N

N

The bidirectional crosstalk between metastatic uveal
melanoma cells and hepatic stellate cells engenders an
inflammatory microenvironment
Narjes Babchia, Solange Landreville, Bruno Clement, Cédric Coulouarn,

Frederic Mouriaux

» To cite this version:

Narjes Babchia, Solange Landreville, Bruno Clement, Cédric Coulouarn, Frederic Mouriaux. The
bidirectional crosstalk between metastatic uveal melanoma cells and hepatic stellate cells engen-
ders an inflammatory microenvironment. Experimental Eye Research, 2019, 181, pp.213-222.
10.1016/j.exer.2019.02.012 . hal-02050392

HAL Id: hal-02050392
https://univ-rennes.hal.science/hal-02050392
Submitted on 16 Apr 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://univ-rennes.hal.science/hal-02050392
https://hal.archives-ouvertes.fr

Title Page

Research Article

Title: The bidirectional crosstalk between metastatiauaeelanoma cells and hepatic stellate cells ergysreh
inflammatory microenvironment

Authors: Narjes Babchid Solange Landrevilfé¢, Bruno Clémerit Cédric Coulouarh, Frédéric Mouriau3®™"

*CC and FM contributed equally to the work presented here and should therefore be regarded as equivalent
senior authors.

Institutional affiliations:
%Inserm, Université de Rennes 1, UMR 1241, Nutitidétabolismes et Cancer (NuMeCan), Rennes, France
b Département d’ophtalmologie, Faculté de médectimiversité Laval, Québec, Canada.

¢ Centre universitaire d’'ophtalmologie-Recherche Ard médecine régénératrice, Centre de rechercr@Hiu
de Québec-Université Laval, Québec, Canada.

4 Centre de recherche sur le cancer de I'Univetsitél, Québec, QC, Canada.
¢ Centre de recherche en organogénése expérimegtéléniversité Laval/LOEX, Québec, Canada.

" Service d’ophtalmologie, CHU de Rennes, Rennes)der.

Corresponding author: Frédéric Mouriaux, UMR 1241 NuMeCan, Pontchaillduniversity Hospital, 2 rue
Henri Le Guilloux, Rennes F-35033, France. Phone29®289036. Fax: 02992841 92.
Email: Frederic. MOURIAUX@chu-rennes.fr.

Running title: Metastatic uveal melanoma-hepatic stellate ceBstedk

Keywords: uveal melanomanicroenvironment, inflammation, metastases, taaitiab.

Word count: 6,155

Total number of figuresand tables. 12 Figures (6 in supplements), 5 Supplementaryegabl



Abstract

Uveal melanoma is the most common primary oculaplaEm in adults. It is peculiar for its hematogeno
dissemination and its high propensity to spreattheédiver. Current treatments rarely prolong pdtemvival. We
hypothesized that metastatic uveal melanoma calldutate the function of surrounding hepatic stelleglls to
facilitate their own growth and survival. This spusvas conducted to investigate the role of the tiepa
microenvironment on uveal melanoma aggressivenéés. demonstrated that the paracrine signaling of
surrounding hepatic stellate cells have more trgptsznal impact on metastatic uveal melanoma cells
Upregulated transcripts were linked to inflammatemmd included several interleukins. The uveal raieen
stellate cell crosstalk induced as well the expoessf transmembrane integrins. In addition, theerieukin-6
receptor inhibitor Tocilizumab did not reduce thewgth of uveal melanoma cells. Our results provigdalence
that inflammatory mediators are key players inhbeing of uveal melanoma cells to the liver. Thdireictional
crosstalk between uveal melanoma cells and hepgtgitate cells involved pro-fibrogenic interleukinbhe
inflammatory characteristics of the metastatic wecivironment might offer relevant therapeutic opyaities in

uveal melanoma.



1. Introduction

Uveal melanoma (UM) is the most common primary &yeor in adults, with an estimated annual frequency
of 5 to 10 cases per million people in developedntdes (Singh et al., 2005). UM is peculiar fos it
hematogenous dissemination and its high propensitypread to the liver (Landreville et al., 2008urrent
treatments rarely prolong patient survival: the asttsis-related mortality is 20-30% at 5 years 45fb at 15
years (Singh et al., 2011).

The liver is one of the most targeted organs byrgamestinal and UM metastases, yet the reasorthi®f
tropism remain elusive. Previous studies pointedt@an important role of growth factors mainly gyesized in
the liver (HGF/IGF-1) and the expression of cormxping receptors on metastatic UM cells (UMCs; c-
MET/IGF-1R) in UM spreading (Barisione et al., 20 Ex£onomou et al., 2008). The microenvironmenthef t
metastasis is an integral part of its physiologgt aancer cells need among others surrounding stroefia for
their growth and survival (Mbeunkui and Johann, Y0MHepatic stellate cells (HSCs) are the mosttieac
stromal cells of the liver in presence of invadoancer cells (Vidal-Vanaclocha, 2008). Indeed, altiiley are
guiescent cells storing retinoids in healthy livigy switch into extracellular matrix—producing afiproblasts
when micrometastases develop in the sinusoidal afdabules (Vidal-Vanaclocha, 2008). Their activat
triggers a desmoplastic stromal response that #ghabpro-invasive effect on colorectal and panirezancer
cells, stiffens the extracellular matrix, and sgses the immune cell infiltration (Yin et al., 20u et al.,
2004). Interestingly, Coupland and collaboratomsnidfied that “hepatic fibrosis” and “HSC activatiowere
among the top-featured pathways found in the UMeteme (Angi et al., 2016). HSCs were previouslyested
surrounding UM metastases (Grossniklaus, 2013idradt al., 2013), and their conditioned mediunréased the
migration and invasion of UMCs, as well as thegistance to the MEK inhibitor trametinib (Chengakt 2017).
In addition, an association between altered inflatamy microenvironment and liver fibrosis was poasly
suggested (Grossniklaus et al., 2016; Krishna .et28l17). Grossniklaus and collaborators proposed the
infiltrative growth pattern of UM metastasis, in isfn malignant lesions are encapsulated by fibralggens,
was restrained by modifications of the immune rméasdoronment within the sinusoidal space (Grossoiklet al.,
2016). Coupland and collaborators demonstrated aiaspdistribution of CD8-positive tumor infiltraig
lymphocytes in metastatic UM, which were predomthafound at the tumor/normal parenchyma interface
(Krishna et al., 2017). Activated HSCs and thdéirdsis need therefore to be considered as a théraparget in
the context of combinatorial drug regimens.

The purpose of this study was to investigate thingic differences between primary and metastaMCs in
their interactions with HSCs. We found that thecodture of metastatic UMCs with activated HSCs Iteslin a
bidirectional crosstalk associated with prominergnscriptional changes, and an increase in seoreifo

inflammatory mediators.



2. Materials and methods

2.1 Cell lines and co-culture experiments

The human LX-2 cell line was kindly provided by Bcott L. Friedman (Mount Sinai School of Medicine,
New York, NY) and was maintained as previously desc (Xu et al., 2005). The Mel270 cell line wasided
from a human primary UM (kindly provided by Dr. Miae Jager, University of Leiden, The Netherlands)
(Verbik et al., 1997). The OMM2.3 metastatic calelwas established from a biopsy of a liver nodrden the
same patient (Verbik et al., 1997). Both cell lime=re grown as previously described (Babchia e2a08), and
were authenticated using DNA sequencing G&NAQ and GNA11 mutations (positive foGNAQ Q209P) and
short tandem repeat genotyping (Authentifiler PQRphification Kit; Life Technologies) as previoustiescribed
(Calipel et al., 2011; Mouriaux et al., 2016b). &#éll lines were tested routinely for mycoplasmfedtion by
PCR (ATCC). Co-cultures were conducted in serura-faad antibiotic-free DMEM (Invitrogen) using 6-Wel
plates and 1 pm pore-size Transwell inserts (BDs@@nces), which allow the diffusion of solubletéas but
prevent cell migration (Supplementary Fig. 1). @dll cultures were maintained at 37°C in a 5%, @mnosphere.
Both cell types were then cultured alone or sidesiog for 48 hours (with or without the IL6 recepiohibitor
Tocilizumab (TCZ) at 600 ng/mL diluted directly serum-free medium). RNA and proteins were theraettd
from the cells into the 6-well plates for analys$gipernatants were collected from inserts for ELIBAIsed as

conditioned medium (CM) for further treatments.

2.2 Microarray analysis

Total RNA was purified from cells at 80% confluenge=3) with the RNeasy kit (Qiagen). Genome-wide
expression profiling was conducted using the lopuinQuick Amp Labeling Kit and human SurePrint G3
Human Gene Expression v2 8x60K Microarray Kits (&gi Technologies). Starting from 150 ng of tot&AR
the amplification yield was 7.4 + 0.94) of cRNA and the specific activity was 18.43 +B38nol of Cy3 peng
of cRNA. Gene expression data were processed tisnfeature Extraction and GeneSpring softwareddtg
Technologies) and further analyzed using the R&aBBB-Array Tools. Briefly, differentially expresse
transcripts were identified by a two-sample uniatei-test and a random variance modet@.01) (Coulouarn et
al., 2012). Permutatio® values for significant transcripts were computed tbe basis of 10,000 random

permutations.

2.3 Real-Time reverse transcriptase PCR

The expression of relevant transcripts was meadwyeglantitative real-time PCR (QPCR) using totAlAR

isolated for the microarray analysis (Coulouarmalet 2009). Melting analysis was conducted to \abdthe



specificity of PCR products. Quantitative analysi$?CR data was performed with th&*2' method using beta-
Actin (ACTB) and TATA-binding protein (TBP) Ct vadsg for normalization.

2.4 Quantification of cytokines by ELISA

UMC lines were grown as described in Supplemerfiggy 1. Supernatants were collected after 48 hdurs.
amount of cytokines ILf, IL6, IL6ST, IL8 and VEGFA secreted in the mediwas determined by ELISA using
100 ul of supernatant. The following kit were used: Humbhf ELISA Kit (Sigma-Aldrich), Human IL6
PicoKine ELISA Kit (Boster Biological Technologyjuman sGP130/IL6-ST PicoKine ELISA Kit (Boster
Biological Technology), Human IL8/CXCL8 ELISA KitSjgma-Aldrich), and Human VEGF DuoSet ELISA
(R&D Systems) according to the manufacturer’s prokoThe absorbance at 450 nm of the colored swlutias
guantified with a spectrophotometer (Multiskan Agc& hermo), normalized for the number of cells agbrted

as pg/mL.

2.5 Cell adhesion assay

UMCs and HSCs were resuspended in conditioned medtul00,000 cells/well, and 150 were seeded into
a plate precoated with various extracellular maprigteins (Cell Biolabs; Supplementary Fig. 2).eAf®0 min,
the wells were washed with serum-free DMEM, and ikGrom each extracted sample was transferred6-a
well microtiter plate. The absorbance at 560 nrthefcolored solution was quantified with a spedtmpmeter

(Multiskan Ascent, Thermo).

2.6 Céll proliferation

Mel270 and OMM2.3 cell lines were seeded in trigiicin 96-well plates at a density of 10,000 okl
Following a 24 hours incubation at 37°C, the mediwas replaced by serum-free medium supplementdd wit
50% (v/v) conditioned medium derived from monoctégior co-cultures of Mel270/LX-2 and OMM2.3/LX-2.
UMC and LX-2 cells were seeded in triplicate in\2dH plates at 80% of confluence alone or in cdwmel, with
or without TCZ. The number of viable cells was det@ed by using the MTT (3-(4,5- dimethyl thiazolyB-
2,5-diphenyl tetrazolium bromide) colorimetric mathafter 48 hours of culture. The absorbance atbG@vas

guantified on a spectrophotometer (Multiskan Asc&hermo).

2.7 Western blotting

Cells were lysed, resolved, electroblotted (Babadtiaal., 2008), and probed with polyclonal antilesdi
directed against Cyclin D1 (dilution 1:1,000; C8ignaling Technology), p21 (dilution 1:1,000; C8lgnaling



Technology), STAT3 (dilution 1:1,000; Cell Signajinrechnology), and phospho-STAT3 (Tyr705) (dilution
1:1,000; Cell Signaling Technology) to analyze thetivation of these kinases in co-culture condgion
Membranes were probed with a rabbit monoclonabadiy directed against tHeActin (dilution 1:1,000; Santa
Cruz Biotechnology) as control for equal loadinginfary antibodies were tagged with specific seconda
horseradish  peroxidase-conjugated antibodies. Adyib complexes were detected by enhanced
chemiluminescence (ECL; Amersham). The intensitthefluminescence was quantified using a chargetedu
device camera combined with an image analysis sy$EHEMI-SMART 5000, POMPER150 W; Bioblock

Scientific, Fisher).

2.8 Satistical analysis

The two-tailed Student’s t-test (normal distribatiovith equal variance) and the Mann-Whitney U test

(nonparametric) were used for statistical analysigalue ofP<0.05 was considered to be statistically significan



3. Results

3.1 Bidirectional crosstalk between UMCs and activated HSCs

We started our study by comparing the morphology/tasnscriptomic differences between the primamgdu
(Mel270; non-metastatic) and metastatic (OMM2.3) €8V (Supplementary Fig. 3). Our analysis of the
transcriptome reveals 256 probes (correspondingl® non-redundant well-annotated mRNAS) differdiytia
expressed between Mel270 and OMM2.3 cells (Suppieane Fig. 3B;P<0.01, fold change>1.5). Several
transcripts were upregulated in OMM2.3 cells likeode associated to extracellular matrix (e.g. MATN4
COL9A1), signaling pathways WNT and BRAF, liver-sffie genes (e.g. HNF1A, APOC2), and inflammation
(e.g. NFKB, TNFSF10, TNFRSF21, TNFAIP2). We alsentified downregulated transcripts in OMM2.3 cells
such as CCL20 and CCL3L3. In addition, we obsemedtlevated secretion of the cytokines IL6ST, Ilo8l a
VEGFA in both cell lines, with higher levels in 10 (Supplementary Table 1). Both cytokinesfilaind IL6
were expressed at low levels in UMC lines (Supplaiany Fig. 3C). These results demonstrate thaethee
transcriptomic and secretomic differences betwesth WMC lines according to their original microeronment
even if they are derived from the same patient.tNe& hypothesized that the exposure of UMC limesdiuble
factors produced by activated HSCs may change tite@notype and gene expression profile. Mel270 and
OMM2.3 cells were thus co-cultured with LX-2 celBupplementary Fig. 13s a paradigm to study the crosstalk
between non-metastatic or metastatic UMCs and atetivHSCs. No morphological changes were observed i
UMC lines in co-culture conditions (Supplementaig. BA). The analysis of gene expression profilgsrieans
of class comparison allowed identifying 1,200 ad@ &anscripts whose expression was modulatedfigignily
in LX-2 cells when co-cultured with metastatic oonAametastatic UMCs, respectively (Fig. 1A). A sianil
comparison determined that 1,627 and 501 transcwete significantly modulated by LX-2 cells in m&thatic
and non-metastatic UMCs, respectively (Fig. 1B).eOB49 transcripts were upregulated and 152 were
downregulated in non-metastatic UMCs when co-cettuwith LX-2 cells, while 1,013 upregulated transcripts
and 614 downregulated transcripts were identiffechétastatic UMCs (Supplementary Fig. 4ASDpplementary
Tables 2-3). Over 747 transcripts were upregulareti 453 were downregulated in LX-2 cells when cituced
with metastatic UMCs, compared to 252 upregulatadscripts and 60 downregulated transcripts ingmes of
non-metastatic UMCs(Supplementary Fig. 4B,DSupplementary Tables 4-5). These results suggest th
metastatic UMCs are more responsive to HSCs thammatastatic UMCs, and conversely. In additioncanb
plots highlighting the significant differences ixpeessed transcripts in co-culture conditions shbwleat
exposition to LX-2 cells activated three times mtuenscripts in metastatic UMCs compared to norastatic
cells (Fig. 1C;P<0.001, fold change>2). Furthermore, metastatic WMg@regulated fourteen times more
transcripts in LX-2 cells than non-metastatic cl$g. 1D; P<0.001, fold change>2). According to these
microarray results, the number of overexpressatstripts is twice the number of repressed trants;rgnd it

thus reveals a bidirectional crosstalk between UM@$ HSCs.



3.2 UMC-HSC crosstalk promotes inflammation

Data mining of genes differentially expressed betwenonoculture and co-culture conditions demoresdrat
that inflammation-related genes ranked first (eNg:KB pathway), followed by growth factors, signain
pathways such as Notch, and extracellular matrirege(e.g. collagens, matrix metallopeptidases,giinte
receptors). Upregulation of many inflammatory cytals like IL6, IL6ST and CXCL8 (namely IL8) was
observed in all co-culture conditions (Fig. 1C-Dhese data indicate that co-culturing UMCs withivated
HSCs generates a pro-inflammatory microenvironm@éfe.then validated the microarray data by QPCRr& he
was a significant upregulation of cytokine trangtxilL13 (5.5-7.5 fold change?<0.01), IL6 (2-10 fold change,
P<0.05) and IL8 (3-164 fold changE<0.01) in several co-culture conditions (Fig. R6ST was significantly
increased only in the OMM2.3/LX-2 condition (4 fatthangeP<0.001; Fig. 2B). Again, the response was more
pronounced in metastatic UMC-HSC conditions (FB,[?). Moreover, we confirmed by ELISA the upregidat
of corresponding secreted proteins IL6 in both UMG2 conditions (32-52 fold chang®<0.001; Fig. 3A-B),
IL6ST in LX-2/UMC conditions (2.5-3 fold chang®<0.01; Fig. 3C-D), and IL8 in all co-culture condits
except in the LX-2/Mel270 condition (3-47 fold clggnP<0.001; Fig. 3). ILB was expressed at low levels and
did not significantly increase in co-culture (F&). Collectively, these results demonstrate thatudturing
UMCs with activated HSCs induces pro-inflammatdgnals. In addition, we observed a significant gpitation
of the VEGFA transcript in all co-culture conditorf5-10.5 fold change?<0.001; Fig. 2) and a significant
increased of the secreted protein in LX-2/UMC ctinds (5-9 fold change?<0.001; Fig. 3), suggesting that the
bidirectional crosstalk between UMCs and HSCs girsralso a pro-angiogenic microenvironment.

3.3 UMC-HSC crosstalk induces the expression of cell adhesion receptors

Because integrins may play a role in tumor inflaiomaand growth through their interactions with the
extracellular matrix, stromal cells and growth &ast we focused the analysis of our microarray datantegrin
subunits (Supplementary Fig. 5A). ITGA5, ITGB2, IB&and ITGB8 were increased in LX-2 cells in cotarg
with UMCs (2-21 fold change; Supplementary Fig. 5Bhile several were upregulated in metastatic UMGs
cultured with LX-2 cells (ITGAL, ITGA3, ITGA4, ITGX, ITGB4,; 2-4 fold change; Supplementary Fig. 5C)
compared to non-metastatic cells (ITGB3; 2 foldngeg Supplementary Fig. 5C). Only ITGA10 was deseda
in both UMC lines in co-culture with LX-2 cells (Bplementary Fig. 5C). Therefore, we analyzed tliecebf
the bidirectional crosstalk on cell adhesion taaoellular matrix proteins such as fibronectin (Fédllagens | or
IV (COL I, COL IV), laminin (LN) and fibrinogen (F8). Interestingly, the Mel270/LX-2 conditioned meti
increased the adhesion of Mel270 cells to all editalar matrix components (>50%; Fig. 4A), whileet
adhesion of OMM2.3 cells was slightly increasedydol FBG (17%; Fig. 4B) when they were incubateithw
the OMM2.3/LX-2 conditioned medium. The adhesiorL&f2 cells to COL IV and LN was slightly decreased
(12 and 17%, respectively; Fig. 4C) when incubaiedthe LX-2/Mel270 conditioned medium. The LX-

2/0OMM2.3 conditioned medium did not change theihegion to any extracellular matrix proteins (FiD)4
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These results indicate that co-culturing UMCs wattiivated HSCs specifically increases the cell sitimeof

non-metastatic cells to the extracellular matrix.

3.4 UMC-HSC crosstalk has no effect on cell proliferation

Treatments with the conditioned medium of co-cétaonditions had no effect on the proliferationboth
UMCs and HSCs as quantified by MTT assays (Fig- ™ext, we investigated the mRNA abundance of the
proliferation marker MKI167 by QPCR (Fig. 5B). Wesarved no significant difference in its expresdietween
monocultures and co-culture conditions for all diekes. Therefore, we analyzed the impact of thdréctional
crosstalk on the levels of cell cycle markers QGy&il (CCND1) and p21 (CDKN1A) by microarray and \fées
blotting (Fig. 5C,D). The CDKN1A transcript was ieased more than two times only in the Mel270/LX2
condition P<0.001; Fig. 5C). Co-culture conditions decreadesl irotein expression of Cyclin D1 and p21 in
UMC lines (Fig. 5D). The Cyclin D1 was barely exgged in LX-2 cells compared to p21 (Fig. 5D). Thesailts
indicate that the UMC-HSC crosstalk has no effecteall proliferation.

3.5 Tocilizumab (TCZ) reduces the inflammation caused by the UMC-HSC crosstalk

Because IL6 was significantly increased in co-aeltaonditions, we decided to block the binding t® i
receptor by using TCZ. This humanized anti-humatriiceptor (IL6R) monoclonal antibody inhibits thieding
of both the soluble and membrane-bound forms ofltBR, leading to the blockade of many biologiaahétions
of IL6 (Sato et al., 1993). A growing number ofndtial studies have shown the potential use of T€ frdat
inflammatory and autoimmune diseases (Nishimot.e2005). Therefore, we hypothesized that theoswe of
UMC-HSC co-cultures to TCZ may reduce the inflamorainduced cytokine expression. We showed by QPCR
that the TCZ decreases the expression of the ILt68Bcript in both UMC/LX-2 conditions (54-68%<0.001;
Fig. 6A-B). Maximal inhibition by TCZ was observedth IL1 and to a greater extent in non-metastatic UMCs
(59-85%,P<0.001; Fig. 6A-B). Minimal inhibition was seen witL6 in both UMC lines suggesting the presence
of an IL6 autocrine loop (17-409%<0.05; Fig. 6B-D). In addition, there was a decegasthe expression of IL8
(31-57%,P<0.05) and VEGFA (43-54%?<0.01) in both UMC/LX-2 conditions (Fig. 6A-B). Becauseeth_6
binds to the IL6R inducing a homodimerization of tieceptor and a subsequent activation of JAK/STERK
and PI3K pathways (Johnson et al., 2012), we hygsitkd that the IL6 regulates the inflammation MTIHSC
co-cultures via the JAK/STAT pathway, and that T€lZould inhibit the activation of STAT3. Indeed, we
demonstrated an increase in the phosphorylatioi$TAT3 in both UMC/LX-2 conditions (Supplementary
Fig. 6A). A treatment with TCZ reduced the levelpdfospho-STAT3 (Supplementary Fig. 6A), suggestivag
the IL6 controls the inflammation in UMCs via artiaation of STAT3. However, a treatment with TCAldiot

have a significant effect on cell proliferation (flementary Fig. 6B-D). There was a significantaguiation of



the STATS3 transcript in the OMM2.3/LX2 conditionyplementary Fig. 6E-F). STAT3 levels were decréase
post-TCZ treatment in all co-culture conditions-&4%6,P<0.05; Supplementary Fig. 6G-H).
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4, Discussion

HSCs are characterized by their expression of kegptors regulating fibrosis such as PDGF8&b-RL and
DDR2, as well as extracellular matrix-remodelingtpins such as MMP-2, TIMP-2, and MT1-MMP (Xu et al
2005). Their phenotype is considerably heterogemi@ouivo, and is likely to reflect the influence of cellice
communication, including with cancerous cells, adlvas their interactions with the extracellulartridaand
soluble factors. We used in our study the LX-2 tielk, which greatly recapitulates tle vivo phenotype of
activated primary hepatic stellate cells (Xu et @005). Its molecular phenotype and activatedestaas
previously validated in our laboratory by microgri@Coulouarn et al., 2012). This cell line thusresents a
relevant model to study the bidirectional crosstatkween paired primary and metastatic UMC lingsichvare
very rare in the field of UM (Calipel et al., 201Griewank et al., 2012), and activated stellatésdebm the
hepatic microenvironment. We showed that in bothtastatic co-culture conditions the transcriptional
deregulation was more substantial than in non-rteatadJMCs. Our data suggest for the first timet thatastatic
UMCs are more sensitive to the paracrine signahgHSCs than non-metastatic UMCs. Their interacion
generated a pro-inflammatory, pro-angiogenic amdfiprogenic microenvironment.

There is growing evidence that inflammation plagsraportant role in the initiation phase of UM (Bfdorst
and Jager, 2012), since its genetic instability \wasociated with an increased number of tumortiafihg
macrophages and high expression of HLA classed llgBronkhorst and Jager, 2013). However, therditure is
scarce concerning the immune microenvironment ofastatic UM (Grossniklaus et al., 2016; Krishnaakt
2017; Qin et al., 2017). In the present study,dbveulture of activated hepatic stellate cells vétpair of UMC
lines derived from a primary tumor and its corregfing liver metastasis increased significantly $beretion of
pro-inflammatory and pro-fibrogenic interleukinsglland IL8. Interestingly, both interleukins wereifid at high
concentrations in the serum of patients with caltalecancer liver metastases (Ueda et al., 1994),hagher
serum levels of IL6 could distinguish patients withimary liver tumors or breast cancer liver metass from
patients with benign liver lesions or without méaass (Coskun et al., 2004). Moreover, high lew#lH 6 were
previously associated with poor prognosis in botkall and cutaneous melanomas (Likhvantseva el @9.7;
Moretti et al., 2001), while high levels of IL8 veelinked to increased metastasis in various car(@set et al.,
2005; Inoue et al., 2000; Xie, 2001).

Surprisingly, the proliferation of UMC lines was tnsignificantly modified by the paracrine signaling
HSCs. According to clinical experience, some UMigrgs have metastatic lesions that remain stabtenglu
several weeks or months, but then proliferate egptally and invade the liver (Mouriaux et al., Ba). Such
initial non-proliferation of UMCs may be due to timhibitory effect of the microenvironment. Here wiserved
a decrease of Cyclin D1 and p21 proteins in UM@diro-cultured with HSCs, what may seem contragicto

However, an inverse correlation between the p2E gapression and evolution from normal skin melgteoto
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metastatic melanoma has been previously descriliadg( et al., 1995). It can be explained as a leoyobf
tumor cells having escaped terminal differentiatém growth arrest by becoming resistant to inbiisignals
from p21 (Mouriaux et al., 1998; Mouriaux et al00B). Another possibility is that UMCs exhibit aghilevel of
aggressiveness that is not reflected by a highiferation rate, but rather by their ability to pgetdn time in a
somewhat hostile environment. Moreover, dynamiceaitin processes are crucial for conferring the atiign
abilities of cancer cells. For example, metastatieast cancer cell lines expressed higher levelgtefyrin
subunits than non-metastatic cells (Rizwan et28l15). Indeed, several integrins were upregulatetiétastatic
UMCs co-cultured with activated HSCs, while thel @elhesion to extracellular matrix only increasechon-
metastatic cells. It thus suggests that metastt¥€s retained their adhesive phenotype, a propedyired to
invade a secondary organ. In addition, severabiite act as cell surface receptors for growthdi@csuch as
TGH3 (a master regulator of fibrosis), ANGPTL and VEGRAFoya et al., 2018); corresponding transcripts

were indeed increased in our co-culture conditions.

IL6-mediated activation of the STAT3 signaling pa#ty has been shown to regulate cancer cell pratifar,
survival, invasion and metastasis (Teng et al.,420A growing number of clinical studies have shothe
potential use of the IL6 receptor inhibitor TCZ fiwe treatment of cancer (Nishimoto et al., 200&0%t al.,
1993). We reported here that the TCZ was a vergnpahhibitor of the inflammatory profile showed iHtMCs
when co-cultured with HSCs. A treatment with TCdueed the level of phosphorylated STAT3 in our alitzce
conditions, STAT3 being a downstream effector 06,llwhich is activated in UMCs exposed to the HSC
conditioned medium. However, we did not find anydifioation of the proliferation of UMCs using such
treatment. In fact, anti-IL6 or anti-IL6R monocldrentibodies have not demonstrated a clinical afficin
various types of cancer despite evidences showiagntvolvement of IL6 in controlling the growth wfalignant
cells and of their healthy counterparts (Rossi.ef15). The lack of effect of IL6 inhibitors gancer is not due
to an overproduction of IL6 compared to inflammagtdiseases, but rather by the plasticity of tunadiscand the
presence of various subclones using growth faaitiver than this interleukin (Rossi et al., 2015haky, it is
possible that the IL6 was inadequately suppressetié microenvironment given the possibility of gaine,
autocrine, and intracrine production by tumor ¢edisd compensatory effects from other growth factahich
counteract the simple blocking of this cytokine (étal., 2015).

Our findings could potentially benefit immunotheyagf UM. For example, many genes are regulatechby t
cytokine TGIB1, which suppresses the immune response by indditimgsis and inflammation in aggressive
cancers. Ongoing trials for metastatic pancreatitcer and hepatocellular carcinoma are currengiiing in
Phase 1 or 2 the TGE inhibitor Galunisertib in combination with chedhpts inhibitors (Herbertz et al., 2015;
https://clinicaltrials.gov, Identifiers# NCT0242384nd NCT02734160).
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5. Conclusions

In conclusion, our study demonstrates an increasecktion of inflammatory mediators in UMCs co-ored
with activated HSCs, without an effect on the geslition of UMCs. Metastatic UMCs were more respso
the paracrine signaling of HSCs than their non-static counterpart, and conversely. Further ingatittn of the
molecular mechanisms that may explain this diserep#s underway (e.g. higher expression or seiitsitof the
receptors, higher production of soluble factorspeiter understanding of the interplay between H&@ZsUMCs

could be used to discover new therapeutic targeth€& metastatic stage such as pro-fibrogeniclétkins.
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Figureslegends

Fig. 1. Overexpressed transcripts in co-culture were tinte inflammation.A. A proportional Venn diagram
representing the overlap of deregulated transcimp@MM2.3/LX-2 (white) and Mel270/LX-2 (black) coudlture
conditions.B. A proportional Venn diagram representing the agf deregulated transcripts in LX-2/OMM2.3
(white) and LX-2/Mel270 (black) co-culture condit@ C. Volcano plots (left) demonstrating differentially
expressed transcripts in UMC lines grown alone gvie] OMM2.3) or co-cultured with HSCs (Mel270/LX-2,
OMMZ2.3/LX-2). Bar graphs (right) showing the expsies of cytokines ILB, IL6, IL6ST, IL8 and VEGFA in
these conditionsD. Volcano plots (left) demonstrating differentiakbpressed transcripts in HSCs grown alone
(LX-2), in co-culture with Mel270 (LX-2/Mel270) oco-cultured with OMM2.3 (LX-2/OMM2.3). Bar graphs
(right) showing the expression of cytokines Bl.1L6, IL6ST, IL8 and VEGFA in these conditions.ahscripts
listed in volcano plots i€ andD were selected on the basis of the significancéhir differential expression in
monoculture versus co-culture conditions (horizbrdatted linesf<0.001) and the level of induction or
repression (vertical dotted lines; fold change>m)tal RNA was extracted after 48 hours and subjkedte

microarray analysis.

Fig. 2. Quantitative analysis of the expression of cytokirenscripts in co-cultures of UMCs and HS@®@s.
B. Mel270 and OMM2.3 cells were grown alone or cawméld with HSCs (Mel270/LX-2; OMM2.3/LX-2)C-

D. LX-2 cells were grown alone or in co-culture wittMCs (LX-2/Mel270; LX-2/0MM2.3). Total RNA was
harvested after 48 hours and the expression okitys IL13, IL6, IL6ST, IL8 and VEGFA was analyzed by
QPCR. P<0.05, *P<0.01, **P<0.001.

Fig. 3. Quantitative analysis of the production of cytoldne co-cultures of UMCs and HSG5%-B. Mel270 and
OMM2.3 cells were grown alone or co-cultured witls€6 (Mel270/LX-2; OMM2.3/LX-2).C-D. LX-2 cells
were grown alone or in co-culture with UMCs (LX-28i270; LX-2/OMM2.3). Supernatants were collecteraf
48 hours and the secretion of cytokinesfLIL6, IL6ST, IL8 and VEGFA was analyzed by ELISAP<0.05,
** P<0.01, **P<0.001.

Fig. 4. Effect of co-culture conditions on cell adhesidioth UMCs and HSC#\-B. Mel270 and OMM2.3 cells
were incubated in monoculture conditioned media [2Vie; OMM2.3) or co-culture conditioned media
(Mel270/LX-2; OMM2.3/LX-2).C-D. LX-2 cells were incubated in monoculture condidgdmedium (LX-2) or
co-culture conditioned media (LX-2/Mel270; LX-2/ONMAB). Cells were seeded into plates coated with
substrates (extracellular matrix proteins: FN, COCOL IV, LN, FBG; negative control: BSA) for 90imat
100,000 cells/well. Adherent cells were capturéained and quantified colorimetrically (OD 560 nm).

Fig. 5. Effect of co-culture conditions on cell prolifei@at of both UMCs and HSC#\. Mel270, OMM2.3 and
LX-2 cells were seeded on 96-well plates and tceatith conditioned media from monocultures or ctitoe
conditions. Cell proliferation was measured 24 8rhdurs post-treatment using the MTT colorimetissay.
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B. Total RNA from Mel270, OMM2.3 and LX-2 cells treat with conditioned media from monocultures or co-
culture conditions was harvested after 48 hour® &kpression of the cell proliferation transcripKlgl7 was
analyzed by QPCRC. The expression of cell proliferation transcript€NID1 and CDKN1A was analyzed by
microarray. D. Total proteins from Mel270, OMM2.3 and LX-2 celleeated with conditioned media from
monocultures or co-culture conditions were handestfier 48 hours and the expression of cell pn@ifen
proteins Cyclin D1 and p21 was quantified by Westglotting @-Actin, control loading). P<0.05, **P<0.01,
*** P<(0.001.

Fig. 6. Quantitative analysis of the expression of cytekiranscripts in co-cultures of UMCs and HSCs &gat
with Tocilizumab (TCZ).A-B. Mel270 and OMM2.3 cells were grown in co-culturghaHSCs (Mel270/LX-2,
OMM2.3/LX-2) or treated with TCZ (Mel270/LX-2 TCDOMM2.3/LX-2 TCZ).C-D. LX-2 cells were grown in
co-culture with UMCs (LX-2/Mel270, LX-2/OMM2.3) dreated with TCZ (LX-2/Mel270 TCZ, LX-2/OMM2.3
TCZ). Total RNA was harvested after 48 hours arel elkpression of cytokines IB1IL6, IL6ST, IL8 and
VEGFA was analyzed by QPCRP%0.05, **P<0.01, ***P<0.001.

Suppl. Fig. 1. Experimental design of co-cultures of HSCs and UMGB. LX-2 cells (HSCs) were seeded onto
cell culture inserts with 1 pm pore size (upperncbar) and were loaded into 6-well receiver pla@staining
UMC lines Mel270 A) or OMM2.3 B). This pore size allows the diffusion of secretminponents in the
medium but prevents cell migration toward the lowleamberC-D. Mel270 or OMM2.3 cells were seeded onto
cell culture inserts (upper chamber) and were Idad® 6-well receiver plates containing LX-2 cel$SCs and
UMCs were cultured alone or side-by-side for 48rBpand then RNA and proteins were extracted fioencells
and subjected to microarray analyses and Westetting. Supernatants were collected from insertgeidorm

ELISA analyses or used later as conditioned mediDi).

Suppl. Fig. 2. Extracellular matrix array. Adherent cells werairséd and quantified colorimetrically after 90 min
of incubation (purple; OD 560 nm). Extracellular tma proteins: FN, COL I, COL IV, LN, FBG; negative
control: BSA.

Suppl. Fig. 3. Comparison between UMC lines grown alore.Typical spindle morphology of UMC lines
grown alone (Mel270, OMM2.3) or co-cultured with {Xcells (Mel270/LX-2, OMM2.3/LX-2) for 48 hours.
Scale bar, 50 unB. A volcano plot demonstrating differentially expsed transcripts in Mel270 and OMM2.3
cell lines grown alone. Transcripts listed in tlwdcano plot were selected on the basis of the figgnice for their
differential expression in Mel270 cells versus OMBIZells (horizontal dotted lineB<0.01) and the level of
induction or repression (vertical dotted lines;dfahange>1.5). Total RNA was extracted after 48ri@nd
subjected to microarray analysts. Supernatants were collected after 48 hours fronCUidles grown alone, and
the secretion of cytokines IBLIL6, IL6ST, IL8 and VEGFA was analyzed by ELIS#2<0.05.
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Suppl. Fig. 4. Proportional Venn diagrams representing the opesfaupregulatedA andB) or downregulated
(C andD) transcripts in co-culture conditiond. OMM2.3 (white) and Mel270 (black) were grown alasreco-
cultured with LX-2 cellsB. LX-2 cells were grown alone or co-cultured with ®IZ.3 (white) or Mel270 (black)
cells.C. OMM2.3 (white) and Mel270 (black) were grown aloosreco-cultured with LX-2 cellsD. LX-2 cells
were grown alone or co-cultured with OMM2.3 (whitg)Mel270 (black) cells. Transcripts listedAnto D were
selected on the basis of the significance for thiifferential expression in monoculture versus atitce

conditions. Total RNA was extracted after 48 haurd subjected to microarray analysis.

Suppl. Fig. 5. Quantitative analysis of the expression of intedgranscripts in co-cultures of UMCs and HSCs.
A. Heatmap of the relative expression of alpha ama inéegrin subunits in LX-2 cells and UMCs growaree or

in co-culture. The quantification is presented acentage of relative expression in grayscale, evkies largest
value appears in black (100%), and the smallestevad white (0%)B. LX-2 cells were grown alone or in co-
culture with UMCs (LX-2/Mel270, LX-2/0MM2.3)C. Mel270 and OMM2.3 cells were grown alone or co-
cultured with HSCs (Mel270/LX-2, OMM2.3/LX-2). TdtRNA was harvested after 48 hours and the expressi
of integrins ITGA1L, ITGAS, ITGA4, ITGAS5, ITGA10, IGAX, ITGB2, ITGB3, ITGB4 and ITGB8 was analyzed
by microarray. Fold change >2.00* or <0.50**,

Suppl. Fig. 6. Effect of TCZ on STAT3 expression/activation andlieration of UMC linesA. Total proteins
from Mel270, OMM2.3, and LX-2 cells grown aloneinrco-culture conditions (Mel270/LX-2, OMM2.3/LX-2,
LX-2/Mel270, LX-2/0MM2.3) and treated with TCZ weharvested after 48 hours. The expression of ptorsph
STAT3 and total STAT3 was quantified by Westernttihg (3-Actin, control loading).B-D. Cell proliferation
was measured 48 hours post-TCZ treatment using/ifie colorimetric assaysE-H. Total RNA from Mel270,
OMMZ2.3 and LX-2 cells grown alone or in co-cultwenditions (Mel270/LX-2, OMM2.3/LX-2, LX-2/Mel270,
LX-2/0OMM2.3) treated with TCZ was harvested aftér hburs. The expression of the STAT3 transcript was
analyzed by QPCRP<0.05, *P<0.01, ***P<0.001.
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Highlights

* Uveal melanoma is peculiar for its high propensity to spread to the liver
» Stellate cells are the most reactive cells of the liver in presence of metastases
* Metastatic cells are more sensitive to the paracrine signaling of stellate cells

* Inflammatory mediators are key players in the homing of uveal melanoma to the liver



