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ABSTRACT Down-regulation of the initial burst of viremia
during primary HIV infection is thought to be mediated pre-
dominantly by HIV-specific cytotoxic T lymphocytes, and the
appearance of this response is associated with major perturba-
tions of the T cell receptor repertoire. Changes in the T cell
receptor repertoire of virus-specific cytotoxic T lymphocytes
were analyzed in patients with primary infection to understand
the failure of the cellular immune response to control viral
spread and replication. This analysis demonstrated that a sig-
nificant number of HIV-specific T cell clones involved in the
primary immune response rapidly disappeared. The disappear-
ance was not the result of mutations in the virus epitopes
recognized by these clones. Evidence is provided that phenomena
such as high-dose tolerance or clonal exhaustion might be
involved in the disappearance of these monoclonally expanded
HIV-specific cytotoxic T cell clones. These findings should pro-
vide insights into how HIV, and possibly other viruses, elude the
host immune response during primary infection.

After infection of the host with a virus, a complex series of
virologic and immunologic events characterize the phase of
primary infection. The primary objective of the host is to elimi-
nate the virus, and indeed a vigorous virus-specific immune
response is rapidly generated to achieve this goal. In contrast, the
primary objective of the virus is to persist and to survive in the
infected host. In this regard, recent studies have demonstrated
that viruses, including HIV, have evolved several strategies to
evade the immune response and to establish chronic infection.
These include: (i) viral latency (1, 2), (ii) inhibition of antigen
presentation and processing (3), and (i) mutations in the viral
genome that may compromise recognition by neutralizing anti-
bodies or by virus-specific cytotoxic T lymphocytes (CTL), and
also may alter binding to the major histocompatibility complex,
which, in turn, may lead to either anergy or generation of
antagonists that may prevent virus-specific T cells from mediating
their effector functions (4-9). Several of these mechanisms have
been shown to be operative in HIV infection (6, 7, 9).

A substantial proportion (50-70%) of HIV-infected indi-
viduals experience a self-limited clinical syndrome of variable
severity during primary infection (2-13). Despite the early
appearance of robust humoral and cell-mediated immune
response (10-18), HIV is virtually never completely elimi-
nated and a state of chronic, persistent infection develops in
most individuals (2, 10-13).

Major expansions of CD8* T cells with a predominant V3
usage have been observed during the primary immune response
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to HIV (17) and simian immunodeficiency virus (19). These
expansions are of variable magnitude and may involve single or
multiple VB families. The VB-specific expansions contain HIV-
specific CTL and thus are thought to be part of the primary
cell-mediated immune response to HI'V (17). Furthermore, qual-
itative differences in the patterns of VpB-specific expansions
during acute HIV infection have been correlated with different
rates of disease progression (20).

The present study has characterized the primary cell-mediated
immune response to HIV infection, with particular focus on the
changes in the T cell receptor (TCR) repertoire. Our results
indicate that the HI V-specific T cell repertoire is severely com-
promised during primary infection due to the disappearance of
the initially expanded virus-specific clonotypes expressed by
CD8* CTL.

MATERIALS AND METHODS

Patients with Primary HIV Infection. Two patients with well
documented historical, clinical, and laboratory parameters of
primary HIV infection were studied serially at various times after
infection. Both developed clinical symptoms within 4 to 6 weeks
of the time of exposure to HIV and experienced a clinical
syndrome of moderate severity with fever, diarrhea, fatigue, and
lymphadenopathy. Resolution of symptoms and effective down-
regulation of viremia (below 15,000 HIV RNA copies per ml of
plasma) was observed in patient 15 within 10 weeks of the onset
of symptoms. In contrast, patient 45 had high levels of viremia for
a longer period of time (above 200,000 HIV RNA copies per ml
of plasma until 16 weeks from the onset of symptoms). In patient
15, ddC (zalcitabine) monotherapy was initiated after day 42. In
patient 45, antiviral therapy with AZT (zidovudine), 3TC (lami-
vudine), and ddI (didanosine) was initiated after day 150.

Isolation of Mononuclear Cells from Peripheral Blood and
Cell Sorting. Isolation of peripheral blood mononuclear cells
(PBMC) and two-color cell sorting were performed as previously
described (21, 22). For sorting of VB23* T cells, PBMC were
incubated with an anti-V823 mAb (HUT-78, kindly provided by
O. Kanagawa, Washington University, St. Louis). In all cases,
purity of sorted populations was greater than 98%. All experi-
ments were performed on an Elite cell sorter (Coulter).

Cell Culture. CD8" T cell clones isolated from PBMC of
patients 15 and 45 were obtained by limiting dilution as described
previously (23).

Abbreviations: B-LCL, Epstein-Barr virus-transformed B-lympho-

blastoid cell line; CTL, cytotoxic T lymphocyte; PBMC, peripheral

blood mononuclear cell; TCR, T cell receptor; DS-PCR, diversity-
specific semiquantitative PCR.
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Analysis of HIV-Specific Cytotoxic Activity. In preliminary
experiments, fresh unfractionated PBMCs from patient 15 were
tested for cytotoxic activity against a panel of HLA-matched and
mismatched Epstein—Barr virus-transformed lymphoblastoid cell
lines (B-LCL) infected with various strains of recombinant vac-
cinia virus (kindly provided by B. Moss, Laboratory of Molecular
Virology, National Institute of Allergy and Infectious Diseases,
National Institutes of Health, Bethesda). Vaccinia strains used
included vPE16, which expresses gp160 from the BHS clone of
HIV-1 B (25); vPES, which expresses gp120 from the BH8
clone of HIV-1 IIIB (26); vVKI, which expresses a gag-pol fusion
protein (27); vVTFnef, which contains the complete nef ORF of
HIV-1 (28); and vSC8, which expresses only Escherichia coli
B-galactosidase (28). Labeling of target cells with Na’!CrO,
(Amersham), cytotoxic assays and calculation of >'Cr release
were carried out as described (24). All CTL assays were per-
formed in triplicate. Target cells, including autologous and allo-
geneic B-LCL, HMY-B7 (29) (gift of J. Lopez de Castro, Consejo
Superior de Investigaciones Cientificas, Madrid) and HMY-B52
cell lines were pulsed with 1 uM peptide (30 min at room
temperature) before the addition of effector cells (sorted V23*
T cell populations and CD8* T cell clones). Peptides of gp41 were
designed from HIV-1 env consensus B sequences (30). Peptide
gp41 842-850 (IPRRIRQGL) was selected based on the pub-
lished HLA-B7 peptide-binding motif of P2 = P, P3 = R, and
P9 = hydrophobic (31). HLA-A32 and HLA-BS8-restricted
epitopes have been described in the 837-856 gp41 region (32).

V3 Repertoire Typing and Diversity Analysis. The V3 reper-
toire in fresh, unfractionated PBMC collected at different time
points from the onset of symptoms was analyzed by semiquan-
titative PCR assay as previously described (17, 33, 34). Sequences
of VpB-specific oligonucleotides and the control CB and Cu
oligonucleotides have been reported elsewhere (33). To monitor
the migration of PCR products, 3" C8 and 3’ Ca primers were
labeled with [y-2P]ATP (Amersham). PCR products were re-
solved on 10% polyacrylamide gels containing 7 M urea. Gels
were exposed overnight on Kodak storage phosphor screens, and
the radioactive signals were quantitated using a PhosphorImager
(Molecular Dynamics).

To analyze the clonality of T cell populations expressing
specific V3 families, total cDNA was amplified for 27 cycles in a
GenAmp PCR system 9600 (Perkin-Elmer). DNA sequence of
the recombinant clones was determined using an Applied Bio-
systems 377 automated sequencer (Perkin-Elmer), following
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manufacturer’s instructions. Sequences were aligned to the pub-
lished sequences of VB17.1 (35), VB22.1, and VB23.1 (35, 36).

Prevalence and persistence of specific T cell clonotypes in
PBMC and sorted VB23* T cells was determined by using
diversity-specific semiquantitative PCR (DS-PCR). cDNA sam-
ples then were amplified for 25 cycles by using a constant 5’
primer, and a 3’ clonotype-specific primer complementary to the
TCR B chain CDR3 hypervariable region. For the V323 clono-
type SVGNYL (see below), primers used were VB23 Sall (5'-
GGCCAGGTCGACGACATCTGATCAAAGAAAAGA-3")
and 8Rdiv (5'-CTGCTCGTAGAGATAGTTACCCACTGA-
3"). For clonotype RETSL, primers used were 5'Fex (5'-
GGCCAGGTCGACCTGCCATGGGCACCAGGCTCCT-
CTGC-3') and 44Udiv (5'-CTGGGTCTCCAAACTAGTCTC-
TC-3"). A 200-bp coamplified fragment of the TCR « gene served
as internal control. Separation and quantitation of PCR products
were performed as above.

Analysis of HIV-1 Epitope Variation. HI'V was directly isolated
from 500 pl of precleared plasma by ultracentrifugation. RNA
was extracted from the viral pellet by the guanidium isothiocya-
nate method, as described (37), and was reverse-transcribed using
0.8 uM HIV-specific antisense primers and 200 units of Super-
Script II reverse transcriptase (Life Technologies, Gaithersburg,
MD) (unpublished work). cDNA then was subjected to 50 cycles
of PCR amplification. PCR products were ligated into PCKII
(Invitrogen), and transformed into STBL2 competent cells (Life
Technologies). DNA sequence of recombinant clones was deter-
mined using an Applied Biosystems 377 automated sequencer, as
above.

RESULTS

Perturbations in the TCR Repertoire During Primary HIV
Infection and After Transition to the Chronic Phase of Infection.
In preliminary experiments, determination of the relative usage
of VB families was assessed by a semiquantitative PCR assay in
two patients with primary infection. Perturbations, i.e., incre-
ments or declines, of a V3 family was considered to be significant
only if there was at least a 2-fold increase or decrease of the V3
family in question over sequential time points (10, 20). However,
2-fold changes were not considered to be significant if they
involved VB families that were expressed at very low levels (i.e.,
1-2%). On the basis of these criteria, the Vs that were found to
be perturbed in patient 15 include V5.2 (from 0.5% at day 21 to
4.8% at day 88), VB8 (from 1.7% at day 21 to 6.3% at day 88),
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FiGg. 1. Analysis of TCR repertoire during pri-
mary HIV infection in patients 15 and 45. The VB
repertoire in freshly unfractionated PBMC collected
at different time points from the onset of symptoms
was analyzed by semiquantitative polymerase PCR as
described in Materials and Methods. A minimum of a
doubling in the relative expression of VB families
among sequential time points by PCR was considered
to be significant.
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V18 (from 8.7% at day 21 to 1.7% at day 112), and V323 (from
16.1% at day 28 to 1.6% at day 112) (Fig. 1). In patient 45, V17
varies from 11.2% at day 35 to 3.3% at day 168 (Fig. 1). Because
the percentage of VB22 is generally below 5% (unpublished
observation), this VB was considered to be expanded in patient
45 even if a doubling in the relative expression of V322 among
sequential time points was not observed (Fig. 1). Indeed, the
analysis of the recombinant molecular clones of V22 at day 35
(see below) showed that all the clones analyzed had identical
clonotypes, thus indicating a monoclonal expansion of this V.

These results indicate that in HIV infection VB perturba-
tions occur not only during primary infection but also after the
transition to the chronic phase (V322 in patient 45), and these
perturbations are the result of antigenic stimulations.

Dynamics of Amplification and Deletion of Specific TCR
Clonotypic Determinants During Primary Infection and After
the Transition to the Chronic Phase of Infection. Molecular
clones of the above-mentioned expanded VB families were
derived from PBMC collected at different time points during
the acute and chronic phases of infection and sequenced.

A dramatic monoclonal VB expansion was identified in
patient 15. V323 was monoclonally expanded with 80% and
95% of the recombinant clones exhibiting identical rearrange-
ment (SVGNYL) at day 21 and 28, respectively (Fig. 24).
However, this clonotype was no longer represented in more
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than 50 molecular clones sequenced at day 42 (Fig. 24) and
day 52 (data not shown), whereas two other clonotypes (LA
and LVTRVR), which were minimally represented at day 21
and 28, were still detected (Fig. 24), thus indicating that
VB-specific expansions and deletions can occur simultaneously
with an otherwise stable clonotype background.

The distribution of clonotype SVGNYL was determined at
various time points using DS-PCR. This method uses the
uniqueness of the CDR3 region at the DNA level to derive
clonotype-specific antisense primers that can be used in semi-
quantitative PCR assays to determine the representation of
specific T cell clones in a given T cell population. Kinetic
analysis using these techniques confirmed the disappearance
of clonotype SVGNYL by day 42 (Fig. 2B). Of note, DS-PCR
analysis showed that on day 28, the frequency of SVGNYL
clonotype in lymph nodes, mononuclear cells were 10-fold
lower as compared with peripheral blood (unpublished re-
sults).

In patient 45, both VB17 and VB22 were expanded at day 35
(Fig. 2C), and each comprised a dominant clonotype. The V17
clonotype AKGPD, which was predominant at day 35 (23% of
clones sequenced), was significantly reduced at day 54 (5% of
clones), and was no longer detected at day 81 (Fig. 2C, Bottom).
Interestingly, V322 also showed a dominant clonotype (VLS-
GTSN) at day 35 (Fig. 2C). However, while this clonotype
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F1G. 2. Diversity analysis of expanded VB families in PBMC of patients 15 and 45 by DNA sequencing. (4) Patient 15. Clone 9/12.16 is representative
of 12 VB23 clones with identical clonotypes (SVGNYL), derived from PBMC collected at day 21. Clone 9/19.PBL.8 is representative of 21 of 22 V23
clones with clonotype SVGNYL derived at day 28, and clone 10/3.59 is representative of 10 of 20 identical V323 clones (clonotype SASGGAPR) derived
at day 42. (B) Dynamics of amplification and deletion of HIV-specific clonotype SVGNYL in patient 15. DS-PCR was performed as in Materials and
Methods. (C) Patient 45. Clone 4 is representative of 5 of 22 clones of V17 with identical clonotype (AKPGD) derived from PBMC at day 35, whereas
this clonotype was present in 1 of 20 clones at day 54, and disappeared by day 81 (0 of 19 clones). Clone 17 is representative of 12 V822 clones with identical
clonotypes (VLSGTSN) derived from PBMC collected at day 35, and by day 168 this clonotype was significantly reduced (3 of 13 clones). Clone 116 is
representative of nine clones with identical clonotypes (NYEQQ) derived at day 168. Temporal changes in V317 and V322 clonotypic representation
expressed as relative percentages (Bottom). Analysis of clonotypes NYEQQ and VLSGTSN was not performed on day 81.
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progressively declined over time (100% of the clones at day 35,
71% at day 54, 33% at day 111, and 23% at day 168 (Fig. 2C,
Bottom), it never disappeared as was shown for VB17 AKGPD
and VP23 SVGNYL clonotypes (Fig. 2 B and C, Bottom). The
progressive decline of the VLSGTSN clonotype coincided with
the rise of a new dominant clonotype (NYEQQ), which repre-
sented 21% of the clones at day 54, 56% at day 111, and peaked
at day 168 (69% of clones) (Fig. 2C, Bottom) when transition to
the chronic phase already had occurred.

These data indicate that the expanded CD8" TCR clonotypes
that were dominant during primary HIV infection rapidly decline
(clonotype VLSGTSN in patient 45) or totally disappear (clono-
type SVGNYL in patient 15, and clonotype AKPDG in patient
45) during primary infection or after transition to the chronic
phase of infection.

Differential Fate of Distinct HIV-Specific Cytotoxic T Cell
Clones with Identical Viral Epitope Specificity. It has been
previously demonstrated that the CD8* V3 families that were
expanded during the primary immune response to HIV con-
tain HI'V-specific CTL (17). Similarly, a number of nef-specific
CTL clones derived from patient 45 at day 54, expressed the
expanded V22 clonotype VLSGTSN (Fig. 3). With regard to
the characterization of HI V-specific cytotoxicity in patient 15,
analysis of the cytotoxic activity mediated by CD8" T cells was
performed using a panel of 25 peptides (twentymers with 10
overlapping amino acids) spanning more than two-thirds of
gp41. The epitope specificity of the CD8* CTL was mapped to
the p842-850 of gp41 (data not shown). In fact, sorted VB23™*
T cells derived from PBMC collected at day 28 when V323 was
monoclonally expanded, lysed autologous B-LCL pulsed with
gp41 p842-850 (data not shown). Further analysis revealed
that this epitope was HLA-B7 restricted (the HLA type of
patient 15 is A1, A3, B7, B60, C3, C7) (data not shown). More
importantly, the V323 clonotype SVGNYL was expressed on
CTL clones specific for gp41 p842-850 (Fig. 3).

Despite the fact that the expanded VB23 clonotype, which
recognized gp41 p842-850 in an HLA-B7 restricted manner, had
disappeared by day 42 (Fig. 2.4 and B), HI V-specific cytotoxicity
against autologous target cells infected with vaccinia constructs
expressing gp160 but not gp120, was consistently observed in
PBMC collected at different time points until day 245 (the last
time point analyzed) (data not shown). There are three possibil-
ities that could explain this observation: (i) the disappearance of
the expanded V323 clonotype was the result of mutations in the
p842-850 epitope of the HIV gp41, and so the stimulus for the
persistence of this clonotype was no longer present; (if) the
persistence of gp41-specific cytotoxicity after the disappearance
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of the expanded V323 clonotype was due to selection for new T
cell clones specific for gp41 epitopes different from p842-850;
and (iii) the persistence of gp4l-specific cytotoxicity after the
disappearance of the V23 clonotype was due to the presence or
appearance of T cell clones with different TCR specific for
p842-850. To test the first possibility, HI'V RNA was extracted
from plasma collected at day 21 and day 42, when the V323
clonotype SVGNYL had disappeared; the extracted RNA was
reverse-transcribed with a primer pair specific for a gp41 frag-
ment containing the p842-850 CTL epitope, and several clones
(10 at day 21 and 9 at day 42) of this fragment were obtained and
sequenced. This analysis showed that 44% (4 of 9) of the clones
derived from day 42 had no mutations in the CTL epitope
sequence (Fig. 44). Therefore, disappearance of the originally
expanded HIV-specific clonotype could not be explained solely
by mutations in the viral epitope recognized by cells expressing
the specific clonotype.

With regard to the second possibility, sorted CD8" T cells
were isolated from patient 15 at day 245, and a number of
clones were obtained by limiting dilution analysis. CD8" T cell
proliferating microcultures efficiently lysed target cells sensi-
tized with p842-850 (Fig. 4B), indicating that they recognized
the same epitope as that recognized by the expanded V323
clonotype. Nucleotide sequencing of the V3 chains from these
clones was performed in cells from representative microcul-
tures (nos. 100-7 and 100-17), and showed that these cells
expressed VB6.5 rearranged to JB2.5. The CDR3 junction of
several molecular clones derived from these microcultures was
identical at DNA level (RETSL sequence), hence indicating
that these microcultures comprised clonal populations (Fig.
4B). These results indicate that after the disappearance of the
expanded V323 clonotype, the HIV-specific CTL clones that
were identified later in the course of infection recognized the
same HIV epitope even though they expressed a different V3
family than the originally expanded clonotype (V6.5 versus
VB23).

It was then important to determine whether the V6.5
RETSL clonotype was a component of the initial primary
immune response. The kinetics of the RETSL V6.5 clonotype
in PBMC and its distribution in blood were analyzed by using
a clonotype-specific primer and DS-PCR. This analysis dem-
onstrated that the RETSL V6.5 clonotype was expressed at
the time of primary infection; however, in contrast to the
expanded VB23 clonotype SVGNYL, it persisted after the
transition to the chronic phase of infection (Fig. 4D).

DISCUSSION

In the present study, we have characterized the primary cell-
mediated immune response to HIV infection to identify the
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r = 8 Conez ® 5 3 = = 3 (Bottom). (B) HIV-specific cytotoxicity mediated by
S o z‘ ' CD8* T cell clones derived from PBMC of patient 15
4 on day 28, using autologous B-LCL targets pulsed

with gp41 p842-850. Clonotype SVGNYL, but not
RETSL, is expressed by p842-850-specific CTL
clones derived from patient 15 on day 28, as deter-
mined by DS-PCR (Bottom). CTL activity was ex-
pressed as % specific >!Cr release.
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potential strategies that allow HIV to escape the immune re-
sponse and persist in the host despite the fact that a vigorous
HIV-specific immune response is readily detected during primary

A. - = .
Day 21 gp41 amino acid 841-855

Clone #HM04 ID n
CCACATACCTAGAAGAAT AAGACAGGGCTTAGAAAGGGCTTTGCTATAA  wildtype 10/10
HI1 PRRIROGGLARA ALL

Day 42
Clone D n

24 ATA CCT AGA AGA ATA AGA CAG GGC TTA GAA AGG GCT TTG wildtype 4i9
/I P R R I R @ G L E R A L

113 ATA CCT AGA AGA ACA AGA CAG GGC TTA GAA AGG GCT TTG mutant 18
Il P R R T R @ G L E R A L

36 ATA CCT AGA AGA ATA AGA CAG GAC TTA GAA AGG GCT TTG mutant 49
/| P R R I R @ D L E R A L

B.
100
2 CD8" 50 #6
o gg I cDs* 50 #11
& CD8* 100 #7
5 60 BN cDs* 100 #17
5 cD8* 100 #24
o 40
E
S 20
o
0 g PR i S
B p841-849 pB842-850 p844-851 p845-853 p846-855
gp41 Peptide (1 pM)
C.
cD8* 100-7 T Cell Microculture
Clone vp N1 - DB - N2 Jp D n
44 CASS RETSL ETQYF VB6.5Jp2.5 5/5

cD8" 100-17 T Cell Microculture

Clone v N1-Dj- N2 Jp [+] n

67 cASS RETSL ETQY F VBE.5 Jp2.5 414

D. V(6.5 Clonotype RETSL

(o]
Q Q Q Q Q
= = = = = 5 S
m m @m m @ a
o o o o a L, S
pay & ¥ § & 8 ¥ 2
Vp6.5 Clonotype — " s

Co200 — MM w—————

-
o

W rBMC

-
@ o

Relative Percentage
of Co

21 28 42 52 88 245
Days from the Onset of Symptoms

F1G.4. (A) DNA sequencing of the HI'V gp41 fragment containing
the p842-850 epitope recognized by VB23* T cells expressing clono-
type SVGNYL. DNA sequencing was performed on cloned plasma
virus isolated on day 21 when clonotype SVGNYL was expanded, and
on day 42 when clonotype SVGNYL had disappeared. Nucleotide
sequences of clone HM04 (day 21) and of nine clones from day 42 are
shown. Changes in the sequence of CTL epitope p842—-850 are in bold.
(B) HIV-specific cytotoxicity mediated by CD8* T cell clones derived
from PBMC of patient 15 on day 245, using autologous B-LCL targets
pulsed with gp41 overlapping peptides spanning residues 841-855. (C)
DNA sequence of five VB6.5 recombinant clones (clone 44 is repre-
sentative of five clones with clonotype RETSL) derived from CD8* T
cell microculture 1007, and of four VB6.5 recombinants (clone 67 is
representative of four clones with clonotype RETSL) derived from
CD8* T cell microculture 100-17. Both clones were obtained by
limiting dilution at day 245. (D) Dynamics of amplification and
deletion of HI V-specific clonotype RETSL in patient 15. DS-PCR was
performed as in Materials and Methods. (Bottom) Normalization of the
VB-specific signal to the coamplified Co fragment.

Proc. Natl. Acad. Sci. USA 94 (1997)

infection. A potential mechanism of viral escape from the im-
mune response during primary HIV infection has been identified.
This involves disappearance/deletion of HIV-specific CTL
clones.

Mutations in the viral epitope recognized by CTL are consid-
ered the most common strategy used by viruses including HI'V to
elude virus-specific CTL (3, 4, 6-9). We have demonstrated that
during primary infection disappearance of individual HIV-
specific CTL clones occurs despite the fact that approximately
50% of the cognate epitope remains unmutated. A trivial expla-
nation for the disappearance of these virus-specific CTL clones is
that the frequency of these clones is very low (1 in 10%-10° cells)
after effective down-regulation of virus replication and, there-
fore, it may be very difficult to detect them in the circulation. The
latter possibility is unlikely for two reasons: (i) we show that
disappearance of these clones occurs when the levels of viremia
are still very high; and (i) virus-specific CTL clones of a different
VB family that recognize the same epitope can, in fact, be
detected in the circulation even several months after primary
infection. The likely scenario during primary HI'V infection is that
the demonstrated disappearance of HIV-specific CTL clones
reflects a deletion process caused by high levels of antigen, in this
case virus. Clonal exhaustion/deletion is a well documented
phenomenon in lymphocytic choriomenigitis virus infection and
other murine experimental systems (39-43). The occurrence of
clonal exhaustion is strictly dependent on the presence of high
levels of viral antigens throughout the lymphoid system (38),
which is the anatomic site where antigen presentation, stimula-
tion, and generation of the immune response occur (44). High
levels of antigen stimulate a rapid and vigorous immune response
that is associated with the mobilization of all the T cell clones that
are able to recognize a specific epitope. Because the fate of
activated cells involved in the immune response is to die (45), the
ultimate consequence of this massive mobilization is the deletion
of those clones that have received this exhaustive stimulation (38).
Of interest, a recent study has demonstrated that relatively few
clones (approximately 15-20) may be specific for a certain antigen
and yet may still generate massive T cell responses to that antigen,
suggesting that stimulation of only a limited number of clones may
be sufficient for the induction of clonal exhaustion (46). Clonal
exhaustion virtually never occurs during a classical immune
response (i.e., in the presence of an optimal concentration of
antigen), where only a minor percentage of clones specific for a
certain antigen are mobilized and the antigen is rapidly cleared
(38).

Primary HIV infection is associated with overwhelming virus
replication throughout the lymphoid system (10, 47); as men-
tioned above, this is a fundamental condition for the occurrence
of clonal deletion. We conclude that the disappearance of HIV-
specific CTL clones during primary infection is due to an exhaus-
tive stimulation based on two observations in the present study:
(?) the rapidity of disappearance/deletion of the monoclonally
expanded cytotoxic clones (i.e., within 2 weeks for the V23
HIV-specific clonotype in patient 15, and within 10 weeks for the
VB17 clonotype in patient 45); and (if) the magnitude of these
expansions.

It is important to underscore that the deletion/exhaustion of
clones involves individual virus-specific CTL clones, and thus
does not necessarily result in a total loss of HIV-specific
cytotoxic function. In fact, we have shown that HI'V-specific
CTL clones are still present several months after primary
infection despite the fact that they originally had appeared
during primary infection. It is conceivable that differences in
the affinity for the specific antigen may play an important role
in influencing the deletion process, and clones with higher
binding affinity for the antigen will be more rapidly deleted
compared with those with lower affinity.

An obvious question relates to the relevance of the selective
deletion/exhaustion of initially expanded HIV-specific CTL
clonotypes to virus escape from the immune response during
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primary infection. This is of particular interest in light of the fact
that measurable HI'V-specific CTL function persists, despite the
disappearance of these clonotypes. However, it is highly likely that
deletion/exhaustion of individual HIV-specific CTL clones will
have a major impact. For example, the quantitative potential of
the immune response will be affected because the overall pre-
cursor frequency of virus-specific CTL will have been greatly
reduced, and the HIV-specific TCR repertoire already will be
compromised in magnitude and competence during the early
stage of HIV infection. It is also important to point out that
genetic variability of the virus is an important component of HIV
disease (48). This variability is already detected during primary
infection and together with the inexorable process of clonal
deletion contributes substantially to viral escape from the im-
mune response.

With regard to the possibility that deletion/exhaustion of
virus-specific T cell clones may occur in primary viral infections
other than HI'V, it is important to mention that this phenomenon
has not been observed in subjects with acute mononucleosis,
despite the fact that the primary immune response in these
subjects also is associated with oligo-monoclonal expansions of
certain VB T cell subsets (unpublished work).

In conclusion, we provide evidence that during the early stage
of infection HIV tilts the delicate balance between spreading of
virus and curtailment of virus by the immune system toward
spreading of virus by inducing exhaustive stimulation and deletion
of virus-specific CTL cell clones. These results provide insights for
understanding the events involved in the generation of specific
antiviral immune responses and in the strategies that certain
viruses, in this case HI'V, may use to escape otherwise vigorous
immune responses, allowing for persistence in the host.

We thank Drs. J.-C. Cerottini, H. R. McDonald, and G. P. Corradin
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partial fulfillment of the requirements of the Ph.D degree, Department
of Microbiology and Immunology, McGill University.
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