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Abstract
The present study focuses on the influence of the tumor microenvironment on the expression of HLA-G in ovarian
cancer and its impact on immune cells. We used carcinomatosis fluids (n = 16) collected from patients diagnosed
with epithelial ovarian cancer, detected by an increase in CA125 levels. Our results indicate that HLA-G is
expressed by 1) ascitic cell clusters, 2) stromal cells (hospicells) extracted from cancer cell clusters, and 3) cancer
cell lines and tumor cells. The origin of HLA-G was linked to inflammatory cytokines present in the cancer
microenvironment. In parallel, the ascitic fluid of patients with ovarian cancer contains soluble HLA-G (sHLA-G).
The mesothelial cell layer and submesothelial tissues, as well as the immune cell infiltrate, do not secrete HLA-G.
In contrast, sHLA-G is absorbed by peritoneal tissues along with mesothelial layers as well as immune cell
infiltrates. We demonstrated that interleukin-1β along with TGF-β can be a major HLA-G–inducing factor that
upregulates HLA-G expression through the NF-κB pathway. The level of HLA-G in ascites correlated positively with
the expression of T regulatory (T-regs) cells, while it negatively correlated with the expression of natural killer and
memory cells in tumor-infiltrating immune cells. In conclusion, the production of HLA-G is associated with the
presence of inflammatory cytokines and is strongly correlated with microenvironment tolerant cells such as T-regs
and diminution of NK and memory T cells.
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mune cells are key players in the complex mechanisms involved in host
fense [1,2] and play a crucial role in cancer evolution and metastasis
–5]. Failure of host antitumor immunity may be due to increased
ppression of tumor-reactive lymphocytes, mediated by T regulatory (T-
g) cells [6]. Immunosuppression, particularly in ovarian cancer, is
duced by intratumoral T-reg cells and is a major determinant in disease
tcome [7–9]. Among the mechanisms set in motion by tumors to
cape the immune system, programmed cell death protein-1 (PD-1) [10]
d cytotoxic T-lymphocyte–associated protein 4 (CTLA-4) [11] are
ready described. The contribution of HLA-G (human leukocyte antigen
“Gestation”; belonging to nonclassical MHC class I group) is

nsidered to be one of the prime findings [12]. It operates by inducing
lerance to a variety of antitumor effector cells including T regulatory/
ppressor cells [13–15]. HLA-G modulates the activation and effector
le of key immune cells such as dendritic cells, macrophages, T
mphocytes, and NK cells through binding to ITIM (immunoreceptor
rosine-based inhibitory motif) containing transmembrane receptors [16].
ructurally, HLA-G has seven isoforms. Four isoforms (HLA-G1 to
LA-G4) are membrane bound and three (HLA-G5 to HLA G-7) are
luble, which are generated by the alternative splicing of unique primary
anscripts. Soluble HLA-G (sHLA-G) and membrane-bound HLA-G
forms have similar functions [17]. In the normal healthy human, HLA-
is highly expressed in the placenta. However, low RNA expression is
und in GIT and male reproductive tissues in the absence of protein
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pression [18]. In experimental animal models and patients with ovarian
ncer, the expression of HLA-G is associated with metastasis and poor
rvival rate [19–21].
The present study looks into the origin of HLA-G expression in
arian carcinomatosis and its impact on immune cells.

aterial and methods

eritoneal fluid
Ascitic effusions (n = 16) were obtained from patients above the age of
years with ovarian cancer (confirmed by histological analysis) without

eatment and in advanced state (Department of Oncology, Hôtel-Dieu
ospital). All the patients had double the levels of CA125 when
mpared to normal patients according to Gynecological Cancer
tergroup criteria. As ascitic fluid extraction is a part of the routine
anagement of patients, only oral consents were obtained from them.
he peritoneal fluids obtained were divided into two categories: one for
llecting floating cell clusters and the other for obtaining cell-free
pernatants after a short spin at 1000 rpm for 5 minutes. The floating
ll clusters were used for studies as described below. The supernatants
ere aliquoted and stored for further use at −30°C.

LA-G Expression by Clusters
A small volume of ascites was diluted with 0.9% NaCl and observed
icroscopically for the presence of clusters (magnification ×40). Floating
ll clusters were picked up using a pipette from the diluted samples. A
lume of 200 μl containing cells, diluted in PBS, was deposited on glass
des and centrifuged using a Shandon CytoSpin 3. Cells were fixed for
minutes in ethanol–acetic acid (10/90). The slides were then rinsed,
d the cells were rehydrated with PBS (1×). After rehydration, cells were
cubated in serum albumin (10% BSA) and 90% PBS to saturate
nspecific sites. After washing with PBS (1×) containing BSA 0.1%, the
lls were incubated overnight at room temperature with the primary
tibodies anti-HLA-G1 and -G5 (MEMG9; 10 μg/ml). After a second
ash, the cells were further incubated with secondary antimouse IgG
ilution 1 μg/100 μl). Finally, cells were incubated for a further
minutes with streptavidin coupled to fluorescein isothiocyanate
ITC) (diluted as 1 μg/100 μl). Negative controls were performed in
e absence of primary antibodies. Fluorescence microscopy was
rformed at λ = 490 nm (excitation) and λ =525 nm (emission).

LISA
sHLA-G concentrations weremeasured in ascitic samples collected from
tients with ovarian cancer. Two distinct ELISAs were conducted. A 96-
ell plate (Corning Costar) was coated with PBS (pH 7.4) containing
EM-G/9 at 10 μg/ml. Plates were saturated with 250 μl of 2% BSA in
S for 2 hours at 37°C. Samples were added to each well (100 μl) in
iplicate. After an overnight incubation at 4°C, anti–β2m-HRP
akoCytomation) was added as detection Ab for 1 hour at 37°C. The
romogenic substrate (tetramethylbenzidine; Sigma-Aldrich) was added
r 30 minutes in the dark. Finally, the reaction was stopped using HCl
N).On the other hand, a similar test was performed using 5A6G7mAb
5 μg/ml as capture Ab andW6/32-biotin (Interchim) plus streptavidin-
RP as a detection antibody (Amersham). This 5A6G7/W6/32
mbination can only detect HLA-G5 but not HLA-G6 because of the
ability of W6/32 to bind HLA-G6. Optical densities were measured at
0 nm. Standard curves were generated using serial dilutions of purified
luble recombinantHLA-G5protein. The detection limit of both ELISAs
as 5 ng/ml.
munohistochemistry
The tissue sections were obtained from anatomopathological
partment from patients with and without cancer to evaluate the
pression of HLA-G and sHLA-g in the peritoneal membrane.
hese tissue sections were obtained from patients different from the
es used in the study for ascites. The tissue sections were stained
ing antibodies directed against HLA-G (clone 5A6G7; CliniS-
ences, Nanterre, France), sHLA-G (clone 4H84; Santa Cruz
iotechnology, USA), CD16 (DAKO), CD20 (DAKO), CD8
AKO), CD56 (Leica Biosystems), CD3 (Fisher Scientific, France),
d CD4 (Ventana). The images were then obtained using EVOS FL
uto Imaging System (Life Technologies, Waltham, USA).

ell Lines
The human cancer cell lines used were ovarian (OVCAR; ATCC),
east (MDA-MB231; ATCC), lung (A549; ATCC), colorectal (HT-
, HCT-8R; ATCC), and a leukemic cell line (HL60; ATCC). Cells
ere cultured in DMEM (for MDA-MB231, A549, HT-29m HCT-
, and HL60) or RPMI 1640 medium (for HL60) containing 10%
tal calf serum, penicillin (50 U/ml), and streptomycin (50 μg/ml).
he human mesothelial cell lines were purchased from ZenBio, Inc.,
d cultured in mesothelium-specific culture medium obtained from
enBio, Inc. All cell lines were incubated in a humidified atmosphere
ntaining 5% CO2 at 37°C, as recommended by the supplier (PAA
aboratories, Inc., Etobicoke, ON, Canada).

LA-G mRNA Expression
Total RNA was extracted using RNA/DNA (NucleoSpin RNA) kit.
ells were incubated for 15 minutes in lysis buffer. After centrifugation,
e pellets were suspended and precipitated with 70% ethanol. After
ntrifugation, the resulting pellet was washed thrice, dried, and dissolved
RNase-free sterile water (Invitrogen). An aliquot of RNA was taken, to
hich random primers (Random Hexam) were added along with dNTP
d RT buffer. The samples were centrifuged and heated at 65°C. Then,
verse transcriptase (M-MLV-RT, 200 U/μl) was added to each tube.
fter incubation at 42°C for 30 minutes, the reaction was stopped by
ating at 72°C for 3 minutes. Finally, a volume of DNase-free water was
ded to each tube, which was then frozen at −20°C until further analysis.
The cDNAs were amplified by PCR using specific oligonucleotide
imers. HLA-G primers used were G.257F (exon 2; 5′-GGAA-
AGGAGACACGGAACA) and G.1004R (exon 5 and exon 6
nction; 5′-CCTTTTCAATCTGAGCTCTTCTTT). PCR cycle
nditions were 1 minute at 94°C, 1 minute 30 seconds at 61°C, and
minutes at 72°C. The amplification products along with the size
arker (770-bp DNA ladder) were separated by agarose gel
ectrophoresis in TBE 1× (Invitrogen) and then visualized under
V light (Vilber Lourmat) after the addition of ethidium bromide.
For quantitative RT-PCR of mesothelial cells, cDNA was amplified
ing SYBR green mix (ROCHE) with ROCHE LightCycler 96 System.
he beta-actin gene was used as the housekeeping gene. Primer sequences
ed were HLA-G (sense: 5′-GCG GCT ACT ACA ACC AGA GC;
tisense: 5′-GAG GTA ATC CTT GCC ATC GTA G) and beta-actin
ense: 5′-AGA GCT ACG AGC TGC CTG AC; antisense: 5′-AGC
CT GTG TTG GCG TAC AG).

scitic Mononuclear Cell Characterization
Cluster cells were dissociated by accutase (PAA) before cytometry
alysis to characterize the different cell populations present in these
usters. Mononuclear cells were labeled using appropriate antibodies
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ked to different fluorescent agents. Antibodies bound to cells were
entified and semiquantified through flow cytometry. Results obtained
ere expressed as percentage of cells in each sample. Antibodies used were
D8 FITC, CD56 PE, CD14 FITC, CD25 PE, CD45RO FITC, and
D127 FITC (all from Becton Dickinson); CD45 RPECy5, CD45
PC, CD3 RPECy, and CD4 APC (all from DAKO); and AF750-anti-
D16 (Beckman Coulter). The controls were performed using
rresponding isotype antibodies. The results were expressed as percentage
cells in each sample. The LSRII cytometer was used as an analyzer with
ne colors and four lasers.

olation and Purification of Stromal Cells
Stromal cells were purified from clusters picked up from ovarian cancer
tients' ascites. Clusters, taken directly from the ascitic fluid, were
saggregated using accutase (PAA, France) and cultured in vitro.
ospicells are cancer-associated mesenchymal stem cells and first derived
m ascites of patients with ovarian cancer [22], which facilitate the
morigenicity by promoting angiogenesis [23] and help the cancer evade
e immune response through T-cell inhibition [24]. Characteristic
spicells were identified in these cultures by their ability to aggregate
L60 (leukemia cell line) and were then isolated for the present study
ing the method published by Rafii [22,25,26].

ACS for the Expression of HLA-G
The immunolabeling of hospicells was performed on cells in
spension. The expression of HLA-G membrane form was analyzed
o permeabilization of cells) using the antibody MEM-G/9-FITC.
riefly, each immunolabeling was done using 2100 cells/chamber.
eceptors for the Fc fragment of Ig (to avoid nonspecific markings)
ere blocked by incubating with blocker buffer reagent at 4°C in dark.
fter washing in 1% BSA/PBS, cells were fixed at 3.7% PFA in PBS
fore flow cytometry analysis (Epics, XL4, and Beckman Coulter).
gure 1. Presence of hospicells, cancer cells, and immune cells in ascit
pport to floating cancer cells, shown in vitro when ascites was cultu
her types of cells and can be seen adherent starting from day 1 afte
fferent ascites collected from nine ovarian cancer patients, sugge
icroenvironment, especially the presence of monocytes-macrophage
egulation of HLA-G Expression by Hospicells
Hospicells were incubated with complete RPMI 1640 (PAA)
pplemented with 5% fetal calf serum (PAA). For induction of
LA-G, IL-1β (10 ng/ml), IL-6 (10 ng/ml), TGF-β (10 ng/ml),
F (200 ng/ml), VEGF (50 ng/ml), FGF (10 ng/ml), IL-13
00 ng/ml), IL-2 (100 ng/ml), and EGF (10 ng/ml) were
ed (all from Miltenyi Biotec, France). For inhibition of HLA-
, Janus kinase inhibitor (JAK inhibitor I; Calbiochem,
ance), STAT3 inhibitor (Calbiochem, France), NF-κB inhibitor
erck-Chemicals, France), and mitogen-activated protein kinases
AP-kinases; MPK) inhibitor were applied (Sigma, France) at
μM.

ytokine Antibody Array
Samples were analyzed for cytokines using RayBio Human
ytokine Antibody Array 6 as previously described [27]. Mem-
anes were exposed to an X-ray film (Kodak X-OMAT AR film)
ithin 30 minutes of exposure to the substrate. Signal intensities
ere quantified with a Bio-Imaging System MF-ChemiBIS 4.2
SVT, Courbevoie, France) and analyzed using Multi Gauge V3.2
ftware (Fujifilm). For each spot, the net optical density level was
termined by subtracting the background optical level from the
tal raw optical density level.

atistical Analysis
Statistical analysis reported was performed using GraphPad Prism
(GraphPad Software, Inc., San Diego, CA). Difference between the
pression level of HLA-G5 (5A6G7 Ab) and that of sHLA-
1 + HLA-G5 (MEMG9) was compared using the Mann-Whitney
st. The correlation (rs values) of HLA-G with different immune cell
arkers in the ascites and blood was calculated using Spearman
rrelation coefficient.
ic cell clusters. (A) Cancer ascites contain hospicells that provide
red in DMEM. Stromal cells attach to the plastic earlier than the
r in vitro culture.(B) Several kinds of immune cells were found in
sting strong presence of the immune system in the cancer
s.

Image of Figure 1
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Figure 2. HLA-G expression in cancer cell clusters. Immunofluorescence staining of HLA-G in cell clusters derived from ascites of patients with
ovarian cancer. (A) Cytospin cell clusters (which were taken directly from a patient specimen) were labeled with HLA-G1– and HLA-G5–specific
mAb (MEM-G/9; primary) conjugated using antimouse IgG-FITC secondary antibody (green). DNAwas labeled with propidium iodide (red). The
merged pictures show that HLA-G1 andHLA-G5 are expressed in ovarian cancer in these cell clusters, and their expressionwas localized both in
the cytoplasm and on the membrane.(B) Negative controls were performed in the absence of primary antibodies.(C) Percentage of HLA-G–
positive cells in the cell cluster. Data show the heterogeneity in the expression of HLA-G in patients.
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esults

resence of Immune Cells in Cancer Cell Clusters
Fluid accumulation in the abdomen or ascites is a characteristic of
e peritoneal carcinomatosis. The ascites provides microenviron-
gure 3. Detection of sHLA-G1 and G5 in ascitic fluids of patients with ova
mples collected from patients with ovarian cancer. ELISA was performed
LA-G5, and 5A6G7 antibody, which detects only HLA-G5. The level of sHL
as particularly higher in some of them such as in ascitic samples 2, 3, 5, 9,
d sHLA-G5 (5A6G7) determined throughELISA showedsignificant differen
vels being higher. This indicates the presence of both soluble isoforms of
ent for the growth of cancer [28]. This ascites contains several types
cell, i.e., stromal cells (hospicells), cancer cells, and immune cells.
e collected ascites from the patient and cultured it as 25% in
MEM supplemented with 10% fetal calf serum, 1% penicillin–
reptomycin, and 1% L-glutamine. As shown in Figure 1A, colonies
rian cancer. (A) HLA-G concentrations were measured in ascitic fluid
usingMEM-G/9 antibody, which detects both HLA-G1 shedding and
A-G1 + G5 was high in all samples, and the level of HLA-G5 isoform
10, 11, and 14.(B) Levels of HLA-G1 + G5 (usingMEM-G9 antibody)
ce in ascitic samples collected from17patients,with sHLA-G1 + G5
HLA-G, i.e., HLA-G1 and HLA-G5 (Mann-Whitney test ****P b .0001).

Image of &INS id=
Image of Figure 3
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Figure 4. Expression of HLA-G and sHLA-G by mesothelial cells in the peritoneal membrane tissue section of cancer and noncancer
origin. The membrane-bound HLA-g was found negative in the tissues of both cancer (A) and noncancer origin (C). However, we detected
the presence of sHLA-G in both the tissues (B and D). sHLA-G expression may be attributed to the presence of inflammatory cytokines.
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cells were found, which can support attachment of nonadherent
lls. These hospicells, as part of the peritoneum, can provide a niche
r the cancer cells to attach and form a cancer nodule. Further, we
rformed flow cytometry (using antibodies against immune
gure 5. Expression of HLA-G in human adult mesothelial cell line. (A-C) Im
LA-G and blue for nucleus). (D) Relative expression of HLA-G (qPCR). The
ing cultured in a medium containing 25% ascites supernatant for 6 days
m ZenBio, Inc., without bovine calf serum. There was no expression of H

DCI ascites supernatant. HLA-G expression was found positive after 6 da
arian ascites. HLA-G expressionwas found positive after 6 days.(D) There
lative expression of HLA-G in mesothelial cells when cultured in a mediu
arkers), and we found that the majority of the immune cell
enotypes were present in all the ascites collected from different
tients (Figure 1B). The absence of immune response in cancer
en in the abundance of immune cells is quite persuasive to study
munofluorescence using polyclonal anti–HLA-G antibody (green for
strong expression of HLA-G was found in the majority of cells after
.(A) Control: Mesothelial cells cultured in the classic culture medium
LA-G.(B) ADCI ascites: Human adult mesothelial cells grown in 25%
ys.(C) Ovarian ascites: Human adult mesothelial cells grown in 25%
was no significant difference in the qPCR analysiswith regard to the
m with 25% ascites (ADCI ascites and ovarian ascites).

Image of &INS id=
Image of Figure 5
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Figure 6. Expression of HLA-G and immune cell markers in immune cell infiltrate (in situ). The immune cell infiltrate in the periphery of
cancer cells expresses CD3+-, CD4+-, and CD8+-phenotype immune cells. No expression of HLA-G was found for the immune cell
infiltrate. However, sHLA-G was detected positive.
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ncer ascites in the context of immune suppressive protein like
LA-G.

LA-G Expression by Ascitic Cell Clusters
To assess the expression of HLA-G by cell cluster, the cell clusters
ere collected from the ovarian ascites, and the expression of HLA-G
immunofluorescence staining from the cluster cells is shown in

igure 2. The figure shows that cell clusters of ovarian carcinomatosis
pressed HLA-G (green) in the cell cytoplasm and also on the cell
embranes (Figure 2A). Negative controls were performed in the
sence of primary antibodies (Figure 2B).
The mean ratio between the number of HLA-G positive cells and
e total number of nucleated cells in the samples, for each ascites
= 16), was calculated and is presented in Figure 2C. Almost all the
ll clusters in different ascites expressed HLA-G ranging from 2% to
% of the total number of cells.

etection of sHLA-G in Ascitic Fluids of Patients with
varian Cancer
Further, to assess the presence of HLA-G in ascites, sHLA-G
ncentrations were measured in ascitic fluid samples from patients with
arian cancer (Figure 3). ELISAs using MEM-G/9 antibody, which
tects both sHLA-G1 andHLA-G5, and using 5A6G7 antibody, which
tects only HLA-G5, were performed. As presented in Figure 3A, the
vel of sHLA-G1 + G5 was higher in all samples, and the level of HLA-
5 isoformwas specifically higher in some of the ascites such as in samples
3, 5, 9, 10, 11, and 14. These results confirm that HLA-G is not only
pressed by the cells but also released into the microenvironment, hence
aking the microenvironment of cancer immunosuppressive.

LA-G Expression by Mesothelial Cells in the Peritoneum Wall
Expression of sHLA-G in the Absence of Membrane-Bound HLA-

. The peritoneal membrane tissue sections were obtained from
tients with and without cancer (but with inflammation). We found no
pression of HLA-G in histological stains of the mesothelial layer
tained from either cancer (Figure 4A) or noncancer origin (Figure 4B).
he cells in themesothelial layerwere detected positive for the sHLA-G in
e tissue from cancer (Figure 4C) and noncancer origin (Figure 4D). The
esence of sHLA-G in the noncancerous tissue does exhibit that the
LA-G expressionmay be due to inflammatory cytokines as well as cancer
icroenvironment. Although themesothelial cells do not produceHLA-G
their own, presented by the absence of membrane-bound HLA-G,
LA-G can be absorbed by these mesothelial cells from cancer ascites.
In Vitro Retaining of sHLA-G by Mesothelial Cells. Further,

though the above findings were confirmed when mesothelial cells
ere cultured in different ascites obtained from ADCI and patients
ith ovarian cancer, we did not find any increase in HLA-G
pression (qPCR; Figure 5D). However, immunofluorescence with

Image of Figure 6
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Figure 7. HLA-G expression by hospicells: (A) The hospicells were cultured for 24 hours in complete medium with 30% of ascites
supernatant and analyzed by flow cytometry. Cells were permeabilized and stained either by FITC-conjugated anti–HLA-G Ab (cloneMEM-
G/9, which recognizes both HLA-G1 and HLA-G5 isoforms; filled histograms) or by FITC-conjugated irrelevant Ab control (transparent
histograms).(B) RT-PCR analysis of the mRNA HLA-G in hospicells. Lanes 2 and 3 are the cells before treatment with ascitic fluid, lane 1 is
the negative control with H2O, lane 4 is the positive control, and lane M is the size marker.(C) Hospicells were incubated for 6 hours with
30% ascites. Lane1 is the negative control, lanes 2-13 correspond to cells treated with a medium containing bovine calf serum and
different ascitic fluid supernatants, lanes 14-16 correspond to the cells treated with a medium without bovine calf serum and ascitic fluid
supernatants, lane 17 is a positive control, and lane M is a size marker. All ascites except 8, 12, and 13 induced HLA-G expression.
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lyclonal HLA-G antibody showed that the cells were detected
sitive for HLA-G after being cultured with 25% ascites in the
lture medium (Figure 5, A-C).
The expression of HLA-G through immunofluorescence despite no
fference inmRNA expression shows that themesothelial cells retainHLA-G
mascites in the soluble form, and this sHLA-G is not produced intrinsically.
oreover, the above results confirm that even if the cells do not secrete HLA-
, it can be absorbed from the ascites. This presence of sHLA-G results in
oviding an immunosuppressive microenvironment for the cancer cells.
In Situ Immune Infiltration. In addition,we found that the immune
ll infiltrate containingCD3, CD4, andCD8 cells did not expressHLA-G
the periphery of the cancer nodule (Figure 6). The immune cell infiltrate
as found to express theCD8,CD3, andCD4phenotype of immune cells.
lthough the cellswere negativewith theHLA-Gexpression, the presence of
LA-G along with immune phenotypes was found positive.
HLA-G Protein Expression by Hospicells. The hospicells separated

om ascites cell cluster as previously described [22,25,26] were cultured
r 24 hours in complete medium with or without 30% ascites
pernatant and analyzed by flow cytometry. Cells were permeabilized
d stained either by FITC-conjugated anti-HLA-GAb (cloneMEM-G/
which recognizes both HLA-G1 and HLA-G5 isoforms; red

stograms) or by FITC-conjugated irrelevant Ab control (transparent
stograms).
As presented in Figure 7A, the HLA-G protein was found to be
duced in hospicells by a majority of ascitic fluids (as compared to
e control test). The level of induced expression, however, varied
cording to the patients from whom ascites was collected (Figure 7A-
3, 4, 5, 7, 9, 10, 11), while some of them were devoid of HLA-G–
ducing factors (Figure 7A-8, 12, 13). These results were confirmed by
munocytochemistry using HLA-G1– and HLA-G5–specific mAb
EM-G/9) (results not shown). Results indicated that the level of
duction was dictated by the components present in the ascitic fluids.
The above results were reconfirmed by RT-PCR analysis, as
esented in Figure 2, B and C. The mRNA corresponding to HLA-
in hospicells was undetectable before treatment with ascitic fluids
igure 7B, lanes 2 and 3); lane 1 is the negative control with H2O,
ne 4 is the positive control, and lane M is the size marker. On the
her hand, when hospicells were incubated for 6 hours with 30%
cites supernatants of complete culture medium, it was observed that
e hospicells expressed a significant amount of HLA-G-1 mRNA.
hese results are presented in Figure 7C (lane 1 is the negative
ntrol, lanes 2-13 correspond to cells treated with a medium
ntaining ascitic fluid supernatants, lanes 14-16 correspond to the
lls treated with a medium without bovine calf serum and ascitic
id supernatants, lane 17 is a positive control, and lane M is a size
arker).
These results demonstrate the importance of bovine calf serum in
LA-G induction (lanes 14, 15, and 16 in Figure 7C) and also
derline the role of ascites supernatants on the expression of HLA-G
hospicells.
HLA-G Expression by Cancer Cell Lines. The expression of HLA-
by human cancer cell lines (ovarian, breast, lung, colon,
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Figure 8. HLA-G expression by cancer cell lines before and after culture with ascites supernatant or serum. (A0 Human ovarian cancer
(OVCAR-3) and human breast cancer (MDA-MB231) cell lines incubated with the supernatant of ascites: lane 1: H2O, lane 2: OVCAR after
incubation for 6 hours with 30% supernatant of ascites and 70% complete RPMI medium with serum, lane 3: MDA-MB231 after
incubation for 6 hours with 30% supernatant of ascites and 70% complete RPMI medium with serum, lane 4: JEG-3, and lane M: size
marker.(B) Human promyelocytic leukemia (HL60) and human chronic B cell leukemia (MEC-1) cell line: lane 1: HL60 after incubation for
6 hours with 30% supernatant of ascites and 70% of complete RPMI medium with serum, lane 2: HL60 after incubation for 6 hours with
complete medium with serum, lane 3: MEC1 after incubation for 6 hours with 30% supernatant of ascites and 70% of complete RPMI
medium with serum, lane 4: MEC-1 after incubation for 6 hours with complete medium with serum, and lane M: size marker.(C) Human
lung cancer (A549) and human colon cancer (HCT-8R, HCT29) cell line: lane 1: H2O, lane 2: A549 after incubation for 6 hours with
complete medium containing serum, lane 3: A549 after incubation for 6 hours with 30% supernatant of ascites and 70% complete RPMI
medium with serum, lane 4: HCT-8R after incubation for 6 hours with complete medium with serum, lane 5: HCT-8R after incubation for
6 hours with 30% supernatant of ascites and 70% complete RPMI medium with serum, lane 6: HCT-29 after incubation for 6 hours with
complete medium with serum, and lane 7: HCT-29 after incubation for 6 hours with 30% supernatant of ascites and 70% complete RPMI
medium with serum.
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yeloblastic leukemia, and chronic B cell leukemia) is presented in
igure 8. OVCAR-3 (Figure 8A; lane 2), MDA-MB231 (Figure 8A;
ne 3), HL60 (Figure 8B; lanes 1 and 2), MEC-1 (Figure 8B; lanes 3
d 4), A549 (Figure 8C; lane 2), HCT29 (Figure 8C; lane 3), and
CT-8R (Figure 8C; lane 5) were analyzed by RT-PCR using
ecific primers as presented. Each cell line was treated with 30%
citic supernatants and 70% culture medium with 10% of bovine
lf serum, or only with RPMI and 10% of bovine calf serum. The
sults presented in Figure 8 show that, except for MDA-MB231
igure 8A; lane 3) and MEC-1 (Figure 8B; lane 4), the expression of
LA-G, more specifically the HLA-G1 isoform, was induced by the
esence of added ascitic fluids at 30% concentrations. Cell lines such
HL-60 and OVCAR-3 expressed HLA-G without ascites when
ltured in a complete medium containing 10% bovine calf serum
vcar-3; results not shown). We found that different cancer cell lines
press different levels of HLA-G, and this ability of ascites to induce
LA-G is also dependent on the type of cancer cells.
Correlation between HLA-G Levels and Composition of Immune

ell Population in Ascitic Clusters. After quantification of sHLA-G
ascitic fluids, the correlation between the level of sHLA-G (HLA-
1/G5 and HLA-G5 only) and percentage of immune cells in
usters from different patients was evaluated. As presented in Table 1
, T-reg cell content was quite different from one patient to the other.
here was a positive correlation between the quantity of HLA-G5
d the percentage of regulatory T cells (Table 1 B). A comparative
udy between the level of sHLA-G and the content of T-reg cells in
e ascites of patients with ovarian cancer shows a strong positive
rrelation between the number of CD4+CD25+CD127− T cells
d sHLA-G1 + G5 (rs = 0.361) or between these T-reg cells and
LA-G5 (rs = 0.93). The results presented in Figure 9 show mild
sitive correlation of sHLA-G1 + G5 detected only with CD3+

s = 0.19), CD4+ (rs = 0.26), and CD4/CD25+CD127− (rs =
36) subpopulations. The negative coefficient of correlation of
LA-G1 + G5 was only detected with CD3−/CD56+ (rs = −0.61)
bpopulation. Similar results were observed with another antibody
A6G7) used to detect HLA-G5 in ascites. We observed a positive
rrelation between HLA-G5 with CD3+ (rs = 0.06), CD4+ (rs =
.35), CD4/CD25+CD127− (rs = 0.93), and CD14+ (rs = 0.52),
hereas a negative correlation was observed for CD3−/CD56+

s = −0.59). These results suggest that sHLA-G in ascites is associated
ith the increase of T-reg and decrease of NK cells in ovarian cancer.
IL-1β and TGF-β as HLA-G–Inducing Factors. For the
entification of principal HLA-G–inducing factor(s) in ascitic
uids, six ascites from ovarian carcinomatosis patients were chosen.
hree of them that did not induce HLA-G mRNA expression were
mpared with other ascites that induced HLA-G mRNA expression
cells. After comparative analysis of 174 cytokines in peritoneal

uids (results not shown), we chose, among the candidate bioactive
oteins, IL-1β, IL-6, IL-13, IL-2, VEGF, IGF, FGF, TGF-β, and
GF, which were higher in ascites that induced HLA-G expression
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Table 1. Correlation between HLA-G Levels and Composition of Immune Cell Population in Ascitic Clusters

Patient 1 Patient 2 Patient 3 Patient 4 Patient5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10 Patient 11 Patient 12

Table 1A
CD3+ 50.50% 55.50% 81.70% 76.00% 57.50% 76.00% 73.00% 50.00% 62.00% 60.00% 72.00% 61.00%
CD4+ 30.30% 33.80% 55.10% 54.70% 37.30% 35.00% 28.00% 23.00% 33.00% 30.00% 56.70% 38.00%
CD4+CD25+CD127− 13.50% 31.30% 32.50% 16.10% 12.00% 11.00% 6.00% 7.00% 17.00% 15.00% 14.10% 12.00%
CD8+ 24.10% 28.30% 24.00% 32.90% 21.70% 45.00% 52.00% 35.00% 24.00% 27.00% 30.90% 31.00%
CD19+ 26.40% 5.90% 0.80% 10.90% 11.00% 7.00% 4.00% 1.30% 6.00% 7.00% 12.90% 4.50%
CD3−CD56+ 11.20% 3.50% 6.20% 5.90% 17.30% 15.00% 19.00% 36.00% 27.00% 25.00% 7.90% 28.00%
CD14+ 46.00% 37.60% 52.10% 21.20% 0.00% 30.00% 22.00% 40.00% 32.90% 30.00% 22.20% 27.00%
CD16+ 39.00% 33.70% 9.30% 4.70% 0.00% 5.60% 8.30% 10.00% 13.00% 6.00% 9.70% 7.00%
CD45+ RO 50.00% 49.00% 39.00% 51.00% 43.00% 43.00% 50.00% 52.00% 32.00% 30.00% 53.00% 44.00%
CD56+ 40.00% 36.00% 29.00% 41.00% 35.00% 23.00% 25.00% 40.00% 44.00% 40.00% 49.00% 34.00%
CD25+ 13.00% 12.00% 10.00% 8.00% 7.00% 12.00% 6.00% 10.00% 8.00% 10.00% 10.00% 14.00%
CD4+ CD45 RO 20.00% 23.00% 18.00% 16.00% 19.00% 24.00% 22.00% 21.00% 17.00% 14.00% 18.00% 28.00%
ELISA MEMG9 (sHLA-G1 + G5) ng/ml 51.75 68.99 100.51 88.96 42.41 35.09 58.08 49.4 35.73 41.25 51.37 48.48
ELISA 5A6G7 (HLA-G5) ng/ml 20.5 25.54 125.02 16.52 7.85 7.25 5.65 6.48 17.25 14.89 11.36 10.5

Table 1B
CD4+CD25+high CD127−% (age of cells) 13.50 31.30 32.50 16.10 12.00 11.00 6.00 7.00 17.00 15.00 14.10 12.00

ELISA MEMG9 (sHLA-G1 + G5) ng/ml 51.75 68.99 100.51 88.96 42.41 35.09 58.08 49.4 35.73 41.25 51.37
48.48
rs = 0.361

ELISA 5A6G7 (HLA-G5) ng/ml 20.5 25.54 125.02 16.52 7.85 7.25 5.65 6.48 17.25 14.89 11.36
10.5
rs = 0.928

(A) Representative percentage for each type of immune cells obtained through FACS and levels of HLA-G1 + G5 (using MEM-G9 antibody) and sHLA-G5 (5A6G7) obtained through ELISA in patients'
ascites are presented in the table.
(B) Comparative results using Spearman's correlation (value given as rs) between the sHLA-G level and the content of Treg cells in the ascites of patients with ovarian cancer showed a positive correlation (rs = 0.36) between
the amount of CD4+CD25+CD127− T cells and HLA-G1+G5 and a very strong positive correlation (rs = 0.93) between these Treg cells and sHLA-G5.
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an the ones that did not produce HLA-G expression in hospicells
shown in Figure 7. We tested these proteins, for induction
tential in hospicells, individually to narrow down and identify the
tual inducer protein(s). Hospicells, cultured for 6 hours, were
sted for HLA-G induction by using RT-PCR and flow cytometry.
he results are presented in Figure 10A. The results of these
periments revealed the presence of two inducer proteins in the
citic fluids, which were TGF-β and IL-1β. TGF-β has been already
ported by other authors as an inducer of HLA-G [29].The inducer
fect of IL-1β was dose dependent (Figure 10, C and D). We found
at IL-1β was also an inducer of HLA-G, and it was more potent
an TGF-β at concentrations as low as 1 ng/ml. To define the
gnaling pathway of IL-1β implicated in the induction of HLA-G,
e signaling pathway inhibitors (JAK1, STAT3, NF-κB, and MPK)
ere cultured with hospicells in a medium containing bovine calf
rum. Total RNA was extracted after 6 hours of treatment, and
T-PCR was carried out. As shown in Figure 10D, the NF-κB
gnaling pathway seems to be involved in the induction of mRNA
HLA-G by IL-1β.

iscussion
pithelial ovarian carcinoma is the sixth most common malignancy in
oman and the leading cause of death from gynecological cancer in
e world [30]. The patients have a predisposition to metastatic
volvement of the peritoneal cavity [31,32] and are characterized by
creased CA125 levels [33]. Late stage is characterized by widespread
ritoneal dissemination, presence of ascites, and a high rate of
ortality, with an overall survival ranging from 20% to 30% at
years after surgery [34].
Despite the presence of tumor-infiltrating T cells (Figure 1),
arian cancer is the most lethal gynecological malignancy due to
equent peritoneal metastasis and development of ascites. A tumoral
icroenvironment contains immunoregulatory cells and immuno-
ppressor mediators. The tumor stroma generally plays an essential
le in tumor cell survival and growth through the production of
tokines, growth factors, and metalloproteinases. Direct interaction
tween stromal cells and cancer cells prevents apoptosis through the
regulation of antiapoptotic proteins [35] or chemokines [26] or
rough oncologic trogocytosis between hospicells and tumor cells
2]. In ovarian cancer, hospicells inhibit T cell proliferation and
tokine productions [36]. Stroma-derived hospicells provide the
equate microenvironment for the development and survival of
wly forming tumors, and the presence of HLA-G contributes to
sure safe conduct.
HLA-G complex (with its isoforms) modulates the activation and
fector functions of key immune cells. Expression of HLA-G as an
mune suppressor in mesenchymal cells has already been reported
4,37]. Hospicells can attract cancer cells and provide a premeta-
atic niche. The presence of hospicells within the patient's tumor
ight be predictive for chemoresistance [22]. Hospicells in the
icroenvironment of tumors may also mediate the immunosuppres-
on of T cells [36]. We found several phenotypes of immune cells
ch as CD3+, CD4+, CD8+, CD19+, CD4+CD25+, CD14+,
D16+, and CD56+ being present in the cancer cell cluster.
owever, the immune response by these cells is not efficient enough
stop the metastasis of cancer. This suggests that the immune system
ovarian cancer is compromised, and cancer cells exhibit a
enomenon to escape the immune surveillance. The expression of
LA-G by hospicells may therefore allow ovarian cancers to evade
mune surveillance. We found that the diverse percentage of cells
om cancer cell cluster express HLA-G in various patients (Figure 2).
addition, we measured the sHLA-G concentrations in ascitic fluid
mples from patients with ovarian cancer. Analysis of ascitic fluids
lowed detection of both HLA-G1 shedding and HLA-G5 in all
tients. The level of sHLA-G1 + G5 was higher than that of the
LA-G5 isoform, suggesting the presence of two isoforms shedding
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Figure 9. Correlation between HLA-G levels and composition of
immune cell population in ascitic clusters. A positive correlation
coefficient of HLA-G1 + G5 was detected only with CD45+RO
(rs = 0.44), CD4+CD25+CD127− (rs = 0.36), and CD4+ (rs = 0.26)
subpopulations, whereas a negative coefficient of correlation of
HLA-G1 + G5 was detected for CD3−CD56+ (rs = −0.63) subpop-
ulation. We used another antibody (5A6G7) to detect sHLA-G5 in
ascites. A strong negative correlation was found for sHLA-G5 with
CD8+ (rs = −0.63), CD3−CD56+ (rs = −0.58), and CD4+CD45RO
(rs = −0.37), whereas a positive correlation was found with CD4+

(rs = 0.35) and CD4+CD25+CD127− (rs = 0.93).
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LA-G1 and sHLA-G5 in patients' ascites (Figure 3). This
pression of shedding HLA-G1 could have resulted from the release
membrane-bound HLA-G isoforms (HLA-G1). sHLA-G, partic-
arly HLA-G5, may affect antitumor immune response both in situ
d in circulation [38].
To find the origin of HLA-G, we performed immunohistochem-
try using the tissue specimen. We found that mesothelial cells in the
ssue did not secrete HLA-G. However, sHLA-G was detected in
ese mesothelial cells, suggesting that the HLA-G is not produced by
esothelial cells in the peritoneal membrane but rather acquired from
e microenvironment. This sHLA-G further provides the immuno-
ppressive environment to cancer cells, which may support
gure 10. HLA-G–inducing factors in ascitic fluids. Hospicells, treate
duction by RT-PCR and flow cytometry: (A) IL-1β and TGF-β were only
tent than TGF-β at concentrations as low as 1 ng/ml. The inducer effe
) Signaling pathway inhibitors (JAK1, STA3, NF-κB, andMPkk) were us
rum. Total RNAwas extracted after 6 hours of treatment, and RT-PCR
e NF-κB pathway.
rcinomatosis and anchoring of cancer cells on the peritoneal
embrane to form a cancer nodule. We observed a similar expression
sHLA-G in the noncancerous tissue with inflammatory conditions
igure 4). This suggests that the inflammatory cytokines play an
portant role in the expression of HLA-G. Further, the results were
nfirmed in vitro when the mesothelial cells stained positive for
LA-G after being cultured in a medium containing 25% ascites,
hile no expression of HLA-G was found in cells cultured with a
rmal medium. As there was no increase in the mRNA expression of
LA-G, the expression of HLA-G is not the intrinsic production of
LA-G; rather, it is absorbed from the ascites (Figure 5). Moreover,
hen we analyzed the immune infiltrate in the peritoneal membrane,
e found the expression of sHLA-G on CD3+, CD4+, and CD8+

mune cell phenotypes (Figure 6). Therefore, the sHLA-G affects
e overall immune system and results in the suppression of immune
ll activity.
The expression of HLA-G by stromal and cancer cells can be
nsidered as an in situ immunosuppressor cofactor. Stromal cells,
ncer cells, and immune cells are the basic elements of cell clusters
esent in ascitic fluids. The quantity of HLA-G can increase in ascitic
ids on account of shedding of HLA-G from cell clusters. The
mponents of ascitic fluid in ovarian cancers have a crucial role in the
pression of HLA-G by stromal cells. When we incubated the
spicells in the presence of ascites, we found an overall increase in
e expression of HLA-G (Figure 7). However, ascites from three
tients were not able to induce the expression of HLA-G. This
oves the importance of various cytokines in ascites for inducing the
pression of HLA-G. Already, several HLA-G–inducing factors such
IL-10 [39], interferon [40], and TGF or glucocorticoid [41] in
fferent cell models, especially in monocyte and trophoblasts, have
en reported. In parallel, fetal calf serum and plasma rich in platelet
duce the expression of HLG on the cells [37].
In parallel, we show that the mRNA expression of HLA-G,
pecially the HLA-G1 isoform, by human ovarian cancer (OVCAR-
, human lung cancer (A549), human colon cancer (HCT29 and
d for 6 hours with different cytokines, were tested for sHLA-G
found as inducers of sHLA-G. (B, C). IL-1β was found to be more
ct of IL-1βwas dose dependent, measured by FACS and RT-PCR.
ed on hospicells in culture using a medium containing bovine calf
was carried out. HLA-G by IL-1βwas found to be induced through
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CT-8R), and human myeloblastic leukemia (HL-60) occurs after
cubation with cancer ascites. However, some cancer cell lines such as
man breast cancer (MDA-MB231) and human chronic B cell leukemia
EC-1) seem not to express HLA-G mRNA (Figure 8) even in the
esence of ascites. These results again suggest the crucial role of tumor
icroenvironment in increased expression of HLA-G for the majority of
ll lines. Increased HLA-G expression in situ was observed in nearly 30
pes of different malignancies [42]. HLA-G was preferentially expressed
tumor cells in situ and rarely detected in adjacent tissues. Elevated
pression of HLA-G was found associated with malignant, invasive, or
etastatic status and poor prognosis [12,17,19].
Further, we found that increased expression of HLA-G in ascites is
sociated with the increase in regulatory cells such as B cells and T-
lper cells while decrease in effector cells like NK cells (Figure 9). In
r study, we first analyzed the content of immune cells in ascitic cell
usters. In all patients, we found a large amount of immune cells such
T cells, B cells, macrophage-dendritic cells and NK cells present in
l patients (Figure 9). A comparative study between the level of
LA-G in ascitic fluids and immune cells from ascitic cell clusters
igure 9) showed that the intensity of T-reg cells has a positive
rrelation with the amount of CD4+CD25+ high CD127− and
LA-G1/G5 (rs = 0.361) or between these T-reg cells and HLA-G5

s = 0.928). A positive correlation of sHLA-G1 + G5 was detected
ly with CD3+ (rs = 0.19), CD4+ (rs = 0.27), and CD4+CD25+

gh CD127− (rs = 0.36) subpopulations, and negative coefficient of
rrelation of sHLA-G1 /G5 was detected for CD3−/CD56+ (rs = −
63) subpopulation and CD4+CD45RO+ memory cells (rs = −
37). The large quantity of evidence that has accumulated
ncerning the ascitic fluid and cell clusters points out to the
portant role of sHLA-G in the downregulation of immune cell
ficiency in tumor microenvironments. This may be through the
regulation of T-reg cells and downregulation of NK cells.
When probing of ascites protein array for their property as an
ductor of HLA-G or not (results not shown), we found that IL-1β
d TGFβ are the two most potent inductors of HLA-G proteins in
spicells. We demonstrated the role of IL-1β and its pathway in the
regulation of HLA-G (Figure 10). We demonstrated that the
duction of HLA-G by IL-1β required the nuclear factor-kappa B
F-κB) pathway. IL-1β is reported to induce the expression of HLA-
in an HIF-1α–dependent manner in glioblastoma cell lines

rough TLR4 signaling [43]. These results suggest that HLA-G, in
dition to SMAD signaling pathway for TGFβ [29,44], JAK-STAT
r interferon, and IL-10 [45], can be regulated by a multitude of cell
gnaling pathways.

onclusion
he expression of HLA-G is enhanced not only by the cytokines
esent in the tumor microenvironment but also due to the absorbed
LA-G present in the ascites produced by cancer cells. This
sorbance of sHLA-G by mesothelial cells in the peritoneal
embrane helps in providing an immunosuppressive environment
cancer cells to anchor to the peritoneal membrane, which can
rther help in metastasis. Further, the expression of sHLA-G in
cites was found to be in positive correlation with T-reg cells and
gative correlation with NK cells, resulting in increased immuno-
lerance for cancer cells. For the first time, we present here the role of
-1β from the microenvironment in the expression of sHLA-G.
oreover, we found that the expression of sHLA-G is modulated
rough the NF-κB pathway.
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