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ABSTRACT

The establishment and maintenance of anti-tumor immune responses are the objectives of cancer
immunotherapy. Despite recent promising advances, the effectiveness of these approaches has been
limited by the multiple immunosuppressive mechanisms developed by tumors (checkpoint). The aim of
the present study was to demonstrate intratumor heterogeneity at the levels of immune escape strategies
and tumor-host relationships. We focused on well-known checkpoints such as PD1/PDL1 and on a new
checkpoint involving HLA-G and its receptors ILT2/ILT4. A prospective study was performed on 19 renal-
cell carcinoma patients that were included during hospitalization for surgical tumor resection. Different
areas of the tumor were collected for each patient and subjected to both immunohistochemical and flow
cytometry analysis. Immune cells from peripheral blood were concomitantly analyzed for each patient.
Our results show the heterogeneous expression of PD1/PDL1 and HLA-G/ILT in the various areas of the
same tumor. Intratumor heterogeneity was found both at tumor cell and infiltrating immune cell levels.
From a clinical point of view, this work highlights the functional redundancies of checkpoints and the
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need to adapt personalized poly-immunotherapy.

Introduction

It is well established that the immune system recognizes tumor
cells and initiates a response to eliminate them." However,
many mechanisms of anti-tumor immunity inhibition, called
checkpoints, help tumor cells escape and disseminate.” These
checkpoints result from the interaction between ligand mole-
cules expressed by the tumor cell and their receptors present
on immune cells, mainly T cells.” Among these checkpoints,
CTLA4/B7 interactions specifically inhibit the induction phase
of the T cell response while PD1/PDLI interactions have a
prominent role in the effector phase of the T cell response.*
Other checkpoints have been described and may also signifi-
cantly contribute to tumor immune escape, such as CD47/
SIRPla; TIGIT/PvR; LAG3/MHC-II; BTLA/HVEM; CD200/
CD200R; B7-H3; B7-H4; VISTA; CD39/CD38/CD73/CD203a/
CD157/ADOR; TIM-3/Galectin9’. In the present study, we
focus particularly on the checkpoint resulting from the interac-
tion between HLA-G and its receptors, ILT2 and ILT4.°
Indeed, HLA-G expression has been shown in most cancers
with a variable frequency, depending on the tumor type (50%
of kidney tumors). Up to now, more than 2,000 cancer patients
have been tested, showing that (i) HLA-G expression by tumor
cells and/or by tumor-infiltrating immune cells, and (ii) high
HLA-G concentrations in the plasma, are both correlated with

malignancy, inflammation, and poor prognosis.” The in vivo
role of HLA-G as a tumor escape mechanism has been demon-
strated in mice.*’ Indeed, in a tumor-implantation model, con-
trol HLA-G-negative tumors were rejected, whereas HLA-G-
expressing tumors grew. In these experiments, blocking of
HLA-G by a specific neutralizing antibody prevented the
growth of HLA-G-expressing tumors, providing the proof of
concept for new antitumor therapeutic strategy.

The 2 major receptors for HLA-G are ILT2 (LILRB1/CD85j)
and ILT4 (LILRB2/CD85d) '®''. ILT2 is expressed at the sur-
face of monocytes / macrophages, dendritic cells, B cells, and
some T and NK cells. ILT4 is expressed by neutrophils and
myeloid cells. The interaction between HLA-G and the ILTs
receptors inhibits the function of these immune cells and indu-
ces immunosuppressive cells such as Tregs and myeloid sup-
pressive cells.” Beyond this expression by immune cells, TLT4
was recently described on breast and lung tumor cells. This
expression is associated with lymph node metastasis and less
number of tumor-infiltrating lymphoid cells.'>"* Such site of
expression, quite unexpected for ILT4, is of great interest with
respect to how it affects the phenotypic and functional charac-
teristics of tumor cells that express it.

To restore an effective anti-tumor response, blocking check-
points by monoclonal antibodies is the currently favored
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immune-therapeutic strategy, already implemented in the con-
text of metastatic melanoma'* and lung cancer."”” In kidney
cancer, clinical trials were performed to study the therapeutic
effect of antibodies targeting PD1 (nivolumab, BMS; pembroli-
zumab, Merck) or PDLI1 (atezolizumab, Roche), and a survival
benefit was demonstrated for nivolumab.'®'”'®!® Despite these
striking results, these anti-checkpoint monotherapies are ineffi-
cient in the majority of patients, and there is currently no pre-
dictive test for efficacy. The reasons might be the involvement
of several checkpoints regulating distinct inhibitory pathways
through non-overlapping mechanisms of action, and their dis-
parate expression in different tumor areas. In this context, con-
current combination therapies with several anti-checkpoint
strategies might be more efficacious than either one alone. This
was indeed shown to be the case in a 2013 phase III clinical trial
with anti-CTLA4 (ipilimumab) in combination with anti-PD1
(nivolumab) which demonstrated tumor regression in ~50% of
treated patients with advanced melanoma.?® As a result, the
combination of nivolumab and ipilimumab for metastatic mel-
anoma was recently approved by the Food and Drug Adminis-
tration.”’ It therefore appears fundamental to characterize
changes in the expression of these checkpoints, and to identify
their redundancy on a single tumor to prevent the ineffective-
ness of anti-checkpoint monotherapy and to customize com-
bined immunotherapy. In this regard, the present work
proposes to study spatial heterogeneity of the expression of
immune checkpoints in surgical specimens and blood samples
in prospective cohorts of patients with renal-cell carcinoma.

Results

Nineteen patients who underwent a partial or radical nephrec-
tomy for renal-cell carcinoma in the urology department of
Saint-Louis Hospital (Paris, France) were finally included in

Table 1. Patient characteristics (n = 19).

Characteristic No. %
Gender
-Male 14 77
-Female 5 23
Age (yrs)
-Mean/Range 61.5 41-81
Karnofski index
-Mean/range 93 80-100
Type of surgery
-Total nephrectomy 16 84
-Partial nephrectomy 3 16
Histology :
-Clear cell RCC 15 79
-Papillary RCC 10.5
-Chromophobe RCC 2 10.5
Tumor size (mm)
-Mean/range 71 30-175
pT stage
-pT1 7 37
-pT2 2 Ten.5
-pT3 10 525
pN+ 1
M+ 1
Venous tumor thrombi 8 42
Intratumor heterogeneity of 19 100

checkpoint expression

RCC, renal cell carcinoma

this observational prospective population-based study (Table 1).
Normal and tumor tissues were collected for each patient, and
different tumor areas (3-4 zones per tumor) were selected
using macroscopic criteria. These different tumor areas were
then subjected to an analysis combining immunohistochemical
and phenotypic approaches. All the 19 patients exhibited intra-
tumor heterogeneity of immune checkpoint expression at the
tumor cell and/or the infiltrate immune cell levels (Table 2).
We here present detailed results for patients #2, #7, #8 and #10
that were selected as representative examples. Clinical charac-
teristics of these 4 patients are summarized in Table 3.

Intra-tumor heterogeneity of immune checkpoint
expression on tumor-infiltrating immune cells

We found that intra-tumor heterogeneity of tumor-infiltrating
immune cells could be great, with respect to the nature of the
infiltrating cells themselves, as already known, and also with
respect to their expression of immune checkpoint molecules.
We selected 2 patients of our cohort (#7 and #8) to illustrate
this point.

In patient #7 with a clear cell renal-cell carcinoma (ccRCC),
immune populations from peripheral blood and 3 tumor areas
were compared. The intra-tumor immune infiltrate was almost
exclusively constituted of T cells. Other cell populations were
barely detectable (not shown). Interestingly, CD3"CD8* T cells
were detected in only one of the tumor areas (Fig. 1). These
CD8 T cells which constituted a minority of the infiltrate
expressed low levels of CD8 (CD8"). In all tumor samples,
CD3"CD4" T cells made up most of the immune infiltrate.
Even within CD3*CD4™" T cells, spatial heterogeneity was evi-
denced: whereas CD37CD4" T cells from PBMC barely
expressed the checkpoint receptor ILT2, similarly as to what is
seen in healthy blood donors, and whereas CD3*CD4™" T cells
from 2 out of 3 intra-tumor areas also showed no ILT2 cell-sur-
face expression, 32% of CD3" T cells from tumor area T,
expressed ILT2, which is an outstanding feature. ILT2 expres-
sion at a tumor site could be indicative of functional inhibition
by this molecule, leading to immune escape. Consistently,
HLA-G expression was found on the tumor cell counterpart
(Table 2). It is of note that CD3TILT2" T cells negative for
CD4 and CDS8 are present in the tumor area.

In patient #8 with a type 2 papillary RCC, PBMC, 2 tumor
areas (T1, T,), one tumoral thrombus of the renal vein (VT)
and one metastatic hilar lymph node (G) were analyzed. Again,
all areas of the tumor were infiltrated by immune cells and most
of them were made up of CD3"CD4" T cells (Figs. 2 and 3).
Regarding CD3"CD8" T cells, immunohistochemistry shows a
significant CD8" T cell infiltrate (Fig. 3), and flow cytometry
shows that these cells are a minority compared with CD4*"
T cells, and all expressed low levels of CD8 (Fig. 2). In this
patient, as in patient #7, ILT2 expression was site-specific.
Indeed, ILT2 expression was detected on <10% of CD8"" T
cells infiltrating the tumor-invaded lymph node, and on a large
proportion of CD3"CD4™ T cells infiltrating the venous throm-
bus (37%). Here again, HLA-G was found on the corresponding
tumor cells, together with ILT4 (Table 2, Fig. 3).
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Table 3. Characteristics of patients #2, #7, #8 and #10.

Patients #2 #7 #8 #10
Age 82 49 81 55
Gender M M M M
Histologic subtype ccRCC ccRCC Type 2 pRCC ccRCC
WHO/ISUP 2016 grading system Grade 3 Grade 3 Grade 4 Grade 3
Pathologic tumor size (cm) 5 6 7 15
2010 TNM classification T1bNxMx T1bNxMx T3bN2Mx T3aNxMx

M, male; ccRCC, clear cell renal-cell carcinoma; pRCC, papillary renal-cell carcinoma.

Intratumor heterogeneity of immune checkpoints
expression on tumor cells

We found intra-tumor heterogeneity for tumor cell expression
of checkpoint molecules. We selected 2 patients of our cohort
(#2 and #10) to illustrate this point.

In patient #2 with a ccRCC, from whom 4 tumor areas (T1-
T,) and adjacent normal tissue were analyzed, we found high
HLA-G expression by the CA9" ccRCC tumor cells (Fig. 4).
However, HLA-G-expression levels differed in each area: 70%

in area T1, 37% in area T2, and 58% in areas T5 and T,. This
expression was observed by immunohistochemical staining
where all tumor areas showed a same diffuse and intense
immunostaining (Fig. 5 for area T1). Very interestingly, the
expression of HLA-G was found in the cytoplasm of tumor cells
but also in intracellular and extracellular vesicles called “hyaline
granules” (Fig. 5). These vesicles could serve as HLA-G reser-
voir which may be conveyed away from the tumor. Notably, a
low expression of ILT4 by tumor cells was also observed in 2
out of the 4 zones tested (Table 2). In sharp contrast, no PDL1
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Figure 1. Representative dot plots of the results obtained by flow cytometry analysis for ILT2 cell-surface expression on CD8" and CD4™ T cells from PBMC and 3 different
tumor areas in patient #7 are shown. Tumor-infiltrating cells were obtained after mechanic disruption followed by enzymatic digestion of 3 different areas from the surgi-
cally-resected tumor (T1, T2, T3). PBMC and tumor infiltrating cells from each tumor area were stained with conjugated-antibodies directed against CD3, CD4, CD8, and
ILT2 and were then analyzed by flow cytometry. Percentages of both ILT2-positive and ILT2-negative populations gated on CD3™ T cells are indicated.
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Figure 2. Representative dot plots of the results obtained by flow cytometry analysis for ILT2 cell-surface expression on CD8" and CD4™ T cells from PBMC and 4 different
tumor areas in patient #8 are shown. Tumor-infiltrating cells were obtained after mechanic disruption followed by enzymatic digestion of 4 different areas from the surgi-
cally-resected tumor (T1, T2, G, VT). PBMC and tumor infiltrating cells from each tumor area were stained with conjugated-antibodies directed against CD3, CD4, CD8, and
ILT2 and were then analyzed by flow cytometry. Percentages of both ILT2-positive and ILT2-negative populations gated on CD3* T cells are indicated. G, metastatic hilar

lymph node; VT, tumoral thrombus of the renal vein

expression was found on the tumor cells of any of the 4 areas
investigated, as exemplified by immunohistochemistry of area
T1 in Fig. 5. Thus, in this patient, heterogeneous HLA-G and
ILT4 expression was found and associated with no PDL1
expression.

In patient #10 with a ccRCC, from whom 2 tumor areas (T1
and T2), one tumoral thrombus of the renal vein (VT), and
adjacent healthy tissue were analyzed, we found no HLA-G
expression (not shown), but heterogeneous expressions of
PDL1 and ILT4 by tumor cells. Indeed, PDL1 was detected on
41% of CA9" tumor cells in area T1 and on 98% of CA9™"

tumor cells in area T2, but was almost not expressed (4%) on
tumor cells of the renal vein thrombus (VT) or in the healthy
renal parenchyma distant to the tumor (Fig. 6). In addition, the
expression of the inhibitory receptor ILT4, demonstrated here
for the first time at the surface of a renal tumor cell, followed
the same heterogeneity pattern as PDL1 with a strong expres-
sion in area T2 (47%) and a low expression in area T1 (11%),
venous tumoral thrombus (13.8%) and no expression on nor-
mal parenchyma. The tumor area T3 is particularly interesting
because it is the most aggressive tumor area according to its
anatomopathological characteristics. In this respect, this area
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Figure 3. Representative staining obtained by immunohistochemistry analysis for CD3, CD8, CD4, PDL1 and HLA-G expression in tumor biopsy from patient #8 are shown.
Formalin-fixed tumor tissue sections from the tumoral thrombus of the renal vein were stained with antibody directed either against CD3, CD8, CD4, PDL1 or HLA-G

marker. Brown labeling indicates marker positivity. Scale bar is indicated.

has lost the expression of CA9 (data not shown). This very
aggressive area is the only one that highly expressed ILT4 and
PDL1 together.

Discussion

Restoration of anti-tumor immune responses was the goal of
cancer immunotherapy during the past 30 years. Despite the
promising advances, the success of such therapeutic approaches
is counteracted by immunosuppressive mechanisms developed
by tumors. Among these mechanisms, the inducible expression
of HLA-G appears as an effective strategy to escape the anti-
tumor response, and several studies associate its expression
with poor prognosis in cancer patients.”” Indeed, HLA-G is
capable of inhibiting the activity of all immune cells via its
interaction with inhibitory receptors ILT2 and ILT4, thus pro-
tecting the tumor cells from antitumor responses.”

This study aimed at demonstrating intra-tumor heterogene-
ity in immune escape strategies and host/tumor relationships in
kidney cancer, particularly targeting the checkpoint formed by
the interaction between HLA-G and its receptors ILT2 and
ILT4. From a fundamental point of view, this study highlights
the differences in checkpoint molecule expression between sepa-
rate tumor areas from the same tumor. From a clinical point of
view, this work has implications for the choice of immunother-
apy strategies adapted to each tumor profile. Our results vali-
dated the hypothesis that, within a tumor site, there is much
heterogeneity in terms of immune checkpoint expression both
in tumor cells and in tumor-infiltrating CD4" and CD8" T cells.
Interestingly the CD4TILT2", CDSTILT2" and CD8"" T cells
found in tumor areas are known in the literature as suppressor
cells.”****> One can hypothesize that in such tumor regions
where these suppressor cells predominate, the anti-tumor

response will be particularly inhibited. Thus, our results show
that each tumor area will develop specific escape mechanisms
from immunological attack. Fig. 7 illustrates this heterogeneity
within different tumor areas of kidney cancer at both infiltrating
immune cell and tumor cell levels.

A remarkable finding of our study is the demonstration of
the expression of ILT4 receptor on the surface of tumor cells,
which is quite unexpected because this receptor is well-known
on cells of the immune system."" TLT4 belongs to immunoglob-
ulin-like transcript family, is expressed predominantly in mye-
loid cells: monocytes, macrophages, dendritic cells, and some
neutrophils."" ILT4 binds to classical and nonclassical major
histocompatibility complex class I molecules, with a preferen-
tial binding to HLA-G.? ILT4 has been shown to induce inhib-
itory signaling via immunoreceptor tyrosine-based inhibitory
motifs (ITIMs) in its cytoplasmic tail, which is thought to
recruit the protein tyrosine phosphatase (SHP)-1.>” Recent
studies reported that ILT4 could be also induced in non-small
cell lung cancer (NSCLC) and breast cancer cells and was asso-
ciated with lymph node metastasis and less number of tumor-
infiltrating lymphoid cells.'">"? Also, ILT4 could up-regulate
vascular endothelial growth factor-C (VEGEF-C) expression via
extracellular signal regulated kinases (ERK) signaling pathway
and up-regulate B7-H3 expression via PI3K/AKT/mTOR sig-
naling in NSCLC cells.*®* These results point out that both
immune regulation-related and non-immune regulation-
related processes may be involved in ILT4-mediated progres-
sion of NSCLC. Thus, ILT4 may have dual concordant roles in
tumor biology, as immune checkpoint molecule and as tumor-
sustaining factor.”” More recently, co-expression of ILT4 and
HLA-G was described on NSCLC tissues and cells.*® Such co-
expression was significantly associated with regional lymph
node involvement, advanced stages, and decreased overall
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Figure 4. Representative histograms obtained by flow cytometry analysis for CA9
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patient #2 are shown. Tumor cells were obtained after mechanic disruption fol-
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tumor (T1, T2, T3, T4). Cells were then cultured for 3 d and then stained with anti-
body either directed against CD3, CD45, HLA-G or CA9 marker. Tumor cells were
considered to be large CD45-negative and CD3-negative cells (data not shown).
Percentage of the HLA-G-positive population in CD3~ CD45™ gated cells is indi-
cated. Blue and red histograms correspond to staining with isotype control and
marker, respectively.

survival of patients. These recent results indicate that the ILT4-
HLA-G interaction might play an important role in non-small
cell lung cancer progression. Whether a similar role is played
by ILT4 in renal cancer remains to be defined.

In addition, we here observed in situ HLA-G expression in
hyaline granules. Such HLA-G molecules trapped in these gran-
ules may represent a new reservoir of inhibitory molecules acting
both locally and at distance from the tumor site, since hyaline
granules can be released in the tumor microenvironment.
HLA-G is a checkpoint molecule and a well-known tumor
escape mechanism. Indeed, HLA-G is expressed in many types
of primary tumors and metastases, and in malignant effusions.
Its clinical relevance in cancer is supported by the following
observations: (i) HLA-G expression is associated with malignant
transformation and is never observed in healthy surrounding
tissues; (ii) HLA-G is found to be expressed in liquid and solid
tumors of high histological grades and advanced clinical stages;
and (iii) use of HLA-G as a prognostic marker has been
proposed since HLA-G expression in biopsies and/or high levels
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of sHLA-G in plasma of patients have been significantly corre-
lated with poor prognosis in different types of cancer.”!

Characterization of intratumor heterogeneity targeting
checkpoint such as PD1/PDL1 and HLA-G/ILT2/ILT4 is
important for immunotherapy. For 20 years, the use in kidney
cancer of interleukin-2 and interferon aimed at stimulating T
cell responses, have resulted in dramatic regression of metasta-
ses, including lung metastases.” However, only 10-15% of
patients have a beneficial effect of these treatments, that are
often poorly supported (fever, flu syndrome, edema, redness
and rashes, depression). Then, targeted therapies have been
proposed using interferon in combination with anti-VEGF
antibody (Bevacizumab). But this treatment is offered to a
minority of patients. Since then, targeted immunotherapies
have been developed. The purpose of these immunotherapies is
to “reactivate” the immune system by blocking various check-
points to restore immune cell function. The results of early
studies are very promising in many cancers, including kidney
cancer.”” A Phase 3 study to evaluate the efficacy of anti-PD1
antibody (nivolumab) in kidney cancer in advanced or meta-
static clear cell renal carcinoma after failure of one or 2 anti-
angiogenic treatments, is under study.”> However, this treat-
ment does not target all tumor areas but only some areas. In
view of the poor prognosis of this cancer, it is essential to iden-
tify new therapeutic targets to optimize the management of
these patients. In this regard, the use of HLA-G protein antago-
nists or anti-HLA-G or anti-ILT antibodies may be viewed as
new immunotherapy strategy to block this checkpoint resulting
from in situ interaction between ILT2/ILT4 and HLA-G.

In conclusion, our results clearly demonstrate both intra-
and inter- heterogeneity of immune checkpoint expression
among and inside patients. The objective of this study was to
contribute to the development of a personalized immunother-
apy for each patient, able to adapt to the immune evolution of
the tumor. In this regard, blocking multiple checkpoints may
be necessary to target the entire tumor.

Patients, materials and methods

Patients and samples

Nineteen patients were included during hospitalization for surgi-
cal resection of the renal tumor in the urology department of
Saint-Louis Hospital (Paris, France) from January 2015 to
December 2016 (Table 1). They were classified according to the
recommendations of the European Association of Urology, i.e.
TNM 2010, WHO/ISUP 2016 grading system, WHO classifica-
tion of tumors of the kidney (WHO, 2016), and Karnofsky
index.” All patients who participated to this study gave their free
and informed writing consent. No patient received any neoadju-
vant therapy including biologic therapy/immunotherapy. The fol-
lowing samples were collected from each patient: (i) blood for
analysis of the peripheral blood mononuclear cell (PBMC)
immune profile, (i) 3 to 4 areas (0.1cm’-0.2cm”)from the surgi-
cally-resected primary tumor or local metastasis, and (iii) 1 area
from the normal renal parenchyma adjacent to the tumor. All
these areas were selected by a pathologist using macroscopic cri-
teria. PBMC were isolated by density-gradient centrifugation fol-
lowing the instructions of Ficoll-Paque Plus (GE Healthcare).



€1342023-8 N. ROUAS-FREISS ET AL.

o o P Py

Scale bar 50 um

PDL1

HLA-G" vesicles

Figure 5. Representative staining obtained by immunohistochemistry analysis for PDL1 and HLA-G expression in tumor area (T1) from patient #2 is shown. Formalin-fixed
tumor tissue sections from the tumor area T1 were stained with antibody directed either against PDL1 or HLA-G marker. Brown labeling indicates marker positivity. HLA-G
staining is observed in the cytoplasm of tumor cells but also in intracellular and extracellular vesicles. Scale bars are indicated.

Surgical specimens

Each tumor sample was subjected to mechanical disruption fol-
lowed by enzymatic digestion to obtain tumor-infiltrating cells
on one hand, and tumor cells on the other hand. Briefly, enzy-
matic digestion was performed using the Tumor Dissociation
Kit (Miltenyi Biotech; Bergisch Gladbach, Germany) at 37°C
for 30 min (twice). Infiltrating cells were characterized immedi-
ately without any culture step by flow cytometry analysis. The
expression of different checkpoints on T, NK, NKT, Ty/$,
MAIT, Tregs, B, Bregs, monocytes, dendritic cells and macro-
phages were performed by a multi-parameter flow cytometry
analysis. Tumor cells were characterized for their expression of
checkpoints after a short culture period (3 days), in DMEM
medium (Gibco) supplemented with 10% Fetal Bovine Serum
(FBS, Sigma) and Penicillin/Streptomycin (P/S, Sigma).

Antibodies and Flow cytometry

PBMC, tumor-infiltrating cells and tumor cells were subjected
to phenotype analysis by flow cytometry. For tumor-infiltrating
cells all antibodies used were directly conjugated and they were
all from Miltenyi, except anti-PD1 (BD PharMingen), and anti-

HLA-G MEM-G/9 (Exbio, Praha). The following subpopula-
tions were systematically analyzed: (i) T cells: CD3/CD4/CD8/
ILT2, and; (i) NK cells and NKT cells: CD3/CD56/TCRgd/
ILT2; (iii) Tregs, CD3/CD4/CD25; (iv) B cells and Breg cells:
CD19/CD24/CD38/ILT2-FITC; (v) monocytes and DC: CD14/
ILT2/ILT4. Cell numbers allowing, the following subpopula-
tions were also investigated (i.e., not systematically); (vi) T cells:
CD3/CD4/CD8/PD1; (vii) MAIT: CD3/CD161/TCRVa7.2/
ILT2; (viii) M2 macrophages: CD14/CD163/CD206/ILT4/
HLA-G; and (ix) NK CD568" and CD56'" cells: CD3/CD16/
CD56/ILT2.

For tumor cell staining, all antibodies were directly
conjugated. Anti-HLA-G MEM-G/9 was from Exbio Praha,
anti-hCarbonic Anhydrase IX (CA9) was from R&D Systems,
anti-PDL1 was from eBioscience, anti-CD3 and anti-CD45
were from Miltenyi, and anti-ILT2 and anti-ILT4 were from
Beckman Coulter. Tumor cells were considered to be large
CD45-negative and CD3-negative cells. HLA-G, ILT2, ILT4,
PDLI, and CA9 for ccRCC, were tested independently on such
gated tumor cells using appropriate isotype antibodies to
control background staining.

For flow-cytometry analyses, Fc receptors were blocked by a
30-min incubation with 1ug of pooled purified isotype
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Figure 6. Representative histograms obtained by flow cytometry analysis for PDL1
and ILT4 cell-surface expression on cells from the normal adjacent tissue or on tumor
cells from 3 different tumor areas in patient #10 are shown. Cells were obtained after
mechanic disruption followed by enzymatic digestion of either the normal adjacent
tissue or 3 different areas from the surgically-resected tumor (T1,T3, VT). Cells were
then cultured for 3 d and then stained with antibody either directed against CD3,
(D45, PDL1 or ILT4 marker. Tumor cells were considered to be large CD45-negative
and CD3-negative cells (data not shown). Percentage of the HLA-G-positive popula-
tion in CD3- CD45- gated cells is indicated. Blue and red histograms correspond to
staining with isotype control and marker, respectively. VT, tumoral thrombus of the
renal vein.
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Figure 7. Schematic representation of the simultaneous expression of various
immune checkpoints in different tumor areas is shown. Intratumor heterogeneity
of PD1/PDL1 and HLA-G/ILT expression in various areas of the same tumor, includ-
ing the tumoral thrombus of the renal vein, can be observed both at tumor cell
and infiltrating CD4™ and CD8™ T cell levels.
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antibodies in 100 ul PBS,,. All staining steps were performed
on ice and isotype-matched control antibodies were systemati-
cally used. Samples were acquired on a BD Canto-II flow
cytometer and data were analyzed using BD Vista or Beckman
Coulter Kaluza software.

Immunohistochemistry

Immunohistochemical studies were performed on 4-pm-thick,
formalin-fixed tumor tissue sections from 3 to 5 paraffin blocks
for each tumor. Staining was performed on automated slide
stainers from Roche (BenchMark ULTRA system, Tucson, AZ)
using the OptiView DAB IHC Detection Kit (Roche), Cell Con-
ditioning 1 (CC1) short or standard antigen retrieval, an anti-
body incubation time of 32 min at 37°C, ultraWash procedure,
counterstaining with Hematoxylin II for 4 min and bluing
reagent for 8 min. The dilution and sources of antibodies are
CD3 (polyclonal rabbit, dilution 1:200, Dako, Glostrup, Den-
mark), CD8 (C8/144B clone, dilution 1:50, Dako), CD4 (clone
SP35, prediluted, Roche), PDL1 (clone E1L3N, dilution 1:100,
Cell Signaling Technology, Denver, MA, USA), PD1 (NAT105
clone, dilution 1:50, Abcam, Cambridge, United Kingdom),
HLA-G (clone 4H84, dilution 1/200, mAb recognizing all
HLA-G isoforms, Santa Cruz Biotechnology, Santa Cruz, CA)
and ILT4 (polyclonal goat, dilution 1:50, R&D Systems, Minne-
apolis, MN). Positive and negative controls gave appropriate
results for each procedure. The immunohistochemical study
was performed by an uropathologist using a BX51 microscope
(Olympus France S.A.S, Rungis).
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