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Chimpanzees have been important in studies of human immunodeficiency virus type 1 (HIV-1) pathogenesis
and in evaluation of HIV-1 candidate vaccines. However, little information is available about HIV-1-specific
cytotoxic T lymphocytes (CTL) in these animals. In the present study, in vitro stimulation of peripheral blood
mononuclear cells (PBMC) from infected chimpanzees with HIV-1 Gag peptides was shown to be a sensitive,
reproducible method of expanding HIV-1-specific CD81 effector CTL. Of interest, PBMC from two chimpan-
zees had CTL activity against Gag epitopes also recognized by major histocompatibility complex class I-re-
stricted CTL from HIV-1-infected humans. The use of peptide stimulation will help to clarify the role of CTL
in vaccine-mediated protection and HIV-1 disease progression in this important animal model.

Because chimpanzees are the only nonhuman primates that
are readily infectable with human immunodeficiency virus type
1 (HIV-1), these animals have been important for testing
HIV-1 vaccine prototypes and for studying AIDS immuno-
pathogenesis. This model for vaccine testing can be expected
to grow in importance as it becomes possible to induce AIDS
in chimpanzees with selected HIV-1 strains (15). In view of
new compelling data implicating the chimpanzee as the natural
primary host for HIV-1 (7), studies are likely to intensify to
determine why chimpanzees infected with most HIV-1 strains
do not develop AIDS, at least within the time periods they
have been monitored. With an increasing appreciation for the
importance of virus-specific CD81 cytotoxic T lymphocytes
(CTL) in controlling HIV-1 replication, it will be of major
importance to monitor HIV-1-specific CTL in chimpanzees to
optimize the use of this uniquely important animal model in
vaccine and pathogenesis studies.

It has been suggested that CTL may actually contribute to
CD41 T-cell loss and the development of clinical immunode-
ficiency in HIV-1-infected humans through lysis of infected
CD41 T cells (11, 17). Because, to date, it has proven difficult
to detect HIV-1-specific CTL in immunized or infected chim-
panzees, some investigators have proposed that the absence of
detectable CTL in HIV-1-infected chimpanzees may be related
to their failure both to lose CD41 T cells and to develop
immunodeficiency (5). Clearly, it will be important to optimize
conditions for detecting HIV-1-specific CTL in chimpanzees.
The development of reliable assays would permit assessment of
HIV-1-specific CTL in vaccinated chimpanzees and would also
clarify the role CTL may play in HIV-1-induced disease.

Four chimpanzees chronically infected for various times
were evaluated for the presence of HIV-1-specific CTL in
peripheral blood (Table 1). When the present studies began,
that is, when peripheral blood was obtained to generate autol-
ogous B-cell lines, chimpanzees C-420 and C-424 had been
infected with a chimpanzee-passaged strain derived from HIV-

1LAI(IIIB) for 15 and 11 months, respectively. Before infection
via the cervical route, these two animals had been immunized
multiple times with a recombinant canarypox virus vector ex-
pressing HIV-1 gp120/TM Env, Gag, and protease (8). The
third chimpanzee, C-487, had been infected with the LAV-1b
strain for almost 9 years (6), and the fourth animal, C-1196,
had been infected with both the LAV-1b strain for 29 months
and the subtype E strain 90CR402 for 20 months. During the
course of the study, before the assays with the pooled peptides
were performed (see below), chimpanzee C-1196 was infected
with a third HIV-1 strain, JC499 (4, 16). Actual CTL assays
with peripheral blood mononuclear cells (PBMC) from all
chimpanzees were begun 2 to 6 months after B-lymphoblastoid
cell lines (B-LCL) were generated. At the time these CTL
assays were initiated, the level of virion RNA for C-1196 was
about 800 copies/ml of plasma whereas that for C-487 was
1.3 3 104 copies/ml. CTL assays were performed over an 18-
month period, during which time viral burdens for C-487 fluc-
tuated between 2,900 and 7,300 copies/ml of plasma and those
for C-1196 fluctuated between 560 and 4.5 3 105 copies/ml.
The latter value for C-1196 was the peak level of plasma virion
RNA that occurred 4 weeks after infection with the third
HIV-1 strain. No CTL assays with PBMC from C-1196 were
performed until 4 months after this peak in viral load occurred.
Viral load data were not available for C-420 and C-424 during
this study.

Although C-420 and C-424 were vaccinated prior to their
infection with HIV-1, these vaccinations probably had little
impact on their CTL responses following infection. On com-
parison of the vaccinated chimpanzees and unimmunized, con-
trol chimpanzees infected with the same HIV-1 strain, vacci-
nation appeared to have no impact on viral load after C-420
and C-424 were infected. HIV-1 was first isolated from PBMC
of these chimpanzees at the same time (4 to 6 weeks after
challenge) as it was from the controls. Furthermore, during the
first months after challenge, both the number of copies of
virion RNA per milliliter of plasma and the frequencies of
HIV-1 isolation from PBMC by coculture were comparable in
these chimpanzees to those for control animals. Although viral
burdens for these two animals were not determined during the
time that the CTL assays were performed, 3 months after the
last CTL assay, virus was isolated from PBMC from both
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chimpanzees and there were 2,260 and 195 RNA copies/ml of
plasma from C-420 and C-424, respectively.

In initial attempts to detect HIV-1-specific CTL from the
four HIV-1-infected chimpanzees, freshly isolated PBMC were
assessed for the ability to lyse Epstein-Barr virus-transformed
autologous B-LCL infected with a recombinant vaccinia virus–
HIV-1 gag construct. By this method, no HIV-1 Gag-specific
lytic activity was detected (data not shown).

To increase the sensitivity of the assay for detecting HIV-1
Gag-specific CTL, PBMC from these chimpanzees were cul-
tured in vitro with paraformaldehyde-fixed, autologous B-LCL
infected with vaccinia virus–HIV-1 gag. After 12 days, these
lymphocytes were then used as effector cells to assess their
ability to lyse autologous B-LCL infected with vaccinia virus–
HIV-1 gag, or, as a control, wild-type vaccinia virus. HIV-1
Gag-specific cytotoxic activity was detected in PBMC of three
of the four chimpanzees (Fig. 1). By using this assay with
PBMC obtained on five different occasions, CTL activity was
detected twice in cells from C-424 and C-1196 and once in cells
from C-420. No CTL activity was detected in PBMC from
C-487 on these five attempts. The inconsistency in detecting
lytic activity suggested that the frequency of Gag-specific ef-
fector cells might be at the lower level of detection of the assay
being employed.

To optimize the sensitivity of the CTL assay, PBMC from
the infected chimpanzees were assessed for Gag-specific lysis
of autologous cells after in vitro stimulation with Gag peptides.
20-amino-acid peptides, overlapping by 10 amino acids and
spanning residues 100 through 310 of HIV-1 Gag, were mixed
to create five peptide pools, each containing four peptides.
PBMC of the HIV-1-infected chimpanzees were stimulated in
vitro for 12 days with each peptide pool and then assessed for
cytotoxicity against autologous B-LCL pulsed with the same
peptide pools. Using this assay, we detected CTL activity spe-
cific for at least one of the peptide pools (left panels of Fig. 2)
in PBMC from each of the four chimpanzees. PBMC from
chimpanzee C-1196 exhibited cytolytic activity specific for
more than one of the peptide pools.

The peptide-stimulated effector cells were then tested for
recognition of the individual peptides comprising each pool.
As shown in the right panels of Fig. 2, the effector cell activity
was, in general, specific for only one of the peptides from each
pool. In PBMC from chimpanzee C-1196, CTL activity specific

for both peptides 8 and 9 was demonstrated. Since these pep-
tides overlap by 10 amino acids, the effector activity may have
been specific for residues common to both peptides. In some
instances CTL responses that were specific for B-LCL pulsed
with specific peptide pools were detected, but no specific lysis
of the targets pulsed with individual peptides was demonstra-
ble. This may simply reflect the low level of CTL activity
present in the effector T-cell populations.

To determine the phenotype of the peptide-specific effector
cells, peptide-stimulated PBMC from the four chimpanzees
were separated into CD81-lymphocyte-enriched and CD81-
lymphocyte-depleted populations by using CD8-specific immu-
nomagnetic beads (Dynal Inc., Lake Success, N.Y.). These
lymphocyte populations were then used as effector cells in CTL
assays. Peptide-specific cytotoxicity was detected when either
unfractionated PBMC or the CD81-T-lymphocyte-enriched
cells were used as effectors, but not when CD81-T-lymphocyte-
depleted cells were used (Fig. 3), indicating that the effector
cells were CD81 cells.

We then sought to confirm that the peptide-stimulated ef-
fector cells were T lymphocytes rather than NK cells. Since
target cell recognition and lysis by CD81 T lymphocytes, but
not by NK cells, are major histocompatibility complex (MHC)
class I restricted, genetic restriction of Gag peptide recognition
by these effector lymphocytes was evaluated. Peptide-stimu-
lated effectors from each chimpanzee were assessed for their

FIG. 1. Recombinant vaccinia virus–HIV-1-gag-stimulated PBMC of some
HIV-1-infected chimpanzees lyse autologous Gag-expressing B-LCL. PBMC
(107) from chimpanzees C-420, C-1196, C-487, and C-424 were cultivated in vitro
with paraformaldehyde-fixed, autologous B-LCL infected with vaccinia virus–
HIV-1 gag. On day 3 of culture, 20 U of recombinant human interleukin-2 per ml
was added to the cultures. On day 12 of culture, the lymphocytes were centri-
fuged over a Ficoll-diatrizoate gradient and assessed as effector cells in a 51Cr
release cytotoxicity assay. Target cells were B-LCL (106) cultured overnight with
vaccinia virus–HIV-1 gag (closed squares) or wild-type vaccinia virus (open
circles) at a multiplicity of infection of 10 PFU/cell. B-LCL were then washed
and labeled with 100 mCi of sodium 51chromate for 1.5 h. After being washed, 104

target cells per well were added to 96-well U-bottom plates in 100-ml volumes.
Effector cells were added in another 100-ml volume at various concentrations to
give effector/target ratios of 20:1, 10:1, 5:1, and 2.5:1. Plates were incubated at
37°C for 4 h. A 50-ml volume of supernatant was transferred to counting plates,
200 ml of scintillation fluid was added, and the mixture was analyzed in a 1450
microbeta liquid scintillation counter. Spontaneous release varied from 6 to 18%.
Specific release was calculated as (experimental release 2 spontaneous release)/
(100% release 2 spontaneous release) 3 100.

TABLE 1. Infection history of chimpanzees

Chimpanzee HIV-1 strain Routea
Duration of

infection
(mo)b

C-420c C90/LAI(IIIB) Cervical 21

C-424c C90/LAI(IIIB) Cervical 17

C-487 LAI(LAV-1b) Intravenous 108

C-1196 LAI(LAV-1b) Rectal 31
90CR402 Rectal 22
JC499 Intravenous 22d

a Route of inoculation of HIV-1.
b Months infected with indicated HIV-1 strain at the time of the first CTL

assay.
c C-420 and C-424 were immunized over a period of 22 months with a recom-

binant canarypox vector expressing HIV-1 gp120/TM, Env, Gag, and protease,
beginning 44 months before the first CTL assay was performed.

d C-1196 was inoculated with the JC499 strain 2 months after the first CTL
assay was performed.
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ability to lyse peptide-pulsed autologous B-LCL as well as
peptide-pulsed B-LCL from two other chimpanzees. Since
chimpanzee C-1196 possessed effector cells specific for target
cells pulsed with three different peptides, all three peptides
were used in this assay. As shown in Fig. 4, effector cells from
chimpanzees C-424 and C-487 lysed autologous but not allo-
geneic peptide-pulsed targets. In contrast, effector cells from
C-420 and C-1196 lysed peptide-pulsed autologous target cells
and one of the two allogeneic target cell populations. This
result is consistent with the possibility that the chimpanzees
shared one or more MHC class I alleles (3). It remains possible
that this allogeneic target cell killing is mediated by NK effec-
tor cells. This is, however, unlikely because, in every instance in
which allogeneic killing was seen, the effector cells mediated
lysis of one but not a second peptide-pulsed allogeneic B-LCL.
Therefore, the HIV-1-specific lytic activity detected in PBMC

of the HIV-1-infected chimpanzees appeared to be mediated
by MHC-restricted CD81 T cells.

These findings suggested that Gag peptide stimulation may
be more efficient than vaccinia virus–HIV-1 gag stimulation in
expanding Gag peptide-specific effector cells in vitro. To com-
pare directly the effector cells generated by these two methods,
PBMC from two infected chimpanzees were stimulated with

FIG. 2. HIV-1 Gag peptide-specific cytolytic activity of PBMC from HIV-1-
infected chimpanzees. Twenty-amino-acid peptides overlapping by 10 amino
acids and spanning the HIV-1 IIIB Gag protein were mixed to make five peptide
pools, each containing four peptides. Aliquots of 107 PBMC from the four
chimpanzees were cultured with each of the five peptide pools at a concentration
of 10 mg/ml for each peptide, resulting in a total concentration of total peptides
of 50 mg/ml. On day 3 of culture, 20 U of recombinant human interleukin-2 per
ml was added to the cultures. After 12 days of culture, lymphocytes were assessed
as effector cells in a 51Cr release CTL assay at an effector/target ratio of 20:1.
Epstein-Barr virus-transformed B-LCL were used as target cells. Aliquots of 5 3
105 B-LCL were incubated overnight with either peptide pools (black bars) or
individual peptides (white bars) at a concentration of 10 mg/ml and 125 mCi of
sodium 51chromate. These cells were then washed and added as targets to the
effector cells in 96-well U-bottom plates in a final volume of 200 ml/well. The
values shown for percent specific lysis represent the lysis of target cells incubated
with the Gag peptide minus lysis of target cells incubated with the control
ovalbumin peptide SIINFEKL.

FIG. 3. HIV-1 Gag peptide-specific cytotoxicity of chimpanzee PBMC is
mediated by CD81 T cells. PBMC from chimpanzees C-420, C-424, and C-487
were stimulated with peptides 8, 17, and 5, respectively. PBMC from chimpanzee
C-1196 were stimulated with peptides 8 (white bars), 9 (hatched bars), and 20
(black bars). These effector cells were separated into CD81-lymphocyte-de-
pleted or -enriched populations by using CD8-specific immunomagnetic beads
and then used in a 51Cr release cytotoxicity assay with peptide-pulsed autologous
B-LCL targets at an effector/target ratio of 20:1. PBL, peripheral blood lympho-
cytes.

FIG. 4. Chimpanzee PBMC-mediated HIV-1 Gag peptide-specific cytotoxic-
ity is genetically restricted. PBMC from chimpanzees 420, 424, and 487 were
stimulated with peptides 8, 17, and 5, respectively. Effector cells from each of the
chimpanzees were assessed for cytotoxicity by using as targets peptide-pulsed
autologous B-LCL as well as B-LCL generated from PBMC of two other chim-
panzees. Similarly, PBMC from chimpanzee C-1196 were stimulated with pep-
tides 8, 9, and 20 to generate the effector cells. Autologous and allogeneic B-LCL
were pulsed with peptides 8 (white bars), 9 (hatched bars), and 20 (black bars)
and used as target cells.
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selected individual peptides or B-LCL infected with vaccinia
virus–HIV-1 gag. The effector cells generated during in vitro
stimulation were assessed for their ability to lyse autologous
B-LCL infected with vaccinia virus–HIV-1 gag or wild-type
vaccinia virus. Effector cells generated by peptide stimulation
of PBMC from both of the chimpanzees lysed the HIV-1 Gag-
expressing targets more efficiently than the effector cells gen-
erated by recombinant vaccinia virus stimulation (Fig. 5).

Because of the phylogenetic proximity of chimpanzees and
humans, MHC class I alleles of these two species are highly
conserved (12). Consistent with this observation, Bertoni et al.
(2) and Balla-Jhagjhoorsingh et al. (1) recently reported that
several hepatitis B virus and HIV epitopes defined in infected
humans were also recognized by CTL found in virus-infected
chimpanzees. Thus, we determined whether HIV-1 CTL
epitopes are also shared between HIV-1-infected humans and
chimpanzees. Several HIV-1 Gag-specific human CTL epitopes
within the 20-amino-acid peptides that sensitized chimpanzee
B-LCL for lysis have been described. Five such 9-amino-acid
peptides were tested for their ability to sensitize chimpanzee
B-LCL for CTL lysis. The amino acid sequence of an HLA-
B27-restricted p24 peptide (KRWIILGLNK) (13) was located
in the 20-amino-acid peptide 17 that was recognized by CTL of
chimpanzee C-424 (Fig. 2). Peptides 110E (ISPRTLNAW)
(10) and 110G (SPRTLNAWV), which are HLA-B57- and
HLA-B7-restricted CTL epitopes, respectively, were within the
20-amino-acid peptide 5 recognized by CTL of chimpanzee
C-487, and the HLA-B14-restricted peptides 113C (DLNTM
LNTV) (14) and 125P (DRFYKTLRA) (9) were found in the
20-amino-acid peptides 9 and 20 recognized by CTL of chim-
panzee C-1196. Therefore, PBMC from these three chimpan-
zees (C-424, C-487, and C-1196) were stimulated separately in
vitro for 12 days with the appropriate 20-amino-acid peptides
or the associated human CTL epitope peptides at a concen-
tration of 10 mg/ml. These lymphocytes then were tested for
lytic activity against autologous B-LCL pulsed with either the
20-amino-acid peptides, human CTL epitope peptides, or the
control peptide. For the effector cells from chimpanzee C-424,
no lysis of the target cells pulsed with the human CTL epitope
peptide was observed (data not shown). Effector cells from
chimpanzee C-487 were able to recognize the HLA-B7-re-

stricted but not the HLA-B57-restricted human CTL epitope,
and those from chimpanzee C-1196 were able to recognize one
of the two HLA-B14-restricted human CTL epitopes, 113C
(Fig. 6).

These results demonstrated that HIV-1-specific CD81 CTL
are present in HIV-1-infected chimpanzees. In fact, some ef-
fector cells shared epitope-specific recognition with human
HIV-1-specific CTL. Although the number of chimpanzees
evaluated in this study was too small to allow firm quantitative
conclusions to be made, the finding that optimal antigen-spe-
cific stimulation was needed to expand these cell populations
to a detectable level suggests that the frequencies of HIV-1-
specific CTL in chimpanzees may be lower than those com-
monly detected in HIV-1-infected humans. A low CTL fre-
quency would be consistent with relatively low viral load in
these animals. However, at least two of the chimpanzees in the
present study consistently have had measurable plasma vire-
mia. Chimpanzee C-487 has maintained virion RNA in plasma
at a level of at least 3,000 copies/ml for several years, while
C-1196 plasma RNA levels have fluctuated between 560 and
4.5 3 105 copies/ml.

The present observations make it impossible to argue that an
absence of CTL in HIV-1-infected chimpanzees is responsible
for the general lack of disease in these animals. Efforts are
likely to intensify to clarify why neither naturally occurring
chimpanzee isolates of HIV-1 nor the human strains of HIV-1
used to date are pathogenic in chimpanzees. Measuring virus-
specific CTL in infected chimpanzees will become increasingly
important in these studies.

We thank Bruce Walker, Fred Vogel, and the NIH AIDS Research
and Reagent Program for providing the HIV-1 Gag peptides used in
this study and Ali Javadian for coordination of blood collection from
the chimpanzees.

FIG. 5. Effector cells generated by HIV-1 Gag peptide stimulation of PBMC
are more effective than those generated by stimulation of PBMC with recombi-
nant vaccinia virus–HIV-1 gag for lysing target cells infected with vaccinia virus–
HIV-1 gag. Aliquots of PBMC from chimpanzees C-487 and C-1196 were stim-
ulated with paraformaldehyde-fixed, autologous B-LCL infected with vaccinia
virus–HIV-1 gag. Other aliquots of these PBMC were stimulated with the ap-
propriate HIV-1 Gag peptide. On day 3 of culture, 20 U of recombinant human
interleukin-2 per ml was added to the cultures. On day 12 of culture, the
lymphocytes were assessed as effector cells in cytotoxicity assays using as target
cells 51Cr-labeled autologous B-LCL infected with vaccinia virus–HIV-1 gag.
Lysis of the vaccinia virus–HIV-1-gag-infected targets by recombinant vaccinia
virus–HIV-1-gag-stimulated PBMC is represented by filled squares, whereas
filled triangles show lysis by effectors generated by stimulation of PBMC with
HIV-1 Gag peptides.

FIG. 6. HIV-1 Gag CTL epitopes defined in HIV-1-infected humans are
recognized by chimpanzee CTL. PBMC from chimpanzee C-487 were stimulated
with 10 mg of the 20-amino-acid peptide 5 or the 9-amino-acid peptide 110G per
ml. Similarly, PBMC from chimpanzee C-1196 were stimulated with the 20-
amino-acid peptide 9 or the 9-amino-acid peptide 113C. On day 3 of culture, 20
U of recombinant human interleukin-2 per ml was added to the cultures. After
12 days of culture, lymphocytes were assessed as effector cells in a 51Cr release
CTL assay at an effector/target ratio of 20:1. Aliquots of 5 3 105 autologous
B-LCL were incubated overnight with either the 20-amino-acid peptide (filled
squares) or the minimum-epitope 9-amino-acid peptide (filled circles) at a con-
centration of 10 mg/ml and 125 mCi of sodium 51chromate. Target cells incubated
with the ovalbumin peptide SIINFEKL were used as controls (open circles).
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