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Abstract

 

Despite detailed analysis of the HIV-1–specific cytotoxic T
lymphocyte response by various groups, its relation to viral
load and viral sequence variation remains controversial. We
analyzed HLA-A*0201 restricted cytotoxic T lymphocyte
responses in 17 HIV-1–infected individuals with viral loads

 

ranging from 

 

,

 

 400 to 221,000 HIV RNA molecules per
milliliter of plasma. In 13 out of 17 infected subjects, CTL
responses against the SLYNTVATL epitope (p17 Gag; aa
77–85) were detectable, whereas two other HLA-A*0201 re-
stricted epitopes (ILKEPVHGV, IV9; and VIYQYMDDL,
VL9) were only recognized by six and five individuals out of
17 individuals tested, respectively. Naturally occurring vari-
ants of the SL9 epitope were tested for binding to HLA-
A*0201 and for recognition by specific T cell clones gener-
ated from five individuals. Although these variants were
widely recognized, they differed by up to 10,000-fold in
terms of variant peptide concentrations required for lysis of
target cells. A comparison of viral sequences derived from
10 HLA-A*0201–positive individuals to sequences obtained
from 11 HLA-A*0201–negative individuals demonstrated
only weak evidence for immune selective pressure and thus
question the in vivo efficacy of immunodominant CTL re-
sponses present during chronic HIV-1 infection. (

 

J. Clin. In-

 

vest.

 

 1998. 101:2559–2566.) Key words: AIDS
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Introduction

 

Infection with HIV-1 can induce a strong virus-specific cyto-
toxic T lymphocyte (CTL)

 

1

 

 response in infected individuals (1,
2), and emerging data indicate that these cells serve as an im-

portant host defense (3–7). CTL recognize peptides derived
from endogenously synthesized viral proteins which are pro-
cessed intracellularly and presented as a complex with MHC
class I molecules and beta 2-microglobulin at the surface of in-
fected cells (8). The specific interaction of the T cell receptor
(TCR) heterodimer and the peptide/MHC complex leads to
the activation of the CTL response and the subsequent control
of viral replication through both cytolytic and noncytolytic
mechanisms (9), thereby providing an overall antiviral effect
which is likely to be important in both the acute and chronic
phases of infection (5, 6, 10).

HIV-1 infection differs from many other acute and chronic
viral infections in the magnitude and duration of viremia, as
well as in the high level of genetic variation in vivo (11). Levels
of viremia in excess of 10

 

6

 

 RNA molecules per milliliter are of-
ten generated during primary infection, and viremia remains
detectable throughout the chronic phase of infection in the
majority of infected persons (12). Emerging data indicate that
virus-specific CTL are important in containing the initial vire-
mia during primary infection and may lead to positive selec-
tion of escape variants (5, 10, 13), and in vitro studies have
demonstrated that CTL can mediate potent inhibition of viral
replication (9).

Although selection pressure mediated by antiviral drugs
has been well documented, less is known about immune selec-
tion pressure exerted by CTL (14). At least one study of
primary infection, albeit limited by small subject number,
demonstrated the emergence of viral sequence variants not
recognized by the initial CTL response (10), but this has not
been a universal finding (15). Other studies, again limited by
the number of subjects studied provide conflicting data regard-
ing immune selection pressure on the population of viral vari-
ants in chronic AIDS virus infection (6, 7, 16–18). More recent
studies have suggested that CTL may be present but ineffec-
tive in vivo (19) and such impairment may relate to a lack of
sufficient helper cell function (20).

In this study, we examined CTL responses directed against
HIV-1–derived epitopes restricted by HLA-A*0201, the most
common class I allele in most ethnic populations. We deter-
mined the epitope-specific CTL precursor frequencies and the
fine specificity of CTL clones directed against HLA-A*0201–
restricted epitopes. The association between these responses
and the presence of potential viral escape variants in a cohort
of chronically infected individuals with viral burden ranging
from 

 

,

 

 400 to 221,000 RNA copies per milliliter of plasma
was compared to viral sequences from a control group of
HLA-A2 negative, HIV-1–infected individuals. Sequence vari-
ation within the viral sequences encoding the immunodomi-
nant epitope was not found to be significantly different in the
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two groups, which suggests that this immunodominant CTL re-
sponse does not exert strong in vivo immune selection pres-
sure.

 

Methods

 

Subjects.

 

28 HIV-1–infected individuals (17 HLA*0201 positive and
11 HLA-A*0201 negative) with a duration of infection ranging from
4 to 17 yr were included in this study. 21 subjects are part of the San
Francisco City Clinic Cohort (21), three were enrolled in the ARIEL
project (No. 08107, 11113, 19143) and four subjects (No. 221L, 161J,
115i, and 35i) are from the Boston area. No subject was receiving an-
tiretroviral therapy during the time of this study. All subjects gave
written informed consent for these studies.

 

Molecular HLA-A2 subyping.

 

DNA was extracted from 3 

 

3

 

 10

 

6

 

frozen PBMC or fresh B-LCL and subjected to PCR analysis with
three different sets of primers (22, 23). The constant region 3

 

9

 

 primer
was GCG CAG GGT CCC CAG GTC CAC TCG GAG (codon 62-
70). Primers for codon #9 were 9A (CAG GCT CTC ACT CCA
TGA GGT ATT TCG T) and 9B (CAG GCT CTC ACT CCA TGA
GGT ATT TCG A), for codon #99, primers were 99A (CGC CAG
TCC GAC CCC ACG TCG CAG CGT T) and 99B (CGC CAG
TCC GAC CCC ACG TCG CAG CGT C) and for codon 156, prim-
ers 156A (ACG CAC GTG CCC TCC AGG TAG GCT CTA A)
and 156B (ACG CAC GTG CCC TCC AGG TAG GCT CTA C).
The combination of the selective amplifications allowed for the iden-
tification of the HLA-A2 sub-types: HLA-A*0201 amplified with 9A,
99A, and 156A but no products were seen using primers 9B, 99B,
156B. HLA-A*0202 and A*0203 amplified both with 9A,99A,156B.
Similarly, HLA-A*0205 and A*0208 amplified with 9B,99A,156B
and were thus not distinguishable. HLA-A*0206 was amplified with
9B,99A,156A; HLA-A*0207 (9A,99B,156A); HLA-A*0210 (9B,156A)
and HLA-A*0212 (9A,99A). Using these primer sets, one can not
differentiate HLA-A*0201 from HLA-A*0204, which represents a
very rare suballele, or from HLA-A*0209 which differs in only one
residue in the 

 

a

 

3 domain and is thus unlikely to affect the interaction
of TCR with the peptide/MHC complex (24, 25).

 

Cell lines.

 

EBV-transformed B lymphoblastoid cell lines were
maintained in RPMI-1640 medium containing 20% (vol/vol) heat in-
activated FCS, 10 mM Hepes buffer, 50 U/ml penicillin, 50 

 

m

 

g/ml
streptomycin and 2 mM 

 

L

 

-glutamine as described previously (1, 26). T
cell lines and clones were maintained in the same medium containing
10% FCS (designated R10) supplemented with 50 U/ml of recombi-
nant IL-2. Recombinant IL-2 was a kind gift from Dr. M. Gately and
Hoffmann-La Roche (Nutley, NJ).

 

Synthetic peptides.

 

Peptides were synthesized as free acids on a
Synergy peptide synthesizer (432A; Applied Biosystems, Foster City,
CA) using Fmoc-protected amino acids, according to the method of
Atherton et al. (27). Peptides SLYNTVATL (SL9, HIV-1 p17, amino
acid [aa] 77–85), ILKEPVHGV (IV9, RT, aa 476–484), and
VIYQYMDDL (VL9, RT, aa 346–354) were previously found to be
HLA-A2 restricted, optimal CTL epitopes (28–30). The amino acid
numbering is according to the HIV-1 LAI sequence.

 

Bulk stimulation of fresh PBMC.

 

Freshly isolated PBMC (4 

 

3

 

10

 

6

 

 cells) were stimulated with 1 

 

3

 

 10

 

6

 

 autologous, peptide-pulsed
PBMC. PBMC were incubated with each peptide (10 

 

m

 

g/ml) for 90
min followed by two washes with R10. Irradiated feeder cells (15 

 

3

 

10

 

6

 

 allogeneic PBMC) were added to the culture in a 25-cm

 

2

 

 culture
flask (Costar, Cambridge, MA). Recombinant IL-2 (25 U/ml final
concentration) was added on day 4 and twice a week thereafter. After
10–14 d, the cells were tested for specificity using autologous EBV-
transformed B-LCL pulsed with SL9, IV9, VL9, or the SL9-variant
peptides in a standard 

 

51

 

Cr release assay (31). Stimulations were nor-
mally done with freshly isolated PBMC. However, cryopreserved
cells were occasionally used with comparable results (data not
shown).

 

Precursor frequency assay.

 

Frequency of peptide specific mem-

ory CTL was determined by limiting dilutions of PBMC stimulated
with irradiated allogeneic, HLA-A*0201–matched, peptide-pulsed
PBMC from an HIV negative donor as described previously (32–35).
The fraction of nonresponding wells was the number of wells in which

 

51

 

Cr release did not exceed the mean plus three standard deviations
of the average spontaneous release of 24 control wells without re-
sponder PBMC. The limit of detection was determined to be 50
pCTL/10

 

6

 

 PBMC over the control value, reflecting the lower detec-
tion limit that can be achieved using 16,000 cells per well as the high-
est input number of responder cells.

 

Peptide binding assay.

 

Quantitative assays for binding of pep-
tides to HLA-A*0201 were based on the inhibition of binding of a
radiolabeled standard probe peptide to detergent solubilized HLA-
A*0201 molecules by test peptide (36). Briefly, 1–10 nM of radiola-
beled probe peptide was coincubated for 2 d at room temperature
with varying amounts of test peptide and fixed amount of HLA-
A*0201 molecules, in the presence of 1 

 

m

 

M 

 

b

 

2-microglobulin and
protease inhibitors. The concentration of each peptide resulting in
50% inhibition of the binding of the radiolabeled index peptide was
calculated (IC

 

50

 

, nM).

 

Sequencing of viral DNA.

 

Proviral DNA was extracted from fro-
zen PBMC pellets (3 

 

3

 

 10

 

6

 

 cells) with lysis solution (50 mM KCl, 10
mM Tris-HCl, 2.5 mM MgCl, 0.5% Tween, 0.5% NP-40) and protein-
ase K (100 

 

m

 

g/ml) and serially diluted for use in a nested PCR reac-
tion. The lowest detectable target sequence copy number in the end-
point diluted sample was used for in vitro enzymatic amplification.
An outer set of 5

 

9

 

 LTR (nucleotides 768 to 789; 5

 

9

 

-GCG GAG GCT
AGA AGG AGA GAG-3

 

9

 

) and 3

 

9

 

 gag (nucleotides 1022 to 1047;
5

 

9

 

-TGC TTG TCA TTT CTT CTT CTA GGT GT-3

 

9

 

) primers and an
inner set of 5

 

9

 

 gag (nucleotides 1 to 23; 5

 

9

 

-ATG GGT GCG AGA
GCG TCA GTA T-3

 

9

 

) and 3

 

9

 

 gag (nucleotides 622 to 642; 5

 

9

 

-TCT
ATC CCA TTC TGC AGC TTC-3

 

9

 

) primers were used to amplify a
213–amino acid fragment of the gag coding region. The numbers cor-
respond to HXB2 isolate in the Los Alamos Human Retroviruses and
AIDS Database (37). The PCR product was directly sequenced using
the internal primers and the T7-Sequenase Kit (Amersham Life Sci-
ence Inc., Arlington Heights, IL).

 

Sequence data and statistical analysis.

 

Comparisons were done
based on various breakdowns of the available PCR product sequence
data sets. BLAST was used to compare sequences from each of the
study subjects with sequences in the viral subsection of GenBank to
screen for potential cross contamination. Signature analysis was also
done to verify viral sequence identity. These sequence data are avail-
able from Genbank under accession number AF017813-AF017980
and AF028563-AF028587. Statistical analyses were performed with
Statview for the Macintosh (Abacus Concepts, Inc., Berkeley, CA).

 

Results

 

Qualitative analysis of HLA-A*0201–restricted CTL responses.

 

17 HLA-A*0201–positive patients with chronic HIV-1 infection
and viral load ranging from 

 

,

 

 400 to 221,000 copies/ml were
tested for their ability to recognize a panel of previously identi-
fied HIV-1 derived, HLA-A*0201–restricted CTL epitopes
(Table I). The peptides SL9 (HIV-1, p17, aa 77–85, SLYNT-
VATL) (38), IV9 (RT, aa 476–484, ILKEPVHGV) (28, 29)
and VL9 (RT, aa 346–354, VIYQYMDDL) (30) have all been
shown to be the optimal epitopes by mapping with truncated,
synthetic peptides and are generated and presented upon en-
dogenous processing (40). Additionally, peptide elution stud-
ies have shown that the peptides SL9 and IV9 are the actual
epitopes processed and presented in HIV-1–infected cell lines
(28). SL9 is located in a variable region of HIV-1 Gag and
many isolates show variations in this sequence, whereas for
IV9 and VL9 only limited variability is reported in the Los
Alamos HIV Molecular Immunology Database (41). Two
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other HLA-A*0201–restricted epitopes in Env and Nef have
recently been described (42, 43). In a subset of individuals,
CTL responses to the peptides representing Env (gp41 aa 814–
822) and Nef (aa 190–198) epitopes were evaluated, but only
one out of six individuals tested had a response (albeit weak
and only against the gp41 epitope). Thus, these peptides were
not further analyzed (data not shown).

PBMC were stimulated in vitro and specific responses
against the SL9 peptide were detectable in 13 of 17 patients
studied (77%). IV9 was recognized by six (35%) and VL9 by
only five (29%) of 17 patients (Table I). Only one subject had
CTL targeted against all three epitopes. When present, the
magnitude of the response directed against the p17 Gag
epitope was in most cases greater than that directed against the
RT epitopes. This was consistent across the subjects tested, de-
spite a 1,000-fold difference in their viral burden. There were
four individuals who did not recognize the SL9 peptide. Two
subjects (13070, 11914) did not show a response to any of the
epitopes despite repeated testing. These data indicate that the
p17 Gag epitope (SL9) is immunodominant by virtue of its
high frequency of recognition among HLA-A*0201–positive
subjects. Furthermore, neither the breadth nor magnitude of
the HLA-A*0201–restricted CTL response measured after
one antigen specific in vitro stimulation correlated with the vi-
ral burden in these subjects.

 

Quantitative analysis of CTL precursor frequencies directed
against HLA-A*0201-presented CTL epitopes.

 

To precisely de-
fine the magnitude of the CTL response against the three dif-

ferent HLA-A*0201 epitopes, epitope-specific CTL precursor
frequencies were determined in a subset of eight subjects with
viral burden spanning the range of the entire cohort (Table II)
(32, 44). The p17 Gag epitope was again found to be most fre-
quently targeted, consistent with the findings using bulk-
expanded cells and confirming the immunodominance of this
epitope. Only two subjects showed moderate CTL frequencies
to IV9 and in one subject, no responses could be detected in
the precursor frequency assay, which is consistent with what
had been observed in the bulk assays. For the subjects tested,
there was once again no correlation between viral burden and
the magnitude of the HLA-A*0201–restricted response, and
among the SL9 responders, both the highest (subject 012-161j)
and lowest (subject 13010) precursor frequencies were de-
tected in persons with viral burden 

 

,

 

 400 RNA molecules per
milliliter of plasma.

 

Recognition of reported SL9 sequence variants by CTL
clones.

 

To investigate the effects of sequence variation and
possible escape from CTL recognition we analyzed six CTL
clones generated from five patients with regard to the peptide
concentration of SL9 or of common, naturally occurring SL9
variants required for recognition (Fig. 1). For the clones
tested, the SL9 concentration required for half maximal lysis
(45) ranged from 0.01 to 0.0001 

 

m

 

g/ml, suggesting that clones
specific for this epitope have different affinities for the pep-
tide/MHC complex. In addition, marked differences in recog-
nition of some variant peptides were observed, with peptide
concentrations required for half maximal lysis ranging over
10,000-fold for some clones (i.e., recognition of the Y79F vari-
ant in subjects 115i and 11504). All but one (the T81L/T84V
mutation) of the variants were recognized by at least one clone
at a concentration as low as 10 ng/ml. Clones 161J/A21 and
161J/LC11, which have the same 

 

b

 

 chains but differ in their 

 

a

 

chain of their TCR gene sequences (data not shown), show an
almost identical pattern of variant recognition. These data in-
dicate that there is significant heterogeneity at the effector
level in the dominant HLA-A*0201–restricted CTL response,
in terms of index and variant peptide concentration required
for sensitization of target cells.

 

In vivo virus sequence variation within the immunodomi-
nant HLA-A*0201–restricted CTL epitope.

 

Rapid adaptation
of HIV-1 to drug-mediated selection pressure in vivo and

 

Table I. CTL Responses against HLA-A*0201–restricted 
Epitopes Located in HIV-1 Gag and RT-Proteins

 

Subject CD4 Viral load

Percent peptide-specific lysis

SL9 IV9 VL9

 

13010 614

 

,

 

 400 22 26 1
161J 900

 

,

 

 400 85

 

2

 

2 12
15760 571 1200 51 0 0
17697 866 4540 59 ND 23
14142 684 7700 27 27 6
15626 316 9900

 

2

 

5 19

 

2

 

4
115i 819 13300 90 12 8
13070 358 15200 3 5 6
18076 309 16700 1 28 8
18026 302 17800 32 22 14
13499 741 42000 37 7 3
11324 466 67000 15

 

2

 

2 6
18030 454 68000 31 7 17
11504 601 155000 38

 

2

 

4

 

2

 

11
14279 1061 160000 32

 

2

 

18 10
11914 332 161000 1 6

 

2

 

2
221L 894 221000 39

 

2

 

7 7

CD4/mm

 

3

 

 cell counts and viral RNA copies/ml were determined at the
time of the assays. Cytotoxicity assays were performed at an E:T 

 

5

 

 10:1,
except in subject 14279 where it was 4:1. Values are shown after sub-
tracting background killing of unlabeled control targets. Background
was 

 

,

 

 20%, except in patients 18026 (38%), 11504 (47%), 14279 (35%),
and 012-221L (24%). Values were considered positive and boxed when
they exceeded background killing by 10%.

 

Table II. Epitope-specific pCTL Frequencies in PBMC

 

Subject Viral load

Precursor CTL per 10

 

6

 

 PBMC

Control SL9 IV9 VL9

 

13010

 

,

 

 400 1 64 59 1
161J

 

,

 

 400 109 2364 141 75
15760 1200 14 398 2 16
115i 13300 2 116 1 22
13499 42000 1 221 1 1
18030 68000 6 282 134 324
11914 161000 1 1 1 1
221L 221000 94 678 43 29

PBMC were cultured for 2 wk after specific in vitro stimulation. They
were tested on peptide pulsed target cells and control cells (no peptide).
Significant positive responses, exceeding control values by at least 50,
are boxed.



 

2562

 

Brander et al.

 

emergence of drug resistant virus is well documented (14). It is
also well described that viruses and other pathogens can es-
cape immune surveillance by sequence variation in the region
targeted by the immune response (10, 46–51). Consequently,
in the presence of a persistent vigorous CTL response one
might expect variations in the dominant epitope that lead to
escape from immune recognition. Although this has been re-
ported in some (10, 13) but not all studies (15), none of the
reported studies has included large numbers of control sub-
jects without the specific restricting HLA allele. We thus com-
pared the in vivo virus sequences present in randomly selected
HLA-A*0201–positive and HLA-A*0201–negative persons.
21 subjects were evaluated. Data are shown in Table III for 10
HLA-A*0201–positive subjects and in Table IV for 11 HLA-
A*0201–negative subjects. The range of in vivo virus sequence
variation within this epitope was similar to that described in
the Los Alamos HIV Molecular Immunology Database,
where 35 sequence variants in the SL9 epitope have been

listed (41). All of the sequence variants found in the HLA-
A*0201–negative donors were also found in the HLA-
A*0201–positive persons. However, additional variants were
observed in three of the A*0201–positive persons that were
not found in the HLA-A*0201–negative group (variants with
one or more of the following mutations: T81L, A83T and
A83S). These variants bound HLA-A*0201 well (Table V)
and were all recognized by at least one CTL clone at concen-
trations below 10 ng/ml (data not shown).

To determine whether there was evidence of immune-
mediated selection pressure exerted by the SL9-specific CTL
response, subjects were grouped based on the presence or ab-
sence of a response to the SL9 epitope and the degree of varia-
tion in the SL9 sequence was determined using the method de-
scribed by Kabat and Wu (52). The average Kabat–Wu value
in the SL9 responders was compared to that of the SL9 non-
responders (including HLA-A*0201–positive nonresponders
and HLA A*0201–negative subjects) and did not reach statis-

Figure 1. Recognition of 
SL9 variants by CTL clones 
raised against the SLYNT-
VATL peptide. Six SL9-spe-
cific CTL clones from five 
subjects were tested for rec-
ognition of variant SL9 pep-
tides. *Indicates autologous 
sequences isolated from 
these subjects. 100 indicates 
no or only weak (below half 
maximum) killing at 100 mg/
ml. nd, not done.
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tical significance (

 

P

 

 

 

5

 

 0.7, ANOVA). Likewise, an analysis
comparing SL9 responders versus SL9 nonresponders within
the HLA-A*0201–positive group failed to reach statistical sig-
nificance (

 

P

 

 

 

5

 

 0.26). The presence or absence of the index SL9
sequence was determined in the SL9 responders and nonre-
sponders. Although the index SL9 sequence was present in
only one of the seven SL9 responders compared to seven out
of 14 SL9 nonresponders, this correlation also did not reach
significance (

 

P

 

 

 

5

 

 0.13, one-tailed Fisher’s exact test). How-
ever, when variability in the SL9 epitope was compared in the
HLA-A*0201–positive versus the HLA-A*0201–negative sub-
jects, there was a trend towards statistical significance (

 

P

 

 

 

5

 

0.07, ANOVA) for higher SL9 variability in the HLA-A*0201
positive individuals.

To determine whether these amino acid substitutions might
represent functional escape mutants, we also evaluated the
ability of established CTL clones to recognize peptides repre-
senting autologous in vivo epitope variants. Peptide titrations
with in vivo variant peptides revealed that clones from three
subjects recognized at least some of their autologous se-
quences less efficiently than the consensus peptide (Fig. 1). In
one case, an autologous variant (subject 11504, variant Y79F)
was not recognized at all.

Interestingly, the natural variant T81L/T84V found in sub-

ject 012-221 was tested for recognition by five CTL clones gen-
erated from four different subjects (no clones could be gener-
ated from subject 221L) and none of the CTL clones was able
to lyse target cells pulsed with this variant at a concentration as
high as 100 

 

m

 

g/ml. However, this variant was not found at an
increased frequency when subject 221L was evaluated at a
later time point (data not shown, manuscript in preparation).
These results indicate that large differences in the recognition
of variant peptides occur. However, they also demonstrate that
the ability to recognize autologous variants did not correlate
with the viral load in the subjects from which CTL clones were
established and that the poorly recognized variants do not nec-
essarily dominate the viral population.

 

Assessment of class I binding by SL9 variant peptides.

 

Es-
cape from immune recognition has been reported to be due to
amino acid sequence variation resulting in decreased class I
binding (53–55) and might be expected to occur in the pres-
ence of strong CTL selection pressure. None of the subjects
analyzed demonstrated amino acid sequence variation within
the dominant anchor residues for HLA-A*0201, namely
amino acids L78 and V85. However, other residues may also
contribute significantly to HLA class I binding (56). As an ad-
ditional measure of the potential for immune escape by the
various SL9 variants, the ability of the SL9 variant peptides to
bind to HLA-A*0201 was determined in a competition assay,
in which the inhibition of SL9 binding to HLA-A*0201 by
variant peptides was measured (Table V). Most of the variants
were retested in an HLA-A2 upregulation assay on T2 cells

 

Table III. SL9 Sequence Variation among
HLA-A*0201–positive Subjects

 

Subject
Viral 
load

Sequences
analyzed

Peptide (variants)

SL9 response
77
S

78
L

79
Y

80
N

81
T

82
V

83
A

84
T

85
L

 

161J

 

,

 

 400 1/4

 

2 2

 

F

 

2 2

 

I

 

2 2 2 1

 

3/4

 

2 2

 

F

 

2 2 2 2 2 2

 

13010

 

,

 

 400 7/9

 

2 2 2 2 2 2 2

 

V

 

2 1

 

2/9

 

2 2 2 2 2

 

I

 

2

 

V

 

2

 

13070

 

,

 

 400 5/12

 

2 2 2 2 2

 

I

 

2

 

V

 

2 2

 

4/12

 

2 2 2 2 2

 

I T V

 

2

 

2/12

 

2 2 2 2 2

 

I S V

 

2

 

1/12

 

2 2 2 2 2 2

 

S

 

2 2

 

15760 1200 3/3

 

2 2

 

F

 

2 2 2 2 2 2 1

15626 9900 13/13 2 2 2 2 2 I 2 2 2 2

115i 13300 7/15 2 2 F 2 2 2 2 2 2 1

7/15 2 2 F 2 2 2 2 V 2

1/15 2 2 F 2 2 I 2 V 2

18030 68000 9/13 2 2 F 2 2 I 2 2 2 1

4/13 2 2 2 2 2 I 2 2 2

11504 155000 10/11 2 2 F 2 2 2 2 2 2 1

1/11 2 2 F 2 2 I 2 2 2

11914 161000 3/7 2 2 F 2 2 2 2 2 2 2

2/7 2 2 2 2 2 2 2 2 2

1/7 2 2 2 2 2 I 2 V 2

1/7 2 2 2 2 2 I 2 2 2

221L 221000 4/8 2 2 2 2 2 2 2 2 2 1

3/8 2 2 2 2 L 2 2 V 2

1/8 2 2 2 2 2 2 2 V 2

Viral sequences were derived from the same sample from which cyto-
toxicity assays (Table I) were performed.

Table IV. SL9 Sequence Variation among
HLA-A*0201–negative Subjects

Subject Viral load
Sequences
analyzed

Peptide (variants)

77
S

78
L

79
Y

80
N

81
T

82
V

83
A

84
T

85
L

11841 , 400 7/7 2 2 F 2 2 2 2 2 2

13997 , 400 7/8 2 2 2 2 2 2 2 2 2

1/8 2 2 2 2 2 I 2 V 2

15160 , 400 13/13 2 2 2 2 2 2 2 2 2

14532 9073 11/14 2 2 2 2 2 I 2 V 2

3/14 2 2 2 2 2 2 2 V 2

11497 16900 7/10 2 2 2 2 2 2 2 2 2

3/10 2 2 F 2 2 2 2 2 2

13632 35336 1/13 2 2 2 2 2 2 2 2 2

2/13 2 2 F 2 2 2 2 2 2

5/13 2 2 F 2 2 I 2 2 2

5/13 2 2 2 2 2 I 2 2 2

11850 43600 15/16 2 2 2 2 2 I 2 V 2

1/16 2 2 2 2 2 2 2 V 2

35i 55000 1/10 2 2 2 2 2 2 2 2 2

9/10 2 2 F 2 2 2 2 2 2

08107 5900 8/8 2 2 2 2 2 2 2 V 2

11113 11000 10/10 2 2 2 2 2 2 2 2 2

19143 36000 12/12 2 2 F 2 2 2 2 2 2

All subjects included in this table were serologically HLA-A2–negative
individuals with CD4 counts and viral load comparable to the HLA-
A*02011 subjects. For 035i, the CD4 count was 400 cells/ml; 11841
(562); 11850 (358); 13632 (493); 14532 (407); 15160 (1,233); 08107 (325);
11113 (639); and 19143 (130).
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which confirmed the results obtained from the binding assay
(data not shown, and reference 57).

The most frequent epitope variant among the isolates de-
scribed in the Los Alamos Human Retroviruses and AIDS
Database (the Y79F variant) bound 27 times less well than the
index peptide, and was thus considered a poor binder. Several
clones recognized this variant, although the concentration re-
quired for 50% maximal lysis was usually one to two logs
higher than for the consensus sequence, indicating that pep-
tides with a IC50 around 1,300 nM and no detectable upregula-
tion of HLA-A2 expression on T2 cells still can be recognized
in cytotoxicity assays. Other data indicate that poorly binding
epitopes form less stable complexes with HLA class I molecule
that quickly dissociate, possibly reducing their in vivo immu-
nogenicity (reference 55) and our own unpublished data).
Poorly binding epitope variants were found more frequently in
HLA-A*0201–positive subjects compared to HLA-A*0201–
negative subjects, but this result did not reach statistical signif-
icance (P value 5 0.5, one-tailed Fisher’s exact) and this result
was similar when subjects were grouped based on the presence
or absence of an SL9-specific CTL response (P 5 0.32, Fisher’s
exact). These data indicate that neither the expression of the
HLA-A*0201 allele nor the presence of a detectable SL9 re-
sponse caused a significant accumulation of weakly binding
SL9 variants in the viral population.

Discussion

We have examined a cohort of HLA-A*0201–positive persons
infected with HIV-1 for evidence of immune pressure medi-

ated by CTL specific for the immunodominant epitope re-
stricted by this allele. Neither the magnitude nor breadth of
the immunodominant A*0201-restricted Gag-specific CTL re-
sponse correlated with viral burden in these chronically in-
fected persons. Functional analysis of SL9 specific CTL clones
revealed marked differences (up to 10,000-fold based on pep-
tide concentrations) in their ability to recognize a wide range
of SL9 variants. However, a comparison of SL9 amino acid se-
quence variation in autologous virus from 21 chronically in-
fected donors failed to show statistically significant evidence
of immune-based selective pressure exerted by the CTL re-
sponse directed against the immunodominant HLA-A*0201–
restricted CTL epitope.

Antiviral drugs can mediate selective pressure to which the
virus readily adapts and even slight advantages in replication
rates can allow one strain to dominate the viral population
very rapidly (14). One would expect that the extraordinarily
strong CTL response to HIV-1, with pCTL frequencies 10–100
times higher than those found in other (self-limited) viral in-
fections (44, 58), exerts selection pressure if it is effective in
vivo, and should therefore lead to the development of immune
escape variants. Although there are a number of studies de-
scribing in vivo mutations that abrogate CTL recognition, our
data indicate that in chronic HIV-1 infection it is difficult to at-
tribute the presence of mutations in an immunodominant CTL
epitope to the epitope-specific CTL activity. We found no evi-
dence of mutations within dominant anchor residues, observed
wide cross-recognition of variants of the dominant epitope,
and did not find higher levels of nonrecognized variants in per-
sons with higher viral loads. We only found trends towards sta-
tistical significance when the degree of variability in the SL9
sequence and the presence of the index SL9 sequence were
compared in HLA-A*0201–positive versus HLA-A2–negative
individuals. This contrasts with the results by De Campos-
Lima et al., who found significant evidence of immune-medi-
ated selection pressure at the population level on the epitope
sequence of an immunodominant HLA-A11–restricted EBV
derived CTL epitope (59). However, the wide recognition of
variant peptides makes it difficult to precisely define what con-
stitutes an escape variation, and a number of potential mecha-
nisms such as reduced CD4 help (20), antagonistic variant
epitopes (60), the cytokine milieu (61), or reduced CD3-signal-
ing activity (19) might contribute to cause such suboptimal
CTL function in vivo.

The molecular mechanisms leading to immunodominance
are poorly understood and several possibilities have been sug-
gested, including the preferential processing of peptides by
proteasomes, the peptide and HLA-binding preferences by the
TAP1/TAP2 heterodimer, TAP-gene polymorphism and/or
other HLA alleles competing for peptide binding (62–65). All
those factors likely determine immunogenicity by altering the
antigen density on the cell surface and may cause the observed
reduced frequency of responses to the two RT epitopes com-
pared with the p17 epitope (29). This is also supported by a
previous report showing that in an in vitro system, SL9-specific
CTL clones were more efficient at controlling HIV-1 replica-
tion than were clones specific for the IV9 epitope (66). Our
data demonstrating immunodominance of the SL9 epitope are
consistent with those of Goulder et al. (51) who showed that at
least 71% of their HLA-A*0201–positive subjects had detect-
able responses to the SL9 peptide, a finding very similar to the
detection rate in our analysis (77%).

Table V. Binding of SL9 Variants to HLA-A*0201

Variant

aa position in the HIV-1
gag-p17 protein

nM

Relative bind-
ing compared

to SL977 78 79 80 81 82 83 84 85

SL9 S L Y N T V A T L 50 1
79F 2 2 F 2 2 2 2 2 2 1339 0.04
79F/ 82 I 2 2 F 2 2 I 2 2 2 1014 0.05
79F/ 84 V (NY 5CG) 2 2 F 2 2 2 2 V 2 54 0.9
79F/ 82I / 84V 2 2 F 2 2 I 2 V 2 94 0.5
82 I 2 2 2 2 2 I 2 2 2 620 0.08
82I/ 84V (NL43) 2 2 2 2 2 I 2 V 2 39 1.3
82I/ 83T / 84V 2 2 2 2 2 I T V 2 152 0.3
82I/ 83S / 84V 2 2 2 2 2 I S V 2 270 0.2
83S 2 2 2 2 2 2 S 2 2 159 0.3
84 V (U455) 2 2 2 2 2 2 2 V 2 128 0.4
81 A (RF) 2 2 2 2 A 2 2 2 2 29 1.7
81 A / 82 I 2 2 2 2 A I 2 2 2 36 1.4
81 L / 84 V 2 2 2 2 L 2 2 V 2 27 1.9
80 I / 84 V 2 2 2 I 2 2 2 V 2 16667 0.003
80 I 2 2 2 I 2 2 2 2 2 1428 0.04

Peptide binding is shown as nanomoles of variant peptide required to
replace 50% of labeled index peptide (SL9). Relative binding is calcu-
lated as 50 nM divided by the actual nanomole value given for each pep-
tide variant. Boxes indicate significant HLA-A*0201 binding. Los Ala-
mos Database designations for strains expressing the corresponding
variant are provided in parentheses.
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Some recent reports suggest that escape from the CTL re-
sponse is directly related to rising viral burden and rapid pro-
gression to disease (6, 10). In this study we evaluated subjects
with heterogeneous disease progression, diverse HLA alleles,
and marked differences in the breadth and magnitude of their
CTL response. This differs from studies done in primary infec-
tion with small numbers of patients who had strong, but nar-
rowly directed CTL responses, directed against one or very
few epitopes (10, 53). Thus, the present cross-sectional study
performed at quasi steady state (67) indicates that HIV in-
duces the generation of CTL clones with suboptimal ability to
suppress HIV replication and therefore inability to exert
strong selection pressure in vivo. The differences between
CTL responses to dominant epitopes over the course of infec-
tion and the relationship between virus-specific helper cell
function and CTL responses may help to elucidate the extent
of immune pressure and the role of CTL in the chronic phase
of HIV infection.
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