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By using target cells that expressed isolated env, gag, p27"'f, or p23vaf molecules introduced by recombinant
vaccinia viruses containing genes encoding these polypeptides, it was possible to identify env, gag, p27"ef, and
p23v1f as cytolytic target antigens for freshly isolated blood cells from human immunodeficiency virus 1 (HIV-1)
seropositive patients. Most of the patients tested (95%) manifested a specific cytotoxic activity against vaccinia
virus-env-infected target cells. The env-specific cytotoxic activity was not restricted by the major histocompat-
ibility complex and was not mediated by T lymphocytes, as shown by the absence of blocking effect with an

anti-CD3 monoclonal antibody and by the inefficiency of CD3+, CD8+, or CD4+ and CD8+ depletion to reduce
the cytotoxic activity against the env-expressing target cells. In the same conditions, the cytotoxic activity
specific for gag was abrogated and gag major histocompatibility complex-restricted cytotoxic T lymphocytes
were detected in 85% of the subjects tested. Therefore, in a HIV-1 seropositive subject, distinct types of effector
cells mediate the lysis of target cells expressing gag and env proteins.

The acquired immunodeficiency syndrome (AIDS), first
described in 1981, is the consequence of infection with the
human immunodeficiency virus (HIV). HIV has a selective
tropism for CD4+ helper/inducer thymus-derived (T) lym-
phocytes, but the depletion of CD4+ cells cannot be ex-
plained totally by the direct cytopathic effect of the virus. It
has been proposed that an (auto)immune phenomenon plays
a role in the depletion of the CD4+ lymphocytes that is
associated with HIV infection (8, 14, 27).

Cell-mediated immune responses, particularly the genera-
tion of specific cytotoxic lymphocytes, are of importance in
the pathogenesis of various viral infections. The develop-
ment of effector cells with cytotoxic activity can either be
useful in the recovery from a viral infection (26) or, in
contrast, can contribute to pathological changes as in the
case of adult mice infected with lymphocytic choriomenin-
gitis virus (6, 11, 22). Therefore, characterization of the
cellular immune response to HIV antigens in infected people
may be important in explaining disease progression and
designing immune therapies.

Here, we report the existence of HIV-specific cytotoxic
lymphocytes in 20 of 20 seropositive HIV-1 subjects and
show that the p27'""f (F) and p23if (Q) antigens can serve as
targets for cytotoxic effector cells in addition to the env
(gpl60) and the gag precursor (p55) proteins. We show that
while the predominant HIV gag-specific cytotoxicity is
mediated by T cells restricted by major histocompatibility
complex (MHC) antigens, the predominant HIV envelope-
specific cytotoxicity is not restricted by MHC antigens and is
not mediated by T cells.

MATERIALS AND METHODS
Media and reagents. RPMI 1640 (GIBCO BRL, Cergy,

France) supplemented with L-glutamine (2 mM), penicillin
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(100 U/ml), streptomycin (100 p.g/ml), HEPES (N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid) (20 mM), and 10%
heat-inactivated fetal calf serum (Biological Industries, Kib-
butz Haemek, Israel) (RPMIc) was used for most assays.
The mouse EL4 cell line was a gift from G. Milon (Institut
Pasteur, Paris, France), the mouse P815 cell line was a gift
from D. Juy (Institut Pasteur, Paris, France), and the human
K562 cell line was a gift from E. Gomard (Hopital Cochin,
Paris, France).
Monoclonal antibodies and complement. Monoclonal anti-

body anti-Leullb, (which recognizes the CD16 antigen) was
purchased from Becton Dickinson, Grenoble, France.
Monoclonal antibodies directed against the CD3, CD4, and
CD8 antigens were from Ortho Diagnostics Systems, Roissy,
France (OKT3, OKT4, and OKT8, respectively) or Immu-
notech, Marseille, France (IOT3, IOT4, and IOT8a, respec-
tively). The low Tox H rabbit complement was purchased
from Cedarlane, Tebu, France.

Viruses. The different recombinant viruses used to infect
the target cells have been previously described, except for
the vaccinia virus (VV) Q recombinant (12, 19-21; G.
Rautmann et al., in press). Briefly, the viruses used were the
wild-type (WT) VV, strain Copenhagen, or various recom-
binants encoding either the middle T antigen of the polyoma-
virus (as a control) or the env (gpl60), gag (p55), p27"1f (F or
3' open reading frame) or p23"f (Q or sor) antigens of the
HIV-1/BRU isolate (recombinant VV TG 1139, VV TG 1144,
VV TG 1147, or VV TG 1160, respectively). The VV Q
recombinant was constructed as follows: the EcoRI frag-
ment from the plasmid pJ 19-13 (37) containing the coding
sequence from the vif(Q) gene of HIV-1 was cloned in a M13
vector, and a BglII site was created upstream of the initiation
codon by site-directed mutagenesis by using the oligonucle-
otide 5'TCCCTAAAGATCTTT3'. The resulting BglII-
EcoRI fragment was subcloned in pTG186 (20) and trans-
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ferred into the VV genome. The resulting recombinant is VV
TG 1160.

Patients. Among the 20 HIV-1 seropositive patients
(Western blot [immunoblot] confirmed), 13 were healthy
seropositive subjects (PIP2, PIP9, PIP11, PIP12, LOS9,
LOS21, LOS25, LOS29, LOS45, LOS47, LOS49, LOS61,
and LOMB), 5 had persistent generalized lymphadenopathy
(PIP1, LOS1, LOS5, LOS19, and LOS59), and 2 had AIDS-
related complex (PIP3 and PIP5).
The nine seronegative controls were healthy laboratory

workers. For each subject, a B-cell line was derived after
infection (of peripheral blood cells) with Epstein-Barr virus
(EBV) and tissue typing was performed by established
procedures.

Preparation of effector cells. Effector cells were autologous
fresh peripheral blood mononuclear cells (PBMCs) isolated
from blood by Ficoll-metrizoate density gradient centrifuga-
tion (Lymphoprep; Nycomed, Oslo, Norway).

Antibody plus complement-mediated lysis. Antibodies were

added to 10 x 106 PBMCs in a total volume of 1 ml of
RPMI-1% fetal calf serum. The final dilutions (in micro-
grams per milliliter) were: anti-Leullb, 1.7; OKT3, 1;
OKT4, 1.7; OKT8, 1.7; IOT4, 5; and IOT8a, 5. After 45 min
at room temperature, 0.4 ml of rabbit complement was added
and the mixture was incubated at 37°C for 45 min; the cells
were then washed twice and suspended in RPMIc. The
efficiency of depletion was at least 95%, as determined by
surface immunofluorescence.

Inhibition of specific cytotoxicity with monoclonal antibod-
ies. PBMCs (5 x 106 cells per ml) were incubated for 30 min
at 37°C with monoclonal antibody to CD3 (IOT3, clone X-35
[4 pRg/ml]) or with monoclonal antibody to CD16 (Leullb; 1
pg/ml) as a control, washed, and suspended in RPMIc before
addition to the chromium-labeled target cells.

Preparation of target cells. EBV-transformed autologous
or heterologous B-cell lines (8 x 106 cells in 300 ,u of
RPMI-20 mM HEPES) were mock infected or infected with
the appropriate VV recombinant at a multiplicity of infection
of 5, incubated at 37°C for 1 h, washed, and suspended at 106
cells per ml in fresh RPMI medium plus 10% fetal calf serum
for 16 h at 37°C.

Cytotoxic assays. At 16 h after infection or mock infection,
2 x 106 target cells were pelleted and suspended in 300 .lI of
RPMIc containing 3.7 MBq of Na251CrO4 (CJS1i Amersham.
France) for 60 min at 37°C with gentle agitation every 15 min.
The cells were then washed four times, and suspensions of 5
x 103 target cells in 100 ,u1 of RPMIc were added to
round-bottom 96-well microtiter plate wells (Costar 3799.
OSI, France). Various concentrations of effector cells in
0.1-ml aliquots (in quadruplicate) were then added to yield
the indicated effector cell/target cell ratios. Plates were

centrifuged at 100 x g for 1 min and then incubated for 4 h
at 37°C in 5% CO,. After incubation, the plates were

centrifuged at 150 x g for 5 min, and an aliquot of superna-
tant was collected from each well with a Skatron harvesting
frame (7072 SCS SKATRON; OSI). The percent 51Cr release
was calculated by using the following formula: percent 51Cr
release = 100 x [(experimental radioactivity - spontaneous
radioactivity)/(total radioactivity - spontaneous radioactiv-
ity)] where spontaneous release was that obtained from
target cells incubated with RPMIc alone, total release was

that obtained from target cells incubated with 10% Triton
X-100 detergent, and radioactivity is measured in counts per
minute.

In our assays, spontaneous release from uninfected cells
(including K562 target cells) or VV-infected target cells was

between 15 to 25% and never exceeded 35% of total release.
For each assay, two sets of fixed target cells were estab-
lished for an indirect immunofluorescence assay; in such
assays, more than 90% of the VV-infected cells were stained
with a polyclonal anti-VV serum and more than 90% of the
VV recombinant-infected cells were stained with the specific
corresponding monoclonal antibodies (The env- and the
gag-specific monoclonal antibodies were monoclonal anti-
bodies 110-4 and 18-3 from Genetic Systems, Seattle, Wash.,
and the p27"7ef- and p23"f'fspecific monoclonal antibodies
were from Transgene, S.A., Strasbourg, France.)

RESULTS

PBMCs of seropositive patients exhibited specific cytotoxic
activity against autologous target cells presenting HIV-1 anti-
gens. Fresh PBMCs from 20 seropositive patients and 9
seronegative controls were tested for specific cytotoxic
activity, using as targets autologous B-EBV-transformed
cells that either were not infected or were infected by VV
containing either no insertion (WT) or expressing env
(gp160), gag (p55), p27llef, or p23vPf genes of HIV-1. No
specific cytotoxic activity was detected at different effector
cell/target cell ratios for the seronegative control N17 (Fig.
la); a similar result was obtained with eight other seroneg-
ative controls tested (data not shown). In contrast, a signif-
icant cytotoxic activity was detected in the peripheral blood
of HIV-1 seropositive donor LOS61 (Fig. lb); both an HIV-1
env, (gpl6O)- and HIV-1 gag (p55)-specific cytotoxic re-
sponse was observed in this patient, whereas no cytotoxic
activity was detected against the WT-infected autologous
target cells. Moreover, no cytotoxic activity was detected
against the HIV-2 gag VV-infected autologous target cells;
this suggests an HIV-1-specific response for the gag antigen,
despite the relatively high (60%) conservation in the gag
gene between HIV-1 and HIV-2 (13). In some experiments,
a VV recombinant containing a polyomavirus gene was used
to infect the target cells and no specific lysis was observed
(results not shown).

In the same experimental conditions, a specific cytotoxic
activity was observed in 19 of 20 HIV-1 seropositive patients
when eiii' (gpi60) was expressed (Fig. 2a and b) and in 17 of
20 HIV-1 seropositive patients when gag (p55) was ex-
pressed in the target cells (Fig. 2c and d). In most cases, the
cytotoxic activity was higher when the em' gene was ex-

pressed. For five subjects, however, the activity against
gag-expressing target cells was higher than that for env.
There was no apparent correlation between the stage of the
disease and the cytotoxic activity measured; the two patients
with AIDS-related complex had a positive cytotoxic activity
against enm-expressing targets (PIP3 and PIP5), and one

patient (PIP3) had no activity against gag, whereas 12 of 13
healthy seropositive subjects reacted against em' and 11 of
13 reacted against gag. Therefore, at least at this stage of
analysis, the most severely affected individuals in this group
did not significantly differ from the less affected. However,
the clinical status of the seropositive donors is being fol-
lowed in parallel with their cell-mediated immunity to more

fully analyze any correlations.
In addition, three of eight patients manifested a low but

positive activity when the p27""' protein was expressed and
three of seven patients did so when the p23"'" protein was

expressed in the target cells (Fig. 3). Only five patients were

tested simultaneously for cytotoxic activity against env', gag,
p27"'. and p23"f: one showed an activity against em't only
(LOS25). two showed activity against em' and gag (LOS47
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FIG. 1. Cytotoxic activity of fresh PBMCs from a seronegative
(N17) (a) and a seropositive (LOS61) subject (b). Cytotoxicity of
fresh PBMCs was determined as described in Materials and Meth-
ods in a 4-h 51Cr release assay with four different effector cell/target
cell ratios (E/T). Autologous 51Cr-labeled B-EBV target cells were

either not infected (E) or infected with the WT VV (*) or with the
VV-env'-HIV-1 (O), VV-gag-HIV-1 (O), or VV-gag-HIV-2 (X)
recombinant. The K562 cell line was used as a control to evaluate
the NK activity (U).

and LOS49), one showed activity against env, gag, and
p23'v'f (LOS59), and one showed activity against em', gag,

and p27"ne (LOMB). Thus, in addition to the eni' and gag

antigens, the p27"'f and p23Y"f antigens can serve as targets
for cytotoxic effector cells in seropositive individuals.
The natural killer (NK) activity against the K562 cell line

was measured in most assays. In the experiments in Fig. 1,
the NK activity was higher in the control seronegative
subject than in the seropositive subject. However, the mean

value of the two groups at a 50/1 effector cell/target cell ratio
was 48.2% (range, 34 to 61%) and 43.8% (range, 17 to 72%)
for the control subjects and the seropositive subjects, re-

spectively. Therefore, in our experiments there was no

difference in the NK activity between seronegative and
seropositive subjects.
HIV gag-specific cytotoxic activity was restricted by MHC

antigens while HIV env-specific activity was not. In a separate

set of experiments, the ability of effector cells from seropos-
itive subjects to kill human leukocyte antigen (HLA) non-
identical target cells expressing env or gag HIV-1 antigen
was investigated (Fig. 4). An env-specific killing of human
heterologous targets was observed in each case tested (Fig.
4a and c). In these two experiments, there were no HLA
class I antigens shared between the effector cells and the
target cells. In five different experiments in which in addition
to the autologous target cells, a mouse cell line (EL4 or P815
lymphoma) was used as heterologous targets, specific killing
was noted when these heterologous targets were infected by
the HIV-1 env VV recombinant (Fig. 4b). Thus, because the
env-specific killing occurred in the absence of shared HLA
antigens, the env activity was unrestricted. This does not
exclude, however, the presence of a minor population with
LILA-restricted env-specific cytotoxic activity.

In contrast, in the same experiment, there was no heter-
ologous gag-specific killing when there was no HLA class I
shared antigens (Fig. 4c). The PBMCs of donor 65 were able
to lyse the VV-gag-infected target cells of donor 65, but they
did not lyse the VV-gag-infected target cells of donor 67, an
unmatched class I B-EBV cell line. In another experiment
(with donor PIP5), a cytotoxic activity was observed against
the VV-gag-infected autologous targets but not against the
VV-gag-infected FL4 mouse cell line (results not shown).
Therefore, the major gag response differed from the major
enm' response in its MHC restriction.
The HIV gag-specific cytotoxic activity was inhibited by

monoclonal antibodies to the CD3 antigen, whereas HIV
env-specific cytotoxicity was not. To identify the cell type
mediating the env- and the gag-specific cytotoxic activity,
we attempted to inhibit the cytotoxicity with monoclonal
antibodies to the CD3 and the CD16 surface proteins.
Preincubation of effector cells with a CD3-specific monoclo-
nal antibody inhibited the gag-specific, but not the env-
specific, cytotoxic activity in the two seropositive subjects
tested (Fig. 5). This indicates that the lysis of autologous
target cells expressing gag antigen was T cell mediated. In
comparison, the effect of anti-CD3 on cytolytic activity
against env-infected targets was variable at different effector
cell/target cell ratios; however, there was a consistent failure
to block env-specific lysis with this antibody. In the experi-
ment in Fig. 5b, there was a decreased level of cytotoxic
activity when effector cells were treated with the anti-
Leullb monoclonal antibodies as a control, but this was not
observed in three other experiments.
HIV gag-specific cytotoxic activity was mediated by CD8+ T

lymphocytes. The nature of effector cells recognizing the gag
and the eni' antigen was further investigated in depletion
experiments. The complete depletion of the cytotoxic activ-
ity against the VV-gag-infected autologous target cells was
obtained when PBMCs were treated simultaneously with
monoclonal antibodies against CD4 and CD8 plus comple-
ment (Fig. 6a). As a control, the depletion with monoclonal
antibodies anti-Leullb plus complement had no effect on the
cytotoxic activity against the VV-gag-infected autologous
target cells. Anti-Leullb could, however, remove most of
the NK activity against the K562 cells (results not shown). In
all experiments, the depletion of CD4+ and CD8+ cells had
no effect on the cytotoxic activity against the VV-env-
infected autologous target cells. However, in some experi-
ments, when the CD16+ cells were removed, we were able
to observe a partial decrease of the cytotoxic activity against
the env-expressing target cells. Therefore, the gag-specific
cytotoxic activity is mediated by T lymphocytes, but the
env-specific cytotoxicity is not. To further investigate this
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FIG. 2. Specific cytotoxicity at a fixed effector cell/target cell (E/T) ratio (50/1). Most of the seropositive donors present an activity against
env (95%) and gag (85%). Autologous B-EBV cell lines infected with the VV-ens' (VAC-GP160) recombinant (a and b) or with the VV-gag
(VAC-GAG) recombinant (c and d) are shown. The horizontal line represents the mean plus 2 standard deviations of the level of the lysis
obtained when the autologous B-EBV cell lines were infected with the WT virus or with the polyomavirus middle T VV. For each assay, two
sets of fixed target cells were established for an indirect immunofluorescence assay; in such assays, more than 90% of the VV-infected cells
were stained with a polyclonal anti-VV serum and more than 90% of the VV recombinant-infected cells were stained with the specific
corresponding monoclonal antibodies. The cytotoxic activity was determined as described in Materials and Methods.

point, an additional experiment was therefore performed.
The cytotoxic activity against the VV-gag-infected autolo-
gous target cells was depleted when either CD3+ or CD8+
cells were removed and no chahge was observed with the
removal of CD4' or CD16+ cells from PBMCs (Fig. 6b). In
this same experiment, the cytotoxic activity against the
VV-env-infected autologous target cells was not affected by
such treatments (not shown). The results from these exper-
iments indicate that treatment of PBMCs with anti-CD4-
and-CD8, anti-CD3, or anti-CD8 plus complement reduces
the cytotoxic activity against VV-gag-infected target cells,
but not against VV-env-infected targets, allowing us to
conclude that the gag-specific cytotoxicity is mediated by
CD3+ and CD8+ T lymphocytes. The nature of the env-
specific effectors has not yet been determined, although they
are not CD3+, CD4+, or CD8+ T lymphocytes. The role of
the CD16+ cell subset in the env-specific cytotoxicity re-

mains to be clarified.

DISCUSSION

To characterize the host immune response to HIV, recom-
binant HIV-VV were used to express HIV-1 antigens in
EBV-transformed B-cell lines from 20 HIV-1 seropositive
subjects and 9 seronegative controls. We have shown that in
the same HIV-seropositive individual, distinct types of ef-
fector cells mediate killing of targets expressing env and gag

proteins. The env cytotoxic activity that was present in 19 of
20 (95%) seropositive subjects (Fig. 2) was not restricted by
the MHC antigens (Fig. 4) and not mediated by T lympho-
cytes, as shown by the absence of blocking effect of an
anti-CD3 monoclonal antibody (Fig. 5) and by the ineffi-
ciency of CD3+, CD8+, or CD4+ and CD8+ depletion to
reduce the cytotoxic activity against env-expressing target
cells. On the other hand, in the same conditions, the gag-
specific cytotoxic activity was abrogated upon depletion of
CD8+ T cells (Fig. 5 and 6), and gag MHC-restricted
cytotoxic T lymphocytes (CTLs) were detected in 85% of the
subjects tested (Fig. 2 and 4).
Our results demonstrate that HIV-1 gag is a target for

MHC-restricted CD3+, CD8+ cytotoxic lymphocytes, as
shown in 17 of 20 (85%) seropositive subjects (Fig. 2, 4, 5,
and 6). A gag-specific cytotoxic response has been reported
by others (38), but to our knowledge, this is the first report
showing the nature of the gag-specific effector cells. The
high percentage (85%) of seropositive donors with a gag-

specific cytotoxic activity suggests that gag is a major
protein for CTL recognition. In other viral infections, such
as influenza virus (4, 18), respiratory syncytial virus (3), and
vesicular stomatitis virus (30), the CTL responses are di-
rected mainly against internal viral proteins. In one seropos-
itive subject (Fig. 1) with an HIV-1 gag-specific lysis, no

lysis was detected against HIV-2 p56 gag VV-infected
autologous target cells, suggesting a type specificity for the
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FIG. 3. Specific cytotoxicity at a fixed effector cell/target cell
(E/T) ratio (50:1). The p27nef (F) and p23"f (Q) antigens can serve as
targets for cytotoxic effector cells. (a) Autologous B-EBV cell lines
infected with the F recombinant. The mean percent specific lysis of
targets infected with WT virus was 0.1%, with a range from -4 to
3%. (b) Autologous B-EBV cell lines infected with the Q recombi-
nant. The mean percent specific lysis of targets infected with WT
virus was 0.6%, with a range from -1.7 to 3%. The horizontal line
represents the level of the lysis obtained when the autologous
B-EBV cell lines were infected with the WT virus or with the
polyomavirus middle T VV (mean plus 2 standard deviations). The
cytotoxic activity was determined as described in Materials and
Methods.

gag antigen recognition despite the cross-reactivity in West-
ern blot analysis between HIV-1 and HIV-2 gag (5). The fact
that a gag MHC-restricted CTL activity is present in 85% of
seropositive patients may imply continuous antigenic stimu-
lation in those subjects. However, in our experience, HIV
was isolated by coculture from fresh lymphocytes in only 1
of 30 cases (results not shown). In addition, we were not able
to correlate the gag-specific activity to a positive core
antigenemia in 10 subjects tested using a commercial solid-
phase type enzyme immunoassay (Diagnostics Pasteur,
France). However, small amounts of antigens, which may be
sufficient for continuous cell stimulation, would not be
detected with such techniques.

In contrast with the predominant gag-specific cytotoxic
activity that is mediated by MHC-restricted CTLs, the
predominant HIV env-specific cytotoxicity is not restricted
by MHC antigens and is not mediated by T cells (Fig. 2, 4,
and 5). Our results appear in contradiction with the recent
data of Walker et al. (38) who reported that B-EBV-trans-
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FIG. 4. HIV-specific cytotoxicity on autologous and heterolo-
gous targets. Cytotoxicity assays were performed as described in
Materials and Methods, using effector cells from three different
seropositive donors. (a) Effector cells:donor A. Autologous target
cells of the HLA serotype were Al, A9(23), B8, B12(45). Heterol-
ogous target cells of the HLA serotypes were A10, A19, and B16(38
& 39). Symbols: 1, not infected, autologous target; *, infected with
VV WT, autologous target; *, infected with VV env, autologous
target; X, not infected, heterologous target; O, infected with VV
WT, heterologous target; O, infected with VV env, heterologous
target. (b) Effector cells:LOS1 donor. The heterologous target was
the mouse EL4 cell line, and the autologous target was B-EBV.
Symbols: 1, not infected, autologous target; X, not infected, heter-
ologous target; O, infected with VV WT, autologous target; K,
infected with VV WT, heterologous target; O, infected with VV env,
autologous target; O, infected with VV env, heterologous target. (c)
Effector cells:donor 65. The targets for donor 65 were A3, All, B7,
and B27; the targets for donor 67 were Al, A24, B8, and B14.
Symbols: *, infected with VV env, donor 65; O, infected with VV
env, donor 67; A, infected with VV gag, donor 65; A, infected with
VV gag, donor 67. There was no lysis when the targets were
uninfected or infected with the WT VV.
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FIG. 5. HIV-gag specific cytotoxicity activity was inhibited by

monoclonal antibody to the CD3 antigen (a), while HIV-env specific
cytotoxicity was not (b). The cytotoxic activity of fresh PBMCs
from a seropositive donor (PIP12) was measured as described in
Materials and Methods. Before the addition to the chromium-
labeled VV-gag (a) or VV-env (b) infected target cells, PBMCs were

incubated for 30 min at 37°C with the IOT3 monoclonal antibody
(monoclonal antibody against CD3, clone X-35) (*) or with the
Leullb monoclonal antibody (monoclonal antibody against CD16)
(O) or were not treated (D).

formed autologous target cells infected with a recombinant
VV encoding the gpl60 env gene were killed by MHC-
restricted T lymphocytes. Their results, however, reflected a

preferential killing of the env-expressing autologous target
cells, rather than a strong MHC restriction. On the other
hand, the unrestricted activity seen in our experiments
against the env-expressing target cells and observed in seven
of seven subjects tested does not exclude the existence of a
minor population of HLA-restricted env-specific T cells. The
fact that some investigators were able to select an HLA-
restricted env-specific activity after in vitro secondary stim-
ulation reflects the existence of such a population (34). As a

matter of fact, this situation may occur in vivo and it is likely
that HLA-restricted env-specific cytotoxic activity of alveo-
lar lymphocytes from HIV-positive patients with lympho-
cytic alveolitis may result from a local in vivo antigenic
stimulation of the CD8+ lymphocytes by autologous HIV-
infected macrophages (1, 28).

In our experiments, the nature of the env-specific effector
cells remains to be clarified; the results indicate that the env
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FIG. 6. The effector cells with activity against gag were T cells.
(a) Depletion of effector cells from a seropositive donor (LOS59)
with monoclonal antibody specific for CD4 (10T4), CD8 (IOT8a), or

CD16 (Leullb) plus rabbit complement. Effector cells were not
treated (E), treated with C' alone (A), treated with 10T4 plus IOT8a
plus C' (O), or treated with Leullb plus C' (*). (b) Depletion of
effector cells from a seropositive donor (PIP9) with monoclonal
antibodies specific for CD3 (OKT3), CD4 (OKT4), CD8 (OKT8), or

CD16 (Leullb) plus rabbit complement. Effector cells were not
treated (W), treated with Leullb plus C' (*), treated with OKT3
plus C' (U), treated with OKT8 plus C' (<), or treated with OKT4
plus C' (O). In both panels a and b, target cells were EBV-
transformed autologous B cells infected with VV-gag.

cytotoxic activity detected in our assay was probably not
due to T lymphocytes bearing CD3, CD4, or CD8 antigens.
In HIV seropositive patients, the presence of an antibody-
dependent cellular cytotoxicity against HIV-infected or

-coated cells has been reported by several investigators (24,
32, 40; J. D. Katz, P. Nishanian, and B. Bonavida, FASEB
J. A471, 1988), and anti-gpl20 antibodies from a HIV sero-

positive individual were shown to mediate anti-HIV anti-
body-dependent cellular cytotoxicity (25). K cells responsi-
ble for an antibody-dependent cellular cytotoxicity could
therefore be involved in the env-specific cytotoxic activity.
One must consider also the possibility that the cellular
anti-env cytotoxicity could be mediated by NK cells (33), as

is the case for herpes simplex virus or cytomegalovirus
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32, 40; J. D. Katz, P. Nishanian, and B. Bonavida, FASEB
J. A471, 1988), and anti-gpl20 antibodies from a HIV sero-
positive individual were shown to mediate anti-HIV anti-
body-dependent cellular cytotoxicity (25). K cells responsi-
ble for an antibody-dependent cellular cytotoxicity could
therefore be involved in the env-specific cytotoxic activity.
One must consider also the possibility that the cellular
anti-env cytotoxicity could be mediated by NK cells (33), as
is the case for herpes simplex virus or cytomegalovirus
infection (2, 23). Although a decrease in nonspecific NK
activity has been reported in AIDS patients (17), we found
no difference in these activity between 14 seropositive and
seronegative patients studied. Our group of seropositive
patients, however, did not yet include patients who have
advanced to AIDS. In two experiments, a partial decrease of
the env cytotoxic activity was found after depletion by
anti-Leullb monoclonal antibodies plus complement, which
is known to deplete the NK population (results not shown).
Whatever the nature of the env-specific killer cells, several
reports indicate that a majority of the seropositive patients
show a cell-mediated cytotoxicity against target cells ex-
pressing the env antigen (28, 34, 38, 40), and it is likely that
the discrepancy of the results concerning the nature of these
effector cells may reflect the diversity of the possible mech-
anisms involved in env-specific cytolysis.

During several viral infections, it has been shown that
CTLs recognize viral glycoproteins (15, 29, 41-43) or inter-
nal viral proteins, including structural (3, 4, 15, 18, 29, 30,
36, 39, 42) or nonstructural proteins (4, 31). Specific CTLs
that recognize both gag gene- and env gene-encoded speci-
ficities have been described in other retrovirus infections
(15, 29), and recent reports have identified HIV cytotoxic
activity ofPBMCs or alveolar lymphocytes against env, gag,
or polymerase products of HIV (28, 38, 39). We show here
that p27llef (F or 3' open reading frame) and p2Pf (Q or sor),
neither of which have been shown to be structural virion
proteins, can serve as target for cytotoxic effector cells, but
the nature of these effectors remains to be identified. To our
knowledge, this is the first report describing a specific
cytotoxic activity against these two regulatory proteins of
HIV. The vif gene has been shown to influence virus
infectivity (10, 35), and the significance of p2Pf cytotoxic
activity is not well understood. Because p27"ief protein
synthesis can continue in the absence of the rev protein, in
contrast with that of env and gag proteins (7, 9), latently
infected lymphocytes that do not express structural proteins
(16) may still be the target for p27"'f specific cytotoxic
effector cells.
For certain virus infections, CTLs may contribute to

pathological change (6, 11, 22). Among the 20 seropositive
subjects tested in this study, the most severely affected
(PIP3 and PIP5) did not significantly differ from those less
affected. The number of patients with overt disease was not
sufficient to correlate the stage of the disease following HIV
infection with a quantitative or qualitative difference in
cytotoxic activity. Longitudinal analysis of these patients
will be necessary to address this question.

ACKNOWLEDGMENTS

We are grateful to V. Favier, D. Guetard, and S. Ferris for expert
technical assistance. We thank J. P. Levy (H6pital Cochin) for
continuous support and encouragement; G. Dighiero, M. Emerman,
E. Gomard, A. Hovanessian, G. Milon, and P. Truffa-Bacchi for
helpful discussions; and R. Mollereau, S. Chamaret, and C. Marie
for their interest in this work. L. Goldstein, Genetic Systems
(Seattle, Wash.) kindly supplied monoclonal antibodies against the

enm and gag proteins of HIV-1. We are indebted to Catherine De
Haye (Hopital Saint Louis, Laboratory of J. C. Colombani) for the
HLA antigen typing.

This work was supported by grants from Institut Pasteur, Pasteur
Vaccins, European Economic Community, and Programme Na-
tional de Recherche sur le SIDA. F.T.-S. is a fellow of the Ministere
de la Recherche et de l'Enseignement Superieur.

LITERATURE CITED
1. Autran, B., C. M. Mayaud, M. Raphael, F. Plata, M. Denis, A.

Bourguin, J. M. Guillon, P. Debre, and G. Akoun. 1988. Evi-
dence for a cytotoxic T-lymphocyte alveolitis in human immu-
nodeficiency virus-infected patients. AIDS 2:179-183.

2. Bandyopadhyay, S., B. Perussia, G. Trinchieri, D. S. Miller, and
S. E. Starr. 1986. Requirement for HLA-DR+ accessory cell in
natural killing of cytomegalovirus-infected fibroblasts. J. Exp.
Med. 164:180-195.

3. Bangham, C. R. M., P. J. M. Openshaw, L. A. Ball, A. M. Q.
King, G. W. Wertz, and B. A. Askonas. 1986. Human and
murine cytotoxic T cells specific to respiratory syncytial virus
recognize the viral nucleoprotein N but not the major glycopro-
tein G expressed by vaccinia virus recombinant. J. Immunol.
137:3973-3977.

4. Bennink, J. R., J. W. Yendell, G. L. Smith, and B. Moss. 1987.
Anti-influenza virus cytotoxic T lymphocytes recognize the
three viral polymerases and a nonstructural protein: responsive-
ness to individual viral antigens is major histocompatibility
complex controlled. J. Virol. 61:1098-1102.

5. Clavel, F., D. Guetard, F. Brun-Vezinet, S. Chamaret, M. A.
Rey, M. 0. Santos-Ferreira, A. G. Laurent, C. Dauguet, C.
Katlama, C. Rouzioux, D. Klatzmann, L. Champalimaud, and L.
Montagnier. 1986. Isolation of a new human retrovirus from
West African patients with AIDS. Science 233:343-346.

6. Cole, G. A., D. H. Gilden, A. A. Monjan, and N. Nathanson.
1971. Lymphocytic choriomeningitis virus: pathogenesis of
acute central nervous system disease. Fed. Proc. 30:1831-1841.

7. Cullen, B. R., J. Hauber, K. Campbell, J. G. Sodrovski, W. A.
Haseltine, and C. A. Rosen. 1988. Subcellular localization of the
human immunodeficiency virus trans-acting art gene product. J.
Virol. 62:2498-2501.

8. Fauci, A. S. 1988. The human immunodeficiency virus: infectiv-
ity and mechanisms of pathogenesis. Science 239:617-622.

9. Feinberg, M. B., R. F. Jarret, A. Aldovini, R. C. Gallo, and F.
Wong-Staal. 1986. HTLV-IIl expression and production involve
complex regulation at the levels of splicing and translation of
viral RNA. Cell 46:807-817.

10. Fisher, A. G., B. Ensoli, L. Ivanoff, M. Chamberlain, S. Pette-
way, L. Ratner, R. C. Gallo, and F. Wong-Staal. 1987. The sor
gene of HIV-1 is required for efficient virus transmission in
vitro. Science 237:888-893.

11. Gilden, D. H., G. A. Cole, and N. Nathanson. 1972. Immuno-
pathogenesis of acute central nervous system disease produced
by lymphocytic choriomeningitis virus II adoptive immuniza-
tion of virus carriers. J. Exp. Med. 135:874-889.

12. Guy, B., M. P. Kieny, Y. Riviere, C. Le Peuch, K. Dott, M.
Girard, L. Montagnier, and J. P. Lecocq. 1987. HIV F/3' orf
encodes a phosphorylated GTP-binding protein resembling an
oncogene product. Nature (London) 330:266-269.

13. Guyader, M., M. Emerman, P. Sonigo, F. Clavel, L. Montagnier,
and M. Alizon. 1987. Genome organization and transactivation
of the human immunodeficiency virus type 2. Nature (London)
326:662-669.

14. Ho, D. D., R. J. Pomerantz, and J. C. Kaplan. 1987. Pathogen-
esis of infection with human immunodeficiency virus. N. Engl.
J. Med. 317:278-286.

15. Holt, C. A., K. Osorio, and F. Lilly. 1986. Friend virus-specific
cytotoxic T lymphocytes recognize both gag and env gene
encoded specificities. J. Exp. Med. 164:211-226.

16. Hoxie, J. A., J. S. Alpers, J. L. Rackowski, K. Huebner, B. S.
Haggarty, A. J. Cedarbaum, and J. C. Reed. 1986. Alterations in
T4 (CD4) protein and mRNA synthesis in cells infected with
HIV. Science 234:1123-1127.

17. Katz, J. D., R. Mitsuyasu, M. S. Gottlieb, L. T. Lebow, and B.

J. VIROL.



HIV-SPECIFIC CYTOTOXIC RESPONSES 2277

Bonavida. 1987. Mechanism of defective NK cell activity in
patients with acquired immunodeficiency syndrome (AIDS) and
AIDS-related complex. Il. Normal antibody-dependent cellular
cytotoxicity (ADCC) mediated by effector cells defective in
natural killer (NK) cytotoxicity. J. Immunol. 139:55-60.

18. Kees, U., and P. Krammer. 1984. Most influenza A virus specific
memory cytotoxic T lymphocytes react with antigenic epitopes
associated with internal viral determinants. J. Exp. Med. 151:
365-377.

19. Kieny, M. P., R. Lathe, Y. Riviere, K. Dott, S. Schmitt, M.
Girard, L. Montagnier, and J. P. Lecocq. 1988. Improved
antigenicity of the HIV env protein by cleavage site removal.
Protein Eng. 2:210-225.

20. Kieny, M. P., G. Rautmann, D. Schmitt, K. Dott, S. Wain-
Hobson, M. Alizon, M. Girard, S. Chamaret, A. Laurent, L.
Montagnier, and J. P. Lecocq. 1986. AIDS virus env protein
expressed from a recombinant vaccinia virus. Biotechnology
4:790-795.

21. Lathe, R., M. P. Kieny, P. Gerlinger, P. Clertant, I. Guizani, F.
Cuzin, and P. Chambon. 1987. Tumour prevention and rejection
with recombinant vaccinia. Nature (London) 326:878-880.

22. Leist, T. P., E. Ruedi, and R. M. Zinkernagel. 1988. Virus-
triggered immune suppression in mice caused by virus-specific
cytotoxic T cells. J. Exp. Med. 167:1749-1754.

23. Lindemann, R. A., S. H. Golub, and N. H. Park. 1986. HSV-1
infected oral epithelial cells are targets for natural killer cells. J.
Dent. Res. 66:770-773.

24. Ljunggren, K., B. Bottiger, G. Bibberfeld, A. Karlson, E. M.
Fenyo, and M. Jondal. 1987. Antibody-dependent cellular cyto-
toxicity-inducing antibodies against human immunodeficiency
virus. J. Immunol. 139:2263-2267.

25. Lyerly, H. K., L. Reed, T. J. Matthews, A. J. Langlois, P. A.
Ahearne, S. R. Petteway, Jr., and K. J. Weinhold. 1987. Anti-
gpl20 antibodies from HIV seropositive individuals mediate
broadly reactive anti-HIV ADCC. AIDS Res. Hum. Retrovi-
ruses 3:409-422.

26. Mims, C. A., and D. 0. White. 1984. Viral pathogenesis and
immunology. Blackwell Scientific Publications, Ltd., Oxford.

27. Montagnier, L. 1986. Lymphadenopathy associated virus: its
role in the pathogenesis of AIDS and related diseases. Prog.
Allergy 37:46-64.

28. Plata, F., B. Autran, L. Pedroza-Martins, S. Wain-Hobson, M.
Raphael, C. Mayaud, M. Denis, J. M. Guillon, and P. Debre.
1987. AIDS virus-specific cytotoxic T lymphocytes in lung
disorders. Nature (London) 328:348-351.

29. Plata, F., P. Langlade-Demoyen, J. P. Abastado, T. Berbaz, and
P. Kourilsky. 1987. Retrovirus antigens recognized by cytolytic
T lymphocytes activate tumor rejection in vivo. Cell 48:231-240.

30. Puddington, L., M. J. Bevan, J. K. Rose, and L. Lefrangois.
1986. N protein is the predominant antigen recognized by
vesicular stomatitis virus-specific cytotoxic T cells. J. Virol.
60:708-717.

31. Reddehase, M. J., and U. H. Koszinowski. 1984. Significance of
herpes virus immediate early gene expression in cellular immu-
nity to cytomegalovirus infection. Nature (London) 312:369-
371.

32. Rook, A. H., H. C. Lane, T. Folks, S. McCoy, H. Alter, and
A. S. Fauci. 1987. Sera from HTLV-III/LAV antibody-positive
individuals mediate antibody-dependent cellular cytotoxicity
against HTLV-III/LAV-infected T cells. J. Immunol. 138:1064-
1067.

33. Ruscetti, F. W., J. A. Mikovits, V. S. Kalyanaraman, R. Over-
ton, K. Stevenson, R. B. Herberman, W. L. Farrar, and J. R.
Ortaldo. 1986. Analysis of effector mechanisms against HTLV-1
and HTLV-111/LAV infected lymphoid cells. J. Immunol. 136:
3619-3624.

34. Shepp, D. A., F. Daguillard, D. Mann, and G. V. Quinnan. 1988.
Human class I MHC-restricted cytotoxic T-lymphocytes spe-
cific for human immunodeficiency virus envelope antigens.
AIDS 2:113-117.

35. Strebel, K., D. Daugherty, K. Clouse, D. Cohen, T. Folks, and
M. Martin. 1987. The HIV "A" (Sor) gene product is essential
for virus infectivity. Nature (London) 328:728-730.

36. Townsend, A. R. M., A. J. McMichael, N. P. Carter, J. A.
Huddleston, and G. G. Brownlee. 1984. Cytotoxic T cell recog-
nition of the influenza nucleoprotein and hemagglutin expressed
in transfected mouse L cells. Cell 39:13-25.

37. Wain Hobson, S., P. Sonigo, 0. Danos, S. Cole, and M. Alizon.
1985. Nucleotide sequence of the AIDS virus, LAV. Cell
40:9-17.

38. Walker, B. D., S. Chakrabarti, B. Moss, T. J. Paradis, T. Flynn,
A. G. Durno, R. S. Blumberg, J. C. Kaplan, M. S. Hirsch, and
R. T. Schooley. 1987. HIV-specific cytotoxic T lymphocytes in
seropositive individuals. Nature (London) 328:345-348.

39. Walker, B. D., C. Flexner, T. J. Paradis, T. C. Fuller, M. S.
Hirsch, R. T. Schooley, and B. Moss. 1988. HIV-1 reverse
transcriptase is a target for cytotoxic T lymphocytes in infected
individuals. Science 240:64-66.

40. Weinhold, K. J., H. K. Lyerly, T. J. Matthews, D. S. Tyler,
P. M. Ahearne, K. C. Stine, A. J. Langlois, D. T. Durack, and
D. P. Bolognesi. 1988. Cellular anti-gpl20 cytolytic reactivities
in HIV-1 seropositive individuals. Lancet i:902-905.

41. Whitton, J. L., J. R. Gebhard, H. Lewicki, A. Tishon, and
M. B. A. Oldstone. 1988. Molecular definition of a major
cytotoxic T lymphocyte epitope in the glycoprotein of lympho-
cytic choriomeningitis virus. J. Virol. 62:687-695.

42. Whitton, J. L., P. J. Southern, and M. B. A. Oldstone. 1988.
Analysis of the cytotoxic T lymphocyte responses to lympho-
cytic choriomeningitis virus. Virology 162:321-327.

43. Zarling, J. M., P. A. Moran, R. L. Barke, C. Pachl, P. W.
Berman, and L. A. Lasky. 1986. Human cytotoxic T cell clones
directed against herpes simplex virus-infected cells. IV. Recog-
nition and activation by cloned glycoproteins gB and gD. J.
Immunol. 136:4669-4673.

VOL. 63, 1989


