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I-A

How to Optimally Define Optimal Cytotoxic
T Lymphocyte Epitopes in HIV Infection?

Anuska Llanoa, Nicole Frahmb, Christian
Brandera,c

I-A-1 The evolution of the optimal CTL
epitope list at Los Alamos HIV
Immunology database

T-cell responses to HIV infection were first described in
1987, when Walker et al. [1987] and Plata et al. [1987]
independently showed CD8 T-cell reactivity against vi-
ral proteins. Soon after, the first epitopes were iden-
tified using short synthetic peptides, allowing for ever-
increasingly detailed assessments of HIV-specific im-
mune responses and HIV evolution analyses [Kawashima
et al., 2009; Nixon et al., 1988]. To date, more than 1200
individual HLA class I-restricted HIV-1 epitopes have
been identified, with 276 of these characterized in detail
and defined to their minimal or optimal length. With the
initiation of large international cohorts of individuals who
are in very early stages of infection or who have superior
ability to control viral replication, the establishment of
multi-national research consortia, and the development of
sophisticated viral genome sequencing and analysis tools,
many epitopes have been assessed for their relative con-
tribution to the natural control of HIV infection and po-
tential suitability as vaccine immunogens. While many
studies take advantage of the detailed description of pre-
viously identified and oftentimes immunodominant epi-
topes, a number of recent studies highlight the importance
of subdominant responses, T-cell activities to variable tar-
gets, and responses present at the very earliest time points
after infection, as these factors may play a crucial role
in viral control [Bansal et al., 2005; Frahm et al., 2006;
Goonetilleke et al., 2009]. By nature, these responses
have not been identified frequently, and in some cases
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have not undergone the extensive work-up that has been
given to the immunodominant responses restricted by fre-
quent HLA class I alleles. The description of such re-
sponses poses a challenge to those who strive to provide
the HIV community and T-cell immunologist with a reli-
able resource of well-defined T-cell epitopes. In our at-
tempt to maintain such a resource at the Los Alamos Na-
tional Laboratory HIV database, we face this challenge
frequently, and the following sections outline some of the
considerations that shape our product of the “optimal”
CTL epitope list.

This year’s update of the Los Alamos HIV Immunol-
ogy Database CTL epitope listing marks the 15th year
since we initiated this online list, which has proven a use-
ful tool for the HIV community at large. Based on a few
in-house criteria, we have over the years created what we
refer to as the “A-list”, which contains only those epitopes
for which we are fairly confident that they have been de-
fined to their optimal length and for which restriction by a
specific HLA class I allele has been indisputably demon-
strated. At the same time, we have included in the general
section of the database a “B-list” of all T-cell epitopes
that have been described in the literature. Thus, within
the Los Alamos HIV Immunology database, all studies
describing specific T-cell responses to either short pep-
tides or longer segments are included. In addition, search
tools on the web site allow rapid searches for these T-cell
targets and the retrieval of summarized details about the
study in which these responses were defined. As a con-
sequence, any reported T-cell response to HIV should be
accessible at LANL, whether it was identified in natural
infection or vaccination, including responses defined in
individuals with or without specifically defined HLA al-
leles and with or without a known level of disease con-
trol. This information is retained with the epitopes in
the full “B-list” database, which can be accessed using
a web-based search interface (http://www.hiv.lanl.
gov/content/immunology/ctl_search). We high-
light this fact to encourage anyone accessing the database
to go beyond the epitopes given in the A-list whenever
the specific study warrants inclusion of less well-defined
CTL activities. Including a broader range of epitopes may
help to ascertain one’s own findings, and potentially allow
one to infer, for instance, a potential HLA restriction in a
given subject for whom only limited samples are available
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and who thus needs to be analyzed in a less full-blown ap-
proach.

I-A-2 Why should we bother with a list of
optimally defined epitopes?

As mentioned above, the “optimal/A-list” of HIV epi-
topes is based on a number of in-house, arbitrary crite-
ria, which we have regularly reviewed over the years. In
brief, these criteria include the unequivocal experimental
demonstration of restriction by a specific HLA class I al-
lele and the definition of the optimal epitope length. The
latter is defined as the peptide truncation that, in its short-
est version, elicits a maximal functional response. While
in earlier years, serial truncations were often used at de-
creasing concentrations in cytotoxicity (Cr51 release) as-
says, more recent studies often use the EliSpot or flow-
cytometry based detection of effector functions including
cytokine release or expression of CD107. Although these
different effector functions have been shown to be subject
to variable activation (i.e., peptide concentration) thresh-
olds [Betts et al., 2004], we have not seen or heard of
an example in which one or the other marker would have
identified different optimal epitope lengths. Aside from
HLA restriction and optimal epitope definition, there are
no other criteria that we consider for inclusion in the A-
list. This practice has sometimes appeared to be overly
strict, and a reasonable case can be made for diverging
views. While we regularly discuss the input we receive
from investigators in the field, our consensus remains to
base our selection on the above criteria and to include only
the very best defined epitopes in this listing. The major
rationale for this is to keep the list free of epitopes that
have been defined based on incomplete HLA restriction
assays, (mis)interpretation of the data, insufficient arrays
of peptide truncations tested or, in a few cases, pure spec-
ulation regarding epitope length and HLA restriction. The
B list includes essentially all of the epitopes as defined in
the published literature by primary authors, thus these less
well-defined epitopes are captured in the database as well.

As our optimal epitope list has served as a train-
ing set for several epitope prediction algorithms (http:
//www.syfpeithi.de/, http://atom.research.
microsoft.com/bio/epipred.aspx), we also feel
that epitopes that are characterized based on HLA predic-
tion tools should not be included in the A-list. Otherwise,
the risk exists that an algorithm may use a training set that
contains data that are the product of its own predictions.
While this may not be a big issue for those alleles for
which many epitopes have been described, cases such as
epitopes presented on HLA-B63 (B*1516, B*1517) indi-
cate that existing tools would not have been able to iden-
tify the true breath of the allele-specific binding motifs
and would have in some cases led to the wrong prediction

of optimal epitope length [Frahm et al., 2005]. The pre-
diction of possible HLA restriction is also complicated by
the fact that most HIV epitopes can be presented in the
context of several different HLA class I alleles [Frahm
et al., 2007]. Thus, while the individual response in a sin-
gle subject will likely provide reliable data, the issue of in-
correct, or at least incomplete HLA restriction assignment
becomes a real problem in individuals expressing multi-
ple alleles that can present the epitope under study. Apart
from the well-described epitope sharing between alleles
in the same locus and HLA supertype, such as A3/A11 or
B57/B58, individuals mounting, for instance, a response
to the known HLA-B37 and B57 YFPDWQNYT epitope in
Nef, could mount these responses through HLA-A29, -
B35, or -C06 [Frahm et al., 2007]. If two or more of
these alleles are expressed in a given individual, only a
detailed functional HLA restriction analysis could pro-
vide reliable HLA restriction information. While this ex-
ample may seem far-fetched, it only highlights one sit-
uation where experimental proof for presentation in the
context of at least five alleles has been published. Simi-
lar examples exist for HCV epitopes and, in cases where
alternatively presenting alleles are encoded by more or
less frequent haplotype combinations, will certainly dis-
tort immunodominance analyses and have an impact on
viral evolution analyses [Niu et al., 2009]). In addition, it
is also possible that individuals make responses to a sin-
gle epitope on more than one of their alleles. This has
been analyzed only for a few epitopes and mainly in the
context of well-described allele pairs in the same super-
type; thus the consequences of a potential “functional ho-
mozygosity” (i.e., presentation of a limited set of epitopes
on several HLA alleles with similar epitope binding mo-
tifs) on viral control in vivo and immune evasion of the
virus is unknown. Finally, it is also important not to rely
on “defining” individual 4-digit typing by inference from
larger HLA data sets from unrelated populations and eth-
nicities. Although haplotype frequencies for well-studied
populations have been fairly well established, the ongo-
ing expansion of HIV-related studies and vaccine trials
into populations for which these data are limited, intro-
duces a considerable risk of predicting incorrect subtypes.
While this may be a particular issue for HLA-B15 and
A68 alleles (for which subtypes fall into separate HLA
supertypes and thus present vastly different epitopes), the
case of HLA-B35 and others (A2, B44, etc.) clearly il-
lustrates that high-resolution typing should be employed
for the best definition of HLA restriction [Sidney et al.,
2008].

Similar to detailed HLA restriction analyses, there
are several reasons why definition of optimal epitope
length should be based on experimental analysis rather
than binding motif predictions or only partial trunca-
tions. While some hints from available epitope se-
quences may be helpful in the experimental design
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of truncation studies or overlapping peptide synthesis
(such as the elimination of possible rare (“forbidden”)
C-terminal residues; http://www.hiv.lanl.gov/
content/sequence/PEPTGEN/peptgen.html), only
a systematic approach will clarify the identity of the tar-
geted sequence. An older example of how this may af-
fect epitope response patterns is the case of two embedded
B57 epitopes, where one shorter version is fully contained
in a longer epitope sequence [Goulder et al., 2000c]. As
shown in our own analyses on promiscuous epitope pre-
sentation, embedded epitopes can also be presented on
different HLA molecules, again highlighting that HLA re-
striction and fine mapping approaches need to go hand in
hand [Frahm et al., 2007]. Importantly, shorter is not nec-
essarily better, as has been shown in a number of cases
where bulged epitopes were presented in the context of
alleles such as HLA-B35 and its subtypes [Burrows et al.,
2006]. Existing prediction algorithms, trained on exist-
ing data of mostly 9–10mer epitope sequences, could not
possibly predict these epitopes and their HLA restrictions.
Rather, the mapping analyses ideally start from the full-
length peptide that initially elicited the detected response
(often an overlapping peptide of 15-18 amino acids in
length). The ever-decreasing cost for peptide synthesis
and the development of collaborative studies among labo-
ratories where many peptide truncations already exist will
hopefully enable many more research groups to conduct
such additional analyses.

While we strive to collect all well-characterized CTL
epitopes in our list of optimally defined CTL epitopes,
we are also trying to strike a balance between including
as much information and as many epitopes as possible
while avoiding the potential detrimental effects of includ-
ing epitopes that are not conclusively defined. Since most
epitopes represent correctly defined optimal targets in a
clinically-relevant setting [Goonetilleke et al., 2009], they
do put us in the difficult position of either relaxing the
inclusion criteria or asking for additional analyses to be
conducted. We however also feel that their inclusion in
the comprehensive listing (B-list) of the HIV Immunol-
ogy Database will make such information readily accessi-
ble to the wider research community, in the end providing
a benefit for all involved in the definition of protective
immune responses, T-cell immunity and viral evolution.
At the same time, we remain open to suggestions on how
we could improve the A-list so that it meets the chang-
ing needs of the community. For any comments, please
contact us.
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I-A-3 Table of optimal HIV-1 CTL epitopes

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

HLA Protein AA Sequence Reference

A*0101 (A1) gp160 787–795 RRGWEVLKY Cao, 2002

A2 RT 127–135 YTAFTIPSV Draenert et al., 2004b

A*0201 (A2) p17 77–85 SLYNTVATL Johnson et al., 1991; Parker et al., 1992, 1994
A*0201 (A2) p2p7p1p6 70–79 FLGKIWPSYK Yu et al., 2002b
A*0201 (A2) Protease 76–84 LVGPTPVNI Karlsson et al., 2003
A*0201 (A2) RT 33–41 ALVEICTEM Haas et al., 1998; Haas, 1999
A*0201 (A2) RT 179–187 VIYQYMDDL Harrer et al., 1996a
A*0201 (A2) RT 309–317 ILKEPVHGV Walker et al., 1989; Tsomides et al., 1991
A*0201 (A2) Vpr 59–67 AIIRILQQL Altfeld et al., 2001a,b
A*0201 (A2) gp160 311–320 RGPGRAFVTI Alexander-Miller et al., 1996
A*0201 (A2) gp160 813–822 SLLNATDIAV Dupuis et al., 1995
A*0201 (A2) Nef 136–145 PLTFGWCYKL Haas et al., 1996; Maier & Autran, 1999
A*0201 (A2) Nef 180–189 VLEWRFDSRL Haas et al., 1996; Maier & Autran, 1999

A*0202 (A2) p17 77–85 SLYNTVATL Goulder, 1999

A*0205 (A2) p17 77–85 SLYNTVATL Goulder, 1999
A*0205 (A2) gp160 846–854 RIRQGLERA Sabbaj et al., 2003
A*0205 (A2) Nef 83–91 GAFDLSFFL Rathod, 2006

A*0207 (A2) p24 164–172 YVDRFYKTL Currier et al., 2002

A*0301 (A3) p17 18–26 KIRLRPGGK Harrer et al., 1996b
A*0301 (A3) p17 20–28 RLRPGGKKK Goulder et al., 1997b; Culmann, 1999;

Lewinsohn & Riddell, 1999; Wilkes & Ruhl,
1999

A*0301 (A3) p17 20–29 RLRPGGKKKY Goulder et al., 2000b
A*0301 (A3) RT 33–43 ALVEICTEMEK Haas et al., 1998; Haas, 1999
A*0301 (A3) RT 73–82 KLVDFRELNK Yu et al., 2002a
A*0301 (A3) RT 93–101 GIPHPAGLK Yu et al., 2002a
A*0301 (A3) RT 158–166 AIFQSSMTK Threlkeld et al., 1997
A*0301 (A3) RT 269–277 QIYPGIKVR Yu et al., 2002a
A*0301 (A3) RT 356–366 RMRGAHTNDVK Yu et al., 2002a
A*0301 (A3) Integrase 179–188 AVFIHNFKRK Yu et al., 2002a
A*0301 (A3) Vif 17–26 RIRTWKSLVK Altfeld et al., 2001a; Yu et al., 2002a
A*0301 (A3) Vif 28–36 HMYISKKAK Yu et al., 2002a
A*0301 (A3) Vif 158–168 KTKPPLPSVKK Yu et al., 2002a
A*0301 (A3) Rev 57–66 ERILSTYLGR Addo, 2002; Yu et al., 2002a
A*0301 (A3) gp160 37–46 TVYYGVPVWK Johnson et al., 1994
A*0301 (A3) gp160 770–780 RLRDLLLIVTR Takahashi et al., 1991
A*0301 (A3) Nef 73–82 QVPLRPMTYK Koenig et al., 1990; Culmann et al., 1991
A*0301 (A3) Nef 84–92 AVDLSHFLK Yu et al., 2002a
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Table I-A-1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference

A*1101 (A11) p17 84–91 TLYCVHQK Harrer et al., 1998
A*1101 (A11) p24 217–227 ACQGVGGPGHK Sipsas et al., 1997
A*1101 (A11) RT 158–166 AIFQSSMTK Johnson & Walker, 1994; Zhang et al., 1993;

Threlkeld et al., 1997
A*1101 (A11) RT 341–350 IYQEPFKNLK Culmann, 1999
A*1101 (A11) RT 520–528 QIIEQLIKK Fukada et al., 1999
A*1101 (A11) Integrase 179–188 AVFIHNFKRK Fukada et al., 1999
A*1101 (A11) Integrase 203–211 IIATDIQTK Wang et al., 2007
A*1101 (A11) gp160 199–207 SVITQACPK Fukada et al., 1999
A*1101 (A11) Nef 73–82 QVPLRPMTYK Buseyne, 1999
A*1101 (A11) Nef 75–82 PLRPMTYK Culmann et al., 1991
A*1101 (A11) Nef 84–92 AVDLSHFLK Culmann et al., 1991

A23 gp160 585–593 RYLKDQQLL Cao et al., 2003

A*2402 (A24) p17 28–36 KYKLKHIVW Ikeda-Moore et al., 1998; Lewinsohn, 1999
A*2402 (A24) p24 162–172 RDYVDRFFKTL Dorrell et al., 1999; Rowland-Jones, 1999
A*2402 (A24) gp160 52–61 LFCASDAKAY Lieberman et al., 1992; Shankar et al., 1996
A*2402 (A24) gp160 585–593 RYLKDQQLL Dai et al., 1992
A*2402 (A24) Nef 134–141 RYPLTFGW Goulder et al., 1997a; Ikeda-Moore et al., 1998

A*2501 (A25) p24 13–23 QAISPRTLNAW Kurane & West, 1999
A*2501 (A25) p24 71–80 ETINEEAAEW Klenerman et al., 1996; van Baalen et al., 1996
A*2501 (A25) gp160 321–330 EIIGDIRQAY Liu et al., 2006

A*2601 (A26) p24 35–43 EVIPMFSAL Goulder et al., 1996a
A*2601 (A26) RT 449–457 ETKLGKAGY Sabbaj et al., 2003

A29 Nef 120–128 YFPDWQNYT Draenert et al., 2004a

A*2902 (A29) p17 78–86 LYNTVATLY Masemola et al., 2004
A*2902 (A29) gp160 209–217 SFEPIPIHY Altfeld, 2000

A30 p17 34–44 LVWASRELERF Masemola et al., 2004

A*3002 (A30) p17 76–86 RSLYNTVATLY Goulder et al., 2001
A*3002 (A30) RT 173–181 KQNPDIVIY Goulder et al., 2001
A*3002 (A30) RT 263–271 KLNWASQIY Goulder et al., 2001
A*3002 (A30) RT 356–365 RMRGAHTNDV Sabbaj et al., 2003
A*3002 (A30) Integrase 219–227 KIQNFRVYY Sabbaj et al., 2003; Rodriguez et al., 2004
A*3002 (A30) gp160 310–318 HIGPGRAFY Sabbaj et al., 2003
A*3002 (A30) gp160 704–712 IVNRNRQGY Goulder et al., 2001
A*3002 (A30) gp160 794–802 KYCWNLLQY Goulder et al., 2001

A*3101 (A31) gp160 770–780 RLRDLLLIVTR Safrit et al., 1994a,b

A*3201 (A32) RT 392–401 PIQKETWETW Harrer et al., 1996b
A*3201 (A32) gp160 419–427 RIKQIINMW Harrer et al., 1996b
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Table I-A-1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference

A33 Nef 133–141 TRYPLTFGW Cao, 2002

A*3303 (A33) gp160 698–707 VFAVLSIVNR Hossain et al., 2001
A*3303 (A33) gp160 831–838 EVAQRAYR Hossain et al., 2001
A*3303 (A33) Vpu 29–37 EYRKILRQR Addo et al., 2002

A66 RT 438–448 ETFYVDGAANR Rathod, 2006

A*6801 (A68) Tat 39–49 ITKGLGISYGR Oxenius et al., 2002
A*6801 (A68) Vpr 52–62 DTWAGVEAIIR Sabbaj et al., 2004

A*6802 (A68) RT 436–445 GAETFYVDGA Rathod & Kiepiela, 2005
A*6802 (A68) Protease 3–11 ITLWQRPLV Rowland-Jones, 1999
A*6802 (A68) Protease 30–38 DTVLEEWNL Rowland-Jones, 1999
A*6802 (A68) Vpr 48–57 ETYGDTWTGV Rathod & Kiepiela, 2005
A*6802 (A68) gp160 777–785 IVTRIVELL Wilkes, 1999

A*7401 (A19) Protease 3–11 ITLWQRPLV Rowland-Jones, 1999

B7 p24 84–92 HPVHAGPIA Yu et al., 2002a
B7 RT 156–164 SPAIFQSSM Linde & Faircloth, 2006
B7 Rev 66–75 RPAEPVPLQL Yang, 2006

B*0702 (B7) p24 16–24 SPRTLNAWV Lewinsohn, 1999
B*0702 (B7) p24 48–56 TPQDLNTML Wilson, 1999; Wilkes et al., 1999; Jin et al.,

2000; Wilson et al., 1997
B*0702 (B7) p24 223–231 GPGHKARVL Goulder, 1999
B*0702 (B7) Vpr 34–42 FPRIWLHGL Altfeld et al., 2001a
B*0702 (B7) Vif 48–57 HPRVSSEVHI Altfeld et al., 2001a
B*0702 (B7) gp160 298–307 RPNNNTRKSI Safrit et al., 1994b
B*0702 (B7) gp160 843–851 IPRRIRQGL Wilkes & Ruhl, 1999
B*0702 (B7) Nef 68–77 FPVTPQVPLR Haas et al., 1996; Maier & Autran, 1999
B*0702 (B7) Nef 68–76 FPVTPQVPL Bauer et al., 1997; Frahm & Goulder, 2002
B*0702 (B7) Nef 71–79 TPQVPLRPM Goulder, 1999
B*0702 (B7) Nef 77–85 RPMTYKAAL Bauer et al., 1997
B*0702 (B7) Nef 128–137 TPGPGVRYPL Culmann-Penciolelli et al., 1994; Haas et al.,

1996

B8 gp160 848–856 RQGLERALL Cao, 2002

B*0801 (B8) p17 24–32 GGKKKYKLK Reid et al., 1996; Goulder et al., 1997d
B*0801 (B8) p17 74–82 ELRSLYNTV Goulder et al., 1997d
B*0801 (B8) p24 128–135 EIYKRWII Sutton et al., 1993; Goulder et al., 1997d
B*0801 (B8) p24 197–205 DCKTILKAL Sutton et al., 1993
B*0801 (B8) RT 18–26 GPKVKQWPL Walker et al., 1989; Sutton et al., 1993
B*0801 (B8) gp160 2–10 RVKEKYQHL Sipsas et al., 1997
B*0801 (B8) gp160 586–593 YLKDQQLL Johnson et al., 1992; Shankar et al., 1996
B*0801 (B8) Nef 13–20 WPTVRERM Goulder et al., 1997d
B*0801 (B8) Nef 90–97 FLKEKGGL Culmann-Penciolelli et al., 1994; Price et al.,

1997
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Table I-A-1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference

B13 p24 3–11 VQNLQGQMV Honeyborne et al., 2007
B13 p24 94–104 GQMREPRGSDI Honeyborne et al., 2007
B13 p2p7p1p6 66–74 RQANFLGKI Honeyborne et al., 2007
B13 Protease 57–66 RQYDQILIEI Honeyborne et al., 2007; Mueller et al., 2007
B13 RT 333–341 GQGQWTYQI Honeyborne et al., 2007
B13 Nef 106–114 RQDILDLWI Harrer et al., 2005; Honeyborne et al., 2007

B*1302 (B13) Nef 106–114 RQDILDLWV Gray et al., 2009

B14 p2p7p1p6 42–50 CRAPRKKGC Yu et al., 2002b

B*1401 (B14) RT 142–149 IRYQYNVL Rathod, 2006

B*1402 (B14) p24 166–174 DRFYKTLRA Harrer et al., 1996b
B*1402 (B14) gp160 584–592 ERYLKDQQL Johnson et al., 1992

B*1501 (B62) p24 137–145 GLNKIVRMY Johnson et al., 1991; Goulder, 1999
B*1501 (B62) RT 260–271 LVGKLNWASQIY Johnson, 1999
B*1501 (B62) RT 309–318 ILKEPVHGVY Johnson et al., 1991; Johnson, 1999
B*1501 (B62) Nef 117–127 TQGYFPDWQNY Culmann, 1999

B*1503 (B72) p24 24–32 VKVIEEKAF Honeyborne & Kiepiela, 2005
B*1503 (B72) p24 164–172 YVDRFFKTL Masemola et al., 2004
B*1503 (B72) Protease 68–76 GKKAIGTVL Rathod & Bishop, 2006
B*1503 (B72) RT 496–505 VTDSQYALGI Sabbaj et al., 2003
B*1503 (B72) Integrase 135–143 IQQEFGIPY Honeyborne & Kiepiela, 2005
B*1503 (B72) Integrase 185–194 FKRKGGIGGY Honeyborne, 2003
B*1503 (B72) Integrase 263–271 RKAKIIRDY Cao et al., 2003
B*1503 (B72) Tat 38–47 FQTKGLGISY Novitsky et al., 2001
B*1503 (B72) Nef 183–191 WRFDSRLAF Cao, 2002

B*1510 (B71) p24 12–20 HQAISPRTL Day, 2005
B*1510 (B71) p24 61–69 GHQAAMQML Day, 2003
B*1510 (B71) Integrase 66–74 THLEGKIIL Kiepiela et al., 2007
B*1510 (B71) Vif 79–87 WHLGHGVSI Honeyborne, 2003

B*1516 (B63) gp160 375–383 SFNCGGEFF Wilson et al., 1997; Wilson, 1999

B18 RT 137–146 NETPGIRYQY Rathod & Bishop, 2006
B18 RT 175–183 NPEIVIYQY Rathod, 2006
B18 Nef 105–115 RRQDILDLWVY Yang, 2006

B*1801 (B18) p24 161–170 FRDYVDRFYK Ogg et al., 1998
B*1801 (B18) Vif 102–111 LADQLIHLHY Altfeld et al., 2001a
B*1801 (B18) gp160 31–39 AENLWVTVY Liu et al., 2006
B*1801 (B18) gp160 61–69 YETEVHNVW Liu et al., 2006
B*1801 (B18) Nef 135–143 YPLTFGWCY Culmann et al., 1991; Culmann-Penciolelli et al.,

1994
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Table I-A-1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference

B27 Vpr 31–39 VRHFPRIWL Addo & Rathod, 2004

B*2703 (B27) p24 131–140 RRWIQLGLQK Rowland-Jones et al., 1998; Rowland-Jones,
1999

B*2705 (B27) p17 19–27 IRLRPGGKK McKinney et al., 1999; Lewinsohn, 1999
B*2705 (B27) p24 131–140 KRWIILGLNK Nixon et al., 1988; Buseyne et al., 1993; Goulder

et al., 1997c
B*2705 (B27) Integrase 186–194 KRKGGIGGY Payne & Goulder, 2009
B*2705 (B27) gp160 786–795 GRRGWEALKY Lieberman et al., 1992; Lieberman, 1999
B*2705 (B27) Nef 105–114 RRQDILDLWI Goulder et al., 1997b

B*3501 (B35) p17 36–44 WASRELERF Goulder et al., 1997a
B*3501 (B35) p17 124–132 NSSKVSQNY Rowland-Jones et al., 1995
B*3501 (B35) p24 122–130 PPIPVGDIY Rowland-Jones et al., 1995
B*3501 (B35) RT 107–115 TVLDVGDAY Wilkes & Ruhl, 1999; Wilson et al., 1999
B*3501 (B35) RT 118–127 VPLDEDFRKY Sipsas et al., 1997; Shiga et al., 1996
B*3501 (B35) RT 175–183 HPDIVIYQY Rowland-Jones et al., 1995; Shiga et al., 1996;

Sipsas et al., 1997
B*3501 (B35) gp160 42–52 VPVWKEATTTL Wilkes & Ruhl, 1999
B*3501 (B35) gp160 78–86 DPNPQEVVL Shiga et al., 1996
B*3501 (B35) gp160 606–614 TAVPWNASW Johnson et al., 1994
B*3501 (B35) Nef 74–81 VPLRPMTY Culmann et al., 1991; Culmann-Penciolelli et al.,

1994

B*3701 (B37) Nef 120–128 YFPDWQNYT Culmann et al., 1991; Culmann, 1999

B*3801 (B38) Vif 79–87 WHLGQGVSI Sabbaj et al., 2004
B*3801 (B38) gp160 104–112 MHEDIISLW Cao, 2002

B*3901 (B39) p24 61–69 GHQAAMQML Kurane & West, 1999

B*3910 (B39) p24 48–56 TPQDLNTML Honeyborne & Kiepiela, 2005

B*4001 (B60) p17 92–101 IEIKDTKEAL Altfeld et al., 2000
B*4001 (B60) p24 44–52 SEGATPQDL Altfeld et al., 2000
B*4001 (B60) p2p7p1p6 118–126 KELYPLTSL Yu et al., 2002b
B*4001 (B60) RT 5–12 IETVPVKL Draenert et al., 2004b
B*4001 (B60) RT 202–210 IEELRQHLL Altfeld et al., 2000
B*4001 (B60) gp160 805–814 QELKNSAVSL Altfeld et al., 2000
B*4001 (B60) Nef 37–45 LEKHGAITS Draenert et al., 2004b
B*4001 (B60) Nef 92–100 KEKGGLEGL Altfeld et al., 2000

B*4002 (B61) p17 11–19 GELDRWEKI Sabbaj et al., 2003
B*4002 (B61) p24 70–78 KETINEEAA Sabbaj et al., 2003
B*4002 (B61) p24 78–86 AEWDRVHPV Sabbaj et al., 2003
B*4002 (B61) p2p7p1p6 64–71 TERQANFL Sabbaj et al., 2003
B*4002 (B61) Nef 92–100 KEKGGLEGL Sabbaj et al., 2003; Altfeld et al., 2000
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Table I-A-1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference

B42 Integrase 28–36 LPPIVAKEI Kiepiela et al., 2007
B42 Integrase 260–268 VPRRKAKII Kiepiela & Goulder, 2002

B*4201 (B42) p24 48–56 TPQDLNTML Goulder et al., 2000a
B*4201 (B42) RT 271–279 YPGIKVRQL Wilkes & Ruhl, 1999
B*4201 (B42) Nef 71–79 RPQVPLRPM Honeyborne, 2006
B*4201 (B42) Nef 128–137 TPGPGVRYPL Goulder, 1999

B44 Protease 34–42 EEMNLPGRW Rodriguez et al., 2004
B44 gp160 31–39 AENLWVTVY Borrow et al., 1997

B*4402 (B44) p24 162–172 RDYVDRFYKTL Ogg et al., 1998
B*4402 (B44) p24 174–184 AEQASQDVKNW Lewinsohn, 1999
B*4402 (B44) gp160 31–40 AENLWVTVYY Borrow et al., 1997

B*4403 (B44) p17 78–86 LYNTVATLY Masemola et al., 2004

B*4415 (B12) p24 28–36 EEKAFSPEV Bird et al., 2002

B*4501 (B45) p2p7p1p6 1–10 AEAMSQVTNS Sabbaj et al., 2004

B50 Nef 37–45 LEKHGAITS Draenert et al., 2004b

B51 Vif 57–66 IPLGDAKLII Bansal et al., 2004
B51 Vpr 29–37 EAVRHFPRI Cao et al., 2003

B*5101 (B51) RT 42–50 EKEGKISKI Haas et al., 1998; Haas, 1999
B*5101 (B51) RT 128–135 TAFTIPSI Sipsas et al., 1997
B*5101 (B51) gp160 416–424 LPCRIKQII Tomiyama et al., 1999

B*5201 (B52) p24 143–150 RMYSPTSI Wilkes & Ruhl, 1999; Wilson et al., 1997

B53 Nef 135–143 YPLTFGWCF Kiepiela & Goulder, 2002

B*5301 (B53) p24 48–56 TPYDINQML Gotch et al., 1993
B*5301 (B53) p24 176–184 QASQEVKNW Buseyne et al., 1996, 1997; Buseyne, 1999
B*5301 (B53) Tat 2–11 EPVDPRLEPW Addo et al., 2001
B*5301 (B53) Nef 135–143 YPLTFGWCY Sabbaj et al., 2003

B*5501 (B55) gp160 42–51 VPVWKEATTT Shankar et al., 1996; Lieberman, 1999
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Table I-A-1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference

B57 p24 32–40 FSPEVIPMF Frahm et al., 2005
B57 Protease 70–77 KAIGTVLV Frahm et al., 2005
B57 Integrase 123–132 STTVKAACWW Rodriguez et al., 2004; Addo & Rathod, 2004
B57 Nef 116–124 HTQGYFPDW Draenert, 2002
B57 Nef 127–135 YTPGPGIRY Frahm et al., 2005
B57 Nef 137–145 LTFGWCFKL Frahm et al., 2005

B*5701 (B57) p24 15–23 ISPRTLNAW Johnson et al., 1991; Goulder et al., 1996b
B*5701 (B57) p24 30–40 KAFSPEVIPMF Goulder et al., 1996b
B*5701 (B57) p24 108–117 TSTLQEQIGW Goulder et al., 1996b
B*5701 (B57) p24 176–184 QASQEVKNW Goulder et al., 1996b
B*5701 (B57) RT 244–252 IVLPEKDSW van der Burg et al., 1997; Hay, 1999
B*5701 (B57) Integrase 173–181 KTAVQMAVF Goulder et al., 1996b; Hay, 1999
B*5701 (B57) Vpr 30–38 AVRHFPRIW Altfeld et al., 2001a
B*5701 (B57) Vif 31–39 ISKKAKGWF Altfeld et al., 2001a
B*5701 (B57) Rev 14–23 KAVRLIKFLY Addo et al., 2001
B*5701 (B57) Nef 116–125 HTQGYFPDWQ Culmann et al., 1991
B*5701 (B57) Nef 120–128 YFPDWQNYT Culmann et al., 1991

B*5703 (B57) p24 30–37 KAFSPEVI Goulder et al., 2000b
B*5703 (B57) p24 30–40 KAFSPEVIPMF Goulder et al., 2000b
B*5703 (B57) Nef 83–91 AAFDLSFFL Gray et al., 2009

B58 p17 76–86 RSLYNTVATLY Frahm et al., 2005
B58 Tat 2–11 EPVDPRLEPW Frahm & Brander, 2005
B58 gp160 59–69 KAYETEVHNVW Rathod & Bishop, 2006

B*5801 (B58) p24 108–117 TSTLQEQIGW Goulder et al., 1996b; Bertoletti et al., 1998
B*5801 (B58) RT 375–383 IAMESIVIW Kiepiela & Goulder, 2002
B*5801 (B58) Rev 14–23 KAVRLIKFLY Addo et al., 2001

B62 Nef 19–27 RMRRAEPAA Cao, 2002

B63 p17 76–86 RSLYNTVATLY Frahm et al., 2005
B63 p24 15–23 ISPRTLNAW Frahm et al., 2005
B63 p24 30–40 KAFSPEVIPMF Frahm et al., 2005
B63 Rev 14–23 KAVRLIKFLY Frahm et al., 2005
B63 Nef 127–135 YTPGPGIRY Frahm et al., 2005
B63 Nef 137–145 LTFGWCFKL Frahm et al., 2005

B81 Protease 80–90 TPVNIIGRNML Honeyborne et al., 2006
B81 RT-Integrase 560-8 LFLDGIDKA Addo, 2002

B*8101 (B81) p24 48–56 TPQDLNTML Goulder et al., 2000a
B*8101 (B81) Vpr 34–42 FPRIWLHGL Altfeld et al., 2001a
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Table I-A-1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference

Cw1 gp160 218–226 CAPAGFAIL Zuñiga, 2008; Streeck et al., 2008

Cw*0102 (Cw1) p24 36–43 VIPMFSAL Goulder et al., 1997a
Cw*0102 (Cw1) Gag-Pol TF 24–31 NSPTRREL Liu et al., 2006

Cw3 Nef 83–91 AALDLSHFL Draenert et al., 2004b

Cw*0303 (Cw9) p24 164–172 YVDRFFKTL Honeyborne, 2003

Cw*0304 (Cw10) p24 164–172 YVDRFFKTL Honeyborne, 2003
Cw*0304 (Cw10) gp160 557–565 RAIEAQQHL Currier et al., 2002; Trocha, 2002

Cw*0401 (Cw4) gp160 375–383 SFNCGGEFF Wilson et al., 1997; Johnson et al., 1993

Cw5 p24 174–185 AEQASQEVKNWM Draenert et al., 2004b

Cw*0501 Rev 67-75 SAEPVPLQL Addo et al., 2001

Cw6 Nef 120–128 YFPDWQNYT Frahm & Brander, 2005

Cw7 Nef 105–115 KRQEILDLWVY Kiepiela & Goulder, 2002; Yu et al., 2002a

Cw8 gp160 557–565 RAIEAQQHM Bishop & Honeyborne, 2006
Cw8 Nef 82–91 KAAVDLSHFL Harrer et al., 1996b

Cw*0802 (Cw8) p24 48–56 TPQDLNTML Goulder et al., 2000a; Honeyborne & Kiepiela,
2005

Cw*0802 (Cw8) RT 495–503 IVTDSQYAL Rathod & Honeyborne, 2006
Cw*0802 (Cw8) Nef 83–91 AAVDLSHFL Cao et al., 2003; Rathod & Honeyborne, 2006

Cw*0804 (Cw8) p17 33–41 HLVWASREL Masemola et al., 2004

Cw12 Tat 30–37 CCFHCQVC Cao et al., 2003; Nixon et al., 1999

Cw14 p17 78–85 LYNTVATL Horton & Havenar-Daughton, 2005

Cw15 gp160 557–565 RAIEAQQHL Trocha, 2002

Cw18 p24 142–150 VRMYSPVSI Honeyborne, 2006
Cw18 p24 161–169 FRDYVDRFF Honeyborne & Kiepiela, 2005
Cw18 Integrase 165–172 VRDQAEHL Rathod & Honeyborne, 2006
Cw18 Vpu 5–13 YRLGVGALI Honeyborne, 2006

HIV Molecular Immunology 2009 13



Review
s

Optimal HIV-1 CTL Epitopes Map of optimal HIV-1 CTL epitopes

I-A-4 Map of optimal HIV-1 CTL epitopes

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.

p17 Optimal CTL Epitope Map

MGARASVLSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEELRSLYNTVATLYCVHQRIEIKDTKEA
10 20 30 40 50 60 70 80 90 100

B*4002 A*2402 B*0801 B*4001

A*0301 B*3501 A*3002

B*2705 B58

A*0301 B63

A*0301 A*0201

B*0801 A*0202

Cw*0804 A*0205

A30 Cw*14

A*2902

B*4403

A*1101

LDKIEEEQNKSKKKAQQAAADTGHSNQVSQNY
110 120 130

B*4001 B*3501

p24 Optimal CTL Epitope Map

PIVQNIQGQMVHQAISPRTLNAWVKVVEEKAFSPEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQMREPR
10 20 30 40 50 60 70 80 90 100

B13 B*1503 B*4001 B*1510 B*4002

B*1510 B*5703 B*0702 B*4002 B13

A*2501 B57 B*3901 B7

B*5701 A*2601 A*2501

B63 Cw*0102

B*0702 B*3910

B*4415 B*4201

B*5701

B*5703

B63

B*5301

B*8101

Cw*0802

GSDIAGTTSTLQEQIGWMTNNPPIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNANPDCKT
110 120 130 140 150 160 170 180 190 200

B13 B*3501 Cw*18 Cw*18 B*0801

B*5701 B*0801 B*1801

B*5801 B*2703 A*2402

B*2705 B*4402

B*1501 A*0207

B*5201 B*1503

Cw*0303

Cw*0304

B*1402

B*4402

Cw5

B*5301

B*5701

ILKALGPAATLEEMMTACQGVGGPGHKARVL
210 220 230

B*0801 A*1101

B*0702
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p2p7p1p6 Optimal CTL Epitope Map

AEAMSQVTNSATIMMQRGNFRNQRKIVKCFNCGKEGHTARNCRAPRKKGCWKCGKEGHQMKDCTERQANFLGKIWPSYKGRPGNFLQSRPEPTAPPEESF
10 20 30 40 50 60 70 80 90 100

B*4501 B14 B*4002

B13

A*0201

RSGVETTTPPQKQEPIDKELYPLTSLRSLFGNDPSSQ
110 120 130

B*4001

Gag/Pol TF Optimal CTL Epitope Map

FFREDLAFLQGKAREFSSEQTRANSPTRRELQVWGRDNNSPSEAGADRQGTVSFNF

10 20 30 40 50

Cw*0102

Protease Optimal CTL Epitope Map

PQVTLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDQILIEICGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNF
10 20 30 40 50 60 70 80 90

A*6802 A*6802 B13 A*0201

A*7401 B44 B*1503

B57

B81

RT Optimal CTL Epitope Map

PISPIETVPVKLKPGMDGPKVKQWPLTEEKIKALVEICTEMEKEGKISKIGPENPYNTPVFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGL
10 20 30 40 50 60 70 80 90 100

B*4001 A*0201 A*0301 A*0301

B*0801 B*5101

A*0301

KKKKSVTVLDVGDAYFSVPLDEDFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPAIFQSSMTKILEPFRKQNPDIVIYQYMDDLYVGSDLEIGQHRT
110 120 130 140 150 160 170 180 190 200

A*0301 B*3501 B18 B7 A*3002

B*3501 A2 A*0301 B*3501

B*5101 A*1101 B18

B*1401 A*0201

KIEELRQHLLRWGLTTPDKKHQKEPPFLWMGYELHPDKWTVQPIVLPEKDSWTVNDIQKLVGKLNWASQIYPGIKVRQLCKLLRGTKALTEVIPLTEEAE
210 220 230 240 250 260 270 280 290 300

B*4001 B*5701 A*3002

B*1501

A*0301

B*4201

LELAENREILKEPVHGVYYDPSKDLIAEIQKQGQGQWTYQIYQEPFKNLKTGKYARMRGAHTNDVKQLTEAVQKITTESIVIWGKTPKFKLPIQKETWET
310 320 330 340 350 360 370 380 390 400

A*0201 B13 A*3002 B*5801 A*3201

B*1501 A*1101

A*0301

WWTEYWQATWIPEWEFVNTPPLVKLWYQLEKEPIVGAETFYVDGAANRETKLGKAGYVTNRGRQKVVTLTDTTNQKTELQAIYLALQDSGLEVNIVTDSQ
410 420 430 440 450 460 470 480 490 500

A*3201 A*6802 Cw*0802

A66 B*1503

A*2601
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YALGIIQAQPDQSESELVNQIIEQLIKKEKVYLAWVPAHKGIGGNEQVDKLVSAGIRKVL
510 520 530 540 550 560

Cw*0802 A*1101 B81

B*1503

Integrase Optimal CTL Epitope Map

FLDGIDKAQDEHEKYHSNWRAMASDFNLPPVVAKEIVASCDKCQLKGEAMHGQVDCSPGIWQLDCTHLEGKVILVAVHVASGYIEAEVIPAETGQETAYF
10 20 30 40 50 60 70 80 90 100

B81 B42 B*1510

LLKLAGRWPVKTIHTDNGSNFTGATVRAACWWAGIKQEFGIPYNPQSQGVVESMNKELKKIIGQVRDQAEHLKTAVQMAVFIHNFKRKGGIGGYSAGERI
110 120 130 140 150 160 170 180 190 200

B57 Cw*18 B*1503

B*1503 B*5701

A*0301

A*1101

B*2705

VDIIATDIQTKELQKQITKIQNFRVYYRDSRNPLWKGPAKLLWKGEGAVVIQDNSDIKVVPRRKAKIIRDYGKQMAGDDCVASRQDED
210 220 230 240 250 260 270 280

A*1101 B42

A*3002 B*1503

Vif Optimal CTL Epitope Map

MENRWQVMIVWQVDRMRIRTWKSLVKHHMYVSGKARGWFYRHHYESPHPRISSEVHIPLGDARLVITTYWGLHTGERDWHLGQGVSIEWRKKRYSTQVDP
10 20 30 40 50 60 70 80 90 100

A*0301 B*0702 B*1510

A*0301 B51 B*3801

B*5701

ELADQLIHLYYFDCFSDSAIRKALLGHIVSPRCEYQAGHNKVGSLQYLALAALITPKKIKPPLPSVTKLTEDRWNKPQKTKGHRGSHTMNGH
110 120 130 140 150 160 170 180 190

B*1801 A*0301

Vpr Optimal CTL Epitope Map

MEQAPEDQGPQREPHNEWTLELLEELKNEAVRHFPRIWLHGLGQHIYETYGDTWAGVEAIIRILQQLLFIHFRIGCRHSRIGVTRQRRARNGASRS
10 20 30 40 50 60 70 80 90

B51 A*6802

B*5701 A*6801

B27 A*0201

B*0702

B*8101

Tat Optimal CTL Epitope Map

MEPVDPRLEPWKHPGSQPKTACTNCYCKKCCFHCQVCFITKALGISYGRKKRRQRRRAHQNSQTHQASLSKQPTSQPRGDPTGPKEXKKKVERETETDPF
10 20 30 40 50 60 70 80 90 100

B*5301 Cw*12

B58 B*1503

A*6801

D
101
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Rev Optimal CTL Epitope Map

MAGRSGDSDEELIRTVRLIKLLYQSNPPPNPEGTRQARRNRRRRWRERQRQIHSISERILGTYLGRSAEPVPLQLPPLERLTLDCNEDCGTSGTQGVGSP
10 20 30 40 50 60 70 80 90 100

B*5701 A*0301

B*5801 B7

B63 Cw*0501

QILVESPTVLESGTKE
110

Vpu Optimal CTL Epitope Map

TQPIPIVAIVALVVAIIIAIVVWSIVIIEYRKILRQRKIDRLIDRLIERAEDSGNESEGEISALVEMGVEMGHHAPWDVDDL
10 20 30 40 50 60 70 80

Cw*18 A*3303

gp160 Optimal CTL Epitope Map

MRVKEKYQHLWRWGWRWGTMLLGMLMICSATEKLWVTVYYGVPVWKEATTTLFCASDAKAYDTEVHNVWATHACVPTDPNPQEVVLVNVTENFNMWKNDM
10 20 30 40 50 60 70 80 90 100

B*0801 B*1801 A*2402 B*3501

B44 B58

B*4402 B*1801

A*0301

B*5501

B*3501

VEQMHEDIISLWDQSLKPCVKLTPLCVSLKCTDLKNDTNTNSSSGRMIMEKGEIKNCSFNISTSIRGKVQKEYAFFYKLDIIPIDNDTTSYKLTSCNTSV
110 120 130 140 150 160 170 180 190 200

B*3801 A*1101

ITQACPKVSFEPIPIHYCAPAGFAILKCNNKTFNGTGPCTNVSTVQCTHGIRPVVSTQLLLNGSLAEEEVVIRSVNFTDNAKTIIVQLNTSVEINCTRPN
210 220 230 240 250 260 270 280 290 300

A*1101 Cw1 B*0702

A*2902

NNTRKRIRIQRGPGRAFVTIGKIGNMRQAHCNISRAKWNNTLKQIASKLREQFGNNKTIIFKQSSGGDPEIVTHSFNCGGEFFYCNSTQLFNSTWFNSTW

310 320 330 340 350 360 370 380 390 400

B*0702 A*2501 B*1516

A*3002 Cw*0401

A*0201

STEGSNNTEGSDTITLPCRIKQIINMWQKVGKAMYAPPISGQIRCSSNITGLLLTRDGGNSNNESEIFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTK
410 420 430 440 450 460 470 480 490 500

B*5101

A*3201

AKRRVVQREKRAVGIGALFLGFLGAAGSTMGAASMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLLQLTVWGIKQLQARILAVERYLKDQQLLGIWGCSG
510 520 530 540 550 560 570 580 590 600

Cw*0304 B*1402

Cw*15 A*2402

Cw8 A23

B*0801

KLICTTAVPWNASWSNKSLEQIWNHTTWMEWDREINNYTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWFNITNWLWYIKLFIMIVGGLVGLRIVFA
610 620 630 640 650 660 670 680 690 700

B*3501 A*3303

VLSIVNRVRQGYSPLSFQTHLPTPRGPDRPEGIEEEGGERDRDRSIRLVNGSLALIWDDLRSLCLFSYHRLRDLLLIVTRIVELLGRRGWEALKYWWNLL

710 720 730 740 750 760 770 780 790 800

A*3303 A*0301 A*3002

A*3002 A*3101

A*6802

B*2705

A*0101
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QYWSQELKNSAVSLLNATAIAVAEGTDRVIEVVQGACRAIRHIPRRIRQGLERILL
810 820 830 840 850

A*3002 A*0201 A*3303 B8

B*4001 B*0702

A*0205

Nef Optimal CTL Epitope Map

MGGKWSKSSVIGWPTVRERMRRAEPAADRVGAASRDLEKHGAITSSNTAATNAACAWLEAQEEEEVGFPVTPQVPLRPMTYKAAVDLSHFLKEKGGLEGL
10 20 30 40 50 60 70 80 90 100

B*0801 B*4001 B*0702 B*0801

B62 B50 B*0702 B*4001

B*0702 B*4002

B*4201

A*0301

A*1101

B*3501

A*1101

B*0702

Cw8

A*0205

B*5703

Cw*0802

Cw3

A*0301

A*1101

IHSQRRQDILDLWIYHTQGYFPDXQNYTPGPGVRYPLTFGWCYKLVPVEPDKIEEANKGENTSLLHPVSLHGMDDPEREVLEWRFDSRLAFHHVARELHP
110 120 130 140 150 160 170 180 190 200

B*2705 B57 A*0201

B18 B63 B*1503

Cw7 B*0702

B*1302 B*4201

B13 A33

B*57 A*2402

B57 B*1801

B*5701 B*5301

B*1501 A*0201

A29 B57

B*3701 B63

B*5701

Cw6

B53

EYFKNC
206

18 HIV Molecular Immunology 2009



References Optimal HIV-1 CTL Epitopes

Re
vi

ew
s

I-A-5 References

[Addo, 2002] M. Addo, 2002. Personal communication. On pp. 6 & 12.

[Addo et al., 2002] M. M. Addo, M. Altfeld, A. Rathod, M. Yu, X. G.
Yu, P. J. R. Goulder, E. S. Rosenberg, & B. D. Walker, 2002. HIV-1
Vpu represents a minor target for cytotoxic T lymphocytes in HIV-1-
infection. AIDS 16(7):1071–1073. On p. 8.

[Addo et al., 2001] M. M. Addo, M. Altfeld, E. S. Rosenberg, R. L.
Eldridge, M. N. Philips, K. Habeeb, A. Khatri, C. Brander, G. K. Rob-
bins, G. P. Mazzara, P. J. Goulder, & B. D. Walker, 2001. The HIV-1
regulatory proteins Tat and Rev are frequently targeted by cytotoxic T
lymphocytes derived from HIV-1-infected individuals. Proc Natl Acad
Sci USA 98(4):1781–1786. On pp. 11, 12 & 13.

[Addo & Rathod, 2004] M. M. Addo & A. Rathod, 2004. Personal
communication. On pp. 10 & 12.

[Alexander-Miller et al., 1996] M. A. Alexander-Miller, K. C. Parker,
T. Tsukui, C. D. Pendleton, J. E. Coligan, & J. A. Berzofsky, 1996.
Molecular analysis of presentation by HLA-A2.1 of a promiscuously
binding V3 loop peptide from the HIV-1 Envelope protein to human
cytotoxic T lymphocytes. Int Immunol 8(5):641–649. On p. 6.

[Altfeld et al., 2001a] M. Altfeld, M. M. Addo, R. L. Eldridge, X. G.
Yu, S. Thomas, A. Khatri, D. Strick, M. N. Phillips, G. B. Cohen, S. A.
Islam, S. A. Kalams, C. Brander, P. J. Goulder, E. S. Rosenberg, & B. D.
Walker, 2001a. Vpr is preferentially targeted by CTL during HIV-1 in-
fection. J Immunol 167(5):2743–2752. On pp. 6, 8, 9 & 12.

[Altfeld, 2000] M. A. Altfeld, 2000. Personal communication. On p. 7.

[Altfeld et al., 2001b] M. A. Altfeld, B. Livingston, N. Reshamwala,
P. T. Nguyen, M. M. Addo, A. Shea, M. Newman, J. Fikes, J. Sidney,
P. Wentworth, R. Chesnut, R. L. Eldridge, E. S. Rosenberg, G. K. Rob-
bins, C. Brander, P. E. Sax, S. Boswell, T. Flynn, S. Buchbinder, P. J.
Goulder, B. D. Walker, A. Sette, & S. A. Kalams, 2001b. Identifica-
tion of novel HLA-A2-restricted human 7 immunodeficiency virus type
1-specific cytotoxic T-lymphocyte epitopes predicted by the HLA-A2
supertype peptide-binding motif. J Virol 75(3):1301–1311. On p. 6.

[Altfeld et al., 2000] M. A. Altfeld, A. Trocha, R. L. Eldridge, E. S.
Rosenberg, M. N. Phillips, M. M. Addo, R. P. Sekaly, S. A. Kalams,
S. A. Burchett, K. McIntosh, B. D. Walker, & P. J. Goulder, 2000. Iden-
tification of dominant optimal HLA-B60- and HLA-B61-restricted cy-
totoxic T-lymphocyte (CTL) epitopes: Rapid characterization of CTL
responses by enzyme-linked immunospot assay. J Virol 74(18):8541–
8549. On p. 10.

[Bansal et al., 2004] A. Bansal, P. Goepfert, et al., 2004. Personal com-
munication. On p. 11.

[Bansal et al., 2005] A. Bansal, E. Gough, S. Sabbaj, D. Ritter,
K. Yusim, G. Sfakianos, G. Aldrovandi, R. A. Kaslow, C. M. Wilson,
M. J. Mulligan, J. M. Kilby, & P. A. Goepfert, 2005. CD8 T-cell re-
sponses in early HIV-1 infection are skewed toward s high entropy pep-
tides. AIDS 19(3):241–250. On p. 3.

[Bauer et al., 1997] M. Bauer, M. Lucchiari-Hartz, R. Maier, G. Haas,
B. Autran, K. Eichmann, R. Frank, B. Maier, & A. Meyerhans, 1997.
Structural constraints of HIV-1 Nef may curtail escape from HLA-B7-
restricted CTL recognition. Immunol Lett 55:119–122. On p. 8.

[Bertoletti et al., 1998] A. Bertoletti, F. Cham, S. McAdam, T. Rostron,
S. Rowland-Jones, S. Sabally, T. Corrah, K. Ariyoshi, & H. Whittle,
1998. Cytotoxic T cells from human immunodeficiency virus type 2-
infected patients frequently cross-react with different human immuno-
deficiency virus type 1 clades. J Virol 72:2439–2448. On p. 12.

[Betts et al., 2004] M. R. Betts, D. A. Price, J. M. Brenchley, K. Loré,
F. J. Guenaga, A. Smed-Sorensen, D. R. Ambrozak, S. A. Migueles,
M. Connors, M. Roederer, D. C. Douek, & R. A. Koup, 2004. The func-
tional profile of primary human antiviral CD8+ T cell effector activity
is dictated by cognate peptide concentration. J Immunol 172(10):6407–
6417. On p. 4.

[Bird et al., 2002] T. G. Bird, R. Kaul, T. Rostron, J. Kimani, J. Em-
bree, P. P. Dunn, J. J. Bwayo, F. A. Plummer, S. L. Rowland-Jones, &
T. Dong, 2002. HLA typing in a Kenyan cohort identifies novel class
I alleles that restrict cytotoxic T-cell responses to local HIV-1 clades.
AIDS 16(14):1899–1904. On p. 11.

[Bishop & Honeyborne, 2006] K. Bishop & I. Honeyborne, 2006. Per-
sonal communication. On p. 13.

[Borrow et al., 1997] P. Borrow, H. Lewicki, X. Wei, M. S. Horwitz,
N. Peffer, H. Meyers, J. A. Nelson, J. E. Gairin, B. H. Hahn, M. B. Old-
stone, & G. M. Shaw, 1997. Antiviral pressure exerted by HIV-1-specific
cytotoxic T lymphocytes (CTLs) during primary infection demonstrated
by rapid selection of CTL escape virus. Nat Med 3(2):205–211. On
p. 11.

[Burrows et al., 2006] S. R. Burrows, J. Rossjohn, & J. McCluskey,
2006. Have we cut ourselves too short in mapping CTL epitopes? Trends
Immunol 27(1):11–16. On p. 5.

[Buseyne, 1999] F. Buseyne, 1999. Personal communication. On pp. 7
& 11.

[Buseyne et al., 1993] F. Buseyne, S. Blanche, D. Schmitt, C. Griscelli,
& Y. Riviere, 1993. Gag-specific cytotoxic T lymphocytes from human
immunodeficiency virus type 1-infected individuals: Gag epitopes are
clustered in three regions of the p24 gag protein. J Virol 67:694–702.
On p. 10.

[Buseyne et al., 1996] F. Buseyne, M. Fevrier, S. Garcia, M. L.
Gougeon, & Y. Riviere, 1996. Dual function of a human immunodefic-
iency virus (HIV)-specific cytotoxic T-lymphocyte clone: Inhibition of
HIV replication by noncytolytic mechanisms and lysis of HIV-infected
CD4+ cells. Virology 225:248–53. On p. 11.

[Buseyne et al., 1997] F. Buseyne, M. Fevrier, S. Garcia, M. L.
Gougeon, & Y. Riviere, 1997. Characterization of an HIV-1 p24 gag
epitope recognized by a CD8+ cytotoxic T-cell clone. Immunol Lett
55(3):145–149. On p. 11.

[Cao, 2002] J. Cao, 2002. Personal communication. On pp. 6, 8, 9, 10
& 12.

[Cao et al., 2003] J. Cao, J. McNevin, S. Holte, L. Fink, L. Corey, &
M. J. McElrath, 2003. Comprehensive analysis of human immunodefic-
iency virus type 1 (HIV-1)-specific gamma interferon-secreting CD8+ T
cells in primary HIV-1 infection. J Virol 77(12):6867–6878. On pp. 7,
9, 11 & 13.

[Culmann, 1999] B. Culmann, 1999. Personal communication. On
pp. 6, 7, 9 & 10.

[Culmann et al., 1991] B. Culmann, E. Gomard, M.-P. Kieny, B. Guy,
F. Dreyfus, A.-D. Saimot, D. Sereni, D. Sicard, & J.-P. Levy, 1991. Six
epitopes with human cytotoxic CD8+ cells in the central region of the
HIV-1 Nef protein. J Immunol 146:1560–1565. On pp. 6, 7, 9, 10 & 12.

[Culmann-Penciolelli et al., 1994] B. Culmann-Penciolelli,
S. Lamhamedi-Cherradi, I. Couillin, N. Guegan, J. P. Levy, J. G.
Guillet, & E. Gomard, 1994. Identification of multirestricted immuno-
dominant regions recognized by cytolytic T lymphocytes in the human
immunodeficiency virus type 1 Nef protein. J Virol 68:7336–7343. See
comments in J Virol 1995 Jan;69(1):618. On pp. 8, 9 & 10.

HIV Molecular Immunology 2009 19



Review
s

Optimal HIV-1 CTL Epitopes References

[Currier et al., 2002] J. R. Currier, M. deSouza, P. Chanbancherd,
W. Bernstein, D. L. Birx, & J. H. Cox, 2002. Comprehensive screening
for human immunodeficiency virus type 1 subtype-specific CD8 cyto-
toxic T lymphocytes and definition of degenerate epitopes restricted by
HLA-A0207 and -Cw0304 alleles. J Virol 76(10):4971–4986. On pp. 6
& 13.

[Dai et al., 1992] L. C. Dai, K. West, R. Littaua, K. Takahashi, & F. A.
Ennis, 1992. Mutation of human immunodeficiency virus type 1 at
amino acid 585 on gp41 results in loss of killing by CD8+ A24-restricted
cytotoxic T lymphocytes. J Virol 66:3151–3154. On p. 7.

[Day, 2003] C. Day, 2003. Personal communication. On p. 9.

[Day, 2005] C. Day, 2005. Personal communication. On p. 9.

[Dorrell et al., 1999] L. Dorrell, T. Dong, G. S. Ogg, S. Lister,
S. McAdam, T. Rostron, C. Conlon, A. J. McMichael, & S. L. Rowland-
Jones, 1999. Distinct recognition of non-clade B human immunodefic-
iency virus type 1 epitopes by cytotoxic T lymphocytes generated from
donors infected in Africa. J Virol 73:1708–1714. On p. 7.

[Draenert, 2002] R. Draenert, 2002. Personal communication. On
p. 12.

[Draenert et al., 2004a] R. Draenert, C. Brander, X. G. Yu, M. Altfeld,
C. L. Verrill, M. E. Feeney, B. D. Walker, & P. J. Goulder, 2004a. Impact
of intrapeptide epitope location on CD8 T cell recognition: Implications
for design of overlapping peptide panels. AIDS 18:871–876. On p. 7.

[Draenert et al., 2004b] R. Draenert, C. L. Verrill, Y. Tang, T. M. Allen,
A. G. Wurcel, M. Boczanowski, A. Lechner, A. Y. Kim, T. Suscovich,
N. V. Brown, M. M. Addo, & B. D. Walker, 2004b. Persistent recogni-
tion of autologous virus by high-avidity CD8 T cells in chronic, progres-
sive human immunodeficiency virus type 1 infection. J Virol 78(2):630–
641. On pp. 6, 10, 11 & 13.

[Dupuis et al., 1995] M. Dupuis, S. K. Kundu, & T. C. Merigan, 1995.
Characterization of HLA-A*0201-restricted cytotoxic T-cell epitopes
in conserved regions of the HIV type 1 gp160 protein. J Immunol
155:2232–2239. On p. 6.

[Frahm et al., 2005] N. Frahm, S. Adams, P. Kiepiela, C. H. Linde,
H. S. Hewitt, M. Lichterfeld, K. Sango, N. V. Brown, E. Pae, A. G. Wur-
cel, M. Altfeld, M. E. Feeney, T. M. Allen, T. Roach, M. A. St. John,
E. S. Daar, E. Rosenberg, B. Korber, F. Marincola, B. D. Walker, P. J. R.
Goulder, & C. Brander, 2005. HLA-B63 presents HLA-B57/B58-
restricted cytotoxic T-lymphocyte epitopes and is associated with low
human immunodeficiency virus load. J Virol 79(16):10218–10225. On
pp. 4 & 12.

[Frahm & Brander, 2005] N. Frahm & C. Brander, 2005. Personal
communication. On pp. 12 & 13.

[Frahm & Goulder, 2002] N. Frahm & P. J. R. Goulder, 2002. Personal
communication. On p. 8.

[Frahm et al., 2006] N. Frahm, P. Kiepiela, S. Adams, C. H. Linde,
H. S. Hewitt, K. Sango, M. E. Feeney, M. M. Addo, M. Lichterfeld,
M. P. Lahaie, E. Pae, A. G. Wurcel, T. Roach, M. A. St John, M. Altfeld,
F. M. Marincola, C. Moore, S. Mallal, M. Carrington, D. Heckerman,
T. M. Allen, J. I. Mullins, B. T. Korber, P. J. R. Goulder, B. D. Walker,
& C. Brander, 2006. Control of human immunodeficiency virus repli-
cation by cytotoxic T lymphocytes targeting subdominant epitopes. Nat
Immunol 7(2):173–817. On p. 3.

[Frahm et al., 2007] N. Frahm, K. Yusim, T. J. Suscovich, S. Adams,
J. Sidney, P. Hraber, H. S. Hewitt, C. H. Linde, D. G. Kavanagh,
T. Woodberry, L. M. Henry, K. Faircloth, J. Listgarten, C. Kadie, N. Jo-
jic, K. Sango, N. V. Brown, E. Pae, M. T. Zaman, F. Bihl, A. Khatri,

M. John, S. Mallal, F. M. Marincola, B. D. . Walker, A. Sette, D. Heck-
erman, B. T. Korber, & C. Brander, 2007. Extensive HLA class I allele
promiscuity among viral CTL epitopes. Eur J Immunol 37(9):2419–
2433. On pp. 4 & 5.

[Fukada et al., 1999] K. Fukada, Y. Chujoh, H. Tomiyama, K. Miwa,
Y. Kaneko, S. Oka, & M. Takiguchi, 1999. HLA-A*1101-restricted cy-
totoxic T lymphocyte recognition of HIV-1 Pol protein. AIDS 13:1413–
1414. On p. 7.

[Goonetilleke et al., 2009] N. Goonetilleke, M. K. P. Liu, J. F. Salazar-
Gonzalez, G. Ferrari, E. Giorgi, V. V. Ganusov, B. F. Keele, G. H. Learn,
E. L. Turnbull, M. G. Salazar, K. J. Weinhold, S. Moore, CHAVI Clin-
ical Core B, N. Letvin, B. F. Haynes, M. S. Cohen, P. Hraber, T. Bhat-
tacharya, P. Borrow, A. S. Perelson, B. H. Hahn, G. M. Shaw, B. T.
Korber, & A. J. McMichael, 2009. The first T cell response to transmit-
ted/founder virus contributes to the control of acute viremia in HIV-1
infection. J Exp Med 206(6):1253–1272. On pp. 3 & 5.

[Gotch et al., 1993] F. Gotch, S. N. McAdam, C. E. Allsopp, et al.,
1993. Cytotoxic T-cells in HIV-2 seropositive Gambians. identifica-
tion of a virus specific MHC-restricted peptide epitope. J Immunol
151:3361–3369. On p. 11.

[Goulder et al., 1996a] P. Goulder, C. Conlon, K. McIntyre, &
A. McMichael, 1996a. Identification of a novel human leukogen antigen
A26-restricted epitope in a conserved region of Gag. AIDS 10(12):1441–
1443. On p. 7.

[Goulder et al., 2001] P. J. Goulder, M. M. Addo, M. A. Altfeld, E. S.
Rosenberg, Y. Tang, U. Govender, N. Mngqundaniso, K. Annamalai,
T. U. Vogel, M. Hammond, M. Bunce, H. M. Coovadia, & B. D. Walker,
2001. Rapid definition of five novel HLA-A*3002-restricted human im-
munodeficiency virus-specific cytotoxic T-lymphocyte epitopes by eli-
spot and intracellular cytokine staining assays. J Virol 75(3):1339–1347.
On p. 7.

[Goulder et al., 2000a] P. J. Goulder, C. Brander, K. Annamalai,
N. Mngqundaniso, U. Govender, Y. Tang, S. He, K. E. Hartman, C. A.
O’Callaghan, G. S. Ogg, M. A. Altfeld, E. S. Rosenberg, H. Cao, S. A.
Kalams, M. Hammond, M. Bunce, S. I. Pelton, S. A. Burchett, K. McIn-
tosh, H. M. Coovadia, & B. D. Walker, 2000a. Differential narrow fo-
cusing of immunodominant human immunodeficiency virus gag-specific
cytotoxic T-lymphocyte responses in infected African and caucasoid
adults and children. J Virol 74:5679–5690. On pp. 11, 12 & 13.

[Goulder et al., 1997a] P. J. Goulder, M. Bunce, G. Luzzi, R. E.
Phillips, & A. J. McMichael, 1997a. Potential underestimation of HLA-
C-restricted cytotoxic T-lymphocyte responses. AIDS 11(15):1884–
1886. On pp. 7, 10 & 13.

[Goulder et al., 1997b] P. J. Goulder, A. K. Sewell, D. G. Lalloo, D. A.
Price, J. A. Whelan, J. Evans, G. P. Taylor, G. Luzzi, P. Giangrande, R. E.
Phillips, & A. J. McMichael, 1997b. Patterns of immunodominance in
HIV-1-specific cytotoxic T lymphocyte responses in two human histo-
compatibility leukocyte antigens (HLA)-identical siblings with HLA-
A*0201 are influenced by epitope mutation. J Exp Med 8:1423–1433.
On pp. 6 & 10.

[Goulder et al., 2000b] P. J. Goulder, Y. Tang, S. I. Pelton, & B. D.
Walker, 2000b. HLA-B57-restricted CTL activity in a single infected
subject towards two optimal HIV epitopes, one of which is entirely con-
tained within the other. J Virol 74:5291–5299. On pp. 6 & 12.

[Goulder et al., 2000c] P. J. Goulder, Y. Tang, S. I. Pelton, & B. D.
Walker, 2000c. HLA-B57-restricted cytotoxic T-lymphocyte activity in
a single infected subject toward two optimal epitopes, one of which is
entirely contained within the other. J Virol 74:5291–5299. On p. 5.

[Goulder, 1999] P. J. R. Goulder, 1999. Personal communication. On
pp. 6, 8, 9 & 11.

20 HIV Molecular Immunology 2009



References Optimal HIV-1 CTL Epitopes

Re
vi

ew
s

[Goulder et al., 1996b] P. J. R. Goulder, M. Bunce, P. Krausa, K. McIn-
tyre, S. Crowley, B. Morgan, A. Edwards, P. Giangrande, R. E. Phillips,
& A. J. McMichael, 1996b. Novel, cross-restricted, conserved and im-
munodominant cytotoxic T lymphocyte epitopes in slow HIV type 1 in-
fection. AIDS Res and Hum Retroviruses 12:1691–1698. On p. 12.

[Goulder et al., 1997c] P. J. R. Goulder, R. E. Phillips, R. A. Colbert,
S. McAdam, G. Ogg, M. A. Nowak, P. Giangrande, G. Luzzi, B. Mor-
gan, A. Edwards, A. McMichael, & S. Rowland-Jones, 1997c. Late
escape from an immunodominant cytotoxic T-lymphocyte response as-
sociated with progression to AIDS. Nature Med 3:212–216. On p. 10.

[Goulder et al., 1997d] P. J. R. Goulder, S. W. Reid, D. A. Price, C. A.
O’Callaghan, A. J. McMichael, R. E. Phillips, & E. Y. Jones, 1997d.
Combined structural and immunological refinement of HIV-1 HLA-B8
restricted cytotoxic T lymphocyte epitopes. Eur J Immunol 27:1515–
1521. On p. 8.

[Gray et al., 2009] C. M. Gray, M. Mlotshwa, C. Riou, T. Mathebula,
D. de Assis Rosa, T. Mashishi, C. Seoighe, N. Ngandu, F. van Loggeren-
berg, L. Morris, K. Mlisana, C. Williamson, S. A. Karim, & CAPRISA
002 Acute Infection Study Team, 2009. Human immunodeficiency
virus-specific gamma interferon enzyme-linked immunospot assay re-
sponses targeting specific regions of the proteome during primary sub-
type C infection are poor predictors of the course of viremia and set
point. J Virol 83(1):470–478. On pp. 9 & 12.

[Haas, 1999] G. Haas, 1999. Personal communication. On pp. 6 & 11.

[Haas et al., 1996] G. Haas, U. Plikat, P. Debré, M. Lucchiari, C. Kat-
lama, Y. Dudoit, O. Bonduelle, M. Bauer, H.-G. Ihlenfeldt, G. Jung,
B. Maier, A. Meyerhans, & B. Autran, 1996. Dynamics of viral variants
in HIV-1 Nef and specific cytotoxic T lymphocytes in vivo. J Immunol
157(9):4212–4221. On pp. 6 & 8.

[Haas et al., 1998] G. Haas, A. Samri, E. Gomard, A. Hosmalin,
J. Duntze, J. M. Bouley, H. G. Ihlenfeldt, C. Katlama, & B. Autran,
1998. Cytotoxic T cell responses to HIV-1 reverse transcriptase, inte-
grase and protease. AIDS 12(12):1427–36. On pp. 6 & 11.

[Harrer et al., 1996a] E. Harrer, T. Harrer, P. Barbosa, M. Feinberg,
R. P. Johnson, S. Buchbinder, & B. D. Walker, 1996a. Recognition of
the highly conserved YMDD region in the human immunodeficiency
virus type 1 reverse transcriptase by HLA-A2-restricted cytotoxic T
lymphocytes from an asymptomatic long-term nonprogresser. J Inf Dis
173:476–479. On p. 6.

[Harrer et al., 2005] E. G. Harrer, S. Bergmann, K. Eismann,
M. Rittmaier, A. Goldwich, S. M. Müller, B. M. Spriewald, & T. Harrer,
2005. A conserved HLA B13-restricted cytotoxic T lymphocyte epi-
tope in Nef is a dominant epitope in HLA B13-positive HIV-1-infected
patients. AIDS 19(7):734–735. On p. 9.

[Harrer et al., 1998] T. Harrer, E. Harrer, P. Barbosa, F. Kaufmann,
R. Wagner, S. Bruggemann, J. R. Kalden, M. Feinberg, R. P. Johnson,
S. Buchbinder, & B. D. Walker, 1998. Recognition of two overlapping
CTL epitopes in HIV-1 p17 by CTL from a long-term nonprogressing
HIV-1-infected individual. J Immunol 161:4875–81. On p. 7.

[Harrer et al., 1996b] T. Harrer, E. Harrer, S. A. Kalams, P. Barbosa,
A. Trocha, R. P. Johnson, T. Elbeik, M. B. Feinberg, S. P. Buchbinder, &
B. D. Walker, 1996b. Cytotoxic T lymphocytes in asymptomatic long-
term nonprogressing HIV-1 infection. J Immunol 156(7):2616–2623.
On pp. 6, 7, 9 & 13.

[Hay, 1999] C. Hay, 1999. Personal communication. On p. 12.

[Honeyborne, 2003] I. Honeyborne, 2003. Personal communication.
On pp. 9 & 13.

[Honeyborne, 2006] I. Honeyborne, 2006. Personal communication.
On pp. 11 & 13.

[Honeyborne & Kiepiela, 2005] I. Honeyborne & P. Kiepiela, 2005.
Personal communication. On pp. 9, 10 & 13.

[Honeyborne et al., 2007] I. Honeyborne, A. Prendergast, F. Pereyra,
A. Leslie, H. Crawford, R. Payne, S. Reddy, K. Bishop, E. Moodley,
K. Nair, M. van der Stok, N. McCarthy, C. M. Rousseau, M. Addo,
J. I. Mullins, C. Brander, P. Kiepiela, B. D. Walker, & P. J. R. Goulder,
2007. Control of human immunodeficiency virus type 1 is associated
with HLA-B*13 and targeting of multiple Gag-specific CD8+ T-cell epi-
topes. J Virol 81(7):3667–3672. On p. 9.

[Honeyborne et al., 2006] I. Honeyborne, A. Rathod, R. Buchli,
D. Ramduth, E. Moodley, P. Rathnavalu, S. Chetty, C. Day, C. Bran-
der, W. Hildebrand, B. D. Walker, P. Kiepiela, & P. J. R. Goulder, 2006.
Motif inference reveals optimal CTL epitopes presented by HLA class
I alleles highly prevalent in southern Africa. J Immunol 176(8):4699–
4705. On p. 12.

[Horton & Havenar-Daughton, 2005] H. Horton & C. Havenar-
Daughton, 2005. Personal communication. On p. 13.

[Hossain et al., 2001] M. S. Hossain, H. Tomiyama, T. Inagawa, B. Sri-
wanthana, S. Oka, & M. Takiguchi, 2001. HLA-A*3303-restricted cy-
totoxic T lymphocyte recognition for novel epitopes derived from the
highly variable region of the HIV-1 Env protein. AIDS 15(16):2199–
2201. On p. 8.

[Ikeda-Moore et al., 1998] Y. Ikeda-Moore, H. Tomiyama, M. Ibe,
S. Oka, K. Miwa, Y. Kaneko, & M. Takiguchi, 1998. Identification
of a novel HLA-A24-restricted cytotoxic T-lymphocyte epitope derived
from HIV-1 Gag protein. AIDS 12:2073–2074. On p. 7.

[Jin et al., 2000] X. Jin, C. G. Roberts, D. F. Nixon, J. T. Safrit, L. Q.
Zhang, Y. X. Huang, N. Bhardwaj, B. Jesdale, A. S. DeGroot, & R. A.
Koup, 2000. Identification of subdominant cytotoxic T lymphocyte epi-
topes encoded by autologous HIV type 1 sequences, using dendritic cell
stimulation and computer-driven algorithm. AIDS Res Hum Retroviruses
16:67–76. On p. 8.

[Johnson, 1999] R. P. Johnson, 1999. Personal communication. On
p. 9.

[Johnson et al., 1994] R. P. Johnson, S. A. Hammond, A. Trocha, R. F.
Siliciano, & B. D. Walker, 1994. Induction of a major histocompatibility
complex class I-restricted cytotoxic T-lymphocyte response to a highly
conserved region of human immunodeficiency virus type 1 (HIV-1)
gp120 in seronegative humans immunized with a candidate HIV-1 vac-
cine. J Virol 68:3145–3153. On pp. 6 & 10.

[Johnson et al., 1992] R. P. Johnson, A. Trocha, T. M. Buchanan, &
B. D. Walker, 1992. Identification of overlapping HLA class I-restricted
cytotoxic T cell epitopes in a conserved region of the human immuno-
deficiency virus type 1 envelope glycoprotein: Definition of minimum
epitopes and analysis of the effects of sequence variation. J Exp Med
175:961–971. On pp. 8 & 9.

[Johnson et al., 1993] R. P. Johnson, A. Trocha, T. M. Buchanan, &
B. D. Walker, 1993. Recognition of a highly conserved region of hu-
man immunodeficiency virus type 1 gp120 by an HLA-Cw4-restricted
cytotoxic T-lymphocyte clone. J Virol 67:438–445. On p. 13.

[Johnson et al., 1991] R. P. Johnson, A. Trocha, L. Yang, G. P. Maz-
zara, D. L. Panicali, T. M. Buchanan, & B. D. Walker, 1991. HIV-1
gag-specific cytotoxic T lymphocytes recognize multiple highly con-
served epitopes. fine specificity of the gag-specific response defined by
using unstimulated peripheral blood mononuclear cells and cloned ef-
fector cells. J Immunol 147:1512–1521. On pp. 6, 9 & 12.

[Johnson & Walker, 1994] R. P. Johnson & B. D. Walker, 1994. CTL
in HIV-1 infection: Responses to structural proteins. Curr Topics Mi-
crobiol Immunol 189:35–63. On p. 7.

HIV Molecular Immunology 2009 21



Review
s

Optimal HIV-1 CTL Epitopes References

[Karlsson et al., 2003] A. C. Karlsson, S. G. Deeks, J. D. Barbour,
B. D. Heiken, S. R. Younger, R. Hoh, M. Lane, M. Sällberg, G. M. Or-
tiz, J. F. Demarest, T. Liegler, R. M. Grant, J. N. Martin, & D. F. Nixon,
2003. Dual pressure from antiretroviral therapy and cell-mediated im-
mune response on the human immunodeficiency virus type 1 protease
gene. J Virol 77(12):6743–6752. On p. 6.

[Kawashima et al., 2009] Y. Kawashima, K. Pfafferott, J. Frater,
P. Matthews, R. Payne, M. Addo, H. Gatanaga, M. Fujiwara,
A. Hachiya, H. Koizumi, N. Kuse, S. Oka, A. Duda, A. Prendergast,
H. Crawford, A. Leslie, Z. Brumme, C. Brumme, T. Allen, C. Brander,
R. Kaslow, J. Tang, E. Hunter, S. Allen, J. Mulenga, S. Branch, T. Roach,
M. John, S. Mallal, A. Ogwu, R. Shapiro, J. G. Prado, S. Fidler, J. Weber,
O. G. Pybus, P. Klenerman, T. Ndung’u, R. Phillips, D. Heckerman, P. R.
Harrigan, B. D. Walker, M. Takiguchi, & P. Goulder, 2009. Adaptation
of HIV-1 to human leukocyte antigen class I. Nature 458(7238):641–
645. On p. 3.

[Kiepiela & Goulder, 2002] P. Kiepiela & P. Goulder, 2002. Personal
communication. On pp. 11, 12 & 13.

[Kiepiela et al., 2007] P. Kiepiela, K. Ngumbela, C. Thobakgale,
D. Ramduth, I. Honeyborne, E. Moodley, S. Reddy, C. de Pierres,
Z. Mncube, N. Mkhwanazi, K. Bishop, M. van der Stok, K. Nair,
N. Khan, H. Crawford, R. Payne, A. Leslie, J. Prado, A. Prendergast,
J. Frater, N. McCarthy, C. Brander, G. H. Learn, D. Nickle, C. Rousseau,
H. Coovadia, J. I. Mullins, D. Heckerman, B. D. Walker, & P. Goulder,
2007. CD8+ T-cell responses to different HIV proteins have discordant
associations with viral load. Nat Med 13(1):46–53. On pp. 9 & 11.

[Klenerman et al., 1996] P. Klenerman, G. Luzzi, K. McIntyre,
R. Phillips, & A. McMichael, 1996. Identification of a novel HLA-A25
restricted epitope in a conserved region of p24 gag (positions 71–80).
AIDS 10:348–350. On p. 7.

[Koenig et al., 1990] S. Koenig, T. R. Fuerst, L. V. Wood, R. M. Woods,
J. A. Suzich, G. M. Jones, V. F. de la Cruz, R. T. Davey, Jr., S. Venkate-
san, B. Moss, W. E. Biddison, & A. S. Fauci, 1990. Mapping the fine
specificity of a cytotoxic T cell response to HIV-1 Nef protein. J Im-
munol 145:127–135. On p. 6.

[Kurane & West, 1999] I. Kurane & K. West, 1999. Personal commu-
nication. On pp. 7 & 10.

[Lewinsohn, 1999] D. Lewinsohn, 1999. Personal communication. On
pp. 7, 8, 10 & 11.

[Lewinsohn & Riddell, 1999] D. Lewinsohn & S. Riddell, 1999. Per-
sonal communication. On p. 6.

[Lieberman, 1999] J. Lieberman, 1999. Personal communication. On
pp. 10 & 11.

[Lieberman et al., 1992] J. Lieberman, J. A. Fabry, M.-C. Kuo, P. Earl,
B. Moss, & P. R. Skolnik, 1992. Cytotoxic T lymphocytes from HIV-1
seropositive individuals recognize immunodominant epitopes in gp160
and reverse transcriptase. J Immunol 148:2738–2747. On pp. 7 & 10.

[Linde & Faircloth, 2006] C. Linde & K. Faircloth, 2006. Personal
communication. On p. 8.

[Liu et al., 2006] Y. Liu, J. McNevin, J. Cao, H. Zhao, I. Genowati,
K. Wong, S. McLaughlin, M. D. McSweyn, K. Diem, C. E. Stevens,
J. Maenza, H. He, D. C. Nickle, D. Shriner, S. E. Holte, A. C. Collier,
L. Corey, M. J. McElrath, & J. I. Mullins, 2006. Selection on the human
immunodeficiency virus type 1 proteome following primary infection. J
Virol 80(19):9519–9529. On pp. 7, 9 & 13.

[Maier & Autran, 1999] B. Maier & B. Autran, 1999. Personal com-
munication. On pp. 6 & 8.

[Masemola et al., 2004] A. M. Masemola, T. N. Mashishi, G. Khoury,
H. Bredell, M. Paximadis, T. Mathebula, D. Barkhan, A. Puren, E. Var-
das, M. Colvin, L. Zijenah, D. Katzenstein, R. Musonda, S. Allen,
N. Kumwenda, T. Taha, G. Gray, J. McIntyre, S. A. Karim, H. W. Shep-
pard, C. M. Gray, & HIVNET 028 Study Team, 2004. Novel and pro-
miscuous CTL epitopes in conserved regions of Gag targeted by indi-
viduals with early subtype C HIV type 1 infection from southern Africa.
J Immunol 173(7):4607–4617. On pp. 7, 9, 11 & 13.

[McKinney et al., 1999] D. McKinney, D. Lewinson, S. Riddell,
P. Greenberg, & D. Mosier, 1999. The antiviral activity of HIV-specific
CD8+ CTL clones is limited by elimination due to encounter with HIV-
infected targets. J Immuno 163:861–867. On p. 10.

[Mueller et al., 2007] S. M. Mueller, B. Schaetz, K. Eismann,
S. Bergmann, M. Bauerle, M. Schmitt-Haendle, H. Walter, B. Schmidt,
K. Korn, H. Sticht, B. Spriewald, E. G. Harrer, & T. Harrer, 2007.
Dual selection pressure by drugs and HLA class I-restricted immune
responses on human immunodeficiency virus type 1 protease. J Virol
81(6):2887–2898. On p. 9.

[Niu et al., 2009] Y. Niu, N. Komatsu, Y. Komohara, S. Matsueda,
S. Yutani, Y. Ishihara, M. Itou, A. Yamada, K. Itoh, & S. Shichijo, 2009.
A peptide derived from hepatitis C virus (HCV) core protein inducing
cellular responses in patients with HCV with various HLA class IA al-
leles. J Med Virol 81(7):1232–1240. On p. 4.

[Nixon et al., 1999] D. F. Nixon, D. Douek, P. J. Kuebler, X. Jin,
M. Vesanen, S. Bonhoeffer, Y. Cao, R. A. Koup, D. D. Ho, &
M. Markowitz, 1999. Molecular tracking of an human immunode-
ficiency virus nef specific cytotoxic T cell clone shows persistence of
clone-specific T cell receptor DNA but not mRNA following early com-
bination antiretroviral therapy. Immunol Lett 66:219–28. On p. 13.

[Nixon et al., 1988] D. F. Nixon, A. R. M. Townsend, J. G. Elvin, C. R.
Rizza, J. Gallwey, & A. J. McMichael, 1988. HIV-1 gag-specific cyto-
toxic T lymphocytes defined with recombinant vaccinia virus and syn-
thetic peptides. Nature 336:484–487. On pp. 3 & 10.

[Novitsky et al., 2001] V. Novitsky, N. Rybak, M. F. McLane,
P. Gilbert, P. Chigwedere, I. Klein, S. Gaolekwe, S. Y. Chang, T. Peter,
I. Thior, T. Ndung’u, F. Vannberg, B. T. Foley, R. Marlink, T. H. Lee, &
M. Essex, 2001. Identification of human immunodeficiency virus type
1 subtype C Gag-, Tat-, Rev-, and Nef-specific elispot-based cytotoxic
T-lymphocyte responses for AIDS vaccine design. J Virol 75(19):9210–
9228. On p. 9.

[Ogg et al., 1998] G. S. Ogg, X. Jin, S. Bonhoeffer, P. R. Dunbar,
M. A. Nowak, S. Monard, J. P. Segal, Y. Cao, S. L. Rowland-Jones,
V. Cerundolo, A. Hurley, M. Markowitz, D. D. Ho, D. F. Nixon, & A. J.
McMichael, 1998. Quantitation of HIV-1-specific cytotoxic T lympho-
cytes and plasma load of viral RNA. Science 279:2103–6. On pp. 9
& 11.

[Oxenius et al., 2002] A. Oxenius, B. K. Jakobsen, P. J. Easterbrook,
J. M. Boulter, T. Tun, A. Waters, J. Agudelo, M. Barnardo, R. E. Phillips,
& D. A. Price, 2002. Complete mapping of a novel HLA A*6801-
restricted HIV-1 Tat epitope directly with a rapid modified enzyme-
linked immunospot assay. AIDS 16(9):1285–1287. On p. 8.

[Parker et al., 1994] K. C. Parker, M. A. Bednarek, & J. E. Coligan,
1994. Scheme for ranking potential HLA-A2 binding peptides based on
independent binding of individual peptide side-chains. J Immunol 152.
On p. 6.

[Parker et al., 1992] K. C. Parker, M. A. Bednarek, L. K. Hull, U. Utz,
B. C. H. J. Zweerink, W. E. Biddison, & J. E. Coligan, 1992. Sequence
motifs important for peptide binding to the human MHC class I mole-
cule, HLA-A2. J Immunol 149. On p. 6.

22 HIV Molecular Immunology 2009



References Optimal HIV-1 CTL Epitopes

Re
vi

ew
s

[Payne & Goulder, 2009] R. P. Payne & P. J. Goulder, 2009. Personal
communication. On p. 10.

[Plata et al., 1987] F. Plata, B. Autran, L. P. Martins, S. Wain-Hobson,
M. Raphaël, C. Mayaud, M. Denis, J.-M. Guillon, & P. Debré, 1987.
AIDS virus-specific cytotoxic T lymphocytes in lung disorders. Nature
328(6128):348–351. On p. 3.

[Price et al., 1997] D. A. Price, P. J. Goulder, P. Klenerman, A. K.
Sewell, P. J. Easterbrook, M. Troop, C. R. Bangham, & R. E. Phillips,
1997. Positive selection of HIV-1 cytotoxic T lymphocyte escape vari-
ants during primary infection. Proc Natl Acad Sci USA 94:1890–1895.
On p. 8.

[Rathod, 2006] A. Rathod, 2006. Personal communication. On pp. 6,
8 & 9.

[Rathod & Bishop, 2006] A. Rathod & K. Bishop, 2006. Personal com-
munication. On pp. 9 & 12.

[Rathod & Honeyborne, 2006] A. Rathod & I. Honeyborne, 2006. Per-
sonal communication. On p. 13.

[Rathod & Kiepiela, 2005] A. Rathod & P. Kiepiela, 2005. Personal
communication. On p. 8.

[Reid et al., 1996] S. W. Reid, S. McAdam, K. J. Smith, P. Klenerman,
C. A. O’Callaghan, K. Harlos, B. K. Jakobsen, A. J. McMichael, J. I.
Bell, D. I. Stuart, & E. Y. Jones, 1996. Antagonist HIV-1 Gag peptides
induce structural changes in HLA B8. J Exp Med 184(6):2279–2286.
On p. 8.

[Rodriguez et al., 2004] W. R. Rodriguez, M. M. Addo, A. Rathod,
C. A. Fitzpatrick, X. G. Yu, B. Perkins, E. S. Rosenberg, M. Altfeld, &
B. D. Walker, 2004. CD8+ T lymphocyte responses target functionally
important regions of Protease and Integrase in HIV-1 infected subjects.
J Transl Med 2(1). On pp. 7, 11 & 12.

[Rowland-Jones, 1999] S. Rowland-Jones, 1999. Personal communi-
cation. On pp. 7, 8 & 10.

[Rowland-Jones et al., 1998] S. L. Rowland-Jones, T. Dong, K. R.
Fowke, J. Kimani, P. Krausa, H. Newell, T. Blanchard, K. Ariyoshi,
J. Oyugi, E. Ngugi, J. Bwayo, K. S. MacDonald, A. J. McMichael,
& F. A. Plummer, 1998. Cytotoxic T cell responses to multiple con-
served HIV epitopes in HIV-resistant prostitutes in Nairobi. J Clin Invest
102(9):1758–1765. On p. 10.

[Rowland-Jones et al., 1995] S. L. Rowland-Jones, J. Sutton,
K. Ariyoshi, T. Dong, F. Gotch, S. McAdam, D. Whitby, S. Sabally,
A. Gallimore, T. Corrah, M. Takiguchi, T. Schultz, A. McMichael, &
H. Whittle, 1995. HIV-specific cytotoxic T cells in HIV-exposed but
uninfected Gambian women. Nature Medicine 1:59–64. On p. 10.

[Sabbaj et al., 2003] S. Sabbaj, A. Bansal, G. D. Ritter, C. Perkins,
B. H. Edwards, E. Gough, J. Tang, J. J. Szinger, B. Korber, C. M. Wilson,
R. A. Kaslow, M. J. Mulligan, & P. A. Goepfert, 2003. Cross-reactive
CD8+ T cell epitopes identified in US adolescent minorities. J Acquir
Immune Defic Syndr 33(4):426–438. On pp. 6, 7, 9, 10 & 11.

[Sabbaj et al., 2004] S. Sabbaj, D. Ritter, P. Goepfert, et al., 2004. Per-
sonal communication. On pp. 8, 10 & 11.

[Safrit et al., 1994a] J. T. Safrit, C. A. Andrews, T. Zhu, D. D. Ho, &
R. A. Koup, 1994a. Characterization of human immunodeficiency virus
type 1-specific cytotoxic T lymphocyte clones isolated during acute se-
roconversion: Recognition of autologous virus sequences within a con-
served immunodominant epitope. J Exp Med 179:463–472. On p. 7.

[Safrit et al., 1994b] J. T. Safrit, A. Y. Lee, C. A. Andrews, & R. A.
Koup, 1994b. A region of the third variable loop of HIV-1 gp120 is
recognized by HLA-B7-restricted CTLs from two acute seroconversion
patients. J Immunol 153:3822–3830. On pp. 7 & 8.

[Shankar et al., 1996] P. Shankar, J. A. Fabry, D. M. Fong, & J. Lieber-
man, 1996. Three regions of HIV-1 gp160 contain clusters of immuno-
dominant CTL epitopes. Immunol Lett 52:23–30. On pp. 7, 8 & 11.

[Shiga et al., 1996] H. Shiga, T. Shioda, H. Tomiyama, Y. Takamiya,
S. Oka, S. Kimura, Y. Yamaguchi, T. Gojoubori, H. G. Rammensee,
K. Miwa, & M. Takiguchi, 1996. Identification of multiple HIV-1 cyto-
toxic T cell epitopes presented by human leukocyte antigen B35 mole-
cule. AIDS 10:1075–1083. On p. 10.

[Sidney et al., 2008] J. Sidney, B. Peters, N. Frahm, C. Brander, &
A. Sette, 2008. HLA class I supertypes: A revised and updated clas-
sification. BMC Immunol 9:1. On p. 4.

[Sipsas et al., 1997] N. V. Sipsas, S. A. Kalams, A. Trocha, S. He,
W. A. Blattner, B. D. Walker, & R. P. Johnson, 1997. Identification
of type-specific cytotoxic T lymphocyte responses to homologous viral
proteins in laboratory workers accidentally infected with HIV-1. J Clin
Invest 99:752–62. On pp. 7, 8, 10 & 11.

[Streeck et al., 2008] H. Streeck, B. Li, A. F. Y. Poon, A. Schnei-
dewind, A. D. Gladden, K. A. Power, D. Daskalakis, S. Bazner, R. Zu-
niga, C. Brander, E. S. Rosenberg, S. D. W. Frost, M. Altfeld, & T. M.
Allen, 2008. Immune-driven recombination and loss of control after
HIV superinfection. J Exp Med 205(8):1789–1796. On p. 13.

[Sutton et al., 1993] J. Sutton, S. Rowland-Jones, W. Rosenberg,
D. Nixon, F. Gotch, X.-M. Gao, N. Murray, A. Spoonas, P. Driscoll,
M. Smith, A. Willis, & A. McMichael, 1993. A sequence pattern for
peptides presented to cytotoxic T lymphocytes by HLA B8 revealed by
analysis of epitopes and eluted peptides. Eur J Immunol 23:447–453.
On p. 8.

[Takahashi et al., 1991] K. Takahashi, L.-C. Dai, T. R. Fuerst, W. E.
Biddison, P. L. Earl, B. Moss, & F. A. Ennis, 1991. Specific lysis of
human immunodeficiency virus type 1-infected cells by a HLA-A3.1-
restricted CD8+ cytotoxic T-lymphocyte clone that recognizes a con-
served peptide sequence within the gp41 subunit of the envelope protein.
Proc Natl Acad Sci USA 88:10277–10281. On p. 6.

[Threlkeld et al., 1997] S. C. Threlkeld, P. A. Wentworth, S. A.
Kalams, B. M. Wilkes, D. J. Ruhl, E. Kepgh, J. Sidney, S. Southwood,
B. D. Walker, & A. Sette, 1997. Degenerate and promiscuous recogni-
tion by CTL of peptides presented by the MHC class I A3-like super-
family. J Immunol 159(4):1648–1657. On pp. 6 & 7.

[Tomiyama et al., 1999] H. Tomiyama, T. Sakaguchi, K. Miwa, S. Oka,
A. Iwamoto, Y. Kaneko, & M. Takiguchi, 1999. Identification of mul-
tiple HIV-1 CTL epitopes presented by HLA-B*5101. Hum Immunol
60:177–186. On p. 11.

[Trocha, 2002] A. Trocha, 2002. Personal communication. On p. 13.

[Tsomides et al., 1991] T. J. Tsomides, B. D. Walker, & H. N. Eisen,
1991. An optimal viral peptide recognized by CD8+ T cells binds very
tightly to the restricting class I major histocompatibility complex protein
on intact cells but not to the purified class I protein. Proc Natl Acad Sci
USA 88:11276–11280. On p. 6.

[van Baalen et al., 1996] C. A. van Baalen, M. R. Klein, R. C. Huis-
man, M. E. Dings, S. R. K. Garde, A. M. Geretti, R. Gruters, C. A. van
Els, F. Miedema, & A. D. Osterhaus, 1996. Fine-specificity of cytotoxic
T lymphocytes which recognize conserved epitopes of the Gag protein
of human immunodeficiency virus type 1. J Gen Virol 77:1659–1665.
On p. 7.

[van der Burg et al., 1997] S. H. van der Burg, M. R. Klein, O. Ponte-
silli, A. M. Holwerda, J. Drijfhout, W. M. Kast, F. Miedema, & C. J. M.
Melief, 1997. HIV-1 reverse transcriptase-specific CTL against con-
served epitopes do not protect against progression to AIDS. J Immunol
159:3648–3654. On p. 12.

HIV Molecular Immunology 2009 23



Review
s

Optimal HIV-1 CTL Epitopes References

[Walker et al., 1987] B. D. Walker, S. Chakrabarti, B. Moss, T. J. Par-
adis, T. Flynn, A. G. Durno, R. S. Blumberg, J. C. Kaplan, M. S.
Hirsch, & R. T. Schooley, 1987. HIV-specific cytotoxic T lymphocytes
in seropositive individuals. Nature 328:345–348. On p. 3.

[Walker et al., 1989] B. D. Walker, C. Flexner, K. Birch-Limberger,
L. Fisher, T. J. Paradis, A. Aldovini, R. Young, B. Moss, & R. T. Schoo-
ley, 1989. Long-term culture and fine specificity of human cytotoxic
T-lymphocyte clones reactive with human immunodeficiency virus type
1. Proc Natl Acad Sci USA 86:9514–9518. On pp. 6 & 8.

[Wang et al., 2007] S. Wang, Y. Sun, S. Zhai, Y. Zhuang, S. Z hao,
W. Kang, X. Li, D. Huang, X. G. Yu, B. D. Walker, & M. A. Altfeld,
2007. Identification of HLA-A11-restricted HIV-1-specific cytotoxic
T-lymphocyte epitopes in China. Curr HIV Res 5(1):119–128. On p. 7.

[Wilkes, 1999] B. M. Wilkes, 1999. Personal communication. On p. 8.

[Wilkes & Ruhl, 1999] B. M. Wilkes & D. J. Ruhl, 1999. Personal
communication. On pp. 6, 8, 10 & 11.

[Wilkes et al., 1999] B. M. Wilkes, D. J. Ruhl, & P. J. Goulder, 1999.
Personal communication. On p. 8.

[Wilson, 1999] C. C. Wilson, 1999. Personal communication. On pp. 8
& 9.

[Wilson et al., 1999] C. C. Wilson, R. C. Brown, B. T. Korber, B. M.
Wilkes, D. J. Ruhl, D. Sakamoto, K. Kunstman, K. Luzuriaga, I. C.
Hanson, S. M. Widmayer, A. Wiznia, S. Clapp, A. J. Ammann, R. A.
Koup, S. M. Wolinsky, & B. D. Walker, 1999. Frequent detection of
escape from cytotoxic T-lymphocyte recognition in perinatal human im-
munodeficiency virus (HIV) type 1 transmission: The ariel project for
the prevention of transmission of HIV from mother to infant. J Virol
73:3975–3985. On p. 10.

[Wilson et al., 1997] C. C. Wilson, S. A. Kalams, B. M. Wilkes, D. J.
Ruhl, F. Gao, B. H. Hahn, I. C. Hanson, K. Luzuriaga, S. Wolinsky,
R. Koup, S. P. Buchbinder, R. P. Johnson, & B. D. Walker, 1997. Over-
lapping epitopes in human immunodeficiency virus type 1 gp120 pre-
sented by HLA A, B, and C molecules: Effects of viral variation on
cytotoxic T-lymphocyte recognition. J Virol 71:1256–1264. On pp. 8,
9, 11 & 13.

[Yang, 2006] O. Yang, 2006. Personal communication. On pp. 8 & 9.

[Yu et al., 2002a] X. G. Yu, M. M. Addo, E. S. Rosenberg, W. R. Ro-
driguez, P. K. Lee, C. A. Fitzpatrick, M. N. Johnston, D. Strick, P. J. R.
Goulder, B. D. Walker, & M. Altfeld, 2002a. Consistent patterns in the
development and immunodominance of human immunodeficiency virus
type 1 (HIV-1)-specific CD8+ T-cell responses following acute HIV-1
infection. J Virol 76(17):8690–8701. On pp. 6, 8 & 13.

[Yu et al., 2002b] X. G. Yu, H. Shang, M. M. Addo, R. L. Eldridge,
M. N. Phillips, M. E. Feeney, D. Strick, C. Brander, P. J. R. Goulder,
E. S. Rosenberg, B. D. Walker, & M. Altfeld, 2002b. Important con-
tribution of p15 Gag-specific responses to the total Gag-specific CTL
responses. AIDS 16(3):321–328. On pp. 6, 9 & 10.

[Zhang et al., 1993] Q.-I. Zhang, R. Gavioli, G. Klein, & M. G. Ma-
succi, 1993. An HLA-A11-specific motif in nonamer peptides derived
from viral and cellular proteins. Proc Natl Acad Sci USA 90:2217–2221.
On p. 7.

[Zuñiga, 2008] R. Zuñiga, 2008. Personal communication. On p. 13.

24 HIV Molecular Immunology 2009


	I-A How to Optimally Define Optimal Cytotoxic T Lymphocyte Epitopes in HIV Infection?
	I-A-1 The evolution of the optimal CTL epitope list at Los Alamos HIV Immunology database
	I-A-2 Why should we bother with a list of optimally defined epitopes?
	I-A-3 Table of optimal HIV-1 CTL epitopes
	I-A-4 Map of optimal HIV-1 CTL epitopes
	I-A-5 References


