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A previous study using a Nef-defective human immunodeficiency virus type 1 (HIV-1) mutant suggested that
Nef-mediated down-regulation of HLA class I on the infected cell surface affects the cytolytic activity of
HIV-1-specific cytotoxic T-lymphocyte (CTL) clones for HIV-1-infected primary CD4� T cells. We confirmed
this effect by using a nef-mutant HIV-1 strain (NL-M20A) that expresses a Nef protein which does not induce
down-regulation of HLA class I molecules but is otherwise functional. HIV-1-specific CTL clones were not able
to kill primary CD4� T cells infected with a Nef-positive HIV-1 strain (NL-432) but efficiently lysed CD4� T
cells infected with NL-M20A. Interestingly, CTL clones stimulated with NL-432-infected CD4� T cells were
able to produce cytokines, albeit at a lower level than when stimulated with NL-M20A-infected CD4� T cells.
This indicates that Nef-mediated HLA class I down-regulation affects CTL cytokine production to a lesser
extent than cytolytic activity. Replication of NL-432 was partially suppressed in a coculture of HIV-1-infected
CD4� T cells and HIV-1-specific CTL clones, while replication of NL-M20A was completely suppressed. These
results suggest that HIV-1-specific CD8� T cells are able to partially suppress the replication of HIV-1 through
production of soluble HIV-1-suppressive factors such as chemokines and gamma interferon. These findings
may account for the mechanism whereby HIV-1-specific CD8� T cells are able to partially but not completely
control HIV-1 replication in vivo.

Human immunodeficiency virus type 1 (HIV-1)-specific
CD8� T cells play a critical role in the control of HIV-1
infection (17, 23, 32, 34, 38). It is well known that CD8� T cells
inhibit the replication of HIV-1, not only by cytolytic mecha-
nisms but also by the release of HIV-suppressive factors such
as gamma interferon (IFN-�) and chemokines (9, 25, 43, 45).
�-Chemokines such as macrophage inflammatory protein 1�
(MIP-1�) and RANTES suppress HIV-1 infection through
competition for CCR5 (2, 8), while IFN-� directly suppresses
HIV-1 replication by inducing cellular antiviral proteins (30).
In addition, several unknown factors produced by CD8� T
cells inhibit the transcription of HIV-1 (5, 26). However, al-
though HIV-1-infected individuals exhibit a strong HIV-1-spe-
cific cytolytic response, these individuals usually develop AIDS
if they are not treated with antiretrovirus therapy (22, 29).
HIV-1 escape from HIV-1-specific CD8� T cells may occur via
different mechanisms. For example, mutations of immuno-
dominant epitopes contribute to such escape in acute and
chronic phases of HIV-1 infection (6, 15). In addition, the
number of HIV-1-specific cytotoxic T lymphocytes (CTLs) is
reduced by apoptosis of CD8� T cells via Fas and tumor
necrosis factor (TNF) (44). Furthermore, low perforin expres-
sion may result in impaired cytolytic function of HIV-1-specific
CTLs (3, 4).

HLA class I down-regulation is a well-characterized event
for HIV-1-infected cells (21, 31, 37). Several HIV-1 accessory
genes are involved in this down-regulation, such as nef, vpu,
and tat, with Nef protein having the strongest effect (20, 28,
39). Nef protein down-regulates HLA-A and HLA-B mole-
cules but not HLA-C or HLA-E molecules (10, 24). The C
terminus of HLA class I molecules and the N terminus of Nef
protein are involved in Nef-mediated HLA class I down-reg-
ulation (10, 16, 27). Collins et al. showed that HIV-1-specific
CTLs killed CD4� T cells infected with nef-defective HIV-1
but failed to kill cells infected with Nef-positive HIV-1 (11, 12).
Another study also demonstrated that HIV-1-specific CTL
clones were able to kill CD4� T-cell lines infected with a
nef-defective HIV-1 strain (IIIB strain) (46). These studies
suggest that Nef-mediated HLA class I down-regulation may
be another mechanism that allows HIV-1 to evade CTLs.

The studies described above examined only the cytolytic
activity of CTLs for HIV-1-infected cells; the effect of Nef-
mediated HLA class I down-regulation on the production of
soluble HIV-1-suppressive factors from HIV-1-specific CD8�

T cells was not examined. In the present study we investigated
the effect of Nef-mediated HLA class I down-regulation on
HIV-1-specific CTL cytotoxic activity, cytokine production,
and ability to suppress HIV-1 replication, by using primary
CD4� T cells infected with a wild-type HIV-1 strain (NL-432),
a Nef-defective HIV-1 strain (NL-Xh), or an HIV-1 strain that
expresses a single-amino-acid-mutant Nef protein that fails to
induce HLA class I down-regulation but retains other Nef
functions (NL-M20A) (1).
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MATERIALS AND METHODS

Purification of CD4� T cells from PBMCs. CD4� T cells were purified from
peripheral blood mononuclear cells (PBMCs) of HIV-1-seronegative individuals
(HLA-A2/24, B35/40). PBMCs were separated by using a Ficoll-Hypaque (Am-
ersham Pharmacia, Little Chalfont, United Kingdom) density gradient and were
then further purified with a nylon wool column. CD8� T cells were depleted
from nonadherent cells in the nylon wool column with anti-human CD8 mono-
clonal antibody (MAb)-coated magnetic beads (Dynal, Oslo, Norway). Remain-
ing cells were cultured in an anti-human CD3 MAb-coated well and RPMI 1640
medium with 10% fetal calf serum (R10 medium) and supplemented with 100 U
of recombinant human interleukin 2 (rhIL-2)/ml and 10 ng of rhIL-4/ml. After 8
days of culture, the percentage of CD4� cells in the purified cells was determined
by flow cytometry.

CTL clones. Two HIV-1-specific, HLA-B*3501-restricted CTL clones (SF2-
33-135 and SF2-4-2), an HLA-A*2402-restricted CTL clone (SF2-Env379-9-3),
and an HLA-B*5101-restricted CTL clone (SF2-pol283-8-54) were previously
generated (18, 41, 42). The HIV-1-specific, HLA-A*3303-restricted CTL clone
SF2-pol594-9-1 was recently established (unpublished data). All CTL clones
were cultured in R10 medium supplemented with 200 U of rhIL-2/ml and
stimulated weekly with irradiated target cells prepulsed with the appropriate
HIV-1-derived peptide.

Antibodies. Hybridomas producing SFR8 B6 anti-HLA-Bw6 MAb and A11 1
M anti-HLA-A11/A24 MAb were purchased from the American Type Culture
Collection. Phycoerythrin (PE)-labeled anti-HIV-1 p24 MAb KC-57 was pur-
chased from Beckman Coulter (Miami, Fla.). Anti-human CD4, anti-human
CD8, anti-human IFN-�, anti-human MIP-1�, and anti-human TNF-� MAbs
were purchased from Dako (Glostrup, Denmark).

HIV-1 clones. An infectious proviral clone of HIV-1, pNL-432, and its mu-
tants, pNL-Xh (containing a frameshift at a XhoI site within the nef gene) and
pNL-M20A (containing a substitution of Ala for Met at residue 20 of Nef), were
reported previously (1). HeLa or 293T cells were transfected with each proviral
DNA clone by the calcium phosphate coprecipitation method. Supernatants
from transfected HeLa or 293T cell cultures were stored at �80°C. The viral titer
(50% tissue culture infectious doses) was determined with 174XCEM T1 cells.

Infection of target cells with HIV-1 for use in CTL assays. Isolated primary
CD4� T cells (�95% CD4� T cells) were incubated with HIV-1 clones for 7 h
at 37°C with intermittent agitation. The cells were then washed once and cul-
tured in R10 medium supplemented with 100 U of rIL-2/ml and 10 ng of
rIL-4/ml. On the following 4 to 7 days, cells were harvested to determine the
percentage of HIV-1-infected cells by intracellular HIV-1 p24 staining and flow
cytometry.

CTL assay. The cytotoxicity of CTL clones for target cells infected with HIV-1
(�40% p24 antigen [Ag]-positive cells) was determined by a standard 51Cr-
release assay. Target cells were incubated for 120 min at 37°C with 100 �Ci of
Na2

51CrO4 in saline and then washed three times with R10 medium. Labeled
target cells (2 � 103/well) were mixed with the indicated ratio of effector cells in
a 96-well U-bottomed microtiter plate. After 6 h of incubation at 37°C, 100 �l of
supernatant was harvested from each well and analyzed with a gamma counter.
Spontaneous 51Cr release (cpm spn) was determined by measuring the counts
per minute of the supernatant from the wells containing target cells alone.
Maximum release (cpm max) was determined by measuring the counts per
minute of supernatant from wells containing 2.5% Triton X-100. Percent specific
lysis was calculated as follows: % specific lysis 	 (cpm exp � cpm spn)/(cpm max
� cpm spn), where cpm exp is the counts per minute in supernatant from wells
containing both target and effector cells.

Flow cytometry analysis. For single-parameter analysis of HIV-1 p24 expres-
sion, HIV-1-infected CD4� T cells were fixed in paraformaldehyde-lysolecithin,
treated with cold absolute methanol, and permeabilized with 0.1% Nonidet
P-40–phosphate-buffered saline. The cells were then incubated with PE-labeled
anti-p24 MAb KC-57. In selected experiments, surface expression of HLA class
I molecules on HIV-1-infected cells was examined. Cells were stained with
anti-HLA class I MAb (SFR8 B6 or A 11 1 M) following by staining with
fluorescein isothiocyanate-labeled anti-mouse immunoglobulin (Silenus Labora-
tories, Boronia, Victoria, Australia) and were then fixed and permeabilized for
intracellular HIV-1 p24 staining. Cells were resuspended in 2% paraformalde-
hyde and analyzed on a FACSCalibur with CellQuest software (Becton Dickin-
son, San Jose, Calif.). Non-HIV-1-infected CD4� T cells stained with anti-p24
MAb were gated out as a non-HIV-1-infected control.

For detection of intracellular cytokines, HIV-1-specific CTL clones were
cocultured with peptide-prepulsed CD4� T cells or HIV-1-infected CD4� T cells
for 6 h at a CTL clone/CD4� T-cell ratio of 1:10. CTL clones cocultured with
CD4� T cells without peptide were used as a negative control. After 2 h of

incubation, brefeldin A was added to each well (10 �g/ml). Cells were stained
with a mixture of anti-CD4 MAb and anti-CD8 MAb. After washing, cells were
fixed with paraformaldehyde and permeabilized with phosphate-buffered saline
supplemented with 0.1% saponin containing 20% fetal calf serum (permeabiliz-
ing buffer) at 4°C for 10 min. Cells were resuspended in permeabilizing buffer
and then stained with anti-IFN-� MAb, anti-TNF-� MAb, or anti-MIP-1� MAb.
Finally, cells were resuspended in 2% paraformaldehyde and the percentage of
intracellular IFN-�-, MIP-1�-, or TNF-�-positive cells was analyzed by flow
cytometry.

Coculture of HIV-1-infected CD4� T cells and HIV-1-specific CTL clones.
Primary CD4� T cells were incubated with the indicated strain of HIV-1. After
7 h of incubation at 37°C with intermittent agitation, cells were washed three
times with R10 medium. HIV-1-infected CD4� T cells were cocultured with an
HIV-1-specific CTL clone at a CD4� T-cell/CTL clone ratio of 1:1. On days 3,
5, 9, and 15 postinfection, 10 �l of culture supernatant was collected and the
mixtures were examined for p24 antigen by enzyme immunoassay (HIV-1 p24 Ag
enzyme-linked immunosorbent assay kit; ZeptoMetrix Corporation, New York,
N.Y.). For stimulation of HIV-1-specific CTL clones, HIV-1-infected CD4� T
cells were cocultured with an HIV-1-specific CTL clone at a CD4� T-cell/CTL
clone ratio of 1:1. On days 5, 10, and 15, cells in the coculture were stained with
a mixture of PE-labeled anti-p24 MAb and PE-labeled anti-CD4 MAb or fluo-
rescein isothiocyanate-labeled anti-CD8 MAb. The percentages of intracellular
p24 Ag-positive cells as well as CD8� and CD4� CD8� populations in the
coculture were determined by flow cytometry.

RESULTS

Cytolytic activity of HIV-1-specific CTL clones for CD4� T
cells infected with HIV-1. We analyzed the cytolytic activity of
HIV-1-specific CTL clones for primary CD4� T cells infected
with Nef-positive or Nef-mutant HIV-1 strains by a standard
51Cr-release assay. CD4� T cells purified from an HIV-1-
seronegative donor (HLA-A2/24, B35/48) were infected with
the HIV-1 strains NL-432 (Nef positive), NL-Xh (Nef nega-
tive), and NL-M20A (mutant Nef that fails to down-regulate
HLA class I molecules but retains other Nef functions) (1). On
day 6 after infection, intracellular p24 Ag-positive cells were
measured by flow cytometry. The percentage of p24 Ag-posi-
tive cells in the NL-432-, NL-Xh-, and NL-M20A-infected pop-
ulations was 62.6, 40.3, and 51.3%, respectively. Surface ex-
pression of HLA-A24 and HLA-B35 on the infected CD4� T
cells was analyzed by costaining with anti-HIV-1 p24 Ag MAb
and A 11 1 M anti-HLA-A11/A24 MAb or SFR8 B6 anti-HLA-
Bw6 MAb. The surface expression of both HLA class I mole-
cules was much lower on CD4� T cells infected with NL-432
than on uninfected cells. In contrast, the surface expression of
these HLA class I molecules on CD4� T cells infected with
NL-Xh or NL-M20A was comparable to that on uninfected
cells (Fig. 1A).

The cytolytic activity of HIV-1-specific CTL clones for these
HIV-1-infected targets was investigated by using the HLA-
B*3501-restricted CTL clones SF2-4-2 and SF2-33-135. As
shown in Fig. 1B, both CTL clones were able to kill CD4� T
cells infected with NL-Xh and NL-M20A but failed to kill cells
infected with NL-432. Although the cytolytic activities of these
CTL clones for CD4� T cells infected with NL-M20A were
relatively low (10.2 and 10.0% specific lysis, respectively), these
activities were significantly higher than that of an HLA-mis-
matched CTL clone (HLA-B*5101-restricted HIV-1-specific
CTL clone SF2-pol283-8-54) for CD4� T cells infected with
HIV-1 (�0.62% 
 1.62% specific lysis). In an independent
experiment, an HIV-1-specific, HLA-A*2402-restricted CTL
clone was similarly able to kill CD4� T cells infected with
NL-Xh and NL-M20A but failed to kill cells infected with
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FIG. 1. Cytolytic activity of HIV-1-specific CTL clones for primary CD4� T cells infected with HIV-1 and Nef-mutant HIV-1 strains.
(A) Expression of HLA class I molecules on primary CD4� T cells infected with HIV-1 NL-432 or Nef-mutant HIV-1 strains (NL-Xh and
NL-M20A). CD4� T cells (HLA-A2/24, B35/48) were infected with NL-432, NL-Xh, or NL-M20A. On day 5 postinfection, the cells were costained
with anti-HLA class I MAb (HLA-Bw6-specific MAb, SFR8 B6, or HLA-A24- and A11-specific MAb, A 11 1 M) and anti-HIV-1 p24 Ag. By using
flow cytometry, p24 Ag-positive and p24 Ag-negative populations were gated out separately and the expression of HLA class I molecules on each
population was analyzed. The expression level of HLA class I molecules on uninfected CD4� T cells is shown by the heavy line, and that on infected
cells is shown by the light line. The expression of HLA-B35 (a) and HLA-A24 (b) on p24 Ag-positive cells is given as mean fluorescence intensity
in each upper left quadrant. The percentage of p24 Ag-positive cells in CD4� T cells infected with NL-432, NL-Xh, and NL-M20A was 62.6, 40.3,
and 51.3%, respectively. (B) Cytolytic activity of HIV-1-specific CTL clones for primary CD4� T cells infected with HIV-1 or Nef-mutant strains.
CD4� T cells (HLA-A2/24, B35/48) were infected with NL-432, NL-Xh, or NL-M20A. On day 5 postinfection, the cells were harvested and used
as target cells in standard 51Cr-release assays. The HLA-B*3501-restricted, HIV-1-specific CTL clones SF2-4-2 and SF2-33-135 were used at an
effector/target ratio of 10:1. The HLA-B�5101-restricted, HIV-1-specific CTL clone SF2-gag327-9-101 was used as an HLA-mismatched negative
control. The results shown are the averages of duplicate assays. The specific lysis by CTL clones SF2-4-2 and SF2-33-135 for CD4� T cells pulsed
with the corresponding peptide (1 �M) was 67 and 77%, respectively.
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NL-432 (data not shown). These results strongly suggest that
the impaired cytolytic activity of HIV-1-specific CTL clones for
primary CD4� T cells infected with HIV-1 is due to Nef-
mediated HLA class I down-regulation.

Cytokine production by HIV-1-specific CTL clones following
stimulation with HIV-1-infected primary CD4� T cells. HIV-
1-specific CD8� T cells suppress the replication of HIV-1 both
by cytotoxic activity against infected cells and through produc-
tion of soluble HIV-1-suppressive factors such as IFN-� and
chemokines. While previous studies have shown that HIV-1-
specific CD8� T cells fail to kill HIV-1-infected primary CD4�

T cells, the ability of these CD8� T cells to produce IFN-� and
chemokines following stimulation with HIV-1-infected primary
CD4� T cells has not been clarified. We therefore investigated
the ability of these cells to produce cytokines following stimu-
lation with CD4� T cells infected with two different HIV-1
strains, NL-432 and NL-M20A.

We first measured cytokine production by several HIV-1-
specific CTL clones stimulated with CD4� T cells prepulsed
with HIV-1-derived peptides. The number of intracellular cy-
tokine-positive cells was counted by flow cytometry. Results
from two representative CTL clones (SF2-4-2 and SF2-33-135)
are shown in Fig. 2. Both CTL clones produced significant
levels of IFN-�, MIP-1�, and TNF-� 6 h after stimulation with
CD4� T cells prepulsed with HIV-1-derived peptides (Fig.
2A), with cytokine production being dependent on peptide
concentration (Fig. 2B).

Cytokine production by HIV-1-specific CTL clones stimu-
lated with HIV-1-infected primary CD4� T cells was investi-
gated by using the HLA-B*3501-restricted, HIV-1-specific
CTL clones SF2-4-2 and SF2-33-135. Primary CD4� T cells
were infected with NL-432 or NL-M20A (the percentage of
p24 Ag-positive cells in NL-432- and NL-M20A-infected pop-
ulations was 49 and 47%, respectively). On day 7 postinfection,
the CTL clones were stimulated with the HIV-1-infected
CD4� T cells and their intracellular cytokine expression was
analyzed by flow cytometry. The number of cytokine-positive
cells was lower in HIV-1-specific CTL clones stimulated with
NL-M20A-infected or NL-432-infected CD4� T cells than in
those stimulated with CD4� T cells prepulsed with 0.1 nM
HIV-1-derived peptide (Fig. 2B and Fig. 3). This result sug-
gests either that the number of epitope peptide-binding HLA-
B*3501 molecules on NL-M20A- or NL-432-infected CD4� T
cells is lower than that on CD4� T cells prepulsed with epitope
peptide or that HIV-1-infected CD4� T cells can suppress
cytokine production. To exclude the second possibility, we
investigated cytokine production by HIV-1-specific CTL clone
SF2-33-135 stimulated with NL-M20A- or NL432-infected
CD4� T cells that were prepulsed with epitope peptide. The
results showed that a peptide pulse restores cytokine produc-
tion in this CTL clone (Fig. 4), indicating that HIV-1-infected
CD4� T cells do not suppress cytokine production.

Cytokine-positive cells were detected not only in CTL clones
stimulated with NL-M20A-infected CD4� T cells but also in
those stimulated with NL-432-infected CD4� T cells (Fig. 3).
However, the number of cytokine-positive cells in CTL clones
stimulated with NL-432-infected cells was significantly lower
(1.4- to 5-fold) than that in clones stimulated with NL-M20A-
infected cells. The surface expression of HLA-B35 molecules
on NL-432-infected CD4� T cells was twofold lower than that

on NL-M20A-infected cells (mean fluorescence intensity: NL-
432-infected cells, 53.2; M20A-infected cells, 103.1). These re-
sults suggest that Nef-mediated HLA class I down-regulation
on HIV-1-infected cells influences, but does not completely
eliminate, cytokine production by HIV-1-specific CD8� T
cells.

Suppression of HIV-1 replication by HIV-1-specific CTL
clones. We investigated the ability of HIV-1-specific CTL
clones to inhibit HIV-1 replication in vitro. Primary CD4� T
cells were mixed with NL-432 or NL-M20A for 6 h and then
cocultured with HIV-1-specific CTL clones. The percentage of
p24-positive cells in control CD4� T-cell cultures infected with
NL-432 or NL-M20A increased from approximately 10% on
day 5 after infection to approximately 70% on day 15 (Fig.
5A-1, A-2, and B-2). In contrast, p24-positive cells were not
detected following coculture of NL-M20A-infected CD4� T
cells and the SF2-33-135 CTL clone on days 5 and 15 postin-
fection (Fig. 5A-4 and B-2). In the coculture of NL-432-in-
fected CD4� T cells and the SF2-33-135 CTL clone, the per-
centage of p24-positive cells was significantly decreased on
both days 5 and 15 postinfection compared to that in the
control NL-432-infected CD4� T-cell culture (Fig. 5A-3 and
B-1). Similar results were observed for p24 Ag present in the
culture medium of HIV-1-infected CD4� T cells cocultured
with or without the SF2-33-135 CTL clone (Fig. 5C). These
results indicate that the SF2-33-135 CTL clone partially sup-
pressed the replication of NL-432. This was also confirmed by
an independent experiment using the SF2-33-135 CTL clone
and the HLA-A�3303-restricted CTL clone SF2-pol594-9-1.
The SF2-33-135 CTL clone was able to suppress replication of
NL-M20A (71% suppression) and could also partially suppress
replication of NL-432 (43% suppression), while SF2-pol594-
9-1 failed to suppress replication of either HIV-1 clone (16 and
13% suppression for NL-432 and NL-M20A, respectively)
(data not shown).

We next investigated the ability of HIV-1-infected primary
CD4� T cells to induce proliferation of HIV-1-specific CD8�

T cells by measuring the number of CD8� T cells (SF2-33-135
CTL clone) and CD4� CD8� T cells (NL-M20A- or NL-432-
infected primary CD4� T cells) in cocultures of the two cell
types. On day 15 postinfection, the number of CD8� T cells
present in the coculture with NL-M20A-infected CD4� T cells
was the same as the number added to the culture, while the
number of CD8� T cells present in the coculture with NL-432-
infected CD4� T cells decreased to one-third (Fig. 6). These
results indicate that primary CD4� T cells infected with NL-
432 have very little ability to induce proliferation of HIV-1-
specific CD8� T cells. On days 10 and 15 postinfection, the
number of CD4� CD8� T cells was significantly lower in the
coculture of the SF2-33-135 CTL clone and NL-432-infected
CD4� T cells than in the control culture of NL-432-infected
CD4� T cells (Fig. 6). These results also support the idea that
the SF2-33-135 CTL clone can partially suppress NL-432 rep-
lication.

DISCUSSION

Previous studies demonstrated that HIV-1-specific CTLs
killed Nef-defective HIV-1-infected CD4� T cells but not Nef-
positive HIV-1-infected CD4� T cells (11, 12). These studies

7538 TOMIYAMA ET AL. J. VIROL.



indicated that the cytolytic activity of HIV-1-specific, HLA-A2-
restricted CTL clones for HIV-1-infected CD4� T cells is elim-
inated by Nef-mediated HLA class I down-regulation. How-
ever, as Nef has many other functions, such as CD4 down-

regulation, enhancement of viral infectivity, blocking of IP3-
induced calcium release, and blocking of CD3 signaling (35), it
remained possible that unknown functions of Nef affect recog-
nition of HIV-1-infected cells by HIV-1-specific CTLs. To clar-

FIG. 2. Cytokine production of HIV-1-specific CTL clones stimulated with primary CD4� T cells pulsed with HIV-1-specifc peptide. (A) Pri-
mary CD4� T (HLA-A2/24, B35/48) cells prepulsed with HIV-1-specific peptides (SF2-4, 0.5 nM; SF2-33, 10 nM) were mixed with HIV-1-specific
CTL clone SF2-4-2 or SF2-33-135 and then incubated for 6 h at 37°C with brefeldin A. Cells were costained with anti-CD8 MAb and anti-IFN-�
MAb, anti-MIP-1� MAb, or TNF-� MAb and analyzed by flow cytometry. The percentage of cytokine-positive CD8� T cells is shown in each upper
right quadrant. (B) Primary CD4� T (HLA-A2/24, B35/48) cells prepulsed with serially diluted cognate peptide were mixed with HIV-1-specific
CTL clone SF2-4-2 or SF2-33-135 and then incubated for 6 h at 37°C. Cells were costained with anti-CD8 MAb and anti-IFN-� MAb, anti-MIP-1�
MAb, or TNF-� MAb. The percentage of intracellular cytokine-positive CD8� T cells and CD8� T cells was analyzed by flow cytometry. The
results shown are the averages of duplicate assays.
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ify the role of Nef-mediated HLA class I down-regulation in
CTL function, we used an HIV-1 strain that encodes a single-
amino-acid mutant of Nef, the NL-M20A clone. NL-M20A has
a single-amino-acid substitution at position 20 in Nef and has
previously been reported to fail to induce HLA class I down-

regulation on infected cells but to retain other Nef functions
such as CD4 down-regulation and enhancement of viral infec-
tivity (1). We confirmed that the surface expression of HLA-
A*2402 and HLA-B*3501 was not suppressed on NL-M20A-
infected CD4� T cells. Moreover, both HLA-A*2402-

FIG. 3. Cytokine production by HIV-1-specific CTL clones stimulated with primary CD4� T cells infected with HIV-1 and Nef-mutant HIV-1
strains. CD4� T cells were infected with NL-432 or NL-M20A. On day 7 postinfection, HIV-1-infected or uninfected cells were cocultured with
HIV-1-specific CTL clone SF2-4-2 or SF-2-33-135 for 6 h. Intracellular staining of IFN-�, MIP-1�, and TNF-� was performed, and stained cells
were analyzed by flow cytometry. The percentage of intracellular cytokine-positive CD8� T cells is shown in each upper right quadrant.

FIG. 4. Cytokine production by HIV-1-specific CTL clones stimulated with HIV-1-infected CD4� T cells prepulsed with epitope peptide. CD4�

T cells were infected with NL-432 or NL-M20A. On day 9 postinfection, NL-432- or NL-M20A-infected CD4� T cells prepulsed with or without
peptide were mixed with HIV-1-specific CTL clone SF2-33-135 (effector/stimulator ratio of 1:5) and then incubated for 6 h. Intracellular staining
of IFN-�, TNF-�, or MIP-1� was performed, and cytokine-positive cells were analyzed by flow cytometry. The percentage of p24 Ag-positive cells
in CD4� T cells infected with NL-432 or NL-M20A was 41.2 and 38.5%, respectively.
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restricted and HLA-B*3501-restricted CTL clones failed to kill
HIV-1-infected CD4� T cells but effectively killed NL-M20A-
infected CD4� T cells. Thus, we confirmed that the impaired
cytolytic activity of HIV-1-specific CTLs for HIV-1-infected
CD4� T cells was due to Nef-mediated HLA class I down-
regulation. We also provided evidence that Nef-mediated
HLA class I down-regulation affects the cytolytic activity of
HLA-B-restricted CTL clones in addition to HLA-A-restricted
CTL clones. However, since we used CTL clones in the present
study, analysis using polyclonal CTLs will be required to ex-
clude the possibility that this effect of Nef is not restricted with
CTL clones used in the present study.

HLA-B35 molecules were previously reported to be associ-
ated with rapid progression of AIDS (35). A recent study
showed that HLA-B*3502 and HLA-B*3503 molecules are
strongly associated with disease progression to AIDS while
HLA-B*3501 is not (14). It will be very interesting to analyze
the recognition of HIV-1-specific CTLs restricted by these
HLA-B*35 molecules and by HLA-B27 or HLA-B57 mole-
cules, which are associated with delayed progression to AIDS
(21).

In the experiment shown in Fig. 1, approximately 40% of

NL-432-infected CD4� T cells (approximately 25% of target
cells) showed high expression of HLA-A24 and -B35 (Fig. 1A),
but no cytolytic activity for these cells by two CTL clones was
detected. While 25% of target cells might not be enough to
detect specific lysis in a standard 51Cr-release assay, it remains
possible that presentation of HIV-1 epitopes is abolished by an
unknown mechanism due to HLA class I down-regulation in
HIV-1-infected CD4� T cells.

The failure of HIV-1-specific CTL clones to kill HIV-1-
infected CD4� T cells indicates that the T-cell-receptor-medi-
ated signal induced by recognizing epitopes presented by
down-regulated HLA class I molecules is too weak to induce
cytolytic activity in CTL clones. However, we showed that CTL
clones stimulated with HIV-1-infected CD4� T cells were still
able to produce the HIV-1-suppressive factors IFN-�, MIP-1�,
and TNF-�. This indicates that HIV-1-specific CTLs can pro-
duce cytokines by recognizing a small number of HIV-1
epitopes. These findings suggest that HIV-1 replication may be
partially inhibited by HIV-1-suppressive factors secreted from
HIV-1-specific CD8� T cells in HIV-1-infected individuals.
Indeed, we demonstrated that HIV-1-specific CTL clones par-
tially suppressed the replication of NL-432 in a coculture of

FIG. 5. Suppression of HIV-1 replication by an HIV-1-specific
CTL clone. CD4� T cells were infected with NL-432 or NL-M20A and
then cocultured with or without the HIV-1-specific CTL clone SF2-
33-135. On days 5 and 15 postinfection, cells and culture supernatant
were harvested. (A) p24 Ag-positive, CD8-negative cells were analyzed
on day 15 postinfection by flow cytometry. (B) The percentage of
intracellular p24 Ag-positive cells in NL-432- or NL-M20A-infected
CD4� T cells cultured with or without the CTL clone SF2-33-135 was
measured by flow cytometry on days 5 and 15 postinfection. (C) The
culture supernatants (10 �l) from NL-432- or NL-M20A-infected
CD4� T cells cultured with or without CTL clone SF2-33-135 were
taken on days 3, 5, 9, and 15 postinfection, and the amount of p24 Ag
in the culture supernatants was measured by enzyme immunoassay.
The percent suppression of NL-432 and NL-M20A replication by SF2-
33-135 was 28.1 and 99.9%, respectively.
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NL-432-infected CD4� T cells and HIV-1-specific CTL clones.
Similar results were reported in a previous study, which
showed that an HIV-1-specific CTL clone could suppress rep-
lication of HIV-1 strain JR-CSF in primary CD4� T cells
infected with this HIV-1 clone (40). The strong suppression of
NL-M20A replication in a coculture of NL-M20A-infected
CD4� T cells with an HIV-1-specific CTL clone observed in
the present study was due to both CTL cytolytic activity and
cytokine production. It is likely that the partial suppression of
NL-432 replication in coculture was due to cytokine produc-
tion alone, as the cytolytic activity of CTL clones for NL-432-
infected CD4� T cells was impaired. However, it is very diffi-
cult to rule out the possibility that CTL clones partially lysed
NL-432-infected CD4� T cells in long-term cultures.

Highly active antiretroviral therapy dramatically diminished
HIV-1 viral load and the number of HIV-1-specific CD8� T
cells in HIV-1-infected individuals (33). This finding suggests
that HIV-1-infected cells can effectively present HIV-1
epitopes to CD8� T cells and that the stimulated HIV-1-
specific CD8� T cells can proliferate. In the present study, we
investigated proliferation of HIV-1-specific CTL clones in co-
cultures with HIV-1-infected CD4� T cells. The number of
HIV-1-specific CD8� T cells decreased when they were cocul-
tured with NL-432-infected CD4� T cells but increased during
days 10 to 15 when they were cocultured with NL-M20A-

infected CD4� T cells. Thus, since the ability of HIV-1-in-
fected CD4� T cells to induce proliferation of HIV-1-specific
CD8� T cells is very weak, other HIV-1-infected cells such as
macrophages and dendritic cells may be able to effectively
induce proliferation of HIV-1-specific CD8� T cells. A recent
study showed that Nef does not down-regulate HLA class I on
dendritic cells infected with an adenovirus clone expressing
Nef (13). Nef-mediated HLA class I down-regulation might
therefore have a minimal effect on Ag presentation by HIV-
1-infected dendritic cells.

In the present study, HLA class I down-regulation on HIV-
1-infected CD4� T cells and CTL recognition of HIV-1-in-
fected CD4� T cells were analyzed by using laboratory-isolated
HIV-1 clones. Therefore, it is not clear whether Nef-mediated
HLA class I down-regulation is an active event in vivo. A
previous study demonstrated that HLA class I expression on
PBMCs and CD4� T cells is much lower in AIDS patients than
in HIV-1-seronegative individuals (36). In contrast, a recent
study showed that HIV-1 isolates from asymptomatic individ-
uals were able to down-regulate HLA class I while those from
AIDS patients were not (7). Thus, events related to Nef-me-
diated HLA class I down-regulation are still unclear in HIV-
1-infected individuals.

In the present study, we investigated production of three
cytokines, IFN-�, MIP-1�, and TNF-�, by HIV-1-specific CTL
clones. Since IL-2, IL-4, and IL-12 influence Th1 immune
responses, it is also important to analyze the production of
these cytokines by the CTL clones. Further studies are ex-
pected to clarify the effect of Nef-mediated HLA class I down-
regulation on the total immune responses of HIV-1-infected
individuals.

In summary, we show here that Nef-mediated down-regula-
tion of HLA class I molecules on HIV-1-infected CD4� T cells
affects CTL cytokine production to a lesser extent than CTL
cytolytic activity. In a coculture of HIV-1-infected CD4� T
cells with HIV-1-specific CTL clones, replication of NL-432
was partially suppressed while that of NL-M20A was com-
pletely suppressed. These findings suggest that HIV-1-specific
CD8� T cells are able to partially suppress the replication of
HIV-1 by production of soluble HIV-1-suppressive factors
such as chemokines and interferon.
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