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CD8™" lymphocytes from human immunodeficiency virus (HIV)-infected patients can suppress in vitro HIV
replication in CD4™ T cells by a noncytolytic mechanism involving secreted CD8"-cell antiviral factor(s)
(CAF). Using an HIV Nef-specific cytotoxic-T-lymphocyte (CTL) line and autologous CD4™ T cells infected
with a nef-deleted HIV-1 virus, we demonstrated that, after a priming antigenic stimulation, this suppression
does not require the presence of the specific antigen during the effector phase. Furthermore, using an
Epstein-Barr virus (EBV)-specific CTL line from an HIV-seronegative donor, we demonstrated that the ability
to inhibit HIV replication in a noncytolytic manner is not restricted to HIV-specific effector cells; indeed,
EBV-specific CTL were as efficient as HIV-specific effectors in suppressing R5 or X4 HIV-1 strain replication
in vitro. This HIV-suppressive activity mediated by a soluble factor(s) present in the culture supernatant was
detectable for up to 14 days following stimulation of EBV-specific CD8* cells with the cognate epitope peptide.
Following acute infection of CEM cells with an X4 strain of HIV-1, EBV-specific CTL line supernatant
containing HIV-suppressive activity did not block virus entry but was shown to interfere with virus replication
after the first template switching of reverse transcription. Our results suggest that the noncytolytic control of
HIV replication by EBV-specific CD8* T lymphocytes corresponded to a CAF-like activity and thus demon-
strate that CAF production may not be restricted to CTL induced during HIV disease. Moreover, CAF acts

after reverse transcription at least for X4 isolate replication inhibition.

Infection with human immunodeficiency virus (HIV) is char-
acterized by an initial acute phase with a high level of plasma
viremia. Studies of the immune responses induced in HIV-
infected patients suggest that cytotoxic T lymphocytes (CTL)
play an important role in controlling the virus, since the emer-
gence of antiviral CTL activity coincides with the clearance of
viremia in primary infection (7, 28). Furthermore, a decline in
this CTL response coincides with disease progression in in-
fected individuals (12, 27). Two types of CD8"-cell-mediated
antiviral functions have been described in HIV infection: one
involves the classical antigen-specific HLA-restricted cytolysis
of infected cells (54), and the other inhibits HIV replication in
the absence of cell killing (33, 55, 59).

This noncytolytic antiviral response was first identified in
vitro with lymphocytes from HIV-seropositive patients (57). It
is detected by a reduction in HIV p24 production or a decrease
in reverse transcriptase (RT) activity in supernatants from
cocultures of HIV-infected CD4 " cells and activated CD8" T
lymphocytes. The effector cells carry the phenotype of acti-
vated CD8" CTL (3, 36, 53), but the antiviral activity does not
require HLA compatibility at the effector phase. This inhibi-
tion of HIV replication is mediated by soluble factor(s) re-
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ferred to as CD8%-cell antiviral factor(s) (CAF) (8, 56); in-
deed, noncytotoxic HIV-suppressive activity can be mediated
by using cell-free supernatants from cultures of activated
CD8" T cells (56). However, it has been reported that cell-to-
cell contact (53, 56) and the use of autologous cell cultures (8)
can enhance the effect. Furthermore, one CD8™ T cell could
mediate both CAF secretion and HLA-restricted cytotoxicity,
since we have previously demonstrated that a CD8* CTL
clone, specific for one HIV-Gag epitope, could also inhibit in
vitro HIV replication by soluble-factor secretion (10). HIV-1 is
not the only virus to be affected by this response since CD8* T
cells have also been shown to suppress HIV-2 or simian im-
munodeficiency virus replication; this noncytolytic antiviral ac-
tivity has also been observed in nonhuman primate species (5,
13, 35, 58).

Recombinant cytokines have been tested independently for
their ability to mediate CAF activity, and cytokine-specific
monoclonal antibodies have been tested for their ability to
block this effect (36, 39) but, to date, the identity of the CAF
remains largely unknown. Recent studies have shown that
HIV-suppressive factors produced by CD8™ T cells include the
B-chemokines macrophage-inflammatory protein-lac (MIP-1av),
MIP-1B, and RANTES (14), which block the entry of RS HIV
strains into CD4™" cells by competing for binding to the che-
mokine receptors CCRS and CCR3 (1, 19, 20). In the same
manner, the a-chemokine stromal-derivated factor 1 (SDF-1),
for which CXCRA4 is the receptor, inhibits the entry of T-tropic
HIV isolates (44), whereas it has never been demonstrated to
be produced by CD8" lymphocytes (29). Furthermore, the
B-chemokine MDC (45) and interleukin-16 (IL-16) (2) could
be produced by CD8™ T cells and suppress HIV replication in
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vitro. Elsewhere, other studies indicate that CAF activity may
block viral transcription. Using Jurkat cells transfected with an
HIV-1 long-terminal-repeat (LTR)-luciferase construct (38)
or an HIV-1 LTR-chloramphenicol acetyltransferase (CAT)
construct (17), CD8" T lymphocytes or their supernatants
were shown to mediate specific inhibition of the LTR-driven
activity, whereas the B-chemokines could not suppress HIV
RNA transcription (22). Furthermore, B-chemokines ap-
peared to be distinct from CAF (37).

The CD8" antiviral noncytolytic activity has been evidenced
with effector cells from HIV-seropositive patients and seems to
correlate with the clinical status of infected individuals (4, 6,
24, 40). However, the ability of CD8™" cells from HIV-seroneg-
ative donors to inhibit HIV replication has been described but
is controversial (26, 32, 49). Elsewhere, viral suppression by
CD8" lymphocytes from HIV-infected patients appears to be
more efficient than the inhibition observed by effector cells
from healthy donors (33). Thus, it is still unclear whether HIV
infection of the host specifically induces in vivo the immune
competence to elicit CAF activity or if infection with other
viruses could have the same result as a consequence of acti-
vating CD8" T cells.

In the present study, we have further analyzed this noncy-
tolytic control of HIV replication using both HIV-specific and
Epstein-Barr virus (EBV)-specific CD8" T-cell lines. Our re-
sults indicate that antigen-specific T-cell receptor (TCR) stim-
ulation is not required at the effector phase of the control and
that noncytolytic inhibition of HIV replication is not restricted
to HIV-specific CD8" T cells. Finally, an EBV-specific CD8"
T-cell line could control replication of HIV-1 X4 strain by
secretion of soluble factor(s) which interacts with the viral
cycle, at least after the first template switching of reverse tran-
scription.

MATERIALS AND METHODS

Cell lines. B-lymphoblastoid cell lines (B-LCL) were established by in vitro
transformation of peripheral blood B cells with the standard EBV isolate B95.8
(42). CEM cells (clone 13) were kindly provided by L. Montagnier (Institut
Pasteur, Paris, France) (31). All of these cell lines were grown in RPMI 1640
(Whittaker, Gagny, France) supplemented with 2 mM L-glutamine (Gibco BRL,
Cergy-Pontoise, France) and 10% heat-inactivated fetal calf serum (FCS; Dut-
scher, Strasbourg, France) (RPMI-10% FCS). All incubations and culture pro-
cedures were performed at 37°C in a water-saturated 5% CO, atmosphere.

Isolation of CD8" T-cell lines. The P1-HIV CTL line was generated as de-
scribed previously (21) from an HIV-1-seropositive adult who maintained a CTL
response to the HIV-1 p27~¢f protein during a 6-year study period (48). The
HLA typing of this patient is A2.01, Al1, B27, B51, and C1402. The line was
stimulated every 2 to 3 weeks with irradiated (100 Gy) autologous B-LCL and the
cognate epitope peptide HIV-1 Nef19 (representing amino acids 73 to 82 from
p27Nf, QVPLRPMTYK, provided by Neosystem, Strasbourg, France, and ob-
tained through the Agence Nationale de Recherche sur le Sida [ANRS]), which
has been confirmed as the optimal specific epitope; fresh allogeneic irradiated
peripheral blood mononuclear cells (PBMC) were also added as feeders. The
P1-HIV line was maintained in RPMI 1640 (Whittaker) supplemented with 2
mM L-glutamine, 1 mM nonessential amino acids, 1 mM sodium pyruvate (Gibco
BRL), 5% human AB serum (INTS, Bobigny, France), and 50 IU of recombinant
human IL-2 (rIL2) (RU49637, a generous gift from D. Lando, Roussel-Uclaf,
Romainville, France) per ml (cloning medium).

The 1.6-EBV CTL line was generated from an HIV-seronegative, EBV-sero-
positive individual as described previously (25). The HLA haplotype of this
person is A2, A29, B8, B40, and Cw3. This cell line was restimulated every 2 to
3 weeks in the presence of fresh allogeneic irradiated PBMC as feeder cells and
0.5 pg of phytohemagglutinin (PHA-p; Difco, Detroit, Mich.) per ml. In addition,
irradiated autologous B-LCL cells preincubated with 1 pg of a peptide repre-
senting amino acids 339 to 347 (FLRGRAYGL; Neosystem) per ml from the
EBV nuclear antigen-3 (EBNA-3) protein of the BL74 EBV strain (9) were
added at a stimulator/responder ratio of 1/10. This peptide represents the min-
imal target epitope recognized by the 1.6-EBV line. The cells were cultured in
RPMI 1640 supplemented with 3% human AB serum (INTS), 10% FCS (Dut-
scher), 2 mM L-glutamine, 1 mM nonessential amino-acids, 1 mM sodium pyru-
vate (Gibco BRL), 20 IU of rIL2 (RU 49637) per ml, and 15% T-cell growth
factor (Lymphocult T-LF; Biotest, Buc, France) as a source of cytokines (cloning
mix).
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Both cell lines were confirmed to be at least 99% CD3* CD8™" by cytofluoro-
metric analysis. The T-cell line VB repertoire was analyzed as described previ-
ously (46).

Isolation of CD4* T-cell lines. CD4" T-cell lines were derived from the
HIV-infected patient P1, from the EBV-seropositive individual 1.6, and from
one additional HIV-seropositive donor (HLA typing: A2, A30, B44, C2, and C5).
PBMC from these donors were depleted of CD8" T cells by using magnetic
beads coated with anti-CD8 monoclonal antibodies (Immunotech, Marseille,
France) according to the manufacturer’s instructions and then seeded at 10 or 25
cells/well in a 96-well plate (Costar) with fresh allogeneic irradiated PBMC and
2 pg of PHA (Difco) per ml. Cells were cultured in cloning medium and
restimulated with allogeneic irradiated PBMC and PHA every 3 weeks. The lines
were confirmed by cytofluorometric analysis to be at least 9% CD3" CD4™"
CD8™. Assays for RT activity (50) in the supernatant of uninfected activated
CD4™ T-cell lines derived from HIV-infected patients were consistently nega-
tive.

Virus stocks. The HIV-1 LAI strain was used as a lymphotropic (X4) virus; the
monotropic (R5) molecular clone HIV-1 YU2b (34) and the nef frameshift
mutant YU2bAnef (43) were kindly provided by O. Schwartz (Institut Pasteur).
The frameshift mutation suppresses completely the expression of the Nef protein
by YU2bAnef, as evidenced by immunoblotting (43). For production of virus
stocks, PBMC from healthy donors were prepared by Ficoll-Paque (Pharmacia,
Les Ulis, France) density gradient centrifugation, suspended in cloning medium,
and stimulated for 3 days with 2 pg of PHA (Difco) per ml. PBMC cultures were
then infected with the various isolates, and virus production was monitored by
measuring RT activity in the culture supernatant as described previously (50).
The coreceptor usage of these virus stocks was checked on HeLa cells bearing
human CD4 alone, or human CD4 and human CCRS, as described previously
(41).

The dual-tropic (X4RS5) 89.6 strain was obtained through the AIDS Research
and Reference Reagent Program, Division of AIDS, National Institute of Al-
lergy and Infectious Diseases, National Institutes of Health (NIH); HIV 89.6 was
from Ronald Collman (16) and was propagated in CEMx174 cells.

The CEM-adapted HIV-1 LAI strain (31) was amplified on CEM clone 13
cells.

Recombinant vaccinia viruses (rVV) expressing individual HIV antigens were
as described previously (48).

All virus stocks were stored at —80°C.

Reverse transcription assays. RT activity was measured as described previ-
ously (50). Briefly, using a 96 well-plate, we incubated 50 pl of cell-free super-
natant at 37°C for 1 h with 10 pl of a mix containing 0.5% of Triton X-100
(Sigma), 50 mM of dithiothreitol (Sigma), and 0.5 M of KCI (Sigma) and 40 pl
of a mix containing 1.25 mM EGTA (Sigma) in 0.5 M Tris-HCl solution (pH 7.8),
12.5 mM MgCl, (Sigma), 0.125 mg of Poly-rA-Oligo d/T (Pharmacia-LKB,
Saint-Quentin-en-Yvelines, France) per ml, and 3 p.Ci of [’H]dTTP (ICN, Orsay,
France). The reaction was stopped at 4°C with 20 pl of a mix containing 120 mM
of Na,P,0, (Merck, Darmstadt, Germany) in 60% trichloroacetic acid (Prolabo,
Paris, France) solution. The supernatants were harvested on a DEAE-treated
filter (EGG, Evry, France) and counted on a beta counter. RT activity was
expressed as the counts per minute (cpm) per 50 pl of supernatant.

Cytotoxicity assays. CTL activity was measured using a conventional 4-h >'Cr
release assay as described previously (48). Briefly, autologous B-LCL were in-
fected with rVV 16 h before the assay, labeled for 1 h with 3.7 MBq of Na,*'CrO,,
(ICN) per 10° cells, washed three times, and then used as target cells. For
peptide assays, B-LCL were labeled for 1 h with Na,>'CrO, and washed, and
then synthetic peptides were added at 1 pg/ml. These targets were then added to
the effector cells at various effector-to-target ratios. After incubation, superna-
tants were removed and counted on a beta counter. The percentage of specific
release was calculated as follows: % release = (experimental release — sponta-
neous release)/(total release — spontaneous release) X 100. Total release was
measured by resuspending target cells in lysis buffer (5% Triton X-100-1%
sodium dodecyl sulfate). Spontaneous release was obtained from targets incu-
bated with medium alone and was usually less than 15% of the total release.

Direct coculture of CD8™" effectors with HIV-infected CD4™ T cells. CD4"
T-cell lines stimulated for 5 days with PHA were incubated at 2 X 10° cells/ml
with 5 X 10* cpm/10° cells of the HIV viral stock and 5 pg of polybrene per ml
for 2 h at 37°C. An equal volume of fresh medium was then added, and cells were
incubated at 37°C overnight. Infected cells were washed, seeded at 10° cells per
well in a 48-well plate (Costar), and mixed with various concentrations of CD8™"
T effector cells at CD8"/CD4™" ratios ranging from 0/1 to 4/1, in a final volume
of 1 ml. Uninfected CD4* and CD8™" T lymphocytes alone were used as negative
controls, and HIV-infected CD4" T cells alone were used as a positive control.
Half of the culture supernatant was collected from each well two or three times
a week and stored at —80°C, and cultures were refed with fresh medium. At the
end of the coculture, the RT activity in the supernatant was measured as de-
scribed previously (50) and was expressed as cpm per 50 pl of supernatant. The
percent inhibition of viral replication was calculated as follows: [1 — (experi-
mental RT/infected CD4* cells alone RT)] X 100.

Inhibition of HIV replication by CTL supernatants. (i) Generation of inhib-
itory supernatants from CTL. Supernatants from cultures of the 1.6-EBV line
were tested for their inhibitory activity on HIV replication. After TCR stimula-
tion with the cognate peptide epitope, cells were maintained at 10° cells/ml in a
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cloning mix. Supernatants were collected 9 (d9), 12 (d12), 14 (d14), or 15 (d15)
days after stimulation (i.e., at least 2 days after the cultures were last fed with
fresh medium). Supernatants from autologous PHA-stimulated uninfected
CD4" T-cell cultures (maintained at 10° cells/ml) were collected 9 days (d9) after
the addition of PHA (i.e., 3 days after the cultures were last fed). Cloning mix or
cloning medium alone was used as a negative control. The supernatants were
stored at —20°C. For these experiments, cell lines were stimulated with the same
batch of irradiated allogeneic PBMC feeder cells.

(ii) HIV infection of CEM cells. Pelleted CEM clone 13 cells were incubated
at 37°C for 1 h with the CEM-adapted HIV-1 LAI stock (11) at 150 ng of Gag
p24 per 10° cells (corresponding to 12 X 10* cpm of RT activity). The cells were
infected in 1 ml of culture medium and then washed. Infected cells were then
cultured at 10° cells per well in a 48-well plate for 7 days in the presence of CD8*
T-cell supernatant. CEM cells preincubated with HIV but cultured without
CD8" supernatant were used as a positive control for HIV infection; uninfected
CEM cells cultured alone acted as a negative control. Half of each culture
supernatant was collected daily and stored at —80°C, and the cultures were refed.
At the end of the assay, the RT activity in the supernatants was measured as
described previously (50).

(iii) Assays for inhibition of HIV replication. Target cells (PHA-activated
CD4" T lymphocytes or CEM cells) were acutely infected with HIV-1 as de-
scribed above, in the presence or absence of CTL supernatants (see Results), and
were plated at 10° cells per well (in 1 ml) in a 48-well plate. CTL supernatants
were tested at a dilution of 1/2 and maintained at this concentration throughout
the course of the assay. Supernatant fluid (0.5 ml) was removed for RT activity
testing (50) every day for CEM cells and twice a week for CD4™" lymphocytes and
then replaced with fresh medium containing 50% CTL supernatant fluid. In-
fected T cells alone were used as a positive control for HIV infection. PHA-
stimulated CD4™" T-cell supernatants or cloning medium alone acted as negative
controls for CAF activity. The percent inhibition of viral replication was calcu-
lated as follows: [1 — (experimental RT/infected CD4* cells alone RT)] X 100.

PCR analysis. DNA was extracted from CEM cells 24 h after HIV-1 LAI
infection using the QIAamp blood kit (Qiagen, Hilden, Germany) as described
by the manufacturer and then tested for proviral DNA using a PCR-based assay.
PCR was performed with 770 ng of DNA matrix. Amplification (25 cycles) of
viral DNA was carried out using primers corresponding to U3+ (5'-CACACA
AGGCTACTTCCCTGA-3") and U5— (5'-GATCTCTAGTTACCAGAGTCA
C-3') domains in the HIV-1 LTR to generate a 540-bp fragment as described
previously (15). The plasmid pBru2 (47) containing the complete genome of
HIV-1 was used to estimate the linearity of the HIV DNA amplification. As a
control, part of the B-globin gene was amplified independently (30 cycles) using
the primer B-globin+ from the region from 1614 to 1633 (exon) (5'-CCTTTG
TTCCCTAAGTCCAA-3'), and the primer B-globin— from the region from
1851 to 1832 (intron) (5'-CCTCACCTTCTTTCATGGAG-3') to generate a
238-bp fragment as described previously (15). PCR products were resolved in 2%
agarose gels and quantified using NIH 1.61 software (Wayne Rasband, NIH,
Bethesda, Md.).

RESULTS

Characterization of the CD8* CTL lines. As tools to study
CD8"-cell-mediated HIV-suppressive activity, we character-
ized two CD8"* CTL lines: P1-HIV obtained from an HIV-1-
infected patient and 1.6-EBV isolated from an EBV-sero-
positive, HIV-1-seronegative individual. P1-HIV is an HIV-1
Nef-specific line, which lysed autologous B-LCL infected with
rVV encoding the entire Nef protein, and B-LCL coated with
peptide Nefl9 (amino acids [aa] 73 to 82) from p27™°' (Fig.
1A). The irrelevant peptide Nef2 (aa 86 to 100 from p27™<h)
did not elicit any cytotoxic response. The Nef-specific CTL
response was restricted by HLA-A11 (data not shown). Flow
cytometric analysis demonstrated that the P1-HIV line was
at least 99% CD3" CD4~ CD8" TCRaf*yd ™. This line, as
demonstrated by using antibodies specific for TCR Vf chains,
was composed of 80% VB8™ cells, while the remaining 20% of
cells were not recognized by any of the available antibodies
specific for 14 different TCR V3 chains (data not shown). The
VB8™" cell population was clonal, as confirmed in a runoff
method (46) (data not shown), and mediated the Nef-specific
cytotoxic activity, as demonstrated by depletion experiments
(data not shown).

The 1.6-EBV line recognized the minimal epitope peptide
FLRGRAYGL (aa 339 to 347) from the EBNA-3 protein of
the EBV strain BL74 (Fig. 1B). The variant epitope sequence
from the EBV strain B95.8 (FLRGRAYGI) was not recog-
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FIG. 1. Cytotoxic activity of CD8" T-cell lines. CTL assays were conven-
tional 4-h >'Cr release assays. (A) P1-HIV line was tested against autologous
B-LCL alone as a negative control ((0), B-LCL previously infected with a rVV
expressing the entire nef gene (%), B-LCL preincubated with the specific peptide
Nef19 (aa 73 to 82 of p27™°'; @), or B-LCL preincubated with an irrelevant
peptide (Nef2, aa 86 to 100 of p27™°f, A). (B) 1.6-EBV line was assayed against
autologous B-LCL alone as a negative control ((J), B-LCL previously incubated
with the specific peptide (aa 339 to 347 of EBNA-3 from BL74 virus; @), or
B-LCL previously incubated with an irrelevant peptide (HIV 25-5; aa 168 to 184
of HIV p2592; A). Results represent the mean of triplicate cultures and are
expressed as the percent specific lysis plus the standard deviation.

nized (9). Thus, the autologous B-LCL was not lysed in this
assay, nor was it lysed if it was precoated with an irrelevant
peptide 25-5 from HIV-1 p2592¢ (aa 168 to 184) (Fig. 1B). This
CTL response was restricted by HLA-B8 (51). By flow cyto-
metric analysis the 1.6-EBV line was found to be at least 98%
CD3" CD8" CD16~ CD38* HLA-DR ™. Using a runoff meth-
od (46), we observed that the CTL line was composed of two
clones, one expressing VB6B and one expressing VB3 (data not
shown).

The P1-HIV line is a potent inhibitor of HIV-1 replication
even in the absence of the cognate epitope. We investigated the
HIV-suppressive capacity of the P1-HIV line on autologous
acutely infected CD4™" T cells. The CD4" lymphocytes were
infected with the R5 HIV-1 YU2b isolate and cocultured with
the P1-HIV line at multiple CD8*/CD4" ratios. Even at a
ratio of 1/1, the P1-HIV line could completely suppress viral
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FIG. 2. P1-HIV line suppression of viral replication in autologous CD4" T cells. (A) CD4™ T lymphocytes were acutely infected with the HIV-1 RS strain YU2b.
(B) CD4* T cells were infected with the nef frameshift mutant YU2bAnef. Infected cells were either cultured alone (m) or cocultured with antigen-stimulated P1-HIV
line at CD8"/CD4™" ratios of 4/1 (®) or 1/1 (O). Results are expressed as the RT activity (cpm)/50 .l of culture supernatant.

replication in target cells (Fig. 2A). In this experiment it is
likely that the Nef-specific P1-HIV line was at least partly in-
hibiting virus replication through the classical HLA-restricted
antigen-specific cytolytic mechanism. In order to assess HIV
inhibition capacity of the line in the absence of this cytotoxicity,
the P1-HIV line was cocultured with the same autologous
CD4™" cell line infected with a mutant YU2b virus deleted for
the nef gene (YU2bAnef). These targets could not express the
cognate epitope Nef aa 73 to 82 on their surface since Nef
expression is completely suppressed in the molecular clone
YU2bAnef (43). In this coculture experiment, replication of
YU2bAnef was inhibited by 80% at a CD8"/CD4 " ratio of 1/1.
Since the only HIV-specific cytotoxic activity mediated by P1-
HIV was directed against Nef, this suggests that this HIV
suppression was induced by a noncytotoxic activity. The viral
replication inhibition was not due to the elimination of in-
fected cells because CD4™ cells were present in the coculture
with the CD8" T cells at the peak of HIV replication, as
confirmed by flow cytometry analysis (data not shown). In the
absence of cytotoxic activity, this suppressive effect was less
efficient than with the wild-type virus but acted in a dose-
dependent manner (Fig. 2B). This anti-HIV response seemed
to be inherent to the cell line since it was efficient even without
TCR recognition of the specific HLA-peptide complex during
the effector phase. Thus, P1-HIV line was able to control HIV
replication in autologous CD4™" lymphocytes by a mechanism
distinct to cytotoxicity. This antiviral activity dependent on the
initial CD8"/CD4 " ratio could correspond to CAF activity as
described initially (33). We next investigated the possibility
that a non-HIV-specific CTL line could express the same anti-
HIV activity.

The 1.6-EBYV line inhibited HIV replication as efficiently as
the P1-HIV line. We cocultivated the CD8" 1.6-EBYV line with
autologous CD4™" T lymphocytes acutely infected with HIV-1
YU2b at various CD8"/CD4™" ratios. At the peak of viral
replication, the 1.6-EBV line could inhibit at least 98% of HIV
replication even at the lowest effector cell concentration (Fig.
3A). In YU2b-infected allogeneic CD4" lymphocytes, the 1.6-
EBYV line suppressed viral replication by at least 93% (Fig. 3B).

Thus, although the 1.6-EBV line is not capable of mediating
HIV-specific cytotoxicity, it controlled HIV replication in vitro
as efficiently as the P1-HIV line by a noncytotoxic mechanism.
The ability of the 1.6-EBYV line to suppress HIV replication in
allogeneic CD4™ cells, as well as in autologous target cells,
suggested that this effect was neither HLA class I nor class II
restricted. In both cases, the presence of CD4" T cells at the
end of cocultures with CD8" T lymphocytes was confirmed by
flow cytometry analysis (data not shown). When cocultivated
with allogeneic CD4* lymphocytes infected with the X4 strain
HIV-1 LAI, the 1.6-EBV line suppressed virus replication by
85% (Fig. 3C). Although this level of suppression was slightly
lower than that seen with the R5 HIV-1 YU2b virus isolate,
this difference was not considered significant. Therefore, the
EBV-specific CTL line could suppress in a non-HLA-restricted
manner replication of R5 and X4 HIV strains in acutely in-
fected CD4" lymphocytes. The ability to control HIV replica-
tion in vitro did not depend on recognition of HIV specificity.

Inhibition of HIV replication by the 1.6-EBV line is medi-
ated by a soluble factor(s). We next investigated the nature of
the noncytotoxic anti-HIV suppressive activity of the anti-EBV
CTL line. The 1.6-EBV line was stimulated with the cognate
epitope peptide, and culture supernatants were collected at
various time points. Autologous CD4" lymphocytes were in-
fected with three different HIV-1 strains overnight, washed,
and then cultured in medium containing 50% cell-free super-
natant from the 1.6-EBV line. The percent inhibition of RT
activity was calculated at the peak of viral replication in each
culture. Figure 4A shows that a supernatant taken 9 days after
specific stimulation of the 1.6-EBYV line completely suppressed
replication of the RS strain HIV-1 YU2b (98% inhibition of
RT activity) and the X4R5 virus 89.6 (97% inhibition) and
almost completely controlled replication of the X4 HIV-1 LAI
isolate (85% inhibition) in autologous CD4™ T cells. Superna-
tants taken 12 and 14 days after specific stimulation had little
effect on HIV-1 YU2b and 89.6 (<30% inhibition) but were
still capable of inhibiting HIV-1 LAI replication (93 and 82%
inhibition, respectively) (Fig. 4A). These results indicate that
the efficiency of this HIV-suppressive activity depended upon



J. VIROL.

4460 LE BORGNE ET AL.
A B C
30 _‘, 20 - 20
| |
, AN ~
—_ I m = =
L 20 + ! \ E I g / h
g o, L2 / \
a ! \ o I\ = /
-2 ! \ k=) fY = \
S ! i = 10 [ NG 10 + / \
T I \ = 1o = ! =
e B Z / \
= ! ! 2 (. 5 " \
3 10 - 'l .\ g ! \' g \
& !
n \ = - - 4 |
E / - ~ I, ~m \
/ |
—

0 S 10 15 20 25 0 5 10
days post-infection

days post-infection

1 L ‘ o \US A
O‘W 04 '%W 0 :

5 10 15 20 25

days post-infection

15 20 25

FIG. 3. 1.6-EBV line control of HIV-1 replication in autologous or heterologous CD4" lymphocytes. Autologous CD4* T cells were infected with the molecular
clone YU2b (A); heterologous CD4* T lymphocytes were infected with YU2b (B) or LAI virus (C). Infected cells were cultured alone (m) or with antigen-stimulated
1.6-EBV line at CD8*/CD4™* ratios of 0.5/1 (O) or 1.5/1 (#) (A and B) or 0.5/1 (O) and 1/1 (#®) (C). Results are expressed as the RT activity (cpm)/50 wl of culture

supernatant. The results shown are from a representative experiment.

the virus isolate and may be related to viral tropism, but these
findings need to be confirmed with primary isolates. Chemo-
kines produced by CD8" T cells have been demonstrated to
inhibit HIV replication. By enzyme-linked immunosorbent as-
say (ELISA) a significant level of B-chemokines in HIV-sup-

pressive supernatants was detected (Fig. 4A). The lower B-che-
mokine titers in d12 and d14 supernatants could explain their
reduced efficiency to control YU2b and 89.6 replication. But
these factors could account in part only for the antiviral effect
on R5 (YU2b) and X4R5 (89.6) isolates (22, 37). No SDF-1
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FIG. 4. Effect of 1.6-EBV line supernatants on HIV-1 replication in CD4™ T cells. (A) Autologous CD4™ T lymphocytes were infected with HIV-1 strains YU2b,
LAL or 89.6 and were cultured with or without antigen-stimulated 1.6-EBV line supernatant collected at days 9 (d9, m), 12 (d12, N), and 14 (d14, ) after specific
activation. ELISA titers of B-chemokines in 1.6-EBV line supernatants were evaluated according to the manufacturer’s instructions (R&D). (B) The CEM cell line was
infected with HIV-1 LAI CEM-adapted strain, cultivated with or without antigen-stimulated 1.6-EBV line supernatants collected at days 9 (d9, m), 12 (d12, N), and
15 (d15, OJ) after specific activation. The final concentration of supernatants was 1/2 in both experiments. The peaks of RT activity in cultures of PHA-stimulated CD4™
lymphocytes alone (A) were 26,100 cpm/50 .l for YU2b-infected targets, 33,000 cpm/50 pl for LAl-infected lymphocytes, and 76,200 cpm/50 .l for 89.6-infected CD4™*
T cells; in infected CEM cells alone (B) the peak RT activity was 17,100 cpm/50 pl. The amount of antiviral activity exhibited (percent inhibition of HIV replication)
was calculated by comparing the RT activity levels with those in infected CD4* cultures alone.
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TABLE 1. Inhibition of viral replication of HIV-1 LAI strain in
CEM cells by a TCR-stimulated 1.6-EBV line supernatant
added during or after cell-to-virus contact”

Presence of 1.6-EBV

supernatant during: RT activity

Infection Culture cpm % HIV infection
- - 17,772 100
- + 5,915 33
+ - 20,519 115
+ + 7,100 35

“ A pool of the supernatant of 1.6-EBV line from 5 and 12 days post-TCR
stimulation was added (+) or not added (—) with virus on CEM cells. Culture of
infected cells was maintained in the presence (+) or absence (—) of supernatant
for 7 days. The results are expressed as the RT activity (cpm)/50 wl of culture
supernatant at the peak of viral replication (day 4), and the percentage of HIV
infection reflects the extent of RT activity in the cell culture fluid compared to
the activity in the infected CEM cells cultured alone (i.e., “infection —, culture
—7) at this time point. The RT activity in supernatants of uninfected CEM cells
during all of the culture and in all of the supernatants at day 1 did not exceed 600
cpm/50 pl.

mRNA was detected by RT-PCR in the activated 1.6-EBV line
(data not shown). Ruling out a possible role of this a-chemo-
kine in the inhibition of X4 strain replication, we conclude that
1.6-EBV line could control HIV replication in vitro by secre-
tion of soluble mediators. B-chemokines could participate in
this activity for RS or X4RS virus, but other unidentified fac-
tors need to be implicated in the X4 strain suppression. The
noncytolytic control of HIV-1 LAI replication by 1.6-EBV cells
or supernatants appeared to be functionally similar to CAF
activity.

Inhibition of HIV replication by the 1.6-EBV line occurs
after viral reverse transcription. To further characterize the
mechanism of HIV-suppressive activity mediated by the 1.6-
EBYV line, CEM cells were infected with an HIV-1 LAI CEM-
adapted strain as a model system. This experimental model
allows the generation of a synchronous infection in CEM cells,
i.e., all cells were infected by the input virus, and at 2 to 3 days
postinfection more than 90% of the cells produced HIV pro-
teins (31). In addition, the inhibition of T-tropic virus infection
does not depend upon antiviral effects of B-chemokines. The
infected CEM cells were grown for 1 week in medium contain-
ing 50% supernatant from the antigen-stimulated 1.6-EBV line
and were assessed for viral replication by measuring the RT
activity in the culture medium (Fig. 4B). Supernatant collected
from 1.6-EBV line 9 days after antigenic stimulation (d9) sup-
pressed HIV-1 LAI replication by 71%, but supernatants har-
vested at later time points (d12 and d15) were only very weakly
effective (Fig. 4B). Since these supernatants were derived from
the same culture of 1.6-EBYV line as those used in the previous
experiment (Fig. 4A), these results indicated that 1.6-EBV line
inhibition of HIV-1 LAI replication was less efficient in CEM
cells than in PHA-stimulated CD4 " lymphocytes (Fig. 4A). It
could be due to the faster viral replication in infected CEM
cells or to the nature of the target cells. Since CEM cells divide
and grow more quickly than PHA-stimulated lymphocytes, the
suppressive activity could interfere differently with HIV repli-
cation in these two cell types.

To determine which stage in the HIV life cycle is sensitive
to anti-HIV activity, supernatant from antigen-stimulated
1.6-EBV line was added at different times during the culture
of acutely infected CEM cells. Following HIV infection and
washing of CEM cells, addition of T-cell supernatants resulted
in 67% inhibition of virus replication (Table 1) compared to
virus-infected CEM cells cultured without supernatant. This
level of suppression compared favorably with that observed in
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the previous experiment (Fig. 4B). However, if supernatant
was added only during the virus-to-cell contact period and was
then completely removed, there was no inhibition of virus
replication, suggesting that anti-HIV factors in the supernatant
had little or no effect on virus entry. Furthermore, if the T-cell
supernatant was not subsequently removed, HIV replication
was inhibited to the same extent regardless of whether T-cell
supernatant was added before or after virus infection of CEM
cells (Table 1). In this model of synchronous infection of CEM
cells zidovudine (AZT) had, on the one hand, no effect on HIV
replication when added more than 24 h after infection. AZT
inhibits specifically viral reverse transcription (31): 24 h after
synchronous infection all of the viral genomes had been re-
verse transcribed. On the other hand, supernatant from the
antigen-stimulated 1.6-EBV line was still able to suppress viral
replication in CEM cells even when added 2 days after infec-
tion (data not shown). These observations suggested that the
inhibition of viral replication observed with soluble factors
produced by the 1.6-EBV CTL line was not due to a decrease
in viral entry but rather acted after HIV reverse transcription.

To confirm these conclusions, CEM cells were infected with
HIV-1 LAI and grown in the presence of culture supernatant
taken 9 days after antigenic stimulation of the 1.6-EBV line.
After 24 h DNA was extracted from the infected cells and
full-length HIV-1 LTR was detected by PCR. Since the PCR
was performed using primers located in the U3 and the US
regions of the HIV LTR, it only allowed detection of newly
reverse transcribed viral DNA obtained after the first template
switching (52). As shown in Fig. 5, the 1.6-EBV line superna-
tant had no effect in this system (lane 10) compared with
HIV-1 LAl-infected CEM cells cultured in medium alone
(lane 7) or in medium supplemented with supernatant from a
PHA-activated CD4™ T-lymphocyte culture (lane 9). In con-
trast, AZT treatment of CEM cells before and during virus
infection greatly reduced the amount of newly reverse-tran-
scribed viral DNA that could be detected (lane 8). In this
experiment, the infected CEM cells were also monitored 4 days
after infection (which corresponded to the peak of HIV rep-
lication) for RT activity. As shown in Fig. 5, although super-
natant from the 1.6-EBV line did not reduce the level of newly
reverse-transcribed viral DNA detected by PCR, it did inhibit
RT activity by 60% (lane 10) when compared to CEM cells
infected with virus in the presence of control culture medium
(lane 7) or in the presence of a nonsuppressive PHA-activated
CD4™" T-lymphocyte culture supernatant (lane 9). AZT treat-
ment of CEM cells during virus infection almost completely
blocked RT activity (lane 8). Altogether, these data suggest
that noncytolytic suppression of HIV-1 LAI replication in
CEM cells by the 1.6-EBV line did not act at the level of virus
entry, but rather occurred following the first template switch-
ing of viral reverse transcription.

DISCUSSION

In the present study, we have analyzed the potent antiviral
effects of two virus-specific CTL lines on HIV replication. We
have shown that both a CD8" cytotoxic cell line specific for
HIV-1 Nef and an EBV-specific CTL line could suppress in
vitro HIV-1 replication by a noncytolytic mechanism in acutely
infected CD4 ™ cells. We focused the study on the anti-HIV
noncytotoxic activity of the EBV-specific CTL line and dem-
onstrated that this activity was mediated by soluble factor(s).
Using synchronous infection of CEM cells we demonstrated
that this inhibition acted after viral reverse transcription re-
garding X4 strain replication. All of the characteristics of this
HIV replication control by the 1.6-EBV line are in agreement



4462  LE BORGNE ET AL. J. VIROL.
pBru2 CEM
Lane 1 2 3 4 5 6 7 8 9 10 11
LTR HIV — 540bp
8000 T T30 =
| 32
B (=
_ T4 2
6000 T | =
=] S .
< D X
4000 + =3
&
z
2000 T S
&
&
0 : = T T L] :

Lane

FIG. 5. Estimation of HIV proviral DNA in CEM cells infected with the HIV-1 LAI CEM-adapted virus. At 24 h after infection, DNA was extracted from
uninfected CEM (lane 6), infected CEM alone (lane 7), infected CEM cultivated with 5 uM AZT (lane 8), with supernatant from a 9-day-old culture of PHA-activated
CD4™" cells from the EBV-positive donor (lane 9), with supernatant from a 9-day-old culture of antigen-stimulated 1.6-EBV line (lane 10), and with 1.6-EBV line
cloning mix (lane 11). The quality of DNA extracts was monitored with a B-globin-specific PCR. A fourfold range of dilutions of the pBru2 plasmid, encoding the
full-length HIV-1 Bru genome, from 1 X 10° to 6.4 X 10° copies per sample (lanes 2 to 5) was used as a calibration curve. Lane 1 corresponds to the negative control
containing no DNA. The products obtained after the first template switching of the reverse transcription were amplified by a PCR-specific for the complete HIV-1 LTR.
PCR products were quantified by using NIH 1.61 software, and their intensities were expressed as arbitrary units (A.U.) on a histogram. For CEM cells (lanes 6 to 11),
the RT activity in supernatant fluids was expressed as the cpm/50 wl at the peak of viral replication (day 4, ---%---).

with the functional definition of CAF activity described previ-
ously (33). Therefore, we conclude that CAF-like activity is not
restricted to HIV-specific CD8" T cells.

The HIV-1 Nef-specific CTL line, P1-HIV, exerted in vitro
a potent antiviral effect on HIV replication in autologous
CD4™" T cells infected with the R5 strain YU2b (Fig. 2A), in
part due to major histocompatibility complex (MHC) class
I-restricted cytolysis of infected cells. However, P1-HIV could
mediate also a noncytolytic HIV-1 suppression, as demon-
strated by using the same autologous CD4™" cell line infected
with the R5 strain YU2bAnef (Fig. 2B) devoid of the nef gene
(43). Compared to wild-type virus inhibition, the control of
deleted virus replication was less effective in the absence of
conventional cytotoxicity. This system allows us to dissociate
HIV-specific cytotoxicity from noncytolytic HIV suppression.
Yang et al. (60) attempted to estimate the relative importance
of CAF activity in the global HIV suppression by using HLA-
mismatched target cells. CAF activity was shown to be less
efficient in an HLA-mismatched setting (8), and therefore this
approach may underestimate the importance of CAF-medi-
ated control. In our study, we have been able to assess the
relative contribution of both anti-HIV cytotoxic and noncyto-
lytic mechanisms within an HLA-matched system using the
same target CD4™" population.

Surprisingly, we observed that the 1.6-EBV CTL line, ob-

tained from an HIV-seronegative individual and specific for
EBYV, could also suppress in vitro replication of both R5 and
X4 HIV-1 isolates in acutely infected CD4™ T cells. This CD8™"
T-cell line controlled RS virus replication as efficiently as the
HIV-1-specific CTL line P1-HIV (Fig. 2 and 3). This anti-HIV
function is distinct from cytolysis of infected cells given that the
conventional cytotoxic activity expressed by the 1.6-EBV line is
specific for a defined epitope of EBV and that this HIV inhi-
bition appeared to be not restricted by MHC class I (Fig. 3).
Since this HIV-suppressive effect could be mimicked using
cell-free supernatants, it could be considered as a CAF-like
activity at a functional level. Altogether, we conclude that CAF
production is not restricted to HIV-specific CD8" effector
cells. Further studies of additional CTL lines with other rec-
ognition specificities, however, are required to extend this ob-
servation.

Our data provide an example of HIV suppression by CD8*
lymphocytes from an uninfected individual, devoid of HIV
specificity. Previous attempts to identify CAF activity in HIV-
seronegative donors have yielded conflicting results (26, 32,
49). According to these observations the proportion of HIV-
suppressive CD8" clones in an HIV-seronegative donor may
be relatively low. In our experimental model, 5 of 6 CD8"
PHA-stimulated lines from two HIV-seronegative individuals
were not able to inhibit HIV (YU2b and LAI) replication in
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vitro, whereas 5 of 13 CD8" PHA-stimulated lines from one
HIV-1 infected patient could control HIV (YU2b and LAI)
replication (data not shown). Furthermore, the HIV-suppres-
sive activity of CD8" T cells needed to be primed by cellular
activation, although the presence of the cognate epitope was
not required during the effector phase of the inhibition. In-
deed, in HIV-infected patients the anti-HIV activity was asso-
ciated with an increase in activated CD8" T cells (23, 30).
Furthermore the efficiency of CAF activity increased following
strong stimulation of the effector CD8™ cells (with CD28) (3),
and cells mediating this activity presented an activated cell
phenotype (36). Since an EBV-specific CTL line could control
HIV replication, the immune ability to produce CAF activity is
not exclusively induced by HIV infection. We propose that
CAF secretion is a consequence of an activation state of the
immune system and of the CD8" effector cells in particular
that is induced by the HIV infection but which could eventually
occur during other types of activation of the immune system.

The B-chemokines RANTES, MIP-1a, and MIP-1B have
been shown to inhibit RS isolate infection by blocking virus
entry (1, 19). The two factors MDC (45) and IL-16 (2) have
also been demonstrated to suppress HIV replication. By
ELISA we detected significant amounts of B-chemokines in
HIV-suppressive supernatants which could account in part for
the control of RS and X4RS5 virus replication by the 1.6-EBV
line (Fig. 4A) (37). However, to characterize the mechanism of
CAF-like activity mediated by this cell line, we studied the
synchronous infection of CEM cells with the X4 strain HIV-1
LALI In this experimental model, no known chemokines pro-
duced by CD8™ T cells could be implicated in potent control of
viral replication. Supernatants from the 1.6-EBV line were
then demonstrated not to affect viral entry on CEM cells (Ta-
ble 1). Furthermore, we observed that the number of LTR
copies detected in infected CEM cells was not affected by the
presence of fluids containing CAF-like activity (Fig. 5). Thus,
this CAF-like activity may not interfere with HIV replication
until the first template switching of reverse transcription.
These results are in agreement with previous studies demon-
strating that CAF mediates specific inhibition of LTR-driven
activity (17, 38). Copeland et al. also showed that this inhibi-
tion may be mediated via the NF-«B or the NFAT-1 element
(18). Therefore, our data combined with these previous obser-
vations indicate that CAF is active at a post-reverse transcrip-
tional level, and especially at the transcription level.

In summary, we have demonstrated that an EBV-specific
CTL clone could express a CAF-like activity. In the case of X4
strains, this HIV suppression is distinct from a blocking on
viral entry and acts after the first template switching of the
reverse transcription. Thus, CAF-mediated inhibition of HIV
replication is not restricted to HIV-specific CD8™ cells. In HIV
disease, production of antiviral soluble factors by CD8" T cells
could be of importance in the in vivo control of viral latency.
Our data imply that CD8" T lymphocytes, regardless of their
recognition specificity, may contribute to this effect by an in
vivo bystander CAF secretion after TCR stimulation.
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