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ABSTRACT

OBJECTIVES:

To investigate the role of cancer-associated fibroblasts (CAFs) in clear cell renal cell
carcinoma (ccRCC) with respect to tumor aggressiveness, metastasis development and

resistance to antiangiogenic therapy (VEGFR-tyrosine kinase inhibitors, VEGFR-TKI).

METHODS:

Our study involved tissue samples from three distinct and independent cohorts of
patients with ccRCC. The presence of CAFs and tumor lymphangiogenesis was
investigated respectively by transcriptional signatures and then correlated with tumor
development and prognosis. The effect of these CAFs on tumor cell migration and

VEGFR-TKI resistance was analyzed on co-cultures of ccRCC cells with CAFs.

RESULTS:

Results from our cohorts and from in silico investigations showed that VEGFR-TKI
significantly increase the number of CAFs in tumors. In the same populations of ccRCC
patients, the proportion of intra-tumoral CAFs correlated to shorter disease-free and
overall survival. The presence of CAFs was also correlated with lymphangiogenesis and
lymph node metastasis. CAFs increased the migration and decrease the VEGFR-TKI-

dependent cytotoxic effect of tumor cells.

CONCLUSIONS:



Our results showed that VEGFR-TKI promote the development of CAFs, and CAFs
favor tumor aggressiveness, metastatic dissemination and resistance to treatment in
ccRCC. CAFs could represent a new therapeutic target to fight resistance to treatment
of ccRCC. Targeting CAF and immunotherapies combination are emerging as efficient
treatments in many types of solid tumors. Our results highlight their relevance in
ccRCCs.

KEY WORDS: clear cell renal cell carcinoma (ccRCC), cancer associated fibroblasts
(CAF), FAP, prognostic marker, antiangiogenic treatment, resistance.
INTRODUCTION

Renal cancer is the 6th most common cancer in men and 9th in women. It is the third
urologic cancer in terms of incidence and mortality (1). Recently, the management of
renal cancer and the understanding of its biology have been the subject of great
progresses. Thus, different histological subtypes have been identified, characterized by
distinct genetic and molecular alterations, corresponding to different pathways of
oncogenesis, inhibited by targeted therapies.

The World Health Organization classification which was revised in 2016 distinguishes
13 subtypes of Renal Cell Carcinoma (RCC). Of these, clear cell renal cell carcinoma
(ccRCC) is the most common histologic subtype (70-75% of all kidney cancers) (2).
More than 90% of ccRCC exhibits a loss of function of the von Hippel-Lindau tumor
suppressor gene (VHL), leading to stabilization of hypoxia-inducible factors HIF and
upregulation of genes responsible for angiogenesis (VEGF). Almost a third of these
patients present with unresectable or metastatic tumors for whom surgery is not an
appropriate management option. Anti-VEGFR tyrosine kinase inhibitors (VEGFR-TKI,
such as sunitinib and axitinib) and immunotherapies (such as nivolumab and
ipilimumab) have successively led to a radical change in patient management and
represent significant therapeutic options in the treatment of advanced ccRCC (3). To
further enhance the benefits of these treatments, different combinations, and sequences
of TKI and immunotherapies are being investigated in clinical trials (4). Patients who

relapse on these therapies are left with very few options.



It is important to identify the mechanisms of resistance, to assess their importance and
to propose rational therapeutic approaches to obtain additional clinical benefits (5).
Neoangiogenesis, the development of a tumor vasculature, is key to provide the
nutritional needs of cancer cells and for tumor growth beyond a few millimeters.

Tumor stroma is made up of diverse populations of cells of mesenchymal origin
included in the extracellular matrix. These cells are fibroblasts, endothelial,
inflammatory, and mesenchymal stem cells. The tumor microenvironment is qualitatively
and quantitatively variable depending on the organ in which the tumor develops and
depending on the type of tumor. The stromal reaction is reduced in ccRCC and the
microenvironment is often reduced to the capillary network activated by the VHL-HIF-
VEGF pathway (6). This tumor stroma will change over time and during the process of
tumor development, according to the interactions that can occur between tumor cells
and stromal cells. Treatments can also modify the tumor's stroma.

Among the stromal cells appearing during these mechanisms, cancer-associated
fibroblasts (CAFs) are of particular importance. TGF and PDGF induce differentiation
of tumor fibroblasts into CAFs (7). CAFs produce numerous pro-tumoral cytokines
(including IL6, IL8, IL10, TNFa, TGFB) and generate a collagen matrix which hinders
the action of T lymphocytes within the tumor. Indeed, CAFs play a very important role in
tumor progression. They interact with cancer cells via a paracrine mechanism,
promoting tumor development by creating an environment favorable to the tumor
development and to the formation of metastases.

The histological changes induced by TKI have not been fully studied in ccRCC. In the
present study, we therefore evaluated the tissue alterations induced by TKI. We
hypothesized that these modifications are at the origin of the mechanisms leading to
resistance to TKI. We specifically focused on CAFs.

MATERIALS AND METHODS

ccRCC patients

As defined by the 2016 World Health Organization criteria, diagnosis was based upon

pathology and cytogenetic analysis. This retrospective study was approved by each



institutional review board and was conducted in accordance with the Declaration of

Helsinki.

Neoadjuvant cohort (Study cohort 1)

The neoadjuvant cohort included patients who underwent nephrectomy following
neoadjuvant sunitinib (neoadjuvant cases, n=11) and patients who underwent
nephrectomy without any prior treatment (control cases, n=11). Samples (tumor section)
were obtained from Nice, Bordeaux (UroCCR, Clinical Trial: NCT03293563) and Monaco
Hospitals. Neoadjuvant cases received oral sunitinib (50 mg per day) once daily for 4
weeks (on days 1 to 28), followed by 2 weeks without treatment. Patients were treated

for at least two months before surgery (clinical characteristics in Table 1).

MO cohort (Study cohort 2)

Tissue samples from 43 patients with non-metastatic ccRCC (M0) who had undergone
surgery in the urology department of Rennes University Hospital were selected. The
disease-free survival (DFS) and overall survival (OS) were calculated from patient
subgroups with Fibroblast Associated Protein (FAP) mRNA levels that were less or

greater than the third quartile value (clinical characteristics in Table 2).

Quantitative Real-Time PCR (qPCR) experiments

Renal tissues were collected from Study cohorts 1 and 2. Patients underwent radical or
partial nephrectomy at the Department of Urology at University Hospital (Nice,
Bordeaux, Monaco, Rennes). RNA from formalin-fixed, paraffin-embedded (FFPE)
tissue sections was extracted and purified using RNeasy FFPE Kit (QIAGEN). 1 pg of
total RNA was used for the reverse transcription, using the QuantiTect Reverse
Transcription kit (QIAGEN), with a blend of oligo (dT) and random primers to prime first-
strand synthesis. SYBR master mix plus (Eurogentec, Liege, Belgium) was used for
gPCR. The mRNA level was normalized to 36B4 mRNA.



Histochemistry, guantification of histologic parameters and

immunohistochemical analyses

Formalin-fixed, paraffin-embedded (FFPE) sections were stained with HES and Masson
Trichrome to evaluate deposition of interstitial collagen within the tumors. Stained slides
were scanned using a Leica SCN400 Digital Slide Scanner (Leica Microsystems CMS
GmbH, Wetzlar, Germany) at x40 magnification. SlidePath software (Leica
Microsystems) was used for image measurement. Capillary thickness was determined
using Masson Trichrome stained slides. The first 20 capillaries, identified by morphology
and size, were measured. Thickness was measured manually using a software built-in
tool by two trained pathologists (DA, FV) blinded to the presurgical conditions. Same
FFPE sections were used for immunohistochemical analyses. Immunolabeling and
detection were performed using a Dako Autostainer AutoMate, according to the
manufacturer’'s recommendations. The antibodies used were against FAP (ab53066,
1/100 dilution, high pH, Abcam, Toronto, ON), CD31 (JC70A, RTU, low pH, Dako), and
smooth muscle actin (SMA, 1A4, RTU, low pH, Dako). The detection was performed

using the Envision Flex Kit (Dako), with 3—3' diaminobenzidine as a chromogen.

Gene expression microarray analysis (TCGA cohort, Study cohort 3)

Normalized RNA sequencing (RNA-Seq) data produced by The Cancer Genome Atlas
(TCGA) were downloaded from cBiopotal (www.cbioportal.org, TCGA Provisional; RNA-
Seq V2). Data were available for 503 of the 536 ccRCC tumor samples TCGA subjected
to mRNA expression profiling. The clinical data were obtained through cBioPortal for
Cancer Genomics and the 33 samples lacking classification were discarded. The non-
metastatic group contained 424 patients and the metastatic group contained 79
patients. The results published here are in whole or in part based upon data generated
by the TCGA Research Network ((7)). The progression free survival (PFS), DFS and
OS were calculated from patient subgroups with FAP mRNA levels that were less or
greater than the third quartile value. The Kaplan-Meier method was used to produce
DFS, PFS and OS curves.

We also performed a score with the “CAF signature” including FAP, ACTA1 (SMA),
COL1A1, TGFB1, LOXL2, PLOD3 mRNAs. When mRNA expression was high (third
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guartile cut-off) a score of 1 was assigned. Scores of the six mMRNA markers were
pooled. Then patient groups were defined as follows; patients with a score of 0 (none
marker overexpressed), patients with a score of 1 to 3 (1 to 3 overexpressed markers),
and patients with a score between 4 and 6 (from 4 to 6 overexpressed markers).

Cell culture

786-0 (786) ccRCC cells were purchased from the American Tissue Culture Collection.
Primary human fibroblasts were obtained from skin biopsies of a normal individual
(FHN). FHN resistant cells (FHNR) were obtained by chronic exposure (2 months) to

increasing concentrations of sunitinib, up to 10 pmol/L.

Cell viability (XTT)

Cells were incubated in a 96-well plate with different effectors for the times indicated in
the figure legends. 50 pl of sodium 3' - [ 1-phenylaminocarbonyl) -3,4- tetrazolium] - bis
(4-methoxy-6-nitro) benzene sulfonic acid hydrate (XTT) reagent was added to each
well. The assay is based on the cleavage of the yellow tetrazolium salt XTT to form an
orange formazan dye by metabolically active cells. Absorbance of the formazan
product, reflecting cell viability, was measured at 490 nm. Each assay was performed in

guadruplicate.

Flow cytometry — sunitinib evaluation

Sunitinib is a lysosomotropic drug which is sequestered in lysosomes. Hence, the mean
of autofluorescence of sunitinib inside the cells is quantifiable by cytometry (26).

The percentage of auto-fluorescent cells containing sunitinib was evaluated using the
FITC (FL2) channel of a fluorescence-activated cell sorter apparatus (FACS-Calibur

cytometer).

Migration assay
FHN/FHNR-dependent chemotaxis was monitored using modified Boyden chambers

containing polycarbonate membranes (8-uym pores, Transwell; Corning, Sigma). 786



cells were seeded on the upper side of the filters and chambers were placed on 24-well
plates containing FHN or FHNR at confluence and without serum. Cell migration was
evaluated 24 hrs after seeding at 37°C in 5% COZ2. Migrating cells on the lower
membrane surface were fixed in 3% paraformaldehyde and stained with 0.1% crystal

violet.

Statistical analyses

For patients

The Student’s t-test was used to compare continuous variables and chi-square test, or
Fisher's exact test (when the conditions for use of the x2-test were not fulfilled), were
used for categorical variables. DFS was defined as the time from surgery to the
appearance of metastasis. OS was defined as the time between surgery and the date of
death from any cause, censoring those alive at last follow-up. The Kaplan-Meier method
was used to produce survival curves and analyses of censored data were performed
using Cox models. All analyses were performed using R software, version 3.2.2
(Vienna, Austria, https://www.r-project.org/).

For in vitro analysis

All data are expressed as the mean * the standard error (SEM). Statistical significance
and p values were determined by the two-tailed Student’s t-test. One-way ANOVA was
used for statistical comparisons. Data were analyzed with Prism 5.0b (GraphPad

Software) by one-way ANOVA with Bonferroni post hoc.

RESULTS

Sunitinib increases the thickness of vessel walls and the number of CAFs

To investigate the effect of sunitinib on micro-vascularization, we analyzed
morphometric characteristics of capillaries. The vessel wall was statistically thicker in
neoadjuvant cases (Fig. 1A, B) as compared to control cases (median thickness 15.69
pm vs 4.96 um, p < 0.0001). This thickening depended on an accumulation of collagen
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deposit (Fig. 1C). The above results suggest that sunitinib increases the perivascular
mesenchyme in ccRCC.

We investigated whether this increase in vascular wall thickness was linked to an
increase in CAFs. To assess the contribution of CAFs to the vascular changes induced
by sunitinib,

To assess the contribution of CAFs to vascular changes induced by sunitinib, we
performed immunohistochemical examinations (Fig. 2A). CD31 staining validated the
presence of blood vessels. The positivity for FAP and SMA on samples from patients
treated with sunitinib, and their absence for patients without neoadjuvant sunitinib,
support the hypothesis of an involvement of CAF in the observed vascular
modifications.

We also analyzed the previously described CAF signature including FAP, SMA,
COL1Al, TGFB1, LOXL2 and PLOD3 (8). Most of the mRNAs included in the CAFs
signature were overexpressed in neoadjuvant as compared to control cases (Fig. 2B,
FAP (p=0.0424), SMA (p=0.0115), COL1A1 (p=0.0031), TGFB1 (p=0.0321)). A trend
was found for LOXL2 (p=0.1290) and PLOD3 (p=0.0534) mRNA. These results suggest
that sunitinib induces capillary wall thickening in ccRCC by promoting recruitment of
CAFs.

CAFs are correlated to a poor prognosis in ccRCC

We therefore hypothesized that CAFs modify tumor behavior and promote
aggressiveness and influence the prognosis. To explore these possibilities, we
correlated clinical data to FAP expression levels since it is the most relevant marker of
CAFs. Moreover, the expression of all genes included in the CAF signature is correlated
with the expression of FAP (Table S1A). High FAP mRNA levels were correlated with
shorter DFS and OS in non-metastatic (M0O) patients, the study cohort 2 (Fig. 3A, DFS,
p=0.027 and Fig. 3B, OS, p=0.044) and the TCGA MO cohort (Fig. 3C, DFS, p=0.045
and Fig. 3D, OS, p=0.008). In the TCGA metastatic (M1) cohort, high FAP mRNA levels
were also correlated with shorter PFS and OS (Fig. 3E, PFS, p=0.054 and Fig. 3F, OS,
p=0.022).



By analyzing the TCGA database, we confirmed that low expression of different genes
included in the CAF signature is associated, like FAP expression, with a longer overall
survival (Table S1B).

In addition, we performed a “CAF signature” scoring. MO patients with a score between
4 and 6 had a shorter DFS (Fig. S2A, p = 0.0012) and OS (Fig. S2B, p = 0.005) as
compared to patients with a lower score. M1 patients with a score between 4 and 6 had
a shorter PFS (Fig. S2C, trend) and OS (Fig. S2D, p = 0.035) as compared to patients
with a lower score.

The level of FAP mRNA is also correlated with tumor stage (Fig. S1C, p=0.000793).
These results show that the presence of CAFs is an adverse factor in the outcome of
ccRCC.

CAFs are associated with lymphatic development and node dissemination

The perivascular topography of CAFs, their adverse impact on prognosis and the
correlation between the presence of CAFs and metastasis suggested a relationship
between CAFs and mechanisms of angio-lymphangiogenesis. The pivotal role of
lymphatic vessels in metastatic dissemination encouraged us to explore the link
between the presence of CAFs and lymphatic development and node dissemination by
using a “lymphatic gene signature” (9).

In the neoadjuvant cohort (study cohort 1), tumors from patients treated with sunitinib in
a neoadjuvant setting overexpressed genes corresponding to the lymphatic signature
MRNA compared to tumors of ccRCC patients treated by surgery alone (Fig. 4A).
Indeed, VEGR3 (p=0.009), NPR2 (p=0.046), VEGFC (p=0.032), c-MET (p=ns), HGF
(p=0.0046), podoplanin (p=0.053) and Lyvel (p=0.001) mRNA were highly expressed in
tumors from sunitinib-treated patients.

We hypothesized that sunitinib-naive tumors were already infiltrated by CAFs. In
addition, the correlation between CAFs and the lymphatic signature in the neoadjuvant
cohort encouraged us to evaluate the lymphatic signature in untreated tumors of the
TCGA. As anticipated, a high level of FAP was correlated with the lymphatic signature
(Fig. 4B, C). Moreover, patients with lymph node metastases (N+) presented elevated

FAP mRNA levels as compared to patients without lymph node metastases (NO, Fig.



4D, p=0.011). Additionally, patients whose tumors had a high expression of FAP
developed more lymph node metastases (Fig. 4E, p=0.015).

Patients with distant metastases (M1) presented a higher level of FAP mRNA as
compared to patients without distant metastases (MO, Fig. 4D, p=0.046). In addition,
patients whose tumors had a higher level of FAP mRNA developed more distant
metastases (Fig. 4E, p=0.038). Hence, the CAFs-mediated adverse effects in ccRCC

involve lymphatic development, node invasion and and metastatic dissemination.

CAFs induce migration of ccRCC cells and reduce the access of sunitinib to

tumor cells

It is accepted that CAFs derived from the trans-differentiation of resident fibroblasts
present in the tumor microenvironment (10). Therefore, the link between sunitinib, CAFs
and tumor behavior was further investigated. For that purpose, primary fibroblasts
(FHN) were rendered resistant to sunitinib (FHNR, Figure 5A). Sunitinib stimulated the
expression of FAP, HGF and SMA mRNA in FHN (Fig. 5B to D). Moreover, FHNR
presented elevated FAP, HGF and SMA mRNA levels as compared to control FHN.
This basal level was further increased by sunitinib (Fig. 5B to D). These results suggest
that a long-lasting exposure of FHNR to sunitinib stimulates their differentiation toward
CAFs. These results were further supported by an in vivo experiment (Fig. S3). Mice
bearing experimental ccRCC were treated with sunitinib or with placebo (Fig. S3A). FAP
and SMA mRNA levels were upregulated in tumors from mice treated with sunitinib as
compared to the placebo group (p=0.0489, Fig. S3B and C). These results support a
model whereby sunitinib activates the differentiation of tumor resident fibroblasts to
CAFs.

To further understand the impact of CAFs on ccRCC cell behavior, we focused on in
vitro characteristics of cell aggressiveness. Chemotaxis assays showed that FHN
promote ccRCC cell migration. This property was further enhanced by FHNR (Fig. 5E).
The mechanisms mediating CAF-dependent decreased efficacy of sunitinib on ccRCC
cells were then investigated. We previously demonstrated that sunitinib is trapped in
lysosomes in ccRCC cells preventing the access of the drug to the kinase domain of

tyrosine kinase receptors present in the cytoplasm (15). We analyzed the ability of



sunitinib to cross the upper part of a Boyden chamber coated with FHN or FHNR and to
accumulate in ccRCC cells present in the lower part of the chamber. An empty Boyden
chamber was used as a control (full capacity of ccRCC cell to trap sunitinib).

The FHN barrier decreased the uptake of sunitinib by ccRCC cells and FHNR further
decreased this process (Fig. 5F). These differences were stable over time. This “CAF-
like” property that prevented the access of sunitinib to ccRCC cells improved tumor cell
survival (Fig. 5H).

Next, we evaluated the impact of an inhibitor of TGFf receptor (TGFBR) (CAF inhibitor,
LY2109761) on the viability of FHNR and 786-O ccRCC cells. TGFR inhibitor decreased
the viability of FHNR while it has no effect on ccRCC cells (Fig. 5G). TGFR inhibitor
reverse the FHNR barrier decreasing the uptake of sunitinib by ccRCC, thus allowing
the accessibility of sunitinib to ccRCC cells and their death (Fig. 5H).

Hence, these results strongly suggest that the presence of CAFs within blood vessels
constitutes a barrier preventing the access of sunitinib to tumor cells and therefore an

indirect mechanism of resistance.

DISCUSSION

Besides confirming an adverse prognostic effect of CAFs on ccRCC we showed that
sunitinib promotes the appearance of CAFs but CAFs decrease the efficacy of sunitinib
on tumor cells.

Targeted antiangiogenic therapy has brought great progress in the therapeutic
management of metastatic ccRCC (11). The modification of vessels and vascular
network structure and architecture is the expected effect of antiangiogenic treatments
(12). VEGFR-TKI induce tumor shrinkage via necrosis due to a cytotoxic effect on tumor
cells but also due to devascularization (13).

In this study, we demonstrated that antiangiogenic therapies (VEGFR-TKI, sunitinib)
modify vessel structure and the cellular environment by increasing CAFs. Such

modifications lead to limited efficacy of the antiangiogenic treatment.



After a transient period of therapeutic efficacy lasting about 6 to 15 months, ccRCC
acquires resistance to antiangiogenic targeted therapy (5). In some cases, resistance
mechanisms involve genetic alterations allowing the tumor to grow and to maintain
vascularization independently of the HIF-VEGF pathway. The activation of ATP-binding
cassette efflux transporters and lysosomal sequestration contribute to resistance to
TKIs (14,15). In mice models, resistance is reversed by reimplantation of resistant tumor
xenografts in untreated mice (5). This reversibility of resistance argues for
microenvironment changes as one major underlying mechanism.

The impact of acquired changes in the vascular and perivascular environment on
resistance mechanisms has already been studied, but with conflicting results. Tumor
neovascularization consists in the rapid establishment of immature, incomplete,
tortuous, dilated neo-vessels with suboptimal interconnections. These vessels are lined
by endothelial cells with imperfect morphology and functionality. Antiangiogenic drugs
can normalize this network, which improves both the vascular distribution of treatments
and tumor perfusion (16).

We showed that in ccRCC, CAFs are key players in resistance to VEGFR-TKI. This
phenomenon involves the tumor microenvironment and more specifically VEGFR-TKI-
induced trans-differentiation of resident fibroblasts to CAFs. Induction of tumor
resistance by CAFs has been demonstrated in some tumor models, including lung
carcinoma (17) and cholangiocarcinoma (18). We clearly showed that ccRCC behaves
equivalently, notably through CAF-mediated reduction access of tumor cells to sunitinib.
CAFs, located in the stroma and in contact with tumor cells and other cellular actors,
promote tumor development by several mechanisms. In ovarian carcinoma, stromal
cells are one of the major sources of angiogenic growth factors (19) that control
vascular maturation and permeability (20). In glioblastomas, CAFs secrete PDGF-C
inducing the proliferation of pericytes covering the vessels, reducing their diameter and
their permeability (21). In addition to the resistance to treatments, we showed that CAFs
had an adverse prognostic effect and were correlated with the occurrence of
metastases.

In ccRCCs, the spread of tumor cells depends mainly on blood vessels. Lymph node

invasion and metastatic dissemination via lymphatic vessels are rare. However, it is an



important mechanism to consider as it correlates with a poor prognosis. In esophageal
squamous cell carcinoma (39) and breast cancer (40), CAF promote lymph node
invasion. These elements prompted us to investigate the link between CAF and
lymphatic dissemination in ccRCCs.

We observed that CAFs, increased by VEGR-TKI, were correlated with lymphatic vessel
development and lymph node spread. This accords with our previous demonstration
that VEGR-TKI stimulate the production of VEGFC by tumor cells resulting in the
development of lymphatic vessels (22).

Our results agree with those of Peio Errarte et al in a series of 59 metastatic ccRCC
(23,24). To explain this finding, we have shown that in vitro CAFs promote the migration
of ccRCC. In a breast cancer model, CAFs induce microvascular disruption. This
increase in vascular permeability stimulates the vascular transmigration of cancer cells
(25).

The CAF-mediated epithelial-mesenchymal transition (EMT) of tumor cells may also
explain their role in tumor aggressiveness. In a breast carcinoma model, CAFs and the
extracellular matrix they deposit are aligned in a parallel pattern, inducing malignant
epithelial cells to assume a mesenchymal morphology that was associated with
increased dissemination and metastasis (26). In endometrial carcinomas, CAFs induce
EMT through the secretion of cytokines, including TGF- and HGF. This increases the
invasion and migration of tumor cells and promotes metastasis (27). By analogy, a
similar mechanism should occur in ccRCC. TGF-f is secreted by CAFs and by tumor
cells and participates in the proliferation of both cell types (28,29). Through autocrine
and paracrine mechanisms, the CAF-tumor cell interactions contribute to sarcomatoid
transformation, cell migration and the appearance of metastases.

The presence of CAFs correlates with progression and poor prognosis in gastric cancer.
The specific mechanism by which CAFs promote dissemination of gastric cancer
involves B1 integrin, a membrane receptor controlling cell adhesion and metastatic
dissemination of tumor cells. CAFs, via overexpression of Gal-1, participate in the
upregulation of B1 integrin in gastric cancer and then facilitate gastric cancer cell

migration and invasion (30).



Prior to 2019, the first line treatment for ccRCC was VEGFR-TKI. Recently,
immunotherapies targeting the PD1 and CTLA4 pathways have dramatically improved
patient management. They are now standard treatment either alone or in combination
with VEGF-TKI (31)(32). In this context, it is important to identify common mechanisms
of resistance to these therapies. CAFs are involved in resistance to immunotherapies by
limiting T cell infiltration. In colon carcinoma, lung carcinoma and melanoma models,
CAFs constitutively express PD-L1 and negatively regulate tumor-associated T cell
activation (33-35).

While immunotherapy may provide a long-lasting anti-tumor response, some patients
are refractory. Mariathasan et al demonstrated that this lack of response was correlated
with a TGF-B signature of metastatic urothelial carcinoma associated with a decrease in
CD8+ T cells in the tumor areas (36). The infiltration of T cells in the tumor was restored
by inhibiting TGF-B resulting in tumor regression.

In two separate studies conducted in mouse models of breast adenocarcinomas and
pancreatic carcinomas, CAF-mediated resistance to immunotherapy was reversed
(37,38). By targeting CXCL12 and TGF-B, CAF-dependent immune suppression was
inhibited by promoting tumor T-cell infiltration. The anti-tumor response was synergized
with immunotherapies targeting the PD-1 / PD-L1 axis.

We have explored one of the mechanisms involved in the resistance of ccRCC to
VEGFR-TKI and described the involvement of CAFs in these mechanisms, as well as
the impact of these cells on the prognosis of ccRCC.

Recently, “anti-CAF" immunotherapeutics or inhibitors gave promising results in several
types of solid tumors. CAFs have been identified as one of the cellular actors interfering
with T cell migration and activation, and CAF blockade is effective in restoring the
response to immunotherapy. Thus, FAP-reactive CAR T cells have provided antitumor
effect on models of lung and pancreatic cancer (41). It is also possible to counteract the
pro-tumoral effects of CAFs by targeting downstream actors, for example TGFB. This
strategy has been successfully exploited using LY2109761, a TGFBR inhibitor in
models of prostate cancers (42).

For the treatment of ccRCCs, immune checkpoint inhibitors (ICI) in combination with

vascular endothelial growth factor receptor (VEGFR) tyrosine kinase (TKI) inhibitors is



one of the most effective strategy. This combination is justified by the interaction
between the immune and angiogenic systems. Angiogenic factors and their receptors
can promote an immunosuppressive tumor microenvironment through a direct effect on
immune cells. In addition, their role in antitumor immunity makes of CAFs promising
therapeutic targets for the management of ccRCCs. These evidences favor the initiation

of a clinical trial combining TKI, ICI and anti-CAF.
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FIGURE LEGENDS



Figure 1. Sunitinib increases the thickness of the vessel wall.

Tumors from untreated ccRCC patients and tumors from patients treated with sunitinib
in a neoadjuvant setting were compared. (A) Visualization of vessels by HES staining
on tumor sections. Representative images are shown. (B) The thickness of the vessel
wall was measured. (C) Detection of collagen by trichromatic staining on tumor
sections. Representative images are shown. Statistical significance (p value) is

indicated.

Figure 2. Sunitinib increases CAFs.

Tumors from untreated ccRCC patients and tumors from patients treated with sunitinib

in a neoadjuvant setting were compared.

(A) Positive cytoplasmic staining for FAP (asterisk) and SMA in cells localized in the
wall of a CD31 positive blood vessels, in tumors from sunitinib-treated patients.
Negativity to FAP and CD31 staining was negative in tumors from untreated patients.
(B) The levels of mRNA of the “CAF signature” were determined by gPCR. Statistical

significance (p value) is indicated.

Figure 3. The amount of intra-tumor FAP mRNA correlated with an adverse outcome
for ccRCC patients.

(A and B) Kaplan—Meier analysis of DFS (A) and OS (B) of MO patients. DFS and OS
were calculated from patient subgroups with FAP mRNA levels that were less or greater
than the third quartile. Statistical significance (p value) is indicated. (C to F) ccRCC
patients were analyzed for FAP mRNA levels. These results are based upon data
generated by the TCGA Research Network and analyzed by cBioportal database. The
levels of FAP mRNA in MO ccRCC patients are correlated with DFS (C) or with OS (D).
The levels of FAP mRNA in M1 ccRCC patients are correlated with PFS (E) or with OS
(F). DFS / PFS / OS were calculated from patient subgroups with mRNA levels that

were less or greater than the third quartile. Statistical significance (p value) is indicated.



Figure 4. The amount of intra-tumor CAFs (FAP mRNA) correlated with lymphatic
vessel development and lymph node metastasis.

(A) Tumors from untreated ccRCC patients and tumors from patients treated with
sunitinib in a neoadjuvant setting were compared. The levels of mMRNA of the “lymphatic
signature” were determined by gPCR. Statistical significance (p value) is indicated. (B
to E) These results are based upon data generated by the TCGA Research Network
and analyzed by cBioportal database. (B) The levels of mRNA of the “lymphatic
signature” (z-score) in ccRCC patients with FAP low were compared to the levels in
ccRCC patients with FAP high. (C) Heatmaps for the relative expression of genes in 40
patients with low FAP expression and 40 patients with high FAP expression. (D) FAP
MRNA (z-score) expression in i) non-lymph node metastasis (NO) and lymph node
metastasis (N+) patients and in ii) non-metastatic (M0) and metastatic (M1) patients. (E)
Lymph node metastasis (N+) and distant metastases (M1) in patients with low or high
levels of FAP mRNA.

Figure 5. Sunitinib induces CAFs in vitro.

(A)  FHN resistant to sunitinib (FHNR) were generated. FHN and FHNR were treated
with 5uM sunitinib (suni) for 48h. Cell viability was measured by XTT assays. (B to D)
FHN and FHNR were treated with 5uM sunitinib (suni) for 48h. The levels of FAP (B),
HGF (C) and SMA (D) mRNA were determined by gPCR. (E) 786 cells were seeded on
the upper side of the filters and Boyden chambers were placed on 24-well plates
containing FHN or FHNR at confluence and without serum. (F) FHN or FHNR were
grown to confluency in a co-culture chamber. The empty chambers (0) or chambers
containing FHN or FHNR were placed in contact with the 786-0 cells. 5uM sunitinib was
added in the upper chamber for different lengths of time (2 to 8h). The percentage of
sunitinib having crossed and reached the 786-O cells was measured by cytometry. (G)
786-O (786) and FHNR cells were treated with 20uM LY2109761 (TGFR inhibitor) for
48h. Cell viability was measured by XTT assays. (H) FHN or FHNR were grown to
confluency in a co-culture chamber. The empty chambers (0) or the chambers



containing FHN or FHNR were placed in contact with 786-O cells. 5uM sunitinib with or
without 20uM LY2109761 was added in the upper chamber for 8h. 48h afterwards, cell
viability was measured by XTT assays. Results are presented as the mean of three
independent experiments £ SEM. * p<0.05, ** p<0.01, ** p<0.001.

TABLE LEGENDS
Table 1

Characteristics of the patients included in the study (see Fig. 1 and 2).

Table 2

Characteristics of the patients included in the study (see Fig. 3).
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GROUP CcT Sunitinib neoadjuvant

Number of patients 11 11

Sex 2 (18%) 2 (18%)

- Woman 9 (82%) 9 (82%)

- Man

AT DIAGNOSIS

Age 57 (42-86) 55 (32-79)

Furhman grade 8 (73%) 8 (73%)
- 3 3 (27%) 3 (27%)
- 4

Metastatic status pM 2 (18%) 2 (18%)

- MO 9 (82%) 9 (82%)

-M1

Lymph node status pN 8 (73%) 7 (64%)
- NO 3(27%) 4 (36%)
- N1

Number of metastasis 2 (18%) 2 (18%)

-0 5 (46%) 4 (36%)

-1 4 (36%) 5 (46%)

-2

TREATMENT (NEOADJUVANT)

Duration of treatment (months) NA 4.5 (2-9)

TABLE 1




GROUP

Number of patients 38

Sex 14 (36.8%)
- Woman 24 (63.2%)
- Man

Age 62 (42-82)

Furhman grade

17 (44.7%)

- 2 16 (42.1%)
- 3 5 (13.2%)
- 4

pM status 38 (100%)

- MO

pN status 34 (89.5%)
- NO 4 (10.5%)
- N1

pT status 17 (44.7%)

-1 6 (15.8%)

-2 15 (39.5%)

- 3

TABLE 2
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