-specific CTL response in 2/4 of the older children that were incomplete responders.

Gag (IIIB, MN) HIV-1 infection human Larsson2002a
Keywords dendritic cells.

* Dendritic cells acquire and present HIV-1 antigens derived from dead, apoptotic cells or from non-infectious, fusion-competent HIV-1 virions, and these DC
cells could stimulate CD4+ and CD8+ T-cells resulting in IFNgamma production in an Elispot assay. Both HLA Class I and class II molecules were used
for presentation. This may be an important aspect of the initial immune response to HIV-1 infection of CD4+ cells in the mucosal subepithelia.
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Gag (IIIB) HIV-1 infection human Ortiz2001
Keywords HAART, supervised treatment interruptions (STT).

» Immune responses in eight chronically HIV-1 infected patients undergoing HAART therapy structured treatment interruptions (STI) were studied. STI
boosted HIV-1 specific CTL responses and elevated CTL responses were maintained up to 22 weeks after the last treatment interruption, but viral load
rebound to pretreatment levels and CD4 T-cell count decline was observed. CD8 responses in PBMC were measured by cytokine flow cytometry with
gpl160, Gag p55, RT-Pol and Nef expressed in vaccinia.

Gag Gag human
Gag Gag human
Gag Gag HIV-1 infection human Amicosante2002

Keywords HAART, computational epitope prediction, supervised treatment interruptions (STI).

Assay type Intracellular cytokine staining.
* A new assay was developed to detect CTL responses to HIV using 28 pooled 15-mer peptides from conserved regions in Gag that were selected to be rich in
HLA class I motifs, carrying potential epitopes for more than 90% of HLA class I haplotypes, and to be conserved between subtypes. Some peptide variants
were included, expanding the potential for cross-clade recognition. 12 Caucasians, even those on successful HAART, had detectable CTL responses using
this assay, and as did five Africans. People with either B subtype or A-G recombinant infections all reacted.
The Gag peptide ICS assay was more sensitive to picking up CTL reactivity than whole Gag in HAART treated people. Initiation of STI increased the
number of IFN-gamma producing CD8+ T-cells detected using the peptide assay.

Gag Gag Vaccine macaque Caulfield2002

Vaccine Vector/Type: vaccinia HIV component: Gag Adjuvant: block copolymer CRL8623

Keywords vaccine-induced epitopes.

Assay type CD8 T-cell Elispot - IFN7y.

Codon-optimized HIV Gag DNA vaccines were given i.m. with or without a nonionic block copolymer(CRL8623) as adjuvant. DNA-CRL8623
fourmulations induced 2-fold higher Elispot responses, shifting the response towards CD8+ T-cells.

* 23 monkeys recognized 25 different epitopes with an average of 2.7 epitopes per monkey, and a minimum of 1 and a maximum of 5 peptides per monkey.
* Responses were detected up to 18 months after vaccination.

Gag Gag human Currier2003

Keywords inter-clade comparisons.

Assay type Flow cytometric CTL assay.

CDS8-cellular immune responses from 21 HIV-1 infected patients from Kenya infected with subtype A, C, D, and unique recombinants were studied for
cross-recognition of Gag, Env, and Nef vaccinia-expressed proteins representing subtypes A-H, including CRFO1.

Both subtype-specific and cross-reactive CTL were observed, with a skewing of responses towards the infecting subtype in the nine subjects with full length
sequence available. The magnitude of the responses to Gag were the highest, less to Nef, and still less to Env.

For Gag, 8/21 subjects responded to at least 7/8 different subtype proteins, 7 had a mixed response, recognizing some subtypes but not others, and 6
responded to only one or none of the different subtype proteins. For Env, 4/19 subjects responded to at least 7/8 subtypes, 8 had a mixed response, and 7
responded to one or none. For Nef, 5/19 subjects responded to at least 7/8 subtypes, 8 had a mixed response, and 6 responded to one or none.

Gag Gag (SF2) Vaccine macaque Otten2003
Vaccine Vector/Type: DNA, protein, virus-like particle (VLP), PLG microparticle Strain: B clade SF2  HIV component: Gag Adjuvant: E. coli mutant
heat labile enterotoxin (LT-R72), LTK63
Assay type proliferation, Chromium-release assay.
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» Immunization strategies for Gag (p55) in macaques were compared. GAG DNA prime with a boost of Gag adsorbed onto PLG (polyactide coglycolide)
microparticles with LTK63 as adjuvant gave the strongest CD4+ T cell proliferative, CTL, and antibody responses, compared with Gag protein, or Gag
virus-like particles (VLP). GAG DNA was best for inducing CTL responses, Gag-PLG for T-help and antibody; the prime-boost combination gave strong
responses for all three.

Gag Gag HIV-1 infection human (A*0201 and Shacklett2000
Cw*08)
* HIV-1 specific, MHC class I-restricted CTL killing was detected in duodenal and rectal gut associated lymphoid tissue (GALT) sites from three infected
individuals — the distribution of class I restricted CTL was different in the peripheral blood samples and GALT samples.

Gag computer prediction (A*0201, B*3501) Schonbach2002

Keywords inter-clade comparisons, computational epitope prediction.

Computational methods (artificial neural networks, hidden Markov models, binding matrices based on HLA association rates) were used to identify
HLA-A*0201 and HLA-B*3501 HIV T-cell epitope candidates from 533 Gag, Env and Pol sequences of which 374 were derived from HIV-1, 97 were
derived from HIV-2 and 62 from SIV. Comparisons to known epitopes and between clades were made.

Gag Gag HIV-1 infection human (B*35) Jin2002

Keywords rate of progression.

Patients with HLA-B*35 variants B*3502, B*3503, B*3504, and B*5301 tend to proceed to AIDS more quickly than those with B*3501.

» Of 32 patients with HLA-B*35 alleles CD8+ CTL responses were quantified using an intracellular cytokine staining assay — 75% had responses to Pol, 69%
to Gag, 50% to Nef, and 41% to Env.

The overall magnitude of CTL responses did not differ between those bearing B*3501 and the others. A higher percentage of Gag responses was observed
in those that had lower RNA levels that carried B*3501, and there was a negative association with viral load and CTL activity. The data is consistent with
higher levels of CTL responses contributing to protection in B*3501 individuals, but not in B*3502, B*3503, B*3504, and B*5301 individuals.

Gag Vaccine human (B60) Ferrar12001

Vaccine Vector/Type: canarypox prime with gp120 boost, canarypox prime with gp160 boost Strain: B clade LAIL B clade MN, B clade SF2 HIV
component: Gag, gp120, gp41, Nef, Pol

Keywords inter-clade comparisons, vaccine-specific epitope characteristics.

Different HIV strains were used for different regions: gp41 LAI Gag LAI, gp120 MN, gp120 SF2

* HLA-B60 responses dominated the responses against an Gag vaccine in an individual (022G0Z) who was HLA A1, Al1, B8, B60. The strongest response
was against the MN peptide 107-136. Low level Gag responses were observed against B§ and A11 epitopes, no response was observed against Al epitopes.
Vaccinee 202T7 (HLA A2, B27, C25) made the strongest response to an epitope at positions 131-140 of Gag. The response was highly cross-reactive with
D clade Gag expressed from vaccinia, less so with C, and only minimally cross-reactive with A and CRFO01.

Gag p24 Vaccine mouse (H-2°, H-29, Iroegbu2000
H-2K)

Vaccine Vecror/Type: DNA  HIV component: pl7/p24 Gag

* The p24 sequence is more conserved than is p17 within patient, and nonsynonymous substitutions are spread evenly throughout its coding regions, not
concentrated in CTL epitopes.

* Minor changes in p24 did not alter the immunogenicity in H-2b,d, or k mice, while changes in p17 (92% similarity) did alter immunogenicity.

Gag Gag (SF2) Vaccine mouse (H-2bxd) Otten2000
Vaccine Vector/Type: DNA, vaccinia  Strain: B clade SF2  HIV component: Gag, Pol
* CB6F1 were primed with gag DNA by im injection and challenged with vaccinia expressing Gag/Pol (rVVgag-pol)
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» Gag-specific CTL responses were detected by IFNgamma secretion in the spleen, independent of the route (intraperitoneal, intranasal or intrarectal) of rVV
gag-pol challenge.

* The gag DNA vaccine induced CTL responses in 4/4 monkeys 2 weeks post immunization, but antibody responses were detected in only 1/4 monkeys after
3 immunizations.

* CTL cross-reactivity against Gag sequences 1-80, 254-323, and 421-496 was observed, suggesting multiple CTL epitope recognition.

Gag p24 Vaccine mouse (H-29) Qiu2000
Vaccine Vector/Type: DNA  HIV component: Gag
* Mice were injected with plasmid DNA at 0, 2 and 4 weeks and lymphocyte proliferation was measured after 6 weeks with recombinant p24 protein.
Secreted HIV-1 Gag expression vectors generated a stronger response than standard Gag or cytoplasmic Gag expression vectors.
» IFN-gamma levels were increased compared to an undetectable IL-4 response.
* CTL levels were also increased in secreted Gag expression vaccination studies.

Gag Gag (SF2) Vaccine macaque, mouse (H-29) zurMegede2000
Vaccine Vector/Type: vaccinia Strain: B clade SF2  HIV component: Gag, Protease
* Sequence-modified Rev-independent gag and gag-protease gene constructs lead to increased expression levels and elevated CTL and antibody immuno-
genicity in BALB/c and CB6F1 mice.
* A CTL response in mice could be detected after a single immunization with codon-optimized gag, using 2 ng of plasmid; wild type gag required 200 ng to
detect a response.
Recognition of 3 different Gag peptide pools was observed, indicating a polyclonal CTL response.
Significant gag-specific CTL responses were detected in 4/4 rhesus monkeys, in contrast to 1/4 using wildtype gag.

Gag p24 Vaccine mouse (H-29) Halim?2000
Vaccine Vecror/Type: coxsackievirus HIV component: p24 Gag
* An avirulent recombinant coxsackievirus (CB4-P) construct was generated that can express p24 Gag sequences — CB4-P is attenuated even in immunodefi-
cient mice and T help responses can be elicited from peptides embedded in a surface loop of the VP1 capsid.
This paper describes the vaccine strategy and generation of constructs, and employs amino-terminal fusion of Gag sequences to the viral polyprotein with
subsequent cleavage to elicit CTL responses via MHC class I presentation in BALB/c mice.

Gag Gag Vaccine mouse (H-29) Huang2001

Vaccine Vector/Type: DNA  Strain: B clade HXB2, B clade NL43  HIV component: Gag, Pol

Different HIV strains were used for different regions: gag HXB2, pol NL43

* Mice were immunized with four humanized DNA constructs: GagPol, that would form a pseudoparticle carrying Gag and Pol, Gag, Pol or a GagPol fusion

construct.
* The GagPol pseudoparticle, Gag and GagPol fusion construct all elicited strong anti-Gag CTL, but only the GagPol fusion construct elicited strong anti-Pol
CTL.
Gag Gag (HXB) Vaccine mouse (H-29, H-2%) Mata2001
Vaccine Vector/Type: Listeria monocytogenes Strain: B clade HXB2 HIV component: Gag
Keywords Thl.

* BALB/c and C57BL/6 mice were immunized with recombinant Listeria monocytogenes (Lm-Gag) expressing HIV-1 HXB2 Gag and mice were challenged
with vaccinia expressing Gag.

» L. monocytogenes is a gram-positive bacteria that enters the macrophage on phocytosis and lives in the cytoplasm — secreted L. monocytogenes antigens are
processed and presented by both class I and class II pathways.
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* CD4+ Thl T-cells mediated the Gag specific immunological protection in mice immunized with Lm-Gag and challenged with vaccinia-Gag.
* Gag-specific CTL may enhance viral clearance via IFN-gamma secretion, but are not essential for immunity.

Gag Gag Vaccine mouse (H-24, H-2b) Mata2000

Vaccine Vector/Type: Listeria monocytogenes Strain: B clade HXB2 HIV component: Gag
Keywords review, Thl.

* BALB/c and C57BL/6 mice were immunized with recombinant Listeria monocytogenes (Lm-Gag) expressing HIV-1 HXB2 Gag and mice were challenged
with vaccinia expressing Gag.

* L. monocytogenes is a gram-positive bacteria that enters the macrophage on phagocytosis and lives in the cytoplasm — secreted L. monocytogenes antigens
are processed and presented by both class I and class II pathways.

* This article is a review of L. monocytogenes biology and its potential as a vaccine vector for HIV, comparing to other vector systems, and discussing CD4+
Th1 T-cells mediated Gag specific immunological protection in mice and the Gag CTL response.
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Gag/Pol Gag/Pol (ARV-2 SF2) Vaccine macaque Kent2000

Vaccine Vector/Type: fowlpoxvirus = Strain: B clade ARV-2, B clade SF2  HIV component: Gag, Pol Adjuvant: IFN-gamma

Vaccination with FPV Gag/Pol-IFN-gamma increased HIV-1 specific CTL and T cell proliferative responses to Gag/Pol antigens, respectively, in infected
Macaca nemestrina.

* HIV-1 viral loads remained low and unchanged following vaccinations.

Gag/Pol RT Vaccine mouse Kim1997d
Vaccine Vector/Type: DNA  HIV component: Env, Gag, Pol, Vif Adjuvant: B7, IL-12
» A Gag/Pol or Env DNA vaccine, when delivered in conjunction with the plasmid encoding the co-stimulatory molecules CD86, gave a dramatic increase in
both the cytotoxic and proliferative responses in mice.
When CD86 was present, CTL response could be detected even without in vitro stimulation.

Gag/Pol RT HIV-1 infection human Gamberg1999

Keywords TCR usage.

13/13 subjects with advanced HIV infections showed CD8 T cell proliferation and differentiation of CTL in vitro, and six individuals showed HIV-specific
responses to Gag, Pol, Env or Nef antigens.

Data suggests that the functional and genetic integrity of the CD8 T cell repertoire (TCR Vf gene intrafamily genetic diversity) remains intact through
advanced HIV infection, although HIV-specific CTL activity decreases.

Gag/Pol Vaccine mouse Muthumani2002
Vaccine Vector/Type: adenovirus HIV component: Gag-Pol, Nef, Vpr
* Vpr can cause cells to go into G2 arrest, and it surpresses immune cell activation and inflammatory cytokine production, so co-immunization of BALB/c
mice with recombinant adenovirus expressing Vpr and HIV-1 antigens Nef or Gag/Pol was tested to see if Vpr reduced the immune response to the other
HIV antigens.
* Vpr compromised CD8+ T-cell lytic responses and T-helper proliferative responses in mice co-immunized with Vpr and Nef or Gag/Pol.
* In vitro, Vpr reduced T-cell cytokine production of IL-12 and TNFalpha, indicative of Vpr-mediated immune suppression.
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Protease (3—11) RT (71-79 subtype A, B, ITLWQRPLV human (A*6802) Frahm2004
D)
* C. Brander notes this is an A*6802 epitope.
Protease (3—11) Pol ITLWQRPLV HIV-1 infection, Vaccine human (A*6802) Hanke2000, 'Wee2002

Vaccine Vector/Type: DNA prime with modified vaccinia Ankara (MVA) boost  Strain: A clade HIV component: p17 Gag, p24 Gag

Keywords inter-clade comparisons, epitope processing, vaccine-specific epitope characteristics, immunodominance.

The HIV-1 subtype A focused vaccine HIVA contains p24 and p17, in a reversed order relative to the Gag polyprotein to prevent myristylation of p17, which
could direct the protein to the cell membrane and inhibit efficient peptide processing and class I presentation, as well as a polyepitope string of conserved,
often immunodominant epitopes that were selected to have particularly good cross-reactive potential for the A-clade epidemic in Nairobi, Kenya. A DNA
and MVA prime-boost vaccination protocol using the HIVA antigen will be used in a phase III clinical trial in Kenya. This epitope is included in the
polyepitope string [Hanke2000].

Multiple CD4+ or CD8+ T-cell vaccine-induced responses to peptide pools were detected using intracellular cytokine staining and IFNgamma Elispot
assays after vaccination of 5 macaques. The response to the Mamu A*01 SIV p27 epitope p11C (CTPYDINQM), included in the polyepitope region, was
not immunodominant in the Mamu A*01 vaccinated macaques, possibly because of processing limitations in context of the artificial polyepitope string
[Wee2002].

Protease (3—11)

Protease (71-79 LAI) ITLWQRPLV human (A*6802, Dong1998a
A*7401, A19)

Keywords inter-clade comparisons.

Predicted on binding motif, no truncations analyzed.

Clade A/B/D consensus, S. Rowland-Jones, pers. comm.

Protease (3—11)

RT (71-79 subtype A, B, ITLWQRPLV human (A*7401) Frahm2004:
D)
C. Brander notes this is an A*7401 epitope.

Protease (3—11)

Pol (59-) ITLWQRPLV HIV-1 infection, Vaccine transgenic mouse (A2)  |(Corbet2003

Vaccine Vector/Type: peptide HIV component: Protease Adjuvant: Incomplete Freund’s Adjuvant (IFA)

Keywords binding affinity, inter-clade comparisons, computational epitope prediction.

Epitope name Pol59.

HLA-A2-restricted HIV-1 CTL epitopes were computationally predicted. Binding affinities for HLA-A*0204, immunogenicity in HLA-A*0201 transgenic
mice, and responses to the peptides in 17 HIV-1 infected patients were tested. 31 novel conserved A2 epitopes were detected. An average of 4 epitopes were
recognized per patient.

This peptide was an intermediate A2 binder that induced CTL and CD8+ T-cell IFN gamma responses in mice, but responses to the peptide were not
detected in 17 HIV+ HLA-A2 subjects.

Protease (3—11)

Pol (59-65) ITLWQRPLV HIV-1 infection human (A28) Ferrari2000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
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Protease (3—11) RT (71-79 LAI) ITLWQRPLV HIV-1 infection human (A28supertype) [Mollet2000
Keywords HAART, supertype.
Epitope name P2.

A panel of 16 epitopes covering 15 class I alleles was tested in 14 HIV+ patients from an unselected Caucasian population treated with HAART, using
CD8+ cell IFNgamma production to measure responses.

In general, during the first month of treatment viral load decreased and frequencies of HIV-specific CTL tripled and broadened — eight new HIV specificities
that were not previously detectable were newly detected, as were CMV specific CD8+ PBL — but with continued viral suppression, HIV-specific responses
diminished.

Viral rebounds gave different patterns of response: increases or decreases in pre-existing response, new specificities, or no change.

Protease (3—11)

Pol ITLWQRPLV HIV-1 infection, HIV-1 exposed = human (A74) Kaul2001a
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
ITLWQRPLYV cross-reacts with clades A, B and D.
ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.

Protease (4-14)

Pol (60-70 SF2) TLWQRPLVTIR HIV-1 infection, computer predic- human (A*3303) Hossain2003
tion
Keywords binding affinity, computational epitope prediction.
Assay type Chromium-release assay.
HLA-A*3303 is a common HLA allele in east and southeast Asia. Pol, Gag and Nef SF2 proteins were scanned for potential A*3303 epitopes. 99 potential
epitopes were synthesized, and 52/99 bound to A*3303. Six of these served as peptide-targets for lysis by PBMC from infected individual, and clones
derived from 4 of these 6 could lyse HIV-vaccinia infected target cells, indicating proper processing.
This epitope is one of the 4 that are properly processed.

Protease (11-20)

Pol (91-100) VTILIGGQLK HIV-1 infection human (A3 supertype)  |Propato2001

Keywords supertype, rate of progression.

Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

This epitope can bind 3/5 HLA-A3 supertype alleles (A*0301, A*1101, A*3101, A*3301 and A*6801).

Protease (12-20)

Pol (92-100) TIKIGGQLK HIV-1 infection human (A3 supertype)  |[Propato2001

Keywords supertype, rate of progression.

Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

* This epitope can bind 3/5 HLA-A3 supertype alleles (A*0301, A*1101, A*3101, A*3301 and A*6801).
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Protease (30-38)

Pol (subtype B) DTVLEEMNL HIV-1 exposed seronegative human (A*6802) Rowland-Jones1998b
Keywords inter-clade comparisons.

HIV-specific CTL were found in exposed seronegative prostitutes from Nairobi—these CTL may confer protection.

Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world.

Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive, however stronger
responses are frequently observed using A or D clade versions of epitopes.

This epitope is conserved among B and D clade viruses.

The Clade A version of the epitope: DTVLEDINL.

This epitope was recognized by two different exposed and uninfected prostitutes.

This epitope was identified by screening 49 HIV-1 peptides with the predicted A*6802 anchor residue motif x(VT)xxxxxx(VL)

Protease (30-38)

Pol (subtype A) DTVLEDINL HIV-1 exposed seronegative human (A*6802) Kaul2000

11/16 heavily HIV exposed but persistently seronegative sex-workers in Nairobi had HIV-specific CD8 IFN7y responses in the cervix—systemic CD8+ T
cell responses tended to be to the same epitopes but at generally lower levels than cervical CD8+ T cell responses.

Low risk individuals did not have such CD8+ cells.

CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNVATL (4 individuals), LSPRTLNAW (3 individuals) and YPLTFGWCF (4 individuals) were
most commonly recognized by the HIV-resistant women.

Protease (30-38) RT (85-93 subtype D) DTVLEEWNL human (A*6802) Frahm2004
* C. Brander notes this is an A*6802 epitope.
Protease (30-38) Pol (subtype A) DTVLEDINL HIV-1 infection human (A*6802) Kaul2001c

Keywords HIV exposed persistently seronegative (HEPS), escape.

This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.

DTVLEDINL was recognized in 3 of the 6 women (ML857, ML1203, and ML1707), and the response was present in the last available sample prior to
seroconversion, 3-7 months.

In each of the three women, 20/20 sequences of the infecting strain had no substitutions in this epitope, all were DTVLEDINL, so there was no evidence for
escape.

The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.

This epitope was recognized in 3/22 HEPS sex worker controls, ML851, ML.1432, and ML1601.

Protease (30-38)

204

Pol (85-93) DTVLEDINL HIV-1 infection, HIV-1 exposed = human (A*6802) Kaul2001a

seronegative
Keywords HIV exposed persistently seronegative (HEPS), immunodominance.
ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.
Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.
Among HLA-A*6802 women, 11/12 HEPS and 6/11 HIV-1 infected women recognized this epitope likelihood ratio 4.4, p value 0.08, and HEPS women
tended to respond to DTVLEDINL, infected women tended to ETAYFYILKL.
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The dominant response to this HLA allele was to this epitope in 10 of the 11/12 HEPS cases, but in only 4 of the 6/11 HIV-1 infected women.

Differences in epitope specificity were only seen for responses restricted by class I HLA alleles A2, A24, A*6802, B14, and B18, previously shown to be
associated with resistance to HIV-1 in this cohort.

Four epitopes were considered to be “resistant epitopes”, as they were preferentially reactive in HEPS women and so may confer resistance, and these
were found in three different proteins: A2 ILK(D/E)PVHGYV in RT, A*6802 DTVLEDINL in Protease, B14 DLN(M/T)LN(I/V)V in p24 and B18
FRDYVDREF(Y/F)K also in p24.

Subject ML 857 shifted from a A*6802 DTVLEDINL and B35 (H/N)PDIVIYQY response prior to seroconversion to a B35 PPIPVGDIY and B35
VPLRPMTY response post-seroconversion, and the loss of the pre-seroconversion response was not due to sequence variation within these epitopes.
Subject ML 1203 started with CTL responses to A*6802 DTVLEDINL and B7 FPVTPQVPLR prior to seroconversion, and upon seroconversion acquired
additional responses to A*6802 ETAYFILKL which became dominant, B7 TPGPGV/IRYPL, B7 IPRRIRQGL, and B7 SPRTLNAWV.

Subject ML 1707 started with a CTL response to A*6802 DTVLEDINL prior to seroconversion, and switched to A*6802 ETAYFILKL and A24
RDYVDRFFKTL post-seroconversion, and the loss of the pre-seroconversion response was not due to sequence variation within the epitope.

Subject ML 1830 made no detectable response prior to seroconversion, but responded to A*6802 DTVLEDINL and A*6802 ETAYFILKL post-
Seroconversion.

Protease (30-38)

Pol DTVLEDINL HIV-1 infection human (A*6802) Kaul2002

Keywords HIV exposed persistently seronegative (HEPS).

Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers caused a functional deficiency in IFN-gamma production in HIV-1 epitope-specific CD8+
T-cells, detected by intracellular cytokine production and tetramer assays, while not affecting the total number of epitope-specific CTLs.

Ghonorrhea caused the weaker HIV-1 specific CTL responses in 4 HIV-1 exposed persistently seronegative (HEPS) women to become undetectable by
Elispot and tetramer assays, and CMV-specific CTL in 2 HEPS subjects were shown to have impaired function with regard to IFN-gamma production.

Protease (34-42)

Protease (34-42) EEMNLPGRW human (B*44) Frahm2004

Protease (45-54)

Pol (125-134) KMIGGIGGFI HIV-1 infection human (A2 supertype)  |Propato2001

Keywords supertype, rate of progression.

Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

This epitope can bind three of the five HLA-A?2 supertypes alleles (A*0201, A*0202, A*0203, A*0206 and A*6802).

Protease (75-84)

Protease (75-84 MN) VLVGPTPVNI in vitro stimulation or selectio human (A*0201) Konyal997
Keywords binding affinity.

Peptide predicted to be reactive based on HLA-A*0201 binding motif.

Peptide could stimulate CTL in PBMC from 5/6 seronegative donors.

Peptide located in a highly conserved region of protease.

Both 9-mer and 10-mer could stimulate CTL: VLVGPTPVNI and LVGPTPVNI.

Binding affinity to A*0201 was measured, Cy/; paxtM = 6 for 10-mer, 3 for 9-mer.

MAL variant of Pr(75-84 MN), with substitutions V77, G78, and P79, gave reduced binding and CTL recognition.

Protease (76-84)

Pol (163-) LVGPTPVNI HIV-1 infection human (A*0201) Altfeld2001¢
Keywords binding affinity, inter-clade comparisons, supertype, computational epitope prediction.
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Epitope name Pol-163.

HIV was scanned for all peptides which carried the A2-supermotif pattern conserved in more than 50% of B clade sequences — 233 peptides met this criteria,
and 30 of these bound to HLA-A*0201 — 20/30 bound to at least 3/5 of HLA-A2 supertype alleles tested.

Three additional previously described HLA-A2 epitopes were added to the set of 20, and 18/22 chronically infected HLA-A2 individuals had CTL that
recognized at least one of the 23 peptides (median of 2 and maximum of 6), while 6/12 acute infected individuals recognized at least 1 (median of 1 and
maximum of 2)

LVGPTPVNI binds to 4/5 HLA-A2 supertype alleles: A*0201, A*0202, A*0206 (highest affinity) and A*6802, but not A*0203.

1/22 individuals with chronic HIV-1 infection recognized this epitope by ELISPOT.

0/12 acutely infected individuals recognized this epitope.

Protease (76-84)

Protease (76-84 HXB2) LVGPTPVNI HIV-1 infection human (A2) Karlsson2003
Keywords HAART, escape.
Epitope name PRS2V.

Assay type Intracellular cytokine staining, Chromium-release assay.

This epitope contains two positions that are commonly associated with protease inhibitor escape, lvgptpAni (V82A) and IvgptpvnV (I84V). 29 HIV-1
infected patients (15 were HLA-A2+) with a history of protease inhibitor failure were screened for mutations within the protease gene and CD8+ T cells
recognition of the wt and V82A variant peptides. CTL pressure alone, despite high functional avidity, did not drive the V82A substitution. Suprisingly
V82A was found more frequently among HLA-A2- individuals (10/14) than HLA-A2+ (7/15), despite the mutation conferring not only drug resistance but
CTL escape.

8/15 HLA-A2+ patients carried had a Val at position 82; 7/8 of these recognized the WT peptide, but only 3/8 could also recognize V82A.

7/15 had the V82A substitution; 2/7 recognized the wt and the V82A mutation, 1/7 recognized only the peptide with the V82A substitution.

Protease (76-84)

Pol (156-164) LVGPTPVNI HIV-1 infection human (A2 supertype)  |Propato2001

Keywords supertype, rate of progression.

Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

This epitope can bind three of the five HLA-A2 supertypes alleles (A*0201, A*0202, A*0203, A*0206 and A*6802).
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Protease-RT (95-5) Gag (175-184) CTLNFPISPI HIV-1 infection human (A2 supertype) Propato2001

Keywords supertype, rate of progression.

The epitope starts in Protease and ends in RT.

Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

This epitope can bind all five HLA-A2 supertypes alleles (A*0201, A*0202, A*0203, A*0206 and A*6802)

Protease-RT (96-5)  Pol (176-184) TLNFPISPI HIV-1 infection human (A2 supertype) Propato2001

Keywords supertype, rate of progression.

Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

This epitope can bind three of the five HLA-A2 supertypes alleles (A*0201, A*0202, A*0203, A*0206 and A*6802).
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RT (3-12) RT (LAI) SPIETVPVKL HIV-1 infection human (A2, B61) vanderBurg1997
Recognized by CTL from a long-term survivor, EILKEPVGHGYV was also recognized.
* Highly conserved across clades.

RT (3-12) Pol SPIETVPVKL human (B7) De Groot2001
* The program Epimatrix was used in conjunction with the program Conservatrix to identify conservered regions of HIV that might serve as epitopes.
A subset of the potential epitopes was identified that could bind to the appropriate HLA-allele, and 15 predicted B7 superfamily (HLA B7, B8, and B58)
epitopes could stimulate IFNy production in an ELISPOT assay.
SPIETVPVKL was newly identified as HLA-B7 epitope in this study, it had been previously shown to be presented by HLA-A2 and B61.

RT (5-12) RT (5-12) IETVPVKL HIV-1 infection human (B*4001) Frahm2004
RT (5-29) RT (160-184 HXB2) IETVPVKLKPGMDGPKVKQ—- HIV-1 infection human (B8) Walker1989
WPLTEE
* One of five epitopes defined for RT-specific CTL clones in this study.
RT (18-26) RT (185-193 LAI) GPKVKQWPL human (B*0801) Frahm2004
* C. Brander notes this is a B*¥0801 epitope.
RT (18-26) RT (18-26) GPKVKQWPL HIV-1 infection human (BS8) Meier1995|

Menendez-Arias1998
» HIV proteins with mutations in this epitope allowed transactive inhibition of specific CTL-mediated lysis.
* Article reviewed in [Menendez-Arias1998|), with a discussion of antagonism.

RT (18-26) RT (173-181) GPKVKQWPL human (BS8) Goulder1997g|
Menendez-Arias 1998

Included in a study of the B8 binding motif.
Article reviewed in [Menendez-Arias1998]], with a discussion of antagonism.

RT (18-26) RT (185-193 LAI) GPKVKQWPL human (B8) Sutton1993
* Predicted epitope based on B8-binding motifs, from larger peptide IETVPVKLKPGMDGPKVKQWPLTEE.
RT (18-26) RT (185-193 LAI) GPKVKQWPL HIV-1 infection human (B8) Klenerman1995|

Menendez-Arias1998

Naturally occurring antagonist GPRVKQWPL found in viral PBMC DNA and RNA.
Article reviewed in [Menendez-Arias1998| with a discussion of antagonism.

RT (18-26) RT (18-26) GPKVKQWPL in vitro stimulation or selectio human (BS8) Zarling1999

Keywords dendritic cells.

This study compares the ability of macrophages and dendritic cells to stimulate primary responses in CD8+ lymphocytes isolated from HLA-appropriate
HIV-uninfected donors using peptide-pulsed APC — the dendritic cells performed better as APC for the stimulation of primary responses.

Strong CTL responses were elicited by the epitopes DRFYKTLRA and GEIYKRWII when presented by either immature or mature dendritic cells —
macrophages were not able to prime a CTL response against DRFYKTLRA.

* A weak response to KLTPLCVSL was stimulated using macrophages as the APC.
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* No detectable response was observed for the following previously-defined HIV epitopes: KIRLRPGGK, ILKEPVHGYV, IRLRPGGK, GPKVKQWPL.
RT (18-26) RT (185-193) GPKVKQWPL HIV-1 infection human (BS8) Oxenius2000
Keywords HAART, supervised treatment interruptions (STI), immunodominance, escape, acute infection.
Epitope name GPK.
* Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.
* Two of the 7/8 study subjects that were HLA B8+ recognized this epitope.
 Patient SC2 (HLA A1, B7/8, Cw0701/0702, DR4/53, DQ7) had CTL responsiveness against epitopes FLKEKGGL, GPKVKQWPL, and GEIYKRWII
peptides — FLKEKGGL tetramer staining steadily declined and at day 1340 the FLKEKGGL stained cells were no longer detected and the escape mutant
FLKENGGI was found in 8/10 clones.
* Patient SC11(HLA Al, B8, Cw0201, DR3/11, DR52, DQ2/7) started therapy early, remained on therapy for 40 days, then reinitiated HAART at day 640
had a CTL response to FLKEKGGL, GPKVKQWPL, and GEI'YKRWII throughout and received a benefit from the early limited course therapy.
RT (18-26) Pol GPKVKQWPL HIV-1 infection human (BS) Seth2001
Keywords HAART.
* CTL responses were studied by tetramer staining in 41 patients with combination therapy — activated CD8+ T-cells decline as the viral load drops in response
to therapy, but the overall level of antigen-specific cells capable of differentiating into effectors stays constant and new epitopes may be recognized.
RT (18-26) RT (185-193 SF2) GPKVKQWPL HIV-1 infection human (B8) Altfeld2001b
Keywords HAART, acute infection.
* Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.
» The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.
* Previously described and newly defined optimal epitopes were tested for CTL response.
* Number of HLA-B8+ individuals that had a CTL response to this epitope broken down by group: 0/3 group 1, 0/3 group 2, and 2/2 group 3.
RT (18-26) Pol (171-180) GPKVKQWPL HIV-1 infection, HIV-1 exposed = human (BS8) Kaul2001a:
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
* GPKVKQWPL is cross-reactive for clades A, B, C, and D.
» ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.
RT (18-26) RT (18-26) GPKVKQWPL HIV-1 infection human (B8) Day2001
» B8-restricted CTL accounted for about 1/3 of the total CTL response in one individual.
RT (18-26) RT GPKVKQWPL HIV-1 infection human (B8) Oxenius2002b
Keywords HAART, supervised treatment interruptions (STI).
Epitope name GPK.
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* Using previously defined epitopes [Oxenius2000} |Oxenius2001al] in an IFNgamma Elispot assay, 13 chronically HIV-1 infected patients were studied over a
period including therapy with standard treatment interruptions (STI).

* STIs induced increased recognition of CTL epitopes, but there was no correlation between CTL responses with viral rebound rates, plateau viral loads, or
clearance rates.

RT (18-27) Pol GPKVKQWPLT human (B7, B8) De Groot2001
* The program Epimatrix was used in conjunction with the program Conservatrix to identify conservered regions of HIV that might serve as epitopes.
A subset of the potential epitopes was identified that could bind to the appropriate HLA-allele, and 15 predicted B7 superfamily (HLA B7, B8, and B58)
epitopes were identified that could stimulate IFNy production in an ELISPOT assay.
* GPKVKQWPLT was confirmed as a previously identified HLA-BS8 epitope, and newly identified as an HLA-B7 epitope in this study.

RT (33-41) RT (33-41 LAI) ALVEICTEM HIV-1 infection human (A*0201) Frahm2004
* C. Brander notes this is an A*0201 epitope.
RT (33-41) RT (33-41 LAI) ALVEICTEL HIV-1 infection human (A*0201) Samri2000

Keywords binding affinity, computational epitope prediction.

This epitope contains the mutation M41L, a mutation induced by nucleosidee reverse transcriptase inhibitors.

Patient 201#5, (A*0201), was found by ELISPOT to recognize the mutated peptide after zidovudine treatment, but not the wild-type peptide — the mutation

M41L gave an increased A2 binding score (http://bimas.dcrt.nih.gov/molbio/hla_bind) compared to the wildtype RT sequence.

Three additional A*0201 individuals and one B27 individual did not respond to this epitope before or after treatment.

* M41L occurred at anchor positions p2 and p9 in several computer predicted RT epitopes (33-41, 32-41, and 40-49)
(http//bimas.dcrt.nih.gov/molbio/hla_bind), and increased the predicted binding affinity for 6 HLA molecules (B2705, B5102, C3, A0201, B2705 and
B3901)

RT (33-41) RT (33-41) ALVEICTEM HIV-1 infection human (A2) Haas1998
» Of 98 patients in cross-sectional analysis, 78% had CTL against pol — RT was more immunogenic than Integrase and Protease (81%, 51%, and 24% of 37
patients, respectively)
* New clusters of epitopes were defined utilizing different HLA molecules.

RT (33-41) RT (33-41) ALVEICTEM HIV-1 infection human (A2) Day2001
Keywords rate of progression, acute infection.
* The CTL response to optimally defined CTL epitopes restricted by HLA class I A and B alleles in individuals who coexpressed HLA A2, A3, and B7 was
studied in eight HIV-1-infected subjects, two with acute infection, five with chronic, and one long-term non-progressor (LTNP)
* 2 to 17 epitopes were recognized in a given individual, A2-restricted CTL response tended to be narrow and never dominated the response, and 25/27
epitopes were targeted by at least one person.
SLYNTVATL was the dominant A2 epitope recognized in patients with chronic infection, except for Subject 11841 who recognized 5/8 epitopes and who
had a dominant A-2 response to ALVEICTEM.

RT (33-43) RT (33-43) ALVEICTEMEK HIV-1 infection human (A*0301) Haas1998
» Of 98 patients in cross-sectional analysis, 78% had CTL against pol — RT was more immunogenic than Integrase and Protease (81%, 51%, and 24% of 37
patients, respectively)
* New clusters of epitopes were defined utilizing different HLA molecules.
 C. Brander notes that this is an A*0301 epitope in the 1999 database, G. Haas, pers. comm.
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RT (33-43) RT (33-43) ALVEICTEMEK HIV-1 infection human (A*0301) Frahm2004
* C. Brander notes this is an A*0301 epitope.

RT (33-43) RT (33-43) ALVEICTEMEK HIV-1 infection human (A3) Day2001

Keywords rate of progression, acute infection.
* The CTL response to optimally defined CTL epitopes restricted by HLA class I A and B alleles in individuals who coexpressed HLA A2, A3, and B7 was
studied in eight HIV-1-infected subjects, two with acute infection, five with chronic, and one long-term non-progressor (LTNP)
* 2 to 17 epitopes were recognized in a given individual, A2-restricted CTL response tended to be narrow and never dominated the response, and 25/27
epitopes were targeted by at least one person.
All patients recognized at least 1 A3 epitope, up to 8 A3 epitopes, but none was clearly dominant.

RT (38-52) RT (203-209) CTEMEKEGKISKIGP Vaccine mouse (H-29) Burnett2000

Vaccine Vector/Type: Salmonella HIV component: RT

A live attenuated bacterial vaccine, Salmonella SL3261-pHART, with an inserted HIV epitope in the Lpp-OmpA-HIV fusion protein, induced a specific
CTL response in BALB/c mice (<15% lysis assayed by Cr-release of target cells)

RT (38-52) RT (205-219 BRU) CTEMEKEGKISKIGP Vaccine mouse (H2X) De Groot1991}
Menendez-Arias1998

Vaccine Vector/Type: protein  Strain: B clade BRU HIV component: RT

Keywords review.

Murine and human helper and CTL epitope.

Epitope noted in a review by [Menendez-Arias1998] to be located in the "fingers" domain of RT and is a helper and CTL epitope.

RT (38-52) RT (205-219) CTEMEKEGKISKIGP HIV-1 infection human (broad) Hosmalin 1990,
Menendez-Arias1998

Keywords review.
Murine and human helper and CTL epitope.
Epitope noted in a review by [Menendez-Arias1998] to be located in the "fingers" domain of RT and is a helper and CTL epitope.

RT (39-47) RT (206-214) TEMEAEGKI in vitro stimulation or selectio mouse Leggatt1997
Keywords TCR usage.

Ala-substituted nonamer-peptide used to test a non-radioactive assay for murine CTL recognition of peptide-MHC class I complexes.

» The new assay is CTL adherence assay (CAA), and is based on the discovery that CTL develop adhesive properties upon TCR triggering.
Substitutions in TEMEAEGKI that reduce cytolytic activity were correctly detected by CAA.

RT (39-47) RT TEMEKEGKI mouse (H-2K¥) Leggatt1998
« Epitope variants were examined for CTL response in concert with H-2KK MHC class I binding — all of the following combinations were observed: (i) two
single mutations which did not alone abrogated CTL activity did abrogate activity when combined, (ii) loss of recognition of a single substitution could be
restored by an additional substitution, and (iii) sometimes there was recognition of two single substitutions as well as the combination of those substitutions.
« 2E and 91 are anchor residues for H-2KX — if you have M in the third position, it enhances H-2K* binding 10-fold, but polymorphism at this site is important
for the overall conformation of the peptide and can influence T cell recognition.

RT (42-50) RT (42-50 LAI) EKEGKISKI HIV-1 infection human (B*5101) Frahm2004
» C. Brander notes this is a B¥5101 epitope.
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RT (42-50) RT (42-50 LAI) EKEGKISKI HIV-1 infection human (B51) Haas1998

» Of 98 patients in cross-sectional analysis, 78% had CTL against pol — RT was more immunogenic than Integrase and Protease (81%, 51%, and 24% of 37
patients, respectively)
New clusters of epitopes were defined utilizing different HLA molecules.

RT (57-65) Pol (236-244) NTPVFAIKK HIV-1 infection human (A3 supertype) Propato2001
Keywords supertype, rate of progression.

* Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.
Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.
* A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.
This epitope can bind 3/5 HLA-A3 supertype alleles (A*0301, A*1101, A*3101, A*3301 and A*6801).

RT (73-82) RT (73-82) KLVDFRELNK HIV-1 infection human (A*03) Frahm2004

RT (73-82) RT (73-82 LAI) KLVDFRELNK HIV-1 infection human (A3) Samri2000

This epitope contains the mutation L74V, a frequent mutation induced by nucleoside reverse transcriptase inhibitors.

The wild-type, but not the mutated peptide, was recognized before and after zidovudine treatment in A3-restricted patients 252#0 and 252#4.
Mutation L74V affects the p2 anchor position in RT epitopes and was predicted to reduce binding to A3 (http://bimas.dcrt.nih.gov/molbio/hla_bind)

RT (73-82) RT (228-237) KLVDFRELNK HIV-1 infection human (A3) Yu2002a
Keywords dynamics, supervised treatment interruptions (STI), acute infection.
Epitope name A3-KK10.
Donor HLA A3, B7, Cw7.
* CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or -B7 (n=4) or both -A3 and B7 (n=7) positive individuals were studied.
* One individual, AC-06, was homozygous at all three class I alleles (A3, B7, Cw7), was treated during acute infection and had supervised treatment
interruptions (STI). He had only two detectable CTL responses during acute infection, but after STI this broadened to 27 distinct epitopes including 15
restricted by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.
0/14 HLA-A3 positive individuals had detectable A3-restricted responses to this epitope during acute infection, but only 5/15 of HLA-A3 epitopes tested
were targeted during acute infection. 3/7 individuals began to have detectable responses to this epitope after STI.

RT (93-101) (LA GIPHPAGLK (A3) Altfeld2000al [Frahm?2004

RT (93-101) RT (248-257) GIPHPAGLK HIV-1 infection human (A3) Yu2002a
Keywords dynamics, supervised treatment interruptions (STI), acute infection.
Epitope name A3-GKO9.
Donor HLA A3, B7, Cw7.
* CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or -B7 (n=4) or both -A3 and B7 (n=7) positive individuals were studied.
* One individual, AC-06, was homozygous at all three class I alleles (A3, B7, Cw7), was treated during acute infection and had supervised treatment
interruptions (STI). He had only two detectable CTL responses during acute infection, but after STI this broadened to 27 distinct epitopes including 15
restricted by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.
0/14 HLA-A3 positive individuals had detectable A3-restricted responses to this epitope during acute infection, but only 5/15 of HLA-A3 epitopes tested
were targeted during acute infection. 1/7 individuals began to have detectable responses to this epitope after STI.
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RT (93-102) Pol (240-249 93TH253 GIPHPAGLKK HIV-1 exposed seronegative human (A11) Sriwanthana2001
subtype CRFO1)
Keywords HIV exposed persistently seronegative (HEPS).
Epitope name P248-257.
» This was a study of HIV-1 exposed persistently seronegative (HEPS) female sex workers in Chiang Mai, northern Thailand.
* HLA-A11 is very common in this population, and was enriched among the HEPS sexworkers — weak CTL responses were detected in 4/7 HEPS women,
and CTL responses were found in 8/8 HIV+ controls, and 0/9 HIV- women that were not exposed.
* This epitope was weakly reactive in the HEPS study subject 265 who was HLA A2/A11 and after a second stimulation in vitro gave a strong response in
HEPS study subject 128 who was HLA A11/A33.
RT (93-102) Pol (240-249 93TH253 GIPHPAGLKK HIV-1 infection human (A11) Bond2001
subtype CRF01)
Keywords inter-clade comparisons.
* HLA-A11 CRFOI (called subtype E in Bond et al.) epitopes were identified that stimulated CTL from HIV+ female sex workers (FSW) from Northern
Thailand, of whom more than half were HLA-A11 positive.
* 77 possible HLA-A11 epitopes were first defined using EpiMatrix, these were screened for binding to A1l finding and 26 bound, and 12 of these were
epitopes for CTL responses from 8 HLA-A11 positive FSWs, six were novel, six were previously identified.
* This is one of the new A11 epitopes identified through the streamlined EpiMatrix method, and 2/8 tested FSWs recognized it.
* This epitope was highly conserved in other subtypes, and exact matches were common.
RT (98-113) Pol (254-264 BH10, AGLKKKKSVTVLDVGD HIV-1 infection human Maksiutov2002
LAI)
* This study employs an antigenic similarity matrix to compare HIV-1 antigenic determinants with human proteins.
* This CTL epitope (the HIV-1 LAI fragment with high similarity to a human protein overlapping this epitope is GLKKKKSVTVL) has similarity with the
CD166 antigen (activated leukocyte-cell adhesion molecule), fragment GLKKRESLTLI.
RT (98-113) RT (252-266) AGLKKKKSVTVLDVGD HIV-1 infection human (Cw4) Bernard1998

This study focuses on six rare long-term survivor HIV-infected people who were infected for many years without exhibiting immune dysregulation — such
immunologically normal HIV-infected (INHI) cases occur at a frequency between 0.1 and 1% in the infected population.
No direct CTL were found in any of the six INHIs, but above background CTLp activity was founded in 3/6 INHIs.

RT (103-117)

RT (257-251) KKSVTVLDVGDAYFS HIV-1 infection human (Cw4) Bernard 1998
This study focuses on six rare long-term survivor HIV-infected people who were infected for many years without exhibiting immune.
No direct CTL were found in any of the six INHIs, but above background CTLp activity was founded in 3/6 INHIs.

RT (107-115) RT (262-270 11IB) TVLDVGDAY (B*3501) Frahm?2004
* C. Brander notes this is a B*¥3501 epitope.
RT (107-115) RT (262-270 11IB) TVLDVGDAY HIV-1 infection human (B35) Menendez-Arias1998,
Wilson1996

Keywords review, responses in children, mother-to-infant transmission.

Epitope defined in the context of the Pediatric AIDS Foundation ARIEL Project, a mother-infant HIV transmission study.
TVLDMGDAC is a naturally occurring variant that is less reactive.

* [Menendez-Arias1998|, in a review, notes that this epitope includes a catalytic residue (Asp-110) in the active site of RT.
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RT (107-115)

Pol (262-270 I1IB) TVLDVGDAY HIV-1 infection human (B35) Wilson1999a

Keywords responses in children, mother-to-infant transmission, escape.

This study describes maternal CTL responses in the context of mother-to-infant transmission.

Detection of CTL escape mutants in the mother was associated with transmission, but the CTL-susceptible forms of the virus tended to be found in infected
infants.

An additional variant that gave a positive CTL response: TVLDMGDAC.

RT (107-115)

Pol (262-270) TVLDVGDAY HIV-1 infection human (B35) Ferrari2000
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

RT (107-115)

RT (262-270 SF2) TVLDVGDAY HIV-1 infection human (B35) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B35+ individuals that had a CTL response to this epitope broken down by group: 1/2 group 1, 0/2 group 2, and 0/1 group 3.

RT (107-115)

TVLDVGDAY HIV-1 infection human (B35) Sabbaj2002b
Epitope name Pol-TY?9.
Among HIV+ individuals who carried HLA B35, 8/21 (38%) recognized this epitope.

RT (107-115)

Pol TVLDVGDAY HIV-1 infection human (B35) Sabbaj2002a

Keywords mother-to-infant transmission.

Donor HLA A3, All, B35, B51.

IFNgamma T-cell responses in breast milk of 5 HIV-1 infected women from the US and 6 from Zambia were tested with using Elispot. 11/11 women
responded to Gag, 8/11 responded to Pol, 7/11 women to Nef, and 2/5 women to Env peptide pools. These responses were shown to be primarily due to
CD8+ T-cells in one woman, and another woman had cytolytic responses measured by Cr-release.

T-cells in breast milk from a volunteer who was HLA A3, A11, B35, B51 induced IFNgamma after stimulation with either of two overlapping peptides that
carry known B35 epitope TVLDVGDAY.

The frequencies of responses in the two compartments differed, and 2/4 women that responded to epitopes in Nef 101-205 and Pol 601-710 showed
responses in breast milk but no detectable responses in peripheral blood cells.

RT (108-118)

RT (267-277) VLDVGDAYFSV in vitro stimulation or selectio human (A*0201) vanderBurg1996
High dissociation rate, but immunogenic in primary CTL induction after repeated stimulations with peptide.
CTL generated by in vitro stimulation of PBMC derived from uninfected individual.

RT (108-118)

214

RT (267-277) VLDVGDAYFSV HIV-1 infection human (A2) Kundu 1998b:

Keywords dendritic cells.

Allogeneic dendritic cells (DCs) were obtained from HLA-identical siblings, pulsed with rgp160 MN or A2-restricted HIV-1 epitope peptides, and infused
monthly into six HIV-infected patients.
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1/6 showed increased env-specific CTL and increased lymphoproliferative responses, 2/6 showed increase only in proliferative responses, and 3/6 showed
no change — pulsed DCs were well tolerated.

VLDVGDAYFSV is a conserved HLA-A2 epitope included in this study — 4/6 patients had this sequence as their HIV direct sequence, but only one of these
had a detectable CTL response — the other two had the sequences EEDVGDAYFSV and ELDVGDAYFSYV and no detectable CTL response.

RT (108-118)

RT (267-277) VLDVGDAYFSV in vitro stimulation or selectio human (A2) vanderBurg1995
Binds HLA-A*0201 — CTL generated by in vitro stimulation of PBMC from an HIV negative donor.
VLDVGDAYFSYV is in a functional domain.

RT (108-118)

Pol (263-273) VLDVGDAYFSV HIV-1 infection human (A2, A*0201) Ferrar12000
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

RT (108-122)

RT (257-251) VLDVGDAYFSVPLDE HIV-1 infection human (Cw4) Bernard 1998

This study focuses on six rare long-term survivor HIV-infected people who were infected for many years without exhibiting immune dysregulation — such
immunologically normal HIV-infected (INHI) cases occur at a frequency between 0.1 and 1% in the infected population.

No direct CTL were found in any of the six INHIs, but above background CTLp activity was founded in 3/6 INHIs.

RT (113-120)

Pol (268-275 SF2) DAYFSVPL HIV-1 infection human (B*5101, B24) Tomiyamal999

Keywords inter-clade comparisons, rate of progression.

HLA-B27, -B51, and -B57 are associated with slow progression to AIDS, while HLA -B35, -BS, -B24 are associated with a rapid progression to AIDS (Nat.
Med. 2:405, 1996;Lancet 22:1187, 1986;Hum Immunol 22:73, 1988;Hum Immunol 44:156, 1995)

15% of Japanese populations carry HLA-B51 while HLA-B27 and -B57 are detected in less than 0.3%

Of the 172 HIV-1 peptides with HLA-B*5101 anchor residues, 33 bound to HLA-B*5101, seven of these peptides were reactive with CTL from 3 B*5101
positive individuals, and six were properly processed.

Four of the six epitopes were highly conserved among B subtype sequences, DAYFSVPL is conserved.

RT (116-135)

Pol (271-290) FSVPLDEDFRKYTAFTIPSI HIV-1 infection human Novitsky2002

Keywords inter-clade comparisons.

HLA, viral sequence, and Elispot data was obtained from 105 HIV-1 positive Botswanans; Elispot data was obtained from between 55 and 64 subjects for
each HIV protein.

Nef and p24 had the highest percentage of reactive peptides, and p24 had the highest magnitude of HIV-1 responses.

This peptide was among the 28 most reactive C clade peptides from among over 350 tested spanning all HIV proteins.

RT (117-126)

Pol (264-273 93TH253 SVPLDESFRK HIV-1 exposed seronegative human (A11) Sriwanthana2001

subtype CRFO1)

Keywords HIV exposed persistently seronegative (HEPS).

Epitope name P272-281.

This was a study of HIV-1 exposed persistently seronegative (HEPS) female sex workers in Chiang Mai, northern Thailand.

HLA-A11 is very common in this population, and was enriched among the HEPS sexworkers — weak CTL responses were detected in 4/7 HEPS women,
and CTL responses were found in 8/8 HIV+ controls, and 0/9 HIV- women that were not exposed.

This epitope after a second stimulation in vitro gave a strong response in HEPS study subject 128 who was HLA A11/A33.
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RT (117-126) Pol (264-273 93TH253 SVPLDESFRK HIV-1 infection human (A11) Bond2001
subtype CRFO1)

Keywords inter-clade comparisons.

HLA-A11 CRFO1 (called subtype E in Bond et al.) epitopes were identified that stimulated CTL from HIV+ female sex workers (FSW) from Northern
Thailand, of whom more than half were HLA-A11 positive.

77 possible HLA-AT11 epitopes were first defined using EpiMatrix, these were screened for binding to A11 finding and 26 bound, and 12 of these were
epitopes for CTL responses from 8 HLA-A11 positive FSWs, six were novel, six were previously identified.

This is one of the new A1l epitopes identified through the streamlined EpiMatrix method, and 3/8 tested FSWs recognized it.

This epitope was only conserved in CRF01, and subtype A and B, and exact matches were uncommon.

RT (118-127)

RT (273-282 SF2) VPLDKDFRKY HIV-1 infection human (B*3501) Menendez-Arias 1998,
Tomiyamal997

Keywords review.

A CTL clone responsive to this epitope was obtained.

4/7 B35-positive individuals had a CTL response to this epitope.

A K to E substitution at position 5 abrogates specific lysis, and reduces binding to B*3501.

[Menendez-Arias1998], in a review, notes that a Glu to Lys (E to K) change abrogates CTL activity, but that both VPLDEDFRKY and VPLDKDFRKY can

serve as HLA-B35 epitopes, so the change must alter T cell receptor binding — residues in this epitope may be important for polymerase activity.

RT (118-127) RT (273-282 11IB) VPLDEDFRKY HIV-1 infection human (B*3501) Frahm2004
» C. Brander notes this is a B¥3501 epitope.
RT (118-127) Pol (273-282) VPLDKDFRKY HIV-1 infection human (B*3501) Tomiyama2000a

CD8+ T-cells that bound one of six HIV-specific B*3501-epitope tetramers did not express CD28 or CD45A.

A significant increase in CD28-CD45RA- cells and a decrease of CD28+CD45RA+ cells was observed in chronically HIV-1-infected individuals relative to
healthy individuals.

CD28-CD45RA- cells are likely to be effector cells and have high levels of perforin in their cytoplasm.

The mean percentage of total CD28- CD8+ cells in chronically infected HIV-1-infected patients was 76.6% in comparison to HIV-1-uninfected individuals
(40.6%)

RT (118-127)

(SF2) VPLDEDFRKY HIV-1 infection human (B*3501) Tomiyama2000b

Epitope name HIV-B3501-SF2-4.

B*3501 VPLDEDFRKY tetramer binding did not inhibit CTL activity of a clone that react with both HLA-B*3501 than HLA-B*5101 presentation of the
epitope IPLTEEAEL.

RT (118-127)

216

RT (118-127) VPLDEDFRKY HIV-1 infection human (B*3501) Cao02003

Keywords binding affinity, acute infection, early-expressed proteins.

Assay type CD8 T-cell Elispot - IFNY.

Donor HLA A*2301, B*3501, B*1503 (B72), Cw2, Cw7.

All proteins were scanned and optimal epitopes were mapped in a study of CD8+ gamma IFN T-cell responses in 21 men within 15-92 days post-HIV-1
infection. Subjects initially a showed narrow immune responses with a mean of 2.3 epitopes recognized per patient. The immune response broadened
later in infection. No correlation between the plasma viral load and the number of recognized epitopes or the frequency of IFN-gamma secreting cells was
observed, and there was no correlation between the functional avidity of a responses and the abundance of IFN-secreting cells that recognized the epitope.
The first epitopes to be recognized did not tend to be the most avid, and earliest responses tended to be directed against Nef, Tat, Vpr, and Env.
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All HIV-1 proteins except Vpu were recognized, and a responses to a total of 41 optimal epitopes were characterized; 24 had been identified previously.
48% of the total T-cell responses were directed against Nef and 43% were directed against Gag.

More common HLA alleles were less frequently used in primary infection than less common alleles, for example A3, B35, B57, and B62 were more
frequently utilized than A1, A2, A30, and A44.

RT (118-127)

RT (273-282 I1IB) VPLDEDFRKY HIV-1 infection human (B*3501, B35)  |Shigal996
Binds HLA-B*3501.

RT (118-127)

(SF2) VPLDKDFRKY HIV-1 infection human (B35) Kawanal999

Keywords binding affinity, rate of progression, escape.

HLA B35 is associated with rapid disease progression.

The sequences of 9 previously described HIV-1 B35 CTL epitopes were obtained in 10 HLA B35+ and 19 HLA B35- individuals.

3/9 CTL epitopes had substitutions that were more common in B35+ individuals than in B35- individuals — only one of these reduced the binding of the
peptide to B35 and was shown to be an escape mutation.

——E—- was found in 8/10 of the B35+ individuals, and three of the B35- individuals — the D —> E substituted peptide had similar binding affinity to B35
and was equally susceptible to a CTL clone.

RT (118-127)

RT (273-282 11IB) VPLDEDFRKY HIV-1 infection human (B35) Sipsas1997
Keywords inter-clade comparisons.

HIV IIIB proteins were used to define the range of CTL epitopes recognized by three lab workers accidentally infected with HIV-1 IIIB.
VPLDKDFRKY, a variant found in HIV MN, was not recognized.

VPHDEDFRKY, a variant found in HIV YU2, was not recognized.

This epitope was type-specific and conserved in only one other B subtype sequence.

RT (118-127)

RT (273-282 SF2) VPLDEDFRKY HIV-1 infection human (B35) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B35+ individuals that had a CTL response to this epitope broken down by group: 1/2 group 1, 0/2 group 2, and 1/1 group 3.

RT (118-127)

VPLDEDFRKY HIV-1 infection human (B35) Sabbaj2002b
Epitope name Pol-VY10.
Among HIV+ individuals who carried HLA B35, 5/21 (24%) recognized this epitope.

RT (126-135)

RT (293-302 HXB) KYTAFTIPSI HIV-1 infection human (A2) Shankar1998

Keywords HAART.

A novel CTL clone was defined with a panel of recombinant vaccinia-RT-infected B-LCL target cells using PBMCs donated by a patient who was
HIV-seropositive for 6 years and had not received any antiretroviral therapy.

There is evidence that some CTL epitopes are poorly presented on the surface of infected cells, but this RT epitope was recognized as effectively on
HIV-infected cells as on peptide-pulsed targets.
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RT (127-135) RT (127-135) YTAFTIPSV HIV-1 infection human (A*02) Frahm2004
RT (127-135) Pol (316-) YTAFTIPSI HIV-1 infection human (A2) Altfeld2001c

Keywords binding affinity, inter-clade comparisons, supertype, computational epitope prediction.

Epitope name Pol-316.

HIV was scanned for all peptides which carried the A2-supermotif pattern conserved in more than 50% of B clade sequences — 233 peptides met this criteria,
and 30 of these bound to HLA-A*0201 — 20/30 bound to at least 3/5 of HLA-A2 supertype alleles tested.

Three additional previously described HLA-A2 epitopes were added to the set of 20, and 18/22 chronically infected HLA-A2 individuals had CTL that
recognized at least one of the 23 peptides (median of 2 and maximum of 6), while 6/12 acute infected individuals recognized at least 1 (median of 1 and
maximum of 2)

2/22 individuals with chronic HIV-1 infection recognized this epitope in ELISPOT.

0/12 acutely infected individuals recognized this epitope.

YTAFTIPSI binds to five HLA-A2 supertype alleles: A*0201, A*0202,A*0203, A*0206 and A*6802 (highest affinity)

RT (127-135)

Pol (306-314) YTAFTIPSI HIV-1 infection human (A2 supertype)  |Propato2001

Keywords supertype, rate of progression.

Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

This epitope can bind all five HLA-A2 supertypes alleles (A*0201, A*0202, A*0203, A*0206 and A*6802)

RT (128-135)

TAFTIPSI HIV-1 infection human (A*0217, Sabbaj2002b
B*5101)

Keywords HAART.
Epitope name Pol-TIS.
Donor HLA A*0201 A*0217 B*0801 B*4002 Cw*0303 Cw*070.
This study monitored epitope responses in HIV-1 infected minority women living in the United States.
24 epitopes were described — 8 were novel, 8 used new restricting elements but were previously defined epitopes, and 8 were previously described.
Serial peptide truncations were used to define optimal epitopes for CTL cell lines isolated from 12 individuals, assayed by a Cr-release.
Patient 01RCH46 was Hispanic, on HAART, and had a viral load of 21000 and CD4 count of 623 — she also recognized GELDRWEKI, p17(11-19), HLA
B*4002, and KETINEEAA p24(70-78), HLA B*4002.
Among HIV+ individuals who carried HLA A*02, 7/36 (19%) recognized this epitope, two of which also carried B*5101 which can also restrict this
epitope.

RT (128-135) RT (295-302 I1IB) TAFTIPSI HIV-1 infection human (B*5101) Frahm2004
* C. Brander notes this is a B*5101 epitope.
RT (128-135) Pol (283-290 SF2) TAFTIPSI HIV-1 infection human (B*5101) ‘Tomiyamal999
Keywords inter-clade comparisons, rate of progression.
* HLA-B27, -B51, and -B57 are associated with slow progression to AIDS, while HLA-B35, -B8, -B24 are associated with a rapid progression to AIDS (Nat.
Med. 2:405, 1996;Lancet 22:1187, 1986;Hum Immunol 22:73, 1988;Hum Immunol 44:156, 1995)
* 15% of Japanese populations carry HLA-B51 while HLA-B27 and -B57 are detected in less than 0.3%
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» Of the 172 HIV-1 peptides with HLA-B*5101 anchor residues, 33 bound to HLA-B*5101, seven of these peptides were reactive with CTL from 3 B*5101
positive individuals, and six were properly processed.
* Four of the six epitopes were highly conserved among B subtype sequences, but TAFTIPSI is somewhat variable.

RT (128-135) RT (295-302) TAFTIPSI HIV-1 infection human (B*5101) Samri2000
Keywords HAART, escape.
Epitope name P5.
* The epitope TAFTIPSI was recognized by patient 246#1 in a study of the effects of therapy escape mutations on CTL recognition.
RT (128-135) RT (128-135 IIIB) TAFTIPSI HIV-1 infection human (B*5101) Moore2002b

Keywords epitope processing, escape.
* HIV polymorphisms in the RT protein were examined relation to HLA alleles found in a population of 473 participants in the Western Australian HIV
Cohort Study. 64 significant associations between polymorphisms at particular positions and HLA alleles were detected, for HLA-B7, -B12, -B35 and
-B15. Fifteen of these were in positions with known epitopes, 4 in anchor residues, 11 in other positions. Six additional polymorphic sites associated with
particular HLA molecules flanked known epitopes and may relate to processing.
TAFTIPSI was one of two epitopes characterized in detail. C-terminal I135x substitutions were associated with people who carried HLA-BS — 39/40 (98%)
of HLA-B*5101 individuals had substitutions in this position, while only 127/431 (29%) who did not have HLA-B*5101 did. The predominant substitution
was kytaftipsT, and this mutation is predicted to abrogate binding to HLA-B*5101.

RT (128-135) RT (295-302 1IIB) TAFTIPSI HIV-1 infection human (B51) Menendez-Arias 1998
Sipsas1997

Keywords review.

HIV IIIB proteins were used to define the range of CTL epitopes recognized by 3 lab workers accidentally infected with HIV-1 IIIB.

TAFTIPST, a variant found in HIV-1 CAM1, was also recognized but 100-fold more peptide was needed.

TAFTIPSYV, a variant found in HIV-1 VEIRT, was also recognized, but 10-fold more peptide was needed.

TVFTIPSI, a variant found in HIV-1 MANC, was also recognized.

[Menendez-Arias1998], in a review, notes that this epitope includes a region near the active site of RT — the substitution of the position two conservative
change from A to V decreases CTL recognition.

RT (128-135) RT (295-302) TAFTIPSI HIV-1 infection human (B51) Betts2000

Keywords immunodominance.

Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.

95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.

Three of the four individuals that responded to SLYNTVATL recognized additional HIV epitopes, and all three were also HLA B51 and recognized this
epitope as well as other epitopes.

RT (128-135) RT (295-302) TAFTIPSI HIV-1 infection human (B51) Oxenius2000
Keywords HAART, acute infection.
Epitope name TAF.

Patients who started therapy at acute HIV-1 infection (three with sustained therapy, two with limited therapy upon early infection) had strong HIV specific
CD4 proliferative responses and were able to maintain a CTL response even with undetectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and lost their CTL responses when HAART was eventually given and their viral loads became
undetectable.

* None of the 8 study subjects recognized this epitope but none were HLA B51+
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RT (128-135) RT (295-302 LAI) TAFTIPSI HIV-1 infection human (B51) Mollet2000
Keywords HAART.
Epitope name P5.

A panel of 16 epitopes covering 15 class I alleles was tested in 14 HIV+ patients from an unselected Caucasian population treated with HAART, using
CD8+ cell IFNgamma production to measure responses.

In general, during the first month of treatment viral load decreased and frequencies of HIV-specific CTL tripled and broadened — eight new HIV specificities
that were not previously detectable were newly detected, as were CMV specific CD8+ PBL — but with continued viral suppression, HIV-specific responses

diminished.
* Viral rebounds gave different patterns of response: increases or decreases in pre-existing response, new specificities, or no change.
RT (128-135) Pol TAFTIPSI HIV-1 infection human (B51) Sabbaj2002a

Keywords mother-to-infant transmission.
Donor HLA A3, All, B35, B51.
* IFNgamma T-cell responses in breast milk of 5 HIV-1 infected women from the US and 6 from Zambia were tested with using Elispot. 11/11 women
responded to Gag, 8/11 responded to Pol, 7/11 women to Nef, and 2/5 women to Env peptide pools. These responses were shown to be primarily due to
CD8+ T-cells in one woman, and another woman had cytolytic responses measured by Cr-release.
T-cells in breast milk from a volunteer who was HLA A3, A11, B35, B51 induced IFNgamma after stimulation with either of two overlapping peptides that
carry known B51 epitope TAFTIPSI.
» The frequencies of responses in the two compartments differed, and 2/4 women that responded to epitopes in Nef 101-205 and Pol 601-710 showed
responses in breast milk but no detectable responses in peripheral blood cells.

RT (128-135) RT (128-135) TAFTIPSI HIV-1 infection human (B51) Ca02003

Keywords binding affinity, acute infection, early-expressed proteins.

Assay type CD8 T-cell Elispot - IFNY.

Donor HLA A*0201, A11, B51, b61, Cw2, Cw14.

CTL epitope responses were mapped in 21 men within 15-92 days post-HIV-1 infection. Subjects initially a showed narrow immune responses with a

mean of 2.3 epitopes recognized per patient. The immune response broadened later in infection. No correlation between the plasma viral load and the

number of recognized epitopes or the frequency of IFN-gamma secreting cells was observed, and there was no correlation between the functional avidity of

a responses and the abundance of IFN-secreting cells that recognized the epitope. The first epitopes to be recognized tended not to be the most avid, and

earliest responses tended to be directed against Nef, Tat, Vpr, and Env.

All HIV-1 proteins except Vpu were recognized, and a responses to a total of 41 optimal epitopes were characterized; 24 had been identified previously.

48% of the total T-cell responses were directed against Nef and 43% were directed against Gag.

* More common HLA alleles were less frequently used in primary infection than less common alleles, for example A3, B35, B57, and B62 were more
frequently recognized than A1, A2, A30, and A44.

RT (151-159) Pol (306-314 SF2) QGWKGSPAT HIV-1 infection human (B*5101) ‘Tomiyamal999
Keywords inter-clade comparisons, rate of progression.
* HLA-B27, -B51, and -B57 are associated with slow progression to AIDS.
* 15% of Japanese populations carry HLA-B51 while HLA-B27 and -B57 are detected in less than 0.3%
» Of the 172 HIV-1 peptides with HLA-B*5101 anchor residues, 33 bound to HLA-B*5101, seven of these peptides were reactive with CTL from 3 B*5101
positive individuals, and six were properly processed.
* Four of the six epitopes were highly conserved among B subtype sequences, QGWKGSPALI is conserved.
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RT (151-168)

RT (151-168 HXB2) QGWKGSPAIFQSSMTKIL HIV-1 infection human Addo2003

Keywords supervised treatment interruptions (STI), immunodominance, early treatment.

Assay type T-cell Elispot.

Comprehensive Elispot screening of 504 overlapping peptides that spanned all HIV-1 proteins in 57 HIV-1 infected individuals. Four groups of patients
were compared: 23 were untreated; 12 patients were chronically infected and treated; 22 started treatment during acute infection, 11 continuously treated
and 11 with STL

63% of the peptides were recognized - the most frequent responses were directed against Nef (95%) and p24-Gag (88%). p17 was the most frequently

recognized protein after correction for protein length. A median of 18 peptides (range 2-42) were recognized per person. The most frequently (>20%)

recognized peptides were located in conserved regions within clade B sequences. Vpu was rarely recognized.

A decrease in the total magnitude and in the breadth of CTL responses was detected in patients with treated acute infection in comparison to chronically
infected treated or untreated individuals. No correlation between plasma viral load and HIV-1 specific T-cell responses was observed.

The authors did not note the reference strain, but based on the peptide sequences provided it appears to be HXB2.

Responses to this peptide were detected in 19% of the study subjects, and it was one of the 25 most frequently recognized peptides.

RT (153-165)

RT (308-320) WKGSPAIFQSSMT HIV-1 infection human (B7) Brander1995b
Keywords responses in children, mother-to-infant transmission.
Epitope defined in the context of the Pediatric AIDS Foundation ARIEL Project, a mother-infant HIV transmission study.

RT (153-165)

Pol (308-320) WKGPAIFQSSMT HIV-1 infection human (B7) Ferrari2000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

RT (153-167)

RT (SF2) WKGSPAIFQSSMTKI HIV-1 infection human Altfeld2001al

HIV+ individual AC-06 was tested for reactive overlapping peptides spanning all HIV-1 proteins in an ELISPOT and was found to react with 12 peptides
from 7 proteins, suggesting that the breadth of CTL responses are underestimated if accessory proteins are not included in the study.

RT peptides SQIYPGIKVRQLCKL and WKGSPAIFQSSMTKI were recognized.

RT (156-164)

RT (311-319 SF2) SPAIFQSSM HIV-1 infection human (B*3501) Menendez-Arias1998|
Tomiyamal997

Keywords review.

A CTL clone responsive to this epitope was obtained.

Only 1/7 B35-positive individuals had a CTL response to this epitope.

[Menendez-Arias1998], in a review, notes that this epitope is near the active site of RT.

RT (156-164)

RT (311-319 SE2) SPAIFQSSM HIV-1 infection human (B35) Menendez-Arias1998|
Shigal996

Keywords review.

Binds HLA-B*3501.

[Menendez-Arias1998], in a review, notes that this epitope includes catalytic residues in the active site of RT.

RT (156-164)

Pol (311-319) SPATIFQSSM HIV-1 infection human (B35) Ferrar12000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.
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RT (156-164)

Pol (156-164 HXB2) SPAIFQSSM HIV-1 infection human (B7) Hay1999b

Keywords rate of progression, immunodominance.

CTL response to IPRRIRQGL was the immunodominant response in a rapid progressor — there was a subdominant response to SPAIFQSSM in Pol, and
interestingly, no response to commonly immunodominant HLA A*0201 epitope SLYNTVATL, although this individual was HLA A*0201.

The individual showed a strong initial CTL response at the time of the initial drop in viremia, but it was quickly lost, although memory cells persisted.
Despite the initial narrow response to two epitopes, no other CTL responses developed.

No HIV-specific lymphoproliferative responses were detected in this patient, and neutralizing antibody response was weak.

Variants of this epitopes were observed in vivo (spaifqCsm, spSifgssm), but the binding motifs for B7 were preserved (P2, and C-term aromatic or
hydrophobic)

RT (156-164)

Pol SPATIFQSSM HIV-1 infection human (B7) [slam2001

Keywords rate of progression, acute infection.

Subject 0531 was followed longitudinally from acute infection through death, and had rapid progression to AIDS.

This individual had a dominant response to IPRRIRQGL with strong in vivo activated responses and in vitro stimulated memory responses and a subdominant
response to SPAIFQSSM - during the course of disease progression (4 Years), the functional CTL responses were lost and no sequence variation occurred
with in both epitopes, but CTL clones specific for IPRRIRQGL persisted throughout.

RT (156-164)

RT (323-331 SF2) SPAIFQSSM HIV-1 infection human (B7) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B7+ individuals that had a CTL response to this epitope broken down by group: 0/4 group 1, 0/3 group 2, and 1/1 group 3.

RT (156-164)

RT (156-164) SPAIFQSSM HIV-1 infection human (B7) Yu2002a’

Keywords dynamics, supervised treatment interruptions (STI), acute infection.

Epitope name B7-SM9.

Donor HLA A3, B7, Cw7.

CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or -B7 (n=4) or both -A3 and B7 (n=7) positive individuals were studied.

One individual, AC-06, was homozygous at all three class I alleles (A3, B7, Cw7), was treated during acute infection and had supervised treatment
interruptions (STI). He had only two detectable CTL responses during acute infection, but after STI this broadened to 27 distinct epitopes including 15
restricted by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.

1/11 HLA-B7 individuals had detectable B7-restricted responses to this epitope during acute infection — 10/15 of HLA-B7 epitopes tested were targeted by
at least one person during acute infection. 3/4 individuals had detectable responses to this epitope after STI.

RT (156-165)

RT (311-319 LAI) SPAIFQSSMT HIV-1 infection human (B35) Samri2000
Keywords HAART, escape.
Epitope name P4.

This epitope contains the mutation P157S which can be induced by nucleosidee reverse transcriptase inhibitors.
It was recognized by patient 252#0 in a study of the effects of therapy escape mutations on CTL recognition.
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RT (156-165)

RT (311-319 SF2) SPAIFQSSMT human (B7) Brander1997,
Menendez-Arias1998

Keywords review.

Pers. comm. from C. Hey and D. Ruhl to C. Brander and B. Walker.

[Menendez-Arias1998], in a review, notes that this epitope includes catalytic residues in the active site of RT.

RT (156-165)

RT (311-319 SE2) SPATIFQSSMT HIV-1 infection human (B7) Mollet2000

Keywords HAART.

Epitope name P4.

A panel of 16 epitopes covering 15 class I alleles was tested in 14 HIV+ patients from an unselected Caucasian population treated with HAART, using
CD8+ cell IFNgamma production to measure responses.

In general, during the first month of treatment viral load decreased and frequencies of HIV-specific CTL tripled and broadened — eight new HIV specificities
that were not previously detectable were newly detected, as were CMV specific CD8+ PBL — but with continued viral suppression, HIV-specific responses
diminished.

Viral rebounds gave different patterns of response: increases or decreases in pre-existing response, new specificities, or no change.

RT (156-165)

Pol SPAIFQSSMT human (B7) De Groot2001

The program Epimatrix was used in conjunction with the program Conservatrix to identify conservered regions of HIV that might serve as epitopes.

A subset of the potential epitopes was identified that could bind to the appropriate HLA-allele, and 15 predicted B7 superfamily (HLA B7, B8, and B58)
epitopes could stimulate IFNy production in an ELISPOT assay.

SPAIFQSSMT was confirmed as a previously identified HLA-B7 epitope in this study.

RT (156-165)

RT (IIIB) SPAIFQSSMT HIV-1 infection human (B7) Moore2002b

Keywords epitope processing, escape.

HIV polymorphisms in the RT protein were examined relation to HLA alleles found in a population of 473 participants in the Western Australian HIV
Cohort Study. 64 significant associations between polymorphisms at particular positions and HLA alleles were detected, for HLA-B7, -B12, -B35 and
-B15. Fifteen of these were in positions with known epitopes, 4 in anchor residues, 11 in other positions. Six additional polymorphic sites associated with
particular HLA molecules flanked known epitopes and may relate to processing.

HLA-B7+ individuals with a S162x (18/33) substitution had higher viral loads than those that did not, suggesting escape was associated with diminished
immune control of viremia.

RT (158-166)

RT (325-333 LAD) ATIFQSSMTK HIV-1 infection human (A*0301) Frahm2004
C. Brander notes this is an A*0301 epitope.

RT (158-166)

Pol ATFQSSMTK HIV-1 infection, Vaccine human, macaque Hanke2000, 'Wee2002

(A*0301, Al1, A33)
Vaccine Vector/Type: DNA prime with modified vaccinia Ankara (MVA) boost  Strain: A clade HIV component: pl17 Gag, p24 Gag
Keywords inter-clade comparisons, epitope processing, vaccine-specific epitope characteristics, immunodominance.
The HIV-1 subtype A focused vaccine HIVA contains p24 and p17, in a reversed order relative to the Gag polyprotein to prevent myristylation of p17, which
could direct the protein to the cell membrane and inhibit efficient peptide processing and class I presentation, as well as a polyepitope string of conserved,
often immunodominant epitopes that were selected to have particularly good cross-reactive potential for the A-clade epidemic in Nairobi, Kenya. A DNA
and MVA prime-boost vaccination protocol using the HIVA antigen will be used in a phase III clinical trial in Kenya. This epitope is included in the
polyepitope string [Hanke2000].

HIV Immunology and HIV/SIV Vaccine Databases 2003 223



HIV CTL Epitope Tables RT CTL epitopes

HXB2 Location

Author’s Location Sequence Immunogen Species (HLA) References

* Multiple CD4+ or CD8+ T-cell vaccine-induced responses to peptide pools were detected using intracellular cytokine staining and IFNgamma Elispot
assays after vaccination of 5 macaques. The response to the Mamu A*01 SIV p27 epitope p11C (CTPYDINQM), included in the polyepitope region, was
not immunodominant in the Mamu A*01 vaccinated macaques, possibly because of processing limitations in context of the artificial polyepitope string
[Wee2002].

RT (158-166) RT (325-333 LAI) AIFQSSMTK HIV-1 infection human (A*1101) Frahm2004
 C. Brander notes this is an A*1101 epitope.
RT (158-166) Pol (313-321) AIFQSSMTK HIV-1 infection human (A*1101) Fukada2002

Keywords inter-clade comparisons.
* Counterparts for eight known clade B HLA A*1101 epitopes were generated for clade E (CRFO1). Three epitopes, identical among clade A-E, were
cross-reactive and recognized by clade E infected individuals. The clade E and B analogs to three more HLA A*1101 epitopes was recognized in a clade
specific manner. Two other HLA A*1101 clade B defined epitopes were found not to have stimulated a response in clade E infected individuals.
AIFQSSMTK is commonly found in viruses representing subtypes A-E. It was strongly recognized by CTL from 2/5 B clade infected Japanese subjects,
and 5/6 E clade infected Thai subjects.

RT (158-166)

RT (325-333) ATIFQSSMTK HIV-1 infection human (A*1101, A3, Menendez-Arias1998|,
A*0301, A*6801) Threlkeld1997

* Study of the fine specificity of an A3-like super-type epitope (the A3 super-type includes A*0301, A*1101, A*3101, A*3301, and A*6801)
* A3 super-type is characterized by a hydrophobic or hydroxyl containing anchor residue at position 2, and a positive charge in the C-term position.
* While most lines were specific, promiscuous cloned CTL lines were also derived from HIV+ donors that could recognize epitope presented by either A3 or
All or A*6801.
Alanine substitutions throughout the epitope and natural variants indicate that the same amino acid positions are critical for presentation by either MHC
molecule, A3 or All.
AIFQSSMTK is presented by three members of the A3 superfamily: A*0301, A*1101, and A*6801, and the naturally occurring variants A1S and K9R
are recognized with similar efficiency to wild type epitope — AIFQRSMTR can also bind to two additional members of the A3 superfamily, A*3101 and
A*3301.

RT (158-166)

RT AIFQSSMTK HIV-1 infection human (A11) ‘Wagner1998a
* CTL specific for HIV epitopes were used to show that the mediators of both the cytolytic (granzyme A was used as the marker) and non-cytolytic (HIV-1
inhibitory chemokines MIP-1 ¢ and RANTES were used as markers) anti-viral responses are localized within the CTL’s cytotoxic granules.

RT (158-166)

RT (325-333 LAD) ATIFQSSMTK Peptide-HLA interaction human (A11) Menendez-Arias1998|,
Zhang1993

Exploration of A11 binding motif, based on Nixon ez al. 1991.

RT (158-166)

RT (325-333 LAI) ATIFQSSMTK HIV-1 infection human (A11) McMichael1994
Keywords review.
Review of HIV CTL epitopes.

RT (158-166)
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Pol (305-313 93TH253 AIFQSSMTK HIV-1 infection, HIV-1 exposed  human (A11) Sriwanthana2001
subtype CRF01) seronegative
Keywords HIV exposed persistently seronegative (HEPS).
Epitope name P313-321.
* This was a study of HIV-1 exposed persistently seronegative (HEPS) female sex workers in Chiang Mai, northern Thailand.
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HLA-A11 is very common in this population, and was enriched among the HEPS sexworkers — weak CTL responses were detected in 4/7 HEPS women,
and CTL responses were found in 8/8 HIV+ controls, and 0/9 HIV- women that were not exposed.

This epitope was weakly reactive in the HEPS study subject 128 who was HLA A11/A33.

This epitope was strongly reactive in HIV+ study subjects 053 and 184 who carried HLA-A11.

RT (158-166)

Pol (305-313 93TH253 AIFQSSMTK HIV-1 infection human (A11) Bond2001

subtype CRFO1)

Keywords inter-clade comparisons.

HLA-A11 CRFO1 (called subtype E in Bond et al.) epitopes were identified that stimulated CTL from HIV+ female sex workers (FSW) from Northern
Thailand, of whom more than half were HLA-A11 positive.

77 possible HLA-A11 epitopes were first defined using EpiMatrix, these were screened for binding to A11 finding and 26 bound, and 12 of these were
epitopes for CTL responses from 8 HLA-A11 positive FSWs, six were novel, six were previously identified.

This epitope was predicted by the EpiMatrix method to be likely to bind to A11, and it served as an epitope in the FSWs, it was one of the six A1l epitopes
that had been previously defined.

6/8 tested FSWs recognized this epitope.

An HLA-A11 tetramer was made for this epitope, which was recognized by two subjects — and both subjects had expanded tetramer staining T-cell
populations after in vitro stimulation.

This epitope was highly conserved in other subtypes, and exact matches were common.

RT (158-166)

RT (158-166 I1IB) ATIFQSSMTK HIV-1 infection human (A11) Moore2002b

Keywords epitope processing, escape.

HIV polymorphisms in the RT protein were examined relation to HLA alleles found in a population of 473 participants in the Western Australian HIV
Cohort Study. 64 significant associations between polymorphisms at particular positions and HLA alleles were detected, for HLA-B7, -B12, -B35 and
-B15. Fifteen of these were in positions with known epitopes, 4 in anchor residues, 11 in other positions. Six additional polymorphic sites associated with
particular HLA molecules flanked known epitopes and may relate to processing.

HLA-A11+ individuals with a K166x (4/19) substitution had higher viral loads than those that did not, suggesting escape was associated with diminished
immune control of viremia.

RT (158-166)

Pol SIFQSSMTK HIV-1 infection human (A11) Appay2002

Keywords HAART.

Donor HLA A2,A11,B8,B60,Bwo6.

Four HIV patients with prolonged clinically successful anti-viral therapy but with ongoing evidence of replication and Nef mRNA transcription, showed
specific T-cell responses by Elispot and Tetramer staining, maintained for 2-4 years after initiation of HAART.

Nef epitope recognition was detected in all 4 subjects, gp120, Pol and Gag-specific in 1 or 2 subjects.

The HIV-specific CD8+ T-cells had an intermediate maturation phenotype characterized by low levels of perforin and high levels of CD27 expression.

RT (158-166)

RT (325-333 11IB) ATIFQSSMTK HIV-1 infection human (A3) Wilson1996
Keywords responses in children, mother-to-infant transmission.

Epitope defined in the context of the Pediatric AIDS Foundation ARIEL Project, a mother-infant HIV transmission study.
AIFQSSMTR and AILQSSMTXK, naturally occurring variants, were found in infant, and are recognized.

TISQSSMTK, a naturally occurring variant, was found in infant and is not recognized.

RT (158-166)

RT (325-333 LAI) AIFQSSMTK HIV-1 infection human (A3) Cao01997a
Keywords inter-clade comparisons.
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 The consensus peptide of B and D clade viruses is AIFQSSMTK.
* The consensus peptide of a subset of As is AIFQASMTK and it is less able to stimulate the CTL clone.
* The consensus peptide of a subset of As is SIFQSSMTK and is as reactive as the originally defined epitope.

RT (158-166) Pol (325-333 I1IB) ATIFQSSMTK HIV-1 infection human (A3) Wilson1999a

Keywords responses in children, mother-to-infant transmission, escape.

This study describes maternal CTL responses in the context of mother-to-infant transmission.

Detection of CTL escape mutants in the mother was associated with transmission, but the CTL-susceptible forms of the virus tended to be found in infected
infants.

* One variant found in an infant gave a positive CTL response: AIFQSSMTR.

AIFLSSMTK and TISQSSMTK were escape mutants.

RT (158-166) RT (325-333 SF2) AIFQSSMTK HIV-1 infection human (A3) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-A3+ individuals that had a CTL response to this epitope broken down by group: 0/7 group 1, 0/4 group 2, and 1/2 group 3.

RT (158-166) RT (158-166) AIFQSSMTK HIV-1 infection human (A3) Day2001
Keywords rate of progression, acute infection.
* The CTL response to optimally defined CTL epitopes restricted by HLA class I A and B alleles in individuals who coexpressed HLA A2, A3, and B7 was
studied in eight HIV-1-infected subjects, two with acute infection, five with chronic, and one long-term non-progressor (LTNP)
* 2 to 17 epitopes were recognized in a given individual, A2-restricted CTL response tended to be narrow and never dominated the response, and 25/27
epitopes were targeted by at least one person.
All patients recognized at least 1 A3 epitope, up to 8 A3 epitopes, but none was clearly dominant.
In two of the subjects, AIFQSSMTK was the dominant epitope.

RT (158-166) RT Pol (313-321) ATIFQSSMTK HIV-1 infection human (A3) Yu2002a
Keywords dynamics, supervised treatment interruptions (STI), acute infection.
Epitope name A3-ATKO.
Donor HLA A3, B7, Cw7.
* CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or -B7 (n=4) or both -A3 and B7 (n=7) positive individuals were studied.
* One individual, AC-06, was homozygous at all three class I alleles (A3, B7, Cw7), was treated during acute infection and had supervised treatment
interruptions (STI). He had only two detectable CTL responses during acute infection, but after STI this broadened to 27 distinct epitopes including 15
restricted by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.
0/14 HLA-A3 positive individuals had detectable A3-restricted responses to this epitope during acute infection, but only 5/15 of HLA-A3 epitopes tested
were targeted during acute infection. 3/7 individuals began to have detectable responses to this epitope after STI.

RT (158-166) Pol (337-345) AIFQSSMTK HIV-1 infection human (A3 supertype) Propato2001
Keywords supertype, rate of progression.
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Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.

Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.

A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.

This epitope can bind 3/5 HLA-A3 supertype alleles (A*0301, A*1101, A*3101, A*3301 and A*6801).

RT (158-166)

Pol (313-321) AIFQSSMTK HIV-1 infection human (A3, All) Ferrari2000:
One of the 51 HIV-1 epitopes selected by Ferrari et al. as good candidate CTL epitopes for vaccines by virtue of being conserved and presented by common
HLA alleles.

RT (158-166)

Pol (325-333) ATIFQSSMTK HIV-1 infection, HIV-1 exposed  human (A3, A11, A33) [Kaul2001a
seronegative
Keywords HIV exposed persistently seronegative (HEPS).
Variants (S/A)IFQSSMTK are specific for the A/B clades.
ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87
HIV-1-infected female Nairobi sex workers.
Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.
Among HLA-A3 women, 2/2 HEPS and 3/3 HIV-1 infected women recognized this epitope.
The dominant response to this HLA allele was to this epitope in one of the 2/2 HEPS cases and in one of the 3/3 HIV-1 infected women.

RT (158-166)

RT (325-333) AIFQSSMTK HIV-1 infection human (A3.1) Brander1995b
Keywords responses in children, mother-to-infant transmission.
Epitope defined in the context of the Pediatric AIDS Foundation ARIEL Project, a mother-infant HIV transmission study.

RT (158-166)

RT (325-333) AIFQSSMTK HIV-1 infection human (A3.1) Betts2000!
Keywords immunodominance.

Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant.
95 optimally-defined peptides from this database were used to screen for INFy responses to other epitopes.

1/11 of the A2+ individuals was HLA A3 and reacted with this epitope as well as two other A3.1 epitopes.

RT (158-166)

RT (325-333 LAD) AIFQSSMTK human (A33) Rowland-Jones1995al
Defined as minimal peptide by titration curve, S. Rowland-Jones, pers. comm.

RT (158-166)

ATIFQSSMTK HIV-1 infection human (A33) Kaul2001c
Keywords HIV exposed persistently seronegative (HEPS).
This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.
The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.
This epitope was recognized in 1/22 HEPS sex worker controls, ML1668.
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RT (158-166) RT (325-333 LAI) ATIFQSSMTK HIV-1 infection human (A3supertype) Mollet2000
Keywords HAART, supertype.
Epitope name P3.

A panel of 16 epitopes covering 15 class I alleles was tested in 14 HIV+ patients from an unselected Caucasian population treated with HAART, using
CD8+ cell IFNgamma production to measure responses.

In general, during the first month of treatment viral load decreased and frequencies of HIV-specific CTL tripled and broadened — eight new HIV specificities
that were not previously detectable were newly detected, as were CMV specific CD8+ PBL — but with continued viral suppression, HIV-specific responses
diminished.

Viral rebounds gave different patterns of response: increases or decreases in pre-existing response, new specificities, or no change.

RT (158-166)

ATIFQSSMTK HIV-1 infection human (B*0301) Wilson2000a
Keywords acute infection.
Three individuals with highly focused HIV-specific CTL responses were studied during acute infection using tetramers — high frequencies of HIV-1-specific
CD8+ T cells were found prior to seroconversion, and there was a close temporal relationship between the number of circulating HIV-specific T cells and
viral load was also found.
All three patients were B*2705, with HLA alleles: A1, A30/31, B*¥2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301, B2705, B39.
» ELISPOT was used to test a panel of CTL epitopes that had been defined earlier and were appropriate for the HLA haplotypes of the study subjects — 3/3
subjects showed a dominant response to the B*2705 epitope KRWIILGGLNK.
* The subject with A*0201 had a moderately strong response to SLYNTVATL.
Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was HLA A1, A*0301, B7,
B#2705.
* No acute response was detected to the following epitopes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-AIFQSSMTK, A*301-TVYYGVPVWK,
B35-EPIVGAETEF, B35-HPDIVIYQY, B35-PPIPVGEIY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-DPNPQEVVL.

RT (158-182)

RT (158-182)

RT (325-349 PV22) ATIFQSSMTKILEPFRKQNP- HIV-1 infection human (A11) Jassoy1993
DIVIYQ
* HIV-1 specific CTLs release y-IFN, and o- and 3-TNF.
RT (325-349) AIFQSSMTKILEPFRKQNP- HIV-1 infection human (A11) Price1995
DIVIYQ

Study of cytokines released by HIV-1 specific activated CTL.

RT (164-172)

Pol (343-351) MTKILEPFR HIV-1 infection human (A3 supertype)  |[Propato2001

Keywords supertype, rate of progression.
* Long-term nonprogressors (LTNPs) had strong memory resting CD8+ T-cell responses against the majority of epitopes tested, (18 for the A2 supertype, 16
for the A3 supertype) while the effector cells of long-term nonprogressors recognized far fewer epitopes.
Progressors had memory resting CD8+ T-cells that recognized far fewer epitopes than LTNPs.
A positive correlation between effector CD8+ T-cells and plasma viremia and a negative correlation between CD8+ effector T-cells and CD4+ T-cells was
observed, which may contribute to the inability of LTNPs to clear virus.
This epitope can bind 4/5 HLA-A3 supertype alleles (A*0301, A*1101, A*3101, A*3301 and A*6801).

RT (173-181)

RT (173-181 LAI) KQNPDIVIY human (A*3002) Frahm2004! |Goulder2001al
* C. Brander notes this is an A*3002 epitope.
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RT (173-181) RT KQNPDIVIY HIV-1 infection human (A*3002) Goulder2001al

Epitope name KY9 (RT-53).

HLA-A*3002 is very common in African populations, 50% of Zimbabweans express HLA-A30, 44% in African Zulu, so five new HIV epitopes were
characterized that are presented by this HLA molecule.

A rapid method was developed combining ELISPOT with intracellular IFN-y staining of PBMCs to map optimal epitopes, then HLA presenting molecules
were defined — this method was completed within 48 to 72 hours of receipt of blood.

Two individuals were studied: Subject 199 (HLA A*0201/*3002 B*4402/51 Cw2/5), a Caucasian, and Subject 6007 (HLA A*3002/ B53/*5801 Cw4/7) an
African-Caribbean.

In both HLA-A*3002 individuals the response to RSLYNTVATLY was dominant.

In subject 199 four additional A*3002 epitopes were identified.

Three quantitative assays, ELISPOT, precursor frequency and chromium release, confirmed a hierarchy of response: RY11 (p17) > KY9 (gp41) > KY9
(RT-53) > 1Y9 (gp41)

RT (175-183)

RT (328-336 I1IB) NPDIVIYQY HIV-1 infection human (B*3501) Tomiyamal997
A CTL clone responsive to this epitope was obtained.

3/7 B35-positive individuals had a CTL response to this epitope.

D to E, or V to I, substitutions at positions 3 or 5, respectively, reduces CTL activity and binding to B*3501.

RT (175-183) RT (328-336 I1IB) NPDIVIYQY HIV-1 infection human (B*3501) Frahm2004
* C. Brander notes this is a B*¥3501 epitope.
RT (175-183) RT (342-350 LAI) HPDIVIYQY HIV-1 infection human (B*3501) Frahm2004
* C. Brander notes this is a B*3501 epitope.
RT (175-183) Pol (330-338) NPDIVIYQY HIV-1 infection human (B*3501) Tomiyama2000a

CD8+ T-cells that bound one of six HIV-specific B*3501-epitope tetramers did not express CD28 or CD45A.

A significant increase in CD28-CD45RA- cells and a decrease of CD28+CD45RA+ cells was observed in chronically HIV-1-infected individuals relative to
healthy individuals.

CD28-CD45RA- cells are likely to be effector cells and have high levels of perforin in their cytoplasm.

The mean percentage of total CD28- CD8+ cells in chronically infected HIV-1-infected patients was 76.6% in comparison to HIV-1-uninfected individuals
(40.6%)

RT (175-183)

RT (175-183 1IIB) NPDIVIYQY HIV-1 infection human (B*3501) Moore2002b

Keywords epitope processing, escape.

HIV polymorphisms in the RT protein were examined relation to HLA alleles found in a population of 473 participants in the Western Australian HIV
Cohort Study. 64 significant associations between polymorphisms at particular positions and HLA alleles were detected, for HLA-B7, -B12, -B35 and
-B15. Fifteen of these were in positions with known epitopes, 4 in anchor residues, 11 in other positions. Six additional polymorphic sites associated with
particular HLA molecules flanked known epitopes and may relate to processing.

NPDIVIYQY was one of two epitopes characterized in detail. D177x substitutions are know to specifically abrogate binding to HLA-B*3501, and not
other B*35 subtypes. D177x substitutions were associated with people who carried HLA-B*3501 and not other B*35 subtypes; considering high resolution
typing generally strengthened the B*35 associations.

RT (175-183)

RT (175-183) NPDIVIYQY HIV-1 infection human (B*3501) Ca02003
Keywords binding affinity, acute infection, early-expressed proteins.
Assay type CD8 T-cell Elispot - IFNYy.
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Donor HLA A*2301, B*3501, B*1503 (B72), Cw2, Cw7.

All proteins were scanned and optimal epitopes were mapped in a study of CD8+ INFy T-cell responses in 21 men within 15-92days post-HIV-1 infection.

Subjects initially a showed narrow immune responses with a mean of 2.3 epitopes recognized per patient. The immune response broadened later in infection.

No correlation between the plasma viral load and the number of recognized epitopes or the frequency of IFNY secreting cells was observed, and there was

no correlation between the functional avidity of a responses and the abundance of IFN-secreting cells that recognized the epitope. The first epitopes to be

recognized did not tend to be the most avid, and earliest responses tended to be directed against Nef, Tat, Vpr, and Env.

All HIV-1 proteins except Vpu were recognized, and a responses to a total of 41 optimal epitopes were characterized; 24 had been identified previously.

48% of the total T-cell responses were directed against Nef and 43% were directed against Gag.

* More common HLA alleles were less frequently used in primary infection than less common alleles, for example A3, B35, B57, and B62 were more
frequently recognized than Al, A2, A30, and A44.

RT (175-183)

RT (342-350 LAI) HPDIVIYQY HIV-1 infection human (B35) McMichael 1994
Keywords review.
Review of HIV CTL epitopes.

RT (175-183)

RT (329-337) HPDIVIYQY HIV-1 infection human (B35) Rowland-Jones1995b
NPDIVIYQY preferred sequence for some CTL clones, HIV-2 NPDVILIQY is also recognized.

RT (175-183)

(SF2) NPDIVIYQY HIV-1 infection human (B35) Kawanal999
Keywords binding affinity, rate of progression, escape.

* HLA B35 is associated with rapid disease progression.

* The sequences of 9 previously described HIV-1 B35 CTL epitopes were obtained in 10 HLA B35+ and 19 HLA B35- individuals.

* 3/9 CTL epitopes had substitutions that were more common in B35+ individuals than in B35- individuals — only one of these reduced the binding of the
peptide to B35 and was shown to be an escape mutation.

* npEiviyqy was found in 8/10 of the B35+ individuals, and two of the B35- individuals—the D—>E substituted peptide had reduced binding affinity to B35
and may be an escape mutant.

RT (175-183)

RT (329-337) HPDIVIYQY in vitro stimulation or selectio human (B35) Lalvani1997

A peptide-based protocol was optimized for restimulation of CTLp using optimized peptide and IL-7 concentrations — importantly this protocol does not
stimulate a primary response, only secondary — peptide-specific CTLp counts could be obtained via staining with peptide-Class I tetramers.

This peptide was one of the B35 presented test peptides used in control experiments showing that the assay gave no activity using lymphocytes from 21
healthy B35 seronegative donors.

RT (175-183)

RT (328-336 11IB) NPDIVIYQY HIV-1 infection human (B35) Menendez-Arias1998,
Shigal996

Binds HLA-B*3501.
* CTL activity to this epitope was originally detected in a long-term survivor, however it has since been found in normal progressors — it is cross-reactive with
HIV-2 (HPDILIYQY), but D3E and VS5I substitutions reduce binding [Menendez-Arias1998]]

RT (175-183)
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RT (328-336 11IB) NPDIVIYQY HIV-1 infection human (B35) Menendez-Arias1998,
Sipsas1997
Keywords review, escape.
» HIV IIIB proteins were used to define the range of CTL epitopes recognized by 3 lab workers accidentally infected with HIV-1 IIIB.
* NPDIIIYQY, a variant found in HIV-1 JRCSF, was also recognized.
* NPEIVIYQY, was also recognized.
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NPDLVIYQY, was also recognized.

[Menendez-Arias1998], in a review, notes that the YXDD motif, highly conserved among polymerases, overlaps this epitope — CTL activity to this epitope
was originally detected in a long-term survivor, however it has since been found in normal progressors — it is cross-reactive with HIV-2 (HPDILIYQY), but
D3E and V5I substitutions reduce binding.

RT (175-183)

RT NPDIVIYQY HIV-1 exposed seronegative human (B35) Menendez-Arias1998,
Rowland-Jones1998a

Keywords review, inter-clade comparisons.

A CTL response was found in exposed but uninfected prostitutes from Nairobi using previously-defined B clade epitopes that tended to be conserved in A

and D clades — such cross-reactivity could protect against both A and D and confer protection in Nairobi where both subtypes are circulating.

The A subtype consensus is HPDIVIYQY.

The D subtype consensus is NPEIVIYQY.

[Menendez-Arias1998], in a review, notes that the YXDD motif, highly conserved among polymerases, overlaps this epitope — CTL activity to this epitope

was originally detected in a long-term survivor, however it has since been found in normal progressors — it is cross-reactive with HIV-2 (HPDILIYQY), but

D3E and V5I substitutions reduce binding.

RT (175-183)

Pol (subtype B) NPDIVIYQY HIV-1 exposed seronegative human (B35) Rowland-Jones1998b
Keywords inter-clade comparisons.

HIV-specific CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection.

Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world.

Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive, however stronger
responses are frequently observed using A or D clade versions of epitopes.

Clade A version of epitope HPDIVIYQY, Clade D NPEIVIYQY.

RT (175-183)

Pol HPDIVIYQY human (B35) Rowland-Jones1999

CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women had no delta 32 deletion
in CCRS.

In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive, and the B35 allele
seems to be protective.

HIV-2 version of this epitope is not conserved: NPDVILIQY, but the CTLs are cross-reactive — one of five B35 CTL epitopes that are cross-reactive, see
also [Rowland-Jones1995b]

RT (175-183)

HPDIVIYQY HIV-1 infection human (B35) Wilson2000a
Keywords acute infection.
Three individuals with highly focused HIV-specific CTL responses were studied during acute infection using tetramers — high frequencies of HIV-1-specific
CDS8+ T cells were found prior to seroconversion, and there was a close temporal relationship between the number of circulating HIV-specific T cells and
viral load was also found.
All three patients were B*2705, with HLA alleles: A1, A30/31, B*2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301, B2705, B39.
ELISPOT was used to test a panel of CTL epitopes that had been defined earlier and were appropriate for the HLA haplotypes of the study subjects — 3/3
subjects showed a dominant response to the B*2705 epitope KRWIILGGLNK.
The subject with A*0201 had a moderately strong response to SLYNTVATL.
Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was HLA A1, A*0301, B7,
B*2705.
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* No acute response was detected to the following epitopes: A*201-ILKEPVHGV, A*301-KIRLRPGGK, A*301-AIFQSSMTK, A*301-TVYYGVPVWK,
B35-EPIVGAETF, B35-HPDIVIYQY, B35-PPIPVGELY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-DPNPQEV VL.

RT (175-183) Pol (subtype A) HPDIVIYQY HIV-1 infection human (B35) Kaul2001c¢

Keywords HIV exposed persistently seronegative (HEPS).

This study examines CTL responses in HIV exposed, persistently seronegative individuals, HEPS, who eventually seroconverted — 11/114 HEPS Nairobi
sex workers eventually seroconverted, and for six of these HIV CTL reactive epitopes had been defined while seronegative.

HPDIVIYQY or NPDIVIYQY was recognized in 1 of the 6 women (ML857), and the response was present in the last available sample prior to
seroconversion, 7 months.

20/20 sequences of the infecting strain had three substitutions in this epitope, all 20 were NpQiliyqy, and this form was not recognized by CTL from ML
857 — this was the only case in the study where a virus carrying an unrecognized form of the epitope broke through.

* The epidemiological factor associated with seroconversion was stopping sex work and HIV-specific CTL activity declines when HEPS sex workers stop
working for a period or retire.

NPDIVIYQY was recognized by 1/22 HEPS control sex workers, ML887.

RT (175-183) RT (175-183 SF2) NPDIVIYQY HIV-1 infection human (B35) Altfeld2001b

Keywords HAART, acute infection.

Therapy provided during acute infection resulted in a narrower CTL response, stronger T help response, and a less diverse viral population than was seen in
individuals treated during chronic infection.

The breadth and specificity of the response was determined using ELISPOT by studying 19 individuals with pre-seroconversion therapy (Group 1), 11
individuals with primary infection but post-seroconversion therapy (Group 2), and 10 individuals who responded to HAART given during chronic infection
(Group 3), using 259 overlapping peptides spanning p17, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were tested for CTL response.

Number of HLA-B35+ individuals that had a CTL response to this epitope broken down by group: 1/2 group 1, 0/2 group 2, and 1/1 group 3.

RT (175-183) Pol (342-350) HPDIVIYQY HIV-1 infection, HIV-1 exposed  human (B35) Kaul2001a:
seronegative

Keywords HIV exposed persistently seronegative (HEPS), immunodominance.
Variants (H/N)PDIVIYQY are specific for the A/B clades.
* ELISPOT was used to study CTL responses to a panel of 54 predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently seronegative (HEPS) and 87

HIV-1-infected female Nairobi sex workers.
» Responses in HEPS women tended to be lower, and focused on different epitopes with HLA presenting molecules that have previously been associated with
reduced risk of infection, and there was a shift in the response in the HEPS women upon late seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of HIV-1-specific CTL in HEPS women increased with the duration of viral exposure.
Among HLA-B35 women, 2/3 HEPS and 1/4 HIV-1 infected women recognized this epitope.
* The dominant response to this HLA allele was to this epitope in only one of the 2/3 HEPS cases, and was not to this epitope in the one responsive HIV-1
infected women.
Subject ML 857 shifted from a A*6802 DTVLEDINL and B35 (H/N)PDIVIYQY response prior to seroconversion to a B35 PPIPVGDIY and B35
VPLRPMTY response post-seroconversion and the loss of the pre-seroconversion response was not due to sequence variation within these epitopes.

RT (175-183) HPDIVIYQY HIV-1 infection human (B35) Sabbaj2002b
Epitope name Pol-HY9.
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Among HIV+ individuals who carried HLA B35, 4/21 (19%) recognized this epitope.

RT (175-183)

Pol NPDIVIYQY HIV-1 infection human (B35) Sabbaj2002a

Keywords mother-to-infant transmission.

Donor HLA A3, All, B35, BSI.

[FNgamma T-cell responses in breast milk of 5 HIV-1 infected women from the US and 6 from Zambia were tested with using Elispot. 11/11 women
responded to Gag, 8/11 responded to Pol, 7/11 women to Nef, and 2/5 women to Env peptide pools. These responses were shown to be primarily due to
CD8+ T-cells in one woman, and another woman had cytolytic responses measured by Cr-release.

T-cells in breast milk from a volunteer who was HLA A3, Al1, B35, B51 induced IFNgamma after stimulation with a peptide that carries known B35
epitope NPDIVIYQY.

The frequencies of responses in the two compartments differed, and 2/4 women that responded to epitopes in Nef 101-205 and Pol 601-710 showed
responses in breast milk but no detectable responses in peripheral blood cells.

RT (175-183)

Pol HPDIVIYQY HIV-1 infection, Vaccine human, macaque (B35) |Hanke2000, Wee2002

Vaccine Vector/Type: DNA prime with modified vaccinia Ankara (MVA) boost  Strain: A clade HIV component: p17 Gag, p24 Gag

Keywords inter-clade comparisons, epitope processing, vaccine-specific epitope characteristics, immunodominance.

The HIV-1 subtype A focused vaccine HIVA contains p24 and p17, in a reversed order relative to the Gag polyprotein to prevent myristylation of p17, which
could direct the protein to the cell membrane and inhibit efficient peptide processing and class I presentation, as well as a polyepitope string of conserved,
often immunodominant epitopes that were selected to have particularly good cross-reactive potential for the A-clade epidemic in Nairobi, Kenya. A DNA
and MVA prime-boost vaccination protocol using the HIVA antigen will be used in a phase III clinical trial in Kenya. This epitope is included in the
polyepitope string [Hanke2000].

Multiple CD4+ or CD8+ T-cell vaccine-induced responses to peptide pools were detected using intracellular cytokine staining and IFNgamma Elispot
assays after vaccination of 5 macaques. The response to the Mamu A*01 SIV p27 epitope p11C (CTPYDINQM), included in the polyepitope region, was
not immunodominant in the Mamu A*01 vaccinated macaques, possibly because of processing limitations in context of the artificial polyepitope string
[Wee2002].

RT (175-184)

RT (175-184 LAI) NPDIVIYQYM HIV-1 infection human (B51) Samri2000

This epitope contains the mutation M184V, a frequent mutation induced by nucleoside reverse transcriptase inhibitors.

Patient 246#1 (B51), was found by ELISPOT to recognize the wild type and the mutated peptide after zidovudine treatment.

The resistance mutation M 184V gave an increased predicted binding score to BS1 (http://bimas.dcrt.nih.gov/molbio/hla_bind) compared to the wildtype RT
sequence and also an increased ELISPOT reactivity.

RT (175-199) RT (342-366 LAI) NPDIVIYQYMDDLYVGSDL—- HIV-1 infection human (A11) Menendez-Arias1998,
EIGQHR Walker1989
* One of five epitopes defined for RT-specific CTL clones in this study.
RT (179-187) RT VIYQYMDDL Vaccine human (A*0201) Hanke1998al [Hanke 1998b

Vaccine Vector/Type: vaccinia
This epitope was shown to be processed and presented to appropriate CTL clones upon infection of human target cells with vaccinia virus Ankara (VVA)
carrying 20 HIV-1 epitopes recognized by humans.

RT (179-187)

RT VIYQYMDDL HIV-1 infection human (A*0201) Tan1999

Adoptive transfer of two autologous in vitro-expanded CTL clones against the A*0201 restricted epitopes SLYNTVATL and VIYQYMDDL were infused
into a patient — they were well tolerated, but the SLYNTVATL clone was shown by tetramer staining to be rapidly eliminated through apoptosis, and the
treatment had no impact upon viral load and CD4 and CD8 cell counts.

HIV Immunology and HIV/SIV Vaccine Databases 2003 233



HIV CTL Epitope Tables RT CTL epitopes

HXB2 Location Author’s Location Sequence Immunogen Species (HLA) References

¢ Tetramer staining failed for the VIYQYMDDL epitope as the tetramer was unstable.

RT (179-187) Pol (346-354) VIYQYMDDL HIV-1 infection human (A*0201) Sewell1999

Keywords epitope processing, immunodominance, escape.

Proteasome regulation influences epitope processing and could influence patterns of immunodominance.

* The proteasome is inhibited by lactacystin treatment, and gamma IFN induces expression of proteasome subunits, LMP2 and LMP7, which combine with
the proteasome to create an immunoproteasome.

* JFN-gamma induction of the immunoproteasome and lactacystin inhibition increases the presentation of the A*0201 VIYQYMDDL epitope, but decreases

the presentation of the A*0201 ILKEPVHGYV epitope, which is immunodominant within pol proteins, showing the two epitopes are processed by different

pathways.

ILKEPVHGYV seems to be processed by the classical proteasome pathway, while VIYQYMDDL appears to be destroyed by this pathway.

This epitope contains the catalytic site (YMDD) of RT, a conserved sequence in HIV-1 which restricts escape mutants.

RT (179-187) RT (346-354 LAI) VIYQYMDDL HIV-1 infection human (A*0201) Harrer1996al
Menendez-Arias1998

Keywords review.
* The substitution VIYQYVDDL abrogates CTL response and confers drug resistance.
[Menendez-Arias1998], in a review, notes that this epitope includes catalytic residues (Asp-185 and Asp-186) in the active site of RT.

RT (179-187) RT (346-354 LAI) VIYQYMDDL HIV-1 infection human (A*0201) Frahm2004
* C. Brander notes this is an A*0201 epitope.
RT (179-187) RT (346-354) VIYQYMDDL HIV-1 infection human (A*0201) Brander1998al

Menendez-Arias1998

Keywords review, escape.
e Of 17 infected HLA A*0201 subjects, 13 had CTL responses against the p17 SLYNTVATL epitope, six recognized ILKEPVHGYV and five recognized
VIYQYMDDL, and there was no correlation between viral load and recognition of a specific epitope or evidence of immune escape.
Only one subject had CTL against all three epitopes.
Subjects were part of the San Francisco City Clinic Cohort, the ARIEL project and from the Boston area.
In the review [Menendez-Arias1998]| the authors note that substitution of three residues in this epitope can confer resistance to RT inhibitors (1, 3, and 6)
— substitutions V1E and M6V abolish CTL activity, and M6V confers resistance to 3TC — substitution Y3C reduces CTL activity and is associated with
resistance to non-nucleoside RT inhibitors.

RT (179-187) RT VIYQYMDDL HIV-1 infection human (A*0201) Altfeld2001¢
Keywords inter-clade comparisons, supertype, computational epitope prediction.
Epitope name RT VL9.

* HIV was scanned for all peptides which carried the A2-supermotif pattern conserved in more than 50% of B clade sequences — 233 peptides met this criteria,

and 30 of these bound to HLA-A*0201 — 20/30 bound to at least 3/5 of HLA-A2 supertype alleles tested.

Three additional previously described HLA-A?2 epitopes were added to the set of 20, including RT VL9, and 18/22 chronically infected HLA-A?2 individuals

had CTL that recognized at least one of the 23 peptides (median of 2 and maximum of 6), while 6/12 acute infected individuals recognized at least 1 (median

of 1 and maximum of 2)

» RT VL9 was not recognized by any of the 22 HLA-A?2 patients with chronic HIV-1 infection or the 13 HLA-A2 patients with acute HI'V-1 infection included
in this study.
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RT (179-187) RT (346-354) VIYQYMDDL HIV-1 infection human (A*0201) Dela Cruz2000
Epitope name VLO.
¢ Integration of HIV RT CTL epitopes into the N-terminus of the HLA-A2 heavy chain, or tethering the epitopes to the target chain, resulted in epitope-specific
lysis by CD8+ CTL.
» These antigens could also be used to stimulate primary responses in vitro.
RT (179-187) Pol (346-354) VIYQYMDDL HIV-1 infection human (A*0201) Sewell2002

Keywords epitope processing, immunodominance.

Epitope processing of three different HLA-A*0201 HIV epitopes was shown to use different pathways, which might influence patterns of immunodominance.
.174 cells were used that lack TAP1 and TAP2 genes, as well as the LMP2 and LMP7 genes that encode the beta-subunits of the immunoproteasome. These
genes could be added back through transfection to study processing.

ILKEPVHGYV was efficiently presented in TAP-1 and -2 transfected cells while VIYQYMDDL and SLYNTVATL were not. VIYQYMDDL was destroyed
by the MB1 subunit of the protease, and could be expressed in the presence of the proteasome inhibitor lactacystin, but SLYNTVATL expression was not
restored. SLYNTVATL expression was unaltered by lactacystin in a wild type cell line.

RT (179-187)

Pol VIYQYMDDL HIV-1 infection, Vaccine human, macaque Hanke2000! 'Wee2002
(A*0201)

Vaccine Vector/Type: DNA prime with modified vaccinia Ankara (MVA) boost  Strain: A clade HIV component: p17 Gag, p24 Gag

Keywords inter-clade comparisons, epitope processing, vaccine-specific epitope characteristics, immunodominance.
* The HIV-1 subtype A focused vaccine HIVA contains p24 and p17, in a reversed order relative to the Gag polyprotein to prevent myristylation of p17, which
could direct the protein to the cell membrane and inhibit efficient peptide processing and class I presentation, as well as a polyepitope string of conserved,
often immunodominant epitopes that were selected to have particularly good cross-reactive potential for the A-clade epidemic in Nairobi, Kenya. A DNA
and MVA prime-boost vaccination protocol using the HIVA antigen will be used in a phase III clinical trial in Kenya. This epitope is included in the
polyepitope string [Hanke2000].
Multiple CD4+ or CD8+ T-cell vaccine-induced responses to peptide pools were detected using intracellular cytokine staining and [FNgamma Elispot
assays after vaccination of 5 macaques. The response to the Mamu A*01 SIV p27 epitope p11C (CTPYDINQM), included in the polyepitope region, was
not immunodominant in the Mamu A*01 vaccinated macaques, possibly because of processing limitations in context of the artificial polyepitope string
[Wee2002].

RT (179-187)

RT (179-187) VIYQYMDDL Vaccine mouse (A*0201) Okazaki2003

Vaccine Vector/Type: peptide HIV component: RT ~Adjuvant: Incomplete Freund’s Adjuvant (IFA), IL-12

Keywords binding affinity, vaccine-induced epitopes.

Assay type cytokine production, Chromium-release assay.

Donor HLA A2.1.

Alanine substitutions of VIYQYMDDL were tested for importance of each amino acid for HLA-A2.1 binding. Peptide variant (vLyqymddV) showed an 8
fold higher MHC binding affinity than wild type. YLyqymddV had an even higher binding affinity, but the Y at positions one blocked TCR recognition. The
higher affinity form of vLyqymddV induced CTL in vivo that could protect against a vaccinia virus expressing RT and the wild type epitope.

RT (179-187)

RT VIYQYMMDL HIV-1 exposed seronegative human (A2) Rowland-Jones1998a
Keywords inter-clade comparisons.

* A CTL response was found in exposed but uninfected prostitutes from Nairobi using previously-defined B clade epitopes that tended to be conserved in A
and D clades — such cross-reactivity could protect against both A and D and confer protection in Nairobi where both subtypes are circulating.

* The A and D consensus sequences are both VIYQYMMDL.
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