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We recently reported that HLA-G1-transfected antigen-presenting
cells (HLA-G1� APCs) were capable of inhibiting alloproliferative
responses. The aim of the present work was to further study the
function and the mechanisms of action of HLA-G1� APCs. We show
here that HLA-G1� APCs are immunoinhibitory cells that (i) inhibit
the proliferation of CD4� T cells, (ii) shed HLA-G1 molecules that
might provide extra, non-antigen-specific, inhibitory or proapo-
ptotic signals, (iii) induce CD4� T cell anergy, or at least long-term
unresponsiveness, and (iv) cause the differentiation of CD4� T cells
into suppressive cells. Thus, HLA-G� APCs might (i) be involved in
the direct suppression of immune responses and (ii) contribute to
long-term efficient immune escape or tolerance.

HLA-G is a nonclassical HLA class I antigen that is character-
ized by a tissue-restricted expression, a low polymorphism, and

seven proteic isoforms (HLA-G1 to -G7) (1). HLA-G1 has a
structure similar to that of classical HLA class I molecules: a heavy
chain noncovalently associated with �-2 microglobulin and a
nonameric peptide. Functional assays have demonstrated that
HLA-G was able to inhibit allogeneic proliferation of T cells (2–5),
and natural killer cell cytotoxicity (6–10), as well as antigen-specific
T cell cytotoxicity (5, 11). HLA-G exerts its direct immunoinhibi-
tory function through three inhibitory receptors, ILT2�CD85j,
ILT4�CD85d, and KIR2DL4�CD158d (12–14).

Under pathological conditions, HLA-G is expressed (i) by allo-
grafts (15–17) and by infiltrating monocuclear cells within the
transplanted tissues (17), (ii) during inflammatory diseases and by
lesion-infiltrating HLA-G� antigen-presenting cells (APCs) (5, 18,
19), (iii) by tumor tissues (20–24) and by tumor-infiltrating APC
(24, 25), and (iv) on monocytes and T cells from HIV patients (26).

The function of HLA-G� APCs is still unclear, but our hypoth-
esis is that APCs expressing such a potent inhibitory molecule might
be immunoregulatory. The aim of the present study was (i) to
investigate the inhibitory potential and the mechanisms of action of
HLA-G-expressing APCs and (ii) to determine whether HLA-G-
expressing APCs were immunotolerogenic and capable of inducing
the maturation�differentiation of suppressor cells. For this purpose,
we generated HLA-G1-transfected APC lines (HLA-G1� APC)
and studied their functions as suppressor cells in allogeneic reac-
tions. In this work, we first demonstrate that HLA-G1� APC
suppress by 80% the allogeneic responses of peripheral blood
mononuclear cells (PBMCs) and purified CD4� T cells. Second, we
show that HLA-G1� APC induce CD4� T cells’ long-term unre-
sponsiveness and promote the differentiation�maturation of CD4�

T cells into suppressor cells. Our data indicate that HLA-G1�

APCs might represent a subset of immunocompetent cells with
immunosuppressive function involved in the regulation of immune
responses.

Materials and Methods
Cell Preparation and Culture. PBMCs obtained from heparinized
whole blood of healthy volunteer adult donors were separated by
density-gradient centrifugation over Ficoll�Histopaque (Amer-
sham Biosciences, Piscataway, NJ). PBMCs were washed twice and
suspended in RPMI medium 1640 (GIBCO) supplemented with

fungizone (Sigma-Aldrich), 1 �g�ml gentamicin, L-glutamine
(GIBCO), and 10% heat-inactivated human serum AB.

For purification of CD4� T cells, anti-CD4-coated Dynabeads
(Dynal, Great Neck, NY) were used. Magnetic beads were de-
tached from the CD4� T cells surface by incubation of the isolated
cells overnight in a 37°C, 5% CO2, humidified incubator in culture
medium.

For large scale allostimulation experiments, 2 � 107 responder
cells were cocultured with �-irradiated allogeneic unseparated
PBMCs or cell lines at a responder:stimulator ratio of 1:1 and 1:0.5,
respectively, and at a final concentration of responder cells of 106

cells per ml.

Cell Lines and Transfectants. KG1a cells (American Type Culture
Collection), LCL 721.221 cells (LCL, American Type Culture
Collection), and U937 cells (American Type Culture Collection)
were used in this study. All cell lines were maintained in RPMI
medium 1640 supplemented with 10% heat-inactivated FCS, 2 mM
L-glutamin, 1 �g�ml gentamicin, and fungizone (Sigma-Aldrich).
All transfected cell lines were selected in media containing 1 mg�ml
geneticin (G418, Sigma-Aldrich).

For generation of transfectant cell lines, the pRc�RSV vector
(Invitrogen) and the pRc�RSV vector containing the full length of
the HLA-G1 gene (7) (pRc�RSV-G1) were transfected by electro-
poration (Bio-Rad Gene Pulsar at 240V, 960 �F) into KG1a cells
(KG1a-RSV and KG1a-G1 cells), LCL cells (LCL-RSV and
LCL-G1 cells), and U937 cells (U937-RSV and U937-G1 cells).
HLA-G1-transfectant lines were monitored for the expression of
HLA-G1 by flow cytometry, and were later sorted on the basis
of HLA-G1 expression on a FACSVantage SE cell sorter (Becton
Dickinson) by using anti HLA-G MEM-G�09 mAb. KG1a-G1
clonal lines were generated by using a FACSVantage SE cell sorter.

Antibodies and Flow Cytometry. The following primary murine
mAbs were used in flow cytometry studies: anti-CD4-ECD (phy-
coerythrin-Texas red-conjugated mouse IgG1, Immunotech, Mar-
seille, France); anti-CD8-PC5 (phycoerythrin-cyanin 5-conjugated
mouse IgG1, Immunotech); anti-ILT2 FITC (FITC-conjugated
mouse IgG2b, BD Biosciences); anti-HLA-DR FITC (FITC-
conjugated mouse IgG2b, Immunotech); anti-HLA-G MEM-G�09
FITC (FITC-conjugated mouse IgG1, Exbio, Prague); anti-pan
HLA class I W6�32 (mouse IgG2a, Sigma); anti-HLA-A, -B, -C,
and -E TP2599 (mouse IgG1, S. Ferrone, Roswell Park Cancer
Institute, Buffalo, NY); anti-HLA-A, -B, and -C SV9985 (mouse
IgG, S. Ferrone); and anti-HLA-E MEM-E�06 (mouse IgG1, V.
Horejsi, Institute of Molecular Genetics, Prague). Rabbit poly-
clonal anti-human �-2-microglobulin antibody conjugated to horse-
radish peroxidase (DAKO) was used in an ELISA. The anti-pan
HLA-G mAb 4H84 (mouse IgG1, M. Mc Master, University of
California, San Francisco) was used in Western blot analyses. For

Abbreviations: APC, antigen-presenting cell; PBMC, peripheral blood mononuclear cell;
MLR, mixed lymphocyte reaction; sHLA-G1, shed HLA-G1.
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flow cytometry analyses, cells were first incubated 30 min in PBS
containing 20% human serum, washed in PBS, incubated with the
primary antibodies in PBS 2% BSA for 30 min at 4°C, and washed
twice in PBS 2% BSA. When necessary, phycoerythrin-conjugated
F(ab�)2 Goat anti-mouse IgG (Immunotech) was used as a second-
ary mAb. Isotype-matched control antibodies were systematically
used to evaluate nonspecific binding. Flow cytometry analyses were
performed on an Epics XL cytometer (Beckman Coulter) using
EXPO32 software (Beckman Coulter).

Immunoprecipitation and Western Blot Analysis. Immunoprecipita-
tion of HLA-G was performed by using the mouse anti-human pan
HLA class I mAb W6�32 on 10� concentrated (Ultrafree-15
centrifugal filter device, Millipore) supernatants of 24-h cultures of
KG1a-RSV, KG1a-G1, LCL-RSV, LCL-G1, U937-RSV, and
U937-G1 cell lines, and on KG1a-G1 cell lysates, as described (4).

Alloproliferation Assays�Mixed Lymphocyte Reaction (MLR). For al-
loproliferation studies, either unseparated PBMCs or purified
CD4� T cells were used as responders, and stimulator cells were
either �-irradiated unseparated PBMCs, or �-irradiated cultured
cell lines described above. Alloproliferation assays were set up as
follows: 105 responder cells were cultured in 96 U-bottomed plates
with 105 (PBMCs) or 5 � 104 (cell lines) irradiated stimulator cells
and plated in a final volume of 150 �l per well. All samples were run
in triplicate, and for each allogeneic combination, responder cells
alone, irradiated stimulated cells alone, and autologous controls
were included. After 6 days, cultures were pulsed with thymidine
[1�Ci per well (1 Ci � 37 GBq), Amersham Biosciences]. Cells were
harvested 18 h later on filter mats, and thymidine incorporation into
DNA was quantified on a �-counter (Wallac 1450, Amersham
Biosciences).

Sensitization Procedures. When indicated, cells were sensitized for
12 h or 9 days with KG1a-RSV or KG1a-G1 stimulator cells.
Sensitization was set up as MLR (see above). At the end of the
sensitization period, stimulator cells were removed by using anti-
CD34 mAb (KG1a-RSV-sensitized cultures) or anti-HLA-G
MEM-G�09 mAb (KG1a-G1-sensitized cultures) and anti-mouse
IgG-coated magnetic beads (Dynal Biotech). Before the purified
cells were used, the extent of the depletion was checked by flow
cytometry. Sensitized cells were used when depletion was higher
than 99%. Stimulator-depleted samples were then used as re-
sponder cells or were �-irradiated and used as third-party cells, as
indicated.

ELISA. Shed HLA-G1 (sHLA-G1) concentrations in cell-free
supernatants of mock- and HLA-G1-transfected cell lines were
measured with an HLA-G1-specific sandwich ELISA by using
anti-HLA-G1�G5 MEM-G�09 mAb for capture, and anti-human
�2-microglobulin was conjugated to horseradish peroxidase for
detection as described (27).

Results
Characterization of HLA-G1-Transfected APCs. Parent and transfected
cell lines were analyzed by flow cytometry for the expression of
HLA-A, -B, -C, -E, -G, and -DR molecules by using anti-HLA-class
I W6�32 (HLA-A, -B, -C, -E, and -G), anti-HLA-A, -B, -C, and -E
TP2599, anti-HLA-A, -B, and -C SV9985, anti-HLA-E MEM-E�
06, anti-HLA-G MEM-G�09, and anti-HLA-DR mAbs. Mock-
transfected and HLA-G1-transfected cell lines presented the same
phenotype with regard to the expression of all HLA molecules but
HLA-G1 (Fig. 1).

HLA-G1� APCs Inhibit Alloproliferative Responses. The allostimula-
tory capacity of HLA-G1-transfected APC lines were investigated
by using freshly isolated PBMCs as responder cells. First, we
evaluated the capability of 10 HLA-G1� APC clonal lines (KG1a-

G1) to inhibit the alloproliferative responses of PBMCs from two
donors. In this experiment, the alloproliferation induced by HLA-
G1� APC lines was compared with that induced by HLA-G1� APC
(KG1a-RSV cells). All HLA-G1� APC lines inhibited the allopro-
liferative responses of PBMCs from both donors by �57.7% and
70.5%, respectively (Table 1).

For subsequent studies, the HLA-G1� APCs KG1a-G1�CL3 and
KG1a-G1�CL10 lines, which inhibited alloproliferative responses to
high and comparable levels, were chosen. These two lines were
tested against a panel of eight donors. Both HLA-G1� APC lines
inhibited the alloproliferation of PBMCs from all donors tested by
�80% (Table 2).

Finally, to confirm the results obtained with the KG1a cell line,
the inhibitory capability of other HLA-G1� APCs was evaluated.
When LCL transfectants were used as allogeneic stimulator cells
against unseparated PBMCs from two donors, an inhibition of
alloproliferation of 80% was observed for LCL-G1 vs. LCL-RSV
(data not shown). These results are in accordance and are compa-
rable with those obtained for the previous HLA-G1� APC lines.

HLA-G1� APCs Inhibit the Alloproliferation of Purified CD4� T Cells.
We next investigated the direct effect of HLA-G1� APCs on the
CD4� T cells. Purified CD4� T cells from two donors were
stimulated with irradiated HLA-G1� APCs (KG1a-RSV) or HLA-
G1� APCs (KG1a-G1). HLA-G1� APCs induced an inhibition of
the alloproliferative response of these two T cell populations of 50%
and 80%, respectively (Table 3). This inhibition of CD4� T cell
alloproliferative responses is similar to that of unseparated PBMCs.
Before use in alloproliferation assays, purified naı̈ve CD4� T cells
were analyzed by flow cytometry for the expression of the HLA-G1
receptor ILT2�CD85j, because ILT2�CD85j is the only of the three
HLA-G receptors that is expressed by naı̈ve CD4� T cells (28, 29),
at least intracellularly (30). No expression of ILT2�CD85j was detected
at the surface of the purified naı̈ve CD4� T cells (data not shown).

Alloproliferation Inhibition by HLA-G1� APCs Is Not Mediated by
HLA-G1 Shedding. Shedding of HLA molecules is a process common
to all classical HLA class I molecules. To find out whether HLA-G1
was shed from the surface of the transfectant cell lines, we the
presence of HLA-G in the 24-h culture supernatants. By using an
HLA-G1-specific ELISA, we detected the presence of HLA-G1 in
the culture supernatants of all HLA-G1� APCs, but not in those of
any HLA-G� APCs (Fig. 2). These results were confirmed by
immunoprecipitation followed by Western blotting (Fig. 3).

To determine whether the inhibition of alloproliferation induced
by HLA-G1� APCs was due to shed HLA-G1, we compared the
alloinhibitory effect of HLA-G1� and HLA-G1� APC culture
supernatants by using them as culture medium in MLR. No

Fig. 1. Expression of cell-surface HLA-G by KG1a-G1, LCL-G1, and U937-G1 cell
lines. pRC�RSV-transfected LCL (LCL-RSV), U937 (U937-RSV), and KG1a (KG1a-
RSV) cells (dashed lines), and pRC�RSV-HLA-G1-transfected KG1a (KG1a-G1�CL3),
LCL (LCL-G1), and U937 (U937-G1) cells (solid lines) were labeled by using the
FITC-conjugated anti-HLA-G1 mAb MEM-G�09. Isotype-matched controls gave
profiles identical to those of the HLA-G1� wild-type cells stained with MEM-G�09
and are not figured. MFI, mean fluorescence intensity.
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inhibition of alloproliferation was observed in MLR performed
with HLA-G1� APC culture supernatants (data not shown). This
result indicates that, in our system, the inhibitory effect of HLA-
G1� APCs was due to a direct, cell-to-cell contact mechanism, and
not to the release of HLA-G1 in the culture medium.

The HLA-G1� APCs Mediate an Alloproliferation Inhibition That Cor-
relates with the Proportion of HLA-G1� APCs Among Stimulators. It
has been shown in cytotoxicity assays in which targets were a
mixture of HLA-G� and HLA-G� cells, that as few as 10%
HLA-G� target cells in the mixture were sufficient to inhibit
cytotoxic T cell-specific activity by 50%, and that a 50�50 mixture
of HLA-G� and HLA-G� target cells inhibited cytotoxic T cell-
specific lysis completely (23). We investigated whether these find-
ings applied to inhibition of alloproliferation as well.

Responder cells from two donors were stimulated by a mixture
of HLA-G1� APCs (KG1a-RSV) and HLA-G1� APCs (KG1a-

G1) at various ratios (Fig. 4). There was no proliferation inhibition
when HLA-G1� APCs made up 10% of the HLA-G1� APC:
HLA-G1� APC mixture. However, there was a linear correlation
between the ratio of HLA-G1� APC: HLA-G1� APC cells in the
stimulator mixture and the level of alloproliferation after this value
(responder I: R2�0.98 for a percentage of HLA-G1� APCs ranging
from 10% to 100%, and Responder II: R2 �0.99 for a percentage
of HLA-G1� APCs ranging from 25% to 90%). The fact that the
correlation was linear lead to the hypothesis that HLA-G1� APCs
induced a nonresponsiveness of T cells that was not temporary.
Indeed, the T cells that statistically encountered HLA-G1� APC
cells first did not just ignore them to be stimulated by HLA-G1�

APC cells in the culture, but seemed to have lost their capacity to
proliferate altogether.

Stimulation by HLA-G1� APCs Induces Long-Term CD4� T Cell Unre-
sponsiveness. We investigated whether the HLA-G1� APCs me-
diated an inhibition of the alloproliferation of T cells that was

Table 1. Allogeneic proliferative responses induced by HLA-G1� APC and HLA-G1� APC clonal
cell lines

APC lines*

PBMC I† PBMC II†

cpm % inhibition‡ cpm % inhibition§

None 520 650
KG1a-RSV 7,591 10,345
KG1a-G1�CL1 2,286 70 5,844 44
KG1a-G1�CL2 3,085 59 5,512 47
KG1a-G1�CL3 2,154 72 2,316 78
KG1a-G1�CL4 1,639 78 1,956 81
KG1a-G1�CL5 3,914 48 3,153 70
KG1a-G1�CL6 2,947 61 3,234 69
KG1a-G1�CL7 4,205 45 1,577 85
KG1a-G1�CL8 2,773 63 1,385 87
KG1a-G1�CL9 6,159 19 2,746 73
KG1a-G1�CL10 2,919 62 2,779 73

Raw proliferation (cpm) and percentage of proliferation inhibition (% inhibition) are presented for two donors
and 10 clonal KG1a-G1 cell lines. Alloproliferation induced by the KG1a-RSV control line for each donor was used
to determine the percentage of inhibition induced by the KG1a-G1 lines.
*Irradiated stimulator cells.
†Responder cells.
‡x� � SE � 57.7 � 5.3
§x� � SE � 70.5 � 4.6.

Table 2. Allogeneic proliferative responses of eight unseparated PBMC induced by HLA-G1�

APCs and two HLA-G1� APC clonal cell lines

PBMC*

APC†

KG1a-RSV KG1a-G1�CL3 KG1a-G1�CL10

cpm cpm % inhibition‡ cpm % inhibition§

I 26,552 2,552 90 5,756 78
II 33,611 17,439 48 7,120 79
III 35,038 3,806 89 6,704 81
IV 11,001 1,914 83 2,250 80
V 8,651 4,576 47 2,523 71
VI 12,576 1,801 86 2,862 77
VII 19,258 4,530 76 3,016 84
VIII 47,203 3,165 93 3,503 93

Raw proliferation data (cpm) and percentage of alloproliferation inhibition (% inhibition) induced by
HLA-G1-transfected KG1a-G1�CL3 and KG1a-G1�CL10 are presented for eight donor responder PBMCs. Allopro-
liferation induced by the KG1a-RSV control line was used to determine the percentage of inhibition induced by
the HLA-G1-transfected cells.
*Responder cells.
†Stimulator cells.
‡x� � SE � 76.5 � 6.6.
§x� � SE � 80.4 � 2.2.
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temporary and depended on the presence of HLA-G1 on stimulator
cells, or whether the HLA-G1� APCs induced a more prolonged
T cell nonresponsiveness. Purified CD4� T cells from two donors
were stimulated 12 h with irradiated HLA-G1� APCs (KG1a-RSV)
or HLA-G1� APCs (KG1a-G1). After this sensitization, the stim-
ulator cells were removed by magnetic sorting, and the alloprolif-
erative capability of the sensitized CD4� T cells was evaluated in
response to irradiated PBMCs from two allogeneic donors. CD4�

T cells sensitized 12 h with HLA-G1� APCs responded to the new
allostimulators to a level comparable with that of nonsensitized
CD4� T cells from the same donors. On the contrary, CD4� T cells
sensitized with HLA-G1� APCs showed a significant decrease in
alloproliferation in three of four MLR. As can be seen in Fig. 5, the
alloproliferation of CD4� T cells from donor I sensitized with
HLA-G1� APCs was 70% of that of HLA-G1� APCs sensitized
CD4� T cells in one of the allogeneic combinations, whereas no
difference was observed for the other combination. For donor II,
the alloproliferation of CD4� T cells sensitized with HLA-G1�

APCs was 68% of that of HLA-G1� APCs sensitized CD4� T cells
for one combination and 83% for the other. These data indicate
that HLA-G1� APCs can induce a prolonged inhibition of CD4�

T cell responsiveness, even whether the level of this inhibition seems
to be affected by the quality of the second stimulation.

To find out whether a maturation process was involved in the
inhibition of responsiveness mediated by HLA-G1� APCs, the
same experiment as above was performed for one of the two donors
(donor II) with a sensitization of 9 days instead of 12 h. The
alloproliferative responses of CD4� T cells sensitized 9 days with
HLA-G1� APCs against two donor PBMCs were 54% and 33% of
the alloproliferative responses of CD4� T cells sensitized with

HLA-G1� APCs against the same stimulators (Fig. 5). These
results indicate that a maturation�differentiation process is most
likely involved in the inhibition of responsiveness mediated by
HLA-G1� APC.

Stimulation by HLA-G1� APCs Induces Suppressive CD4� T Cells.
Immunosuppressive T cells such as CD4�CD25� regulatory T cells
or CD8�CD28� suppressor T cells can inhibit alloproliferative
responses by means of various mechanisms (31–34). To find out
whether HLA-G1� APCs induced the differentiation of immuno-
suppressive T cells, PBMCs or purified CD4� T cells were sensitized
12 h or 9 days by irradiated HLA-G1� or HLA-G1� APCs, as
described above. After sensitization, the stimulatory cells were
removed and the sensitized cells were irradiated, added to MLR,
and their immunosuppressive functions were compared. Irradiated
PBMCs or CD4� T cells sensitized with HLA-G1� APCs never
inhibited the alloproliferation of the responder cells. As can be seen
in Fig. 6, unseparated PBMCs or purified CD4� T cells sensitized
12 h with HLA-G1� APCs had little or no suppressive effect and
decreased the alloproliferative response by 21% in only one allo-
geneic combination. On the contrary, unseparated PBMCs or
purified CD4� T cells sensitized 9 days with HLA-G1� APCs
suppressed the alloproliferative response in 7 of 10 allogeneic
combinations, regardless of the stimulators used, by an average of

Fig. 2. Concentrations of sHLA-G1 in culture supernatants of HLA-G1� and
HLA-G1� APCs. Concentrations of sHLA-G1 were measured by ELISA in superna-
tants of 24-h cultures of HLA-G1� APCs (KG1a-RSV, U937-RSV, and LCL-RSV) and
HLA-G1� APCs (KG1a-G1�CL10, U937-G1, and LCL-G1). For quantification, serial
dilutions of purified HLA-G in culture medium were used as a standard curve.

Fig. 3. HLA-G-specific Western blot analysis of HLA-G1� and HLA-G1� APC
culture supernatants. The presence of sHLA-G1 was analyzed in 24-h culture
supernatants of HLA-G1� APCs (KG1a-RSV, LCL-RSV, and U937-RSV) and HLA-
G1� APCs (KG1a-G1�CL3, LCL-G1, and U937-G1). Immunoprecipitation with
anti-pan HLA class I W6�32 mAb and Western blot analysis by using the
anti-pan HLA-G 4H84 mAb was carried on concentrated culture supernatants
as described in Materials and Methods. The molecular weight of the HLA-G1
heavy chain is indicated.

Fig. 4. Linear correlation between the percentage of HLA-G1-expressing
stimulator cells and inhibition of alloresponses. Responder PBMCs from two
donors were stimulated at a responder:stimulator ratio of 1:1 by mixtures of
irradiated KG1a-RSV and KG1a-G1�CL3 cells at various ratios. Alloproliferation
was measured at day 6 as described in Materials and Methods.

Table 3. Allogeneic proliferative responses of purified CD4� T
cell lines induced by HLA-G1� and HLA-G1� APCs

CD4� T cells*

KG1a-RSV† KG1a-G1�CL3†

cpm cpm % inhibition

VIII‡ 38,248 7,144 85
IX§ 6,218 2,032 87

Raw proliferation data (cpm) and percentage of alloproliferation inhibi-
tion (% inhibition) induced by HLA-G1-transfected KG1a-G1�CL3 are pre-
sented for purified CD4� T cells from two donors. Alloproliferation induced by
the KG1a-RSV control line was used to determine the percentage of inhibition
induced by the HLA-G1-transfected cells.
*Responder cells.
†Stimulator cells.
‡CD4� T cells purified from donor VIII.
§CD4� T cells purified from donor IX.
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52% (a range of 43–73%). These data show that HLA-G1� APCs
induced the differentiation of CD4� T cells into suppressive CD4�

T cells.

Discussion
This work was aimed at elucidating the function of HLA-G� APCs
that are present during the course of various pathologies. In
particular, given the strong inhibitory effect of HLA-G on the
function of immune cells and the central role played by APCs in
initiating and supporting immune responses, we wanted to inves-
tigate whether HLA-G1� APCs were immunoinhibitory cells with
suppressive function. To address these issues, we generated HLA-
G1-transfected APC lines and used them as stimulator cells in
allogeneic reactions against PBMCs and purified CD4� T cells. This
in vitro model was used to investigate the direct inhibitory function
of HLA-G1� APCs, and then to gain insight into the long-term
effects of these cells on CD4� T cells.

Our data show that HLA-G1� APCs used as stimulator cells
strongly inhibit the alloproliferative responses of PBMCs as well as
those of purified CD4� T cells. In an immune response, the
interaction between APCs and CD4� T cells is a crucial event that
leads to the activation and proliferation of antigen-specific CD4� T
cells, and their differentiation into CD4� T helper cells. These cells
actively support the activation and multiplication of antigen-specific
CD8� T cells and their maturation into cytotoxic T cells. Therefore,
the inhibition of the activation, proliferation, and differentiation of
antigen-specific CD4� T cells by HLA-G1� APCs would lead to an
almost complete abortion of the immune response, and to an
impaired generation of cytotoxic T cells.

It is interesting to note that no ILT2�CD85j was detected at the
surface of purified CD4� T cells, whereas alloproliferation was
nevertheless inhibited by HLA-G1� APCs. ILT2�CD85j is the only
of the HLA-G receptors described so far that is expressed by CD4�

T cells. These results might indicate that another, yet unknown,
HLA-G receptor is expressed by CD4� T cells, or that HLA-G1 has
an inhibitory effect on the APCs themselves through the receptors
they bear. Indeed, it was shown in a murine model that, acting
through the murine homologue of ILT4, HLA-G can impair APC
maturation, which leads to decreased cellular immune responses
(35, 36). In our system, HLA-G might act in such a fashion, decrease

the stimulatory capabilities of APCs, and so reduce CD4� T cell
alloproliferation.

As shown in this work, HLA-G1� APCs released HLA-G1
molecules in their environment (sHLA-G1). Even though in our
system, membrane-bound HLA-G1 had a vastly predominant in-
hibitory effect over that of sHLA-G1, it was shown that sHLA-G1
induced the apoptosis of activated CD8� natural killer and T cells
(37, 38). It is therefore possible that HLA-G1 shedding by HLA-
G1� APCs constitutes a back-up inhibitory mechanism: sHLA-G1
would target CD8� T cells that would have bypassed the inhibition
mediated by HLA-G1� APCs, in an antigen-nonspecific fashion.

The effects of HLA-G1� APC-mediated inhibition on the ca-
pability of CD4� T cells to be restimulated were investigated. Our
data show that CD4� T cell populations that had been sensitized
12 h with HLA-G1� APCs had lost between 19% and 35% of their
capability to respond to a new allogeneic stimulation, as compared
with that of CD4� T cells sensitized with HLA-G1� APCs. After
9 days of sensitization, this effect was even more pronounced, with
the level of alloproliferation of CD4� T cells sensitized with
HLA-G1� APCs being 35–55% of that of CD4� T cells sensitized
with HLA-G1� APCs. These results show that HLA-G1� APCs do
not only act as inhibitors of CD4� T cell activation. Indeed, by
rendering the CD4� T cells unable to respond to further stimula-
tion, HLA-G1� APCs induce a long-term antigen-specific unre-
sponsiveness apparently similar to T cell anergy. Induction of
antigen-specific CD4� T cell long-term unresponsiveness is one way
to inactivate some T cell specificities from the functional antigenic
repertoire, thus promoting a lasting immune ignorance�tolerance
to some antigens. The fact that the inhibition of functional reactivity
was more pronounced after a sensitization of 9 days than 12 h may
be due to two nonexclusive reasons. (i) Only part of the CD4�

responder T cells would recognize the alloantigens presented by
HLA-G1� APCs and be sensitive to HLA-G1� APC inhibition.
This finding means that after a 12-h culture, CD4� T cells would
remain that had not been rendered unresponsive by HLA-G1�

APCs. These cells would have retained the alloreactivity of naı̈ve
CD4� T cells. Thus, the difference in alloreactivity between HLA-
G1� APC-sensitized and HLA-G1� APC-sensitized CD4� T cell
cultures would represent the proportion of HLA-G1� APC-specific
CD4� T cells within the responder population. After 9 days,

Fig. 5. Stimulation by HLA-G1� APC long-term CD4� T cell unresponsiveness.
Purified CD4� T cells from two donors were sensitized with KG1a-RSV or
KG1a-G1�CL3 cells for 12 h or 9 days. After this period, the alloproliferative
responses of sensitized CD4� T cells were tested in MLR against two allogeneic
donor PBMCs. The graph presents the inhibition of alloproliferation of cells
sensitized with KG1a-G1�CL3. Inhibition was calculated by using alloprolifera-
tion levels obtained for KG1a-RSV-sensitized CD4� T cells (‘‘no inhibition’’
levels). The origin of the CD4� T cells as well as the allogeneic donors they were
tested against are indicated. light shaded bar, CD4� T cells sensitized 12 h;
darker shaded bar, CD4� T cells sensitized 9 days; n.d., not done.

Fig. 6. Sensitization by HLA-G1� APCs induces suppressive CD4� T cells. Purified
CD4� T cells were prestimulated with KG1a-RSV or KG1a-G1�CL3 cells for 12 h or
9 days. After this period, the sensitized cells were purified, irradiated, and added
to MLRs as third-party cells (suppressors), at a final stimulator:responder:irradi-
ated sensitized cells ratio of 1:1:1. The graph presents the inhibition of allopro-
liferation induced by irradiated, KG1a-G1�CL3-sensitized CD4� T cells. Inhibition
was calculated by using alloproliferation levels obtained when irradiated, KG1a-
RSV-sensitized cells were added to the MLR combinations (‘‘no inhibition’’ level).
The origin of the sensitized cells as well as the allogeneic donors they were tested
againstare indicated.Light shadedbar,12-hsensitization;darkshadedbar,9-day
sensitization.
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however, CD4� T cells that did not recognize the alloantigens
presented by the APCs would have died by lack of stimulation. In
this case, the differences in alloreactivity between CD4� T cells
sensitized with HLA-G1� and HLA-G1� APCs would truly rep-
resent the effect of HLA-G1� APCs on antigen-specific CD4� T
cells. (ii) The differences observed between 12 h- and 9 day-
sensitized CD4� T cells might indicate that a maturation process,
which would take more that 12 h, is involved in the acquisition of
nonresponsiveness by CD4� T cells.

The maturation�differentiation of CD4� T cells sensitized with
HLA-G1� APCs into regulatory�suppressor cells was investigated.
Our data show that CD4� T cells sensitized 12 h with HLA-G1�

APCs had little or no suppressive function, but that CD4� T cells
that had been sensitized 9 days by HLA-G1� APCs strongly
inhibited the alloproliferative response of autologous or allogeneic
CD4� T cells in MLR. These results indicate that stimulation of
CD4� T cells by HLA-G1� APCs induces their differentiation into
immunosuppressive cells. The precise characterization and the
mechanism of action of such suppressive CD4� T cells warrant
future investigation.

In the light of these findings, the presence of HLA-G� APCs
might have different significance, depending on physiopathological
status, and their effect might either be beneficial or deleterious. For
instance, HLA-G expression by transplanted tissues was detected
after heart transplantation and kidney-liver combined transplan-
tation. In both cases, expression of HLA-G correlated with a
reduced number of acute rejection episodes and no chronic rejec-
tion (15–17). In both of these studies, HLA-G was expressed by
some accepted transplants in the absence of inflammation or
infiltration, and seric-soluble HLA-G5�G6 of unknown source was
detected as well. In the case of kidney-liver combined transplan-

tation, infiltrating HLA-G� APCs were found within some
HLA-G� transplants, and their presence was associated with in-
flammation. Given the data presented above, it is possible that
HLA-G� APCs were not detected within HLA-G� nonrejected
transplants because tolerization for the transplants was already
achieved. Tolerogenic HLA-G� APCs might have existed earlier,
or might have existed elsewhere and be the source of seric HLA-
G5�G6. On the other hand, the presence of HLA-G� APCs within
HLA-G� transplanted tissue might reveal (i) an attempt by the
immune system to stop an ongoing rejection reaction and�or (ii) an
ongoing ‘‘tolerization’’ reaction.

HLA-G� APCs have been detected in pathologies such as
cancer. In these cases, HLA-G� APCs, acting as suppressive
immune effectors might have a deleterious effect and inhibit local
antitumoral responses. Further, by their tolerogenic action, they
might actively induce long term antitumoral unresponsiveness and
be in part responsible for tumoral immune escape.

Taken together, our data show that HLA-G1� APCs are immu-
noinhibitory cells that (i) inhibit the proliferation of CD4� T cells;
(ii) shed HLA-G1 molecules that might provide extra, non-antigen-
specific, inhibitory, or proapoptotic signals; (iii) induce CD4� T
cells anergy, or at least long-term unresponsiveness; and (iv) cause
the differentiation of CD4� T cells into suppressive cells and spread
antigen-specific inhibition. Thus, by their local action, HLA-G�

APCs might be involved in the suppression of immune responses
and by their in long-term effects, in efficient immune escape or
tolerance. Depending on physiopathological status, HLA-G� APCs
might therefore constitute a help to boost or a threat to eliminate.
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