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Abstract: Urothelial bladder cancer (UBC) ane dassified inlo luminal and basal sublypes showing
distzrict medecular features and clmical behaviour. Recent in siflco data have proposed ithe activation
om the Signal Transducer and Activator of Transcription 3 {STAT3) as relovant transcriplion factor
in UBC. To anewer this question, we have combined the mtrospective analysis of climical samples,
lumctional assays om cell lines, intecrogation of public UBC datasets and a marine model of basal-
type LB Inmmurohistochiemistny on o relrospective UBC mbork wneovened that STATS Y75
phosphorylation (pSTAT3) is significantly incressed in infiltrating basal-type UBC compared (o
Turninal UBC In witre, STAT3 siflencing i UBE cell lines significantiy redoced tumor cefl viability
and inwagion. Gene expression profile of LBC cell lines combined wath the analysis of te Cancer
Genome Atlas (TOCA) and GSER2894 UBC datasets showed that increased expression of a sot of
STATA tarpgats prodicts basal-lype, propensily: (o loenl progression and worse prognosis, MYC and
FO5LT represent relevant STAT3 downstream targets, as validated by their co-localizatbon in
PATATI+ LB cancer cells. These findings were lasgely reproduced in the BEN-induced muring
madel of bagal-type UBC. Of note, FOSL1 profeln resulted strongly expressed in the non-papillary
UBC pathway and FOSL-regulated transcripts were significantly enriched in the transiton from
MMIBC o MIBC, as indicated by the inberromation of the GSE3ZEM datasst. The blockade of the
STATS pathway might represant a rovel treatment option for these neoplasms, Manltadng pSTATS
arwd the downslream targets, porticolady FOSLY, could provide meaningful levels of UBC
stratificniion.
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1. Invkrodeictiom

Bladder cancer [BC) b8 the fourth most common carcinoma amens men in the Western world
ranking 13th in terms of moslality rate [1]. BC & largely represented by urothetind cascincma (LIBC)
[2]. At presentadion, 20-30% of UBC are dagnossd as advanced muoscle-imvesive forms (MIBCs],
whersas the remaining F0-80% are non-muscle Invasive (NMIBCs), tvw atier maknly corresponding
to low grade superficial papillary tumors {LGTRECs} [1]. While LGFBCs penerally have n good
prognosis and an excellent survival rete, the outcome. of sdvanced MIBCs remains very poar.
LGPBCs treatmient mvalves conservative transurethiral resectbon followed by intre-vestes| cherme- or
immunothernpy; however, one of the major challenges of thelr management is the high proponsity
torrecarrence |34 In additon, & minor fraction of BMIBCS eventuofly evalve 1o MEBC, a switch that
carmit be predicted by biomarkers carrently wsed in the clinical practice, Treatment approaches. for
MIBC are limited to radical cystectomy (with or without nes-adjuvant chemotherapy) and urinary
diversion, bul only 40% of the patients benefit b torms of survival and the gqeality of Life resninkns
poor [4:5).

UBC canevadve though twio divergent carcinogenic pathways including the papillacy rack (20%
of thir cases) and the CI5 track (20%), exhibiting distine moleenilar and morphological faatures along
with different clinkcal behavior (6] Moleculsr studies have proposed (he existence of two
independent transformation pathways of UBC suggesting distinct cell of origin [7]. In particular,
LGPBCs decive from the intermediate cells of the urothelium transformed by a combimation of gein-
afsfunction mutation fn H-RAS, FGFRI and PEECA, On the other hand, the carcinoma ln st {C15)
pathway arises from basal cells as progenitor transformed by o set of los-of-function mutations
affecting p53, BB and PTEM [7B] Based on the transcrigtomic profile of the fumos, a new
classification of MIBC has been proposed [3-12], This classification, similady to breast cances [11]),
stratifies UBC in basal- and luminal-types [13]. These studies have alse propoded that UBC types ane
driven by distinct transcription factors, Among the latler, Signal Transducer and Activabor of
Transcription 3 (STATI) has been recently propossd i basal-type UBC by in silico analysis [10],
partcularly in a subset of MIBCS showing “squamous cell carcinoemas-like® features [14),

STATE i a laten! transcription focior downstroam of the Janus Kinase (JAK} molecular pathway
and is known 1o be aberrantly activated in o wide variety of cancers [15] STATI cocogenic activity
is crucial in'sovoral coflular processes including survival and proliferation, invasion, EMT transitlon,
Immuine scape and sbemnsss [16]. Sevenil steabegies have been developed bo target JAKSTAT
pathway im cancer, including STATI inhibitors and JAK inhtbiters [17], shodwlng o heterogeneois
diepre of suceess [18].

T the rrinary act, STATS activation 18 relevent B matnbaoming e badal stem call cornparinnen
of the normal ontheliom [1920]. Yarious STAT3-dependent pro-tumor functicns have been
gropoaed lor LBC, including the espansion of cancer stern aalls [21]. In sdditivm, chronde mterleukin
& (1L5) stimulation nnd an nuiocrine cytokine loop is assoclated with STATI activation in MTBCs [22],
In this sudy, wz-u-:p:l:l'u!ud the: amalysis an the dinkeal and hiuln-El'n.l relevance of STATE activation
in LUBC. We wncover that STAT3 activation is defectod in cander colls and cefls of the
micoenvinmmment, particalarly in besal-type UBC. STATS activation promote besal-type UBC
proeression by affecting tumor call vinbillty, prolieratbon and steomnl nvasion. These biodogical
activilies and their dinical melevance are medinted by a set of STATA targets including the
banscription factor MYC and POSL and their regubome.

2 Resulis

21, 5TAT fs Activwted i the Early Phases of UBC Dmasien

A cohort of 193 human UBC, incleding 25 ko grade papillary WMIBCs (LGPECE), 79 high grade
MNMIBECs and B89 MIBCs, ware sxnmined for STATS activabion 1::," immunohistochemistry (THC)
(Figure LA-L and Supplementory Tables 51-54). An antiBody recopnkeing STATI phosphorylaled at
the Y715 residue (pSTAT3) was used. Nuclear expression of pSTAT3 was observed on tumor oells
and colls of the microenvironment (Supplementary Figares 51 and 52).
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Theet leved of pSTATS muclisar expression was measured on tumoer cell and evaluated using a four-
tired score syslom as indicated in the Maberial & Method secions and illustrated in Supplementary
Figure 51. Mudear axprossion of pSTATI showed a significant increase from NMIBCs o MIBCs
Specifically, a higlmr fraction of ﬁfﬁﬁ"‘mm{ﬁnﬂhﬁ an IHC score 2 or 3) was present in MIBC s
compantd o MMIBPC: and LGPBRC: {p < 001) {Supplersentary Tabée 51, Fipure 16} These findings
confirm that STATR Y705 phospharylation & agsociated with local progression of LBC. We next
correinted pSTATI expression with dinical and pathological features of the UBC cohoel. An incressed
PETATS level was associated with higher pT {p < 0001) (Supplementary Table 51, Figure 1H) and
AJCC stage (p < 001 ) (Supplementary Table 51, Figuoa 10); on the contracy the gender (p = (U173}, age
{p = DASE), or node maetastasis Or = 1) (Fligure 1)) did st cormelale with pSTATI expression
iSupplementary Table 51). Interestimgly, in MMIBCs pATATS expression increascs significantly inihe
transition from TafTEs to T1 tumr (pr={U015} {Suppbementary Table 51, 1K), pointing out 8 potential
miale as biomarker of early stromial invaston. In addition, pSTATI expression s significantly increased
in high grode compared to low grade NMIBCs {p < 0.01) (Supplemeniary Tabie 51, Figure 1L},
suggesting @ rode in he identification of more aggressive irans formed cells in e non-muscle invasive
sutting. The presence of comcomitant carcinoma i situ §C15) was not associated with a skgnificantly

different pSTAT expression (Supplementary Table 511

23 pSTATA Id Selvctivety Expressed tn Bosal-Type LIRC

Basod on tramsceliptomic analysis, STATI has been nedadned a8 8 selevant sigral ransductbon
modecule more expressed ina sitbsel of basal-type UBC with squamous differentiation [14]. We tested
aid verifzed this h}'PDH‘Eﬂ-t orl & rEIrne.'FEEIi\'E cohiort of MIBCs =|.:E|-En:n.1|'.ln:l in h:mi.hu.]d'j.q:lc and
basal-type and performed analysis for e eoprossion of pSTATI. We fizst elassiliod the UBC cases on
TURB {also validabed on cystectomy tissee blocks) using a set of validated 1HC markess (see Materials
and Methods section and Flgune 24, 8), Based on this appeoach, the study oohort was composed of
42 [47%) luminal-type UBC, 21 (25%) basal-4ype UBC and 26 (28%] "non-type” UBC {(Supplementary
Talbbe 53}, By IHC scurbng, basal-type MIBC shovrad o significantly higher fracton of pSTATIM
caes compared (o luminal and nometype UBC (respectivaly 6%, 20% and 346%; p < L000T) (Figure 2C
amid Eupplmh.rj.' Tabl= 513 By using double [FC, we kund that lﬁrﬂ.ﬂ pusitive humos vl s -
cxpressed the basal markers CES'6 CR14 &= well as CTR4 [Figune 20, Supplementasy Figure 53] Cn
the contrary, pSTATIS tumor cells werne regularly negative for the himinnl mackers UPE2 and CK30
(Flgure 200, I is of mote that glso STATS - oells i e limisal asd in fhe nos-type gooup oo-expressad
basal markors (Figure 20), In addition, based on morphology, basal-type UBC with squamous
differentintion were strikingbr enriched in pSTATZ cases: (0 = 1010 100%:; Suppementary Tobles
52 and 53} Taken together, tese dota suggest that in MIBCs, pSTATI expression Is & strong predictor
of basal type.

2.3 Pergistent Actimation of STATS Pramwle Survion, Preliferntion and Tueasor of Srssl-Type DBC Cells

Given that basal-type MIBC frequently display STATS activation, we fested the expression of
PSTATY and swrrogate markers of lasal aned luminal types in four comenercially available LTBC call
limes, 5637, HT-1376, BT4 and T24, respectively. To this end, THC was parformed on tumaer sediions
ahtamed from in vivo :-pa'mﬁnfl;: {after im]:‘lnn'laﬁr,q'lnf LIBC cells in h'nMUnn-;m'nth.had n‘du]-

All cell Hnes grosy progressively aller suboulsnecs iransplantation showlng a moiphology
consistent with UBLC and cbvioes squamous differentiation (limited to 5637) {Figure 34 and nset).
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Figore 1. pSTATS pxpression 18 enriched in MIBECs Seclions are from UBC LGPBC (A DY MMIBC
(EE} arsl M 1, F) represeniative coses and sained oz Inbelled. A significantly increased namber
of tamor miclel expressing the phospharylated forms of STATS s observed In MIBCs Magnification
2K, Scale bar = 100 pm. Sections are countersiained with Meyer's hematooopling In {G-Ly, graphs
[Husirate the percentngo nF'FE'T'.l'I.mmd pSTATY razes in bladder nm-plumt pub-pmtp.@d fore
histalogy type (G LL pT (HKL stage (1) nedal inwalvemnond ([l Chi-seuaes beat wim used for all
wlatiaticsl snalysis * po 005, * < 00T, " [« 0001
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Figure L pSTATI expression s enriched in basal UBC. Sectbhans are from human MIBCs (A, 1N and
stnimed as [abelled. In (AL rnpmnﬂuhml]muﬂ;nﬂ.rmﬁ'pmlmw ns tndicatied
by labels) magrdfecation 2K, Soale lsie = 100 pm. In (8] & schematie oopresentation af the [HC
algorithm used for the classificgtion of lamtnel end based coses is illastrated. Bans] and luminal cises
apn calkd basid on the variehle conshinations af hismarkess m scored using a three-tiered score
irwdicated by colar-codes. In (C) the graph (Hustrates the frequency of pSTATH pSTAT* cases in
luminal, basal and nan-type MECs, Chi-guane sl wis wsed Tor slatisical analysis | p < QIR
In {0 doubde THC staivdng Hlustrale co-expragsion of pSTATI (brown) widh besal snd himinal
markers {lug) bn & represoniaive heal, laminad and nor-type MIBCs cosis, Artowheods indicabe
reprusentafive double positive cells. Magnification 400=. Scale bar = 50 um. The latter finding is af



Cavirrrs 1319, T2, K210 &of M

imborest aliwcy STATA activatbon jn LUHE has bemn sssocistigd wilh squimaus differeidiniion [14)
Sipplementary Tables 52 amd 53], Sublype prafiling af UBC il lines was performed usng the hesal
biomarkers CES%, CKid, ond lomine] biomarkers TR0, UTER. Basal and heminal morkers swere
strongly irdoced wpon heterainple ransplantstian inovive, Indeed, 5057 and HT-1376 wenografes
revealid 4 basaltypo pr-uhln,.Tid ok serre nom=bypo, whieneas RTd ool ware Ll.nlquu-.l'ul' Uhiedr husmisal
pritfile (Flgare 340 pSTATS axprassdin was sirang in e tressplandied hasal cell Bres 5637 nrd HT-
1378, bt vury [imited in BT4 luminad cells arad T24 cells (Figire 63

This suggests that a full basal or luminal phenatype might partially rely on signaling from local
eytokines and growth factors. Accordingly, pSTATI & regulacly expresied in the human fumes
microanyironment LIBC (Supplementary Figure 52, Partailarly, in basal-type UBC, indothellal cells,
siromal (EhA+ cncer associated fbroblast) cells and fmernme cells (inchuding COUE3 macrophages,
CO3+ T-colls and CDgth+ newtrophils) resct to pSTATI (Pigure 30, Supplementary Fipume S4),
whareas in luminal-type UBC, pSTAT3 was limited to endothelial cells, rare T-mlls and some
mneTopies.

The basal-type 5637 coll lina showed an increpsed proliferation rate compared with luminal-type
KT {Supplementary Figure 55A) To betber dissect thee role of STATS, we performed genetic siléncing
by tramsbent STATI-specific st-RMA (si-5TAT3) delbrery. At 5 nM si-STATA showed o marked
efficiency by reducing the levels of STATI mENA and protein (Fipere 4 and Supplemientary Figune
55B}. A second 33-5TATS {referrid a=s s52-5TATS) way slightly less elfisient in knocking-down STATS
mEMA (Supplomentary Figure 55C), limiting its usage in the following experimenta. As showm in
Flzure 48, knockdown of STATS significantly redweed the wability in all UBC ol lines, Mosesves,
STATS knockdown significanthy meduced the proliferation of 5637 cells as demonstrated by Crystal
Venlet Aml.' and tetraxolivm salts-hTS Am;.r |:5u'|:||:|l.m11.=1.!:1.r_l|r ll_lﬂ'ur:!iﬂ-.

The blolopical rode of STATS In basal-type 5637 and luminal-type KT4 cell lines was also
investigated, wsing the chemical molecules 531200 (N30 74855) and TX, inhibitors of the JAK/STAT3
pathway. 531201 and BX trestment of 5637 and BET4 cell lines for 24 h oresulted i impaired
phosphorylation of STATI (Supplementary Flgare 57 by Immunoblotting analpsis. In additlon, a
531-30 dose-dependent decrease of the cellular viobility of all UBC call nes was abserved afterd8 h
of rentmenl. This was particuladly evident in he bazal-type 5637 cell line with an [C50 123 uid
compared fo the luminal BTE with IO50 of 80 pM {Figere 40), By using Pacific Blae™ Anmewxin
WVISYTOX™ A ADwvanced ™ assay on 53200 treabed cells, we could deled] an inereased percentage of
mecrabic cells in basal bype 837 ve fumidnal type BT (Figure 400 and Supplemmtary Figure 58), In
eddition, the effect of STATS inhibition on lumes ol profiferation. wos monitored by BrdU
incorpomtion after [LG stimialation, The basal-bype 8637 cells show a significantly reduced resporss
fo [L& stimulabion after STATS inhibition, greater than luminal-type BT4 cells (Figure 4EF and
Supgplerentary Figure 59), Many of the STATI upstream kinnse [nhibitors hove demonsieatec
I':Eﬂl::f in cances, :I‘I.IEEI:'EH:I'I.E' a ﬂ'I.IH?PB'I.I'HI.' wimdonw for ..‘TTA’I?-::I.:'pl,-n.dmt T, Ta L':Il.'pln.r::l this
option, in UBC, we used BX, 2 potent JAKLJAKZ Inhibitor approved for the teatment of
mbermediatofhigh risk mopelofibrosis [23] The BX treatmend significantly reduces the proliferation
rabe of UBC cells after IL6 stimeilation (Figure 4EF and Supplementary Figuns 55),

STATR pctivation regulates stromal Invasion by modulating genes as TWIST, BNALL, MME,
FOSLL Remarkably, increased pSTATI expressiom i clinical samples is associabed with stromal
invasion and Jocal progresalon bo MIBC (Flgure 1 and Supplementary Table 51). Tio lest tie rodo of
STATE activabion m invasion, o cedl imprasmom asEay was ;wfm'mnd E}r u.m.n:g' MI:II!'.iEL‘Idﬂ.'IﬂHIﬂ
Lranawells, Under these experimental conditions, Uhe basal-type 5687 celle showed an ereadad
invasion capability compared to luminal-type BT4 cofls {Figure 465), that was stgndficantly reduoced
after genctic knockdown (s5STATY) or phormacologicnl blockads (S31-201) of STAT3
{Bupplementary Flgure 5100 ps well a= by trontment with BX or s-TAK] (Flgwee 4H.I The effects ol
JAKD silencing on STAT3 phosphorylation ane shown in the Supplomentary Figone 511,
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24 STATE Kignatury Predicts Hasal- Ty LIBC natk Poor Progmosis

PETATE modulates a large set of genes involved i biological processes affecting Fully
transiommed concer cells and their precursors [15] Using o Pubmed search we identibied o st of
largeiy validated STATA targets (Supplementary Table 55} The STAT2 gene signature was bested in
the basal-type 5537 cell lme and the luminal-type RT4 cefl line, Usig ocll starvation with low serum
(1%, the basal-type 5657 ool line showed an increased level of sumerous STAT3 targels compared
tor [emimal-typo BT4 ooll line (Figuro 54 and Supplementary Table 56), Among STATS taraets, TLG,
LB, BYC, FOSLL, TISE, TWIST, SMAIL BCLILI, MCLI, BNIFS, BIRCS, T4, KRTL, MMPP1 and
MMP? were significantly oner-expressed in the basal-type 5637 compared o the luminal-type RT4;
conversedy HIFLA and FOS were over-expressed in RT4 colls,

To further define the lst of STATI modolated gene in the UBC settng, the STATS gene
signature was ilse obtained after genetic silending wsing sH5TATY. Compared with s-RMA-
scrambled, si-5TAT? significantly modulated FOS (FC = 0,57, FDR = 0.02), FOSLI (FC = 0,60, FOR =
(il ), WECLL (PC = 087, FOR =0.001) and KRT14 {FC = 0.3%, FOR = 0.02) in baaal-type 5657 colls: MY C
and MMP1 were abo affected, but did not pess the FOR < 0,05 threshold. On the contrary, only the
HIFLA pene was significantly modulated by STAT3 [FC =11, FDR = 0.0006) o the Juminal-type KT4
cells (Figure 58 and Supplomontary Table 563 A more limited fraction of STATI modulated genes
wis affected by =-5TATI in the Emrmll-ﬂ:e HT-1376 cells and in the nom-bype T2 cells
(Supplementary Table S8). Thest fndingy indicate variabitity within bagal-typa UBC 40 modulating
STAT3-dependent targets. We thus expandied osur analysis in siliop and tested the dinical melevanoe
of the STATS gene signature in public available dataset on the transeriptome analysis of large UBC
cohoris. To this end we used the TOGA RN A-seq datasel confnining 388 LIBC samples [%], Targets
within our STAT? sigrature showed o significant level of correlation (Figure 5C). In addition,
clusterlng anakysis showed thal gens belonging to STATI signafume weee signlficantly ower-
expressed in basak-type UBC (Figune 500 a5 praviously shown by others using 2 more expanded gene
Ie=t 1]

Using a regularized logbatic sepression moded on o subset of the somples (tralning set), wa
identified BIRCS, CDd4, FOS, FOSLT, HIFLA, KRTI14, MMPS, MYC, POUSFL, SMATL, 50051, 50053,
STATS as the best predictors of the basal-type UBC with a best st aocuracy of 0,94 [C1 95% 0.53-0.948),
gensitivity of 088 and specificity of 057 (Supplementary Table 57, Supplementary Figure 512)
Ao thise, BIRCS, CO44, KRT14, MYC, S0CS] and STATI were the more stable in e Lasso based
variable sebection, and a model restricled to these features achieved a high accuracy (091; C1 95%
0.85-0.96) on the validation set. Applying the same procedure tn an external independent dofnset
(EEER2E04) [12), wie condirmmed the predictive power lor “basal-type” of he signatwne achieving a .53
accuracy (1 95% QLA9-0L36;, with (.84 sensitivity and o 0,95 speclficity.

We thus fested the clinical relevance of the STAT3 signature in the TCGA dataset. Using
univariate Cox models, we [dentifled the following genes. bBelonging to STATS signature, to be
significonily assoclated o 2 worse overalll FOS, FOSLL, KRT14, MMPS, MYC, POUFSF]L, SHNAIL,
SOHC53, STATS, TWISTT and marginally VEGEA (Supplementary Table 58). To evaluabe prediction
performancs of the STATI signatwre in twems of overall supdval woe fitted segularized Cox models
wilh Ridge penalization both on the whole signature and on s subset of genes selected vin boolsirap
[FO5, FOSLL, IL16; MMEP1, RANOG, POUSFL, SOCS51, STATS, VEGEA)

Cross-validaed Brier score over a three-year period cvaluated on training set showed o slightly
better performance of the gene signature compared o a null model (fo genomic information)
{Integrated Drier Score, TBS, 0164 wa. 0180, 8.5% reduction, Supplementary Figure 513A) This was
cmfirmed on the test set (TBS 0170 s, (0,174, Supplementary Figure 5138} To illustrate the
distribution of 05 given by the different prediction models used, conditional Kaplan-Meber estimaftes
vy penarated both for the training and test sat.
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Figure & Subtype profiling of UBC cell lines and charactestzation of pSTATH+ cells in the
microcnrarment of LR (A) Secthons are fenen 5637, HT-1576, T34 end BTE maisg senopgraits and
stalred s Lebolliad. Magnificaibon af THC 1009, Seali Bap = MK p, In (B sociians are from wseoopralts
of URC coll Hrws ataleved for plussphosylobed STAT3 (pETATIL Steong ond diffused expressen &
observed in 5637 onad HT-1376 cell lines; mupﬂfuﬂmm.ﬁkakhr-lmmln{ﬂlu:ﬂuH-m
fremm n hasal-type MIBCs and lsminal-type MIBCs staived double stnined as labelled {(pSTATIACDI
T-cefis, pSTATACDIES macrophages, pSTATNCDS6h reubophils and pSTATYSMA cancer
msanciated fbroblasts; red armwheads indicate epresentative double positive ells. Magnifimtion
m:ﬂd:b.-ﬂﬂpl}ﬂghmmnlElenWImnw_m.
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Fijpare 4. STATY blockade in human UBC cell lines, After T84 b ool 5 nbd STAT2 dRMA delivary, o
significant reduction of the STATS mBERA (A} and of ilw el viabiliiy (1] 15 abseved Inoall LRC gell
lires, A dose-dependent docrease of ol viability is observed alter expostire to 531-200 {1 pbd, 10 p3d,
00 i) Frar 48 by pertieidarly in 5637 cell [ine (C). The date are expressed 23 percentage relative to the
coniral, Thw graph () shows the el percentages of apoptotic cells inocontecds and in 551200 trosted
527 cells for 24 h (EF) The yraphs showe the offects of STATY inhilstion of the pealiferation (n 5537
(E] and in BT4 [V} UBC coll lines imdiedbomesd by 8edl) meorpsration after L6 stimailation, Cells were
pre-treated with 51 b S3-200 or 1 b BX bar 2 oo oo stimalabed with LS 100 mgfmlL) for 36
By matrigel-based Invagion assay, the 5657 UBC cell line shows a significmtly higher inmvaalve
l:-ipﬂlﬂlllr (L) compared to BT4. 5321 (50 ub) ar Rusclitinib (1=141 uhd KX} pre-troatmaent lar 24 b
(H) ar geretic ablation of STATS or JAKL {1} potently fnhibited the basal-ty o 5637 el rvassan afler
2 lmall graphs the residis ane il s = 5 EM. of ibroe independent experiments, In the graphs
(A B EETLE the Crw-way ANOWA lesd wis wised for sintisticnl anabysis * p <008, * p <008, " p =
QL **4* e (WKL, B i praphe O DV and (G the Student’s tfiest was used foe statistical znalysis {*
P kG, < O0L Y p o DLO0T, === 2 006 ).

For illustration purposes, estimates are shown for Jow, medium, and high levels of predictons
(Figura 5B-H}. We identified a nearly statistically significant {adjusted p = 0.09) cul point a1
approximately the 405 quantile of the distribution of the full signaotone (Ridge), separating patients
with good or bad progmsis, and similasly for the subset stgnature (Boot Lassol, with a cut point at
approximalely the 6% quantile of the distolbution of the signoture (Supplementary Figure 51448}
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Flgure § STATI drives o uniquo geno sxpression prabile in basal subtype of UBC. STATI slignature i=
wipnificanity onrwched In basal-typo 2637 UBC coll line {n = 3) compared 10 BT cells fu = 5) da) and
e ualitiad by alidA BTATE (B). A Stuclend I-hml wes used (or sbadisticnl -:1.1|]r:i|. vl ik
Irl:l-l:]:lt'rn‘h'r'-t axpirimenita, The beakmag In (G IRstrales the pairwise coendation almchar smong
jemes in tho seected sipnature, The while back ground indicaizs a nor-signifeard (p > W05} Feorson
carrelntion cosffrdent. Twa main blocks of pesilive carrelaion are evident. ooe correlntimg FOSLL
HIFLA, ILIE, ELE FRTI, MCLY, MMPY, MYC amang each other and with SWATL SDC5], 5005,
STATA In{I¥, the beal-map with hierarchical clnsteving of the STATY stgnabure Hlustrates 3 subbype
digeriminatlan {asal va luminal) ?h:r the shgnatury, Classifcalion was performed wsing regulasined
losgristtiic mewerecsion vin elmt-nel abporiiboe Koplan-beir curves wsing all geeds of the signtune with
an L2 repuelarizaban (E-G, training set) and o genes baet selocod vin hossszrap (F-H. test sef);
survinvhl curves are derived by clisterng samples aroand Tower, median and higher values (lnbelled
oo o, medimm, and high) of the tontinuous predicior ising 2 nearest-neighbor estimate.

[n saemumiary, ot analysis suggests that STAT signahere is enriched in basal type UBC and can
predict warse prognosis, as previously proposed [24]
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L5, Expression of MYC anidd FOSLT Proteins Is Enriched in Basal-Typre UBC

T confirm and further extend our in viteo and in silico data, we investigated the expression of
selecied STATHargets on clinical samples. Tao this ond, we performed THC for the detection of MYC
and FOSL1 proteins on 42 MIBCs including 21 basal-type and 21 heminal-type cases, At variance with
pSTATI, MYT and FOSL] expression is maindy limdted to the nuchel of transformed ocoll, Muclear
WY T and FOSL positivily in tumar oells was evaluated using o four-tened scoring system (Material
& Muthod section) and cases were classified as bow (score 01} and high (score 2-3). We found that
Issa]-typie MIBCs expressed significantiy highor levels of MYC (85,7% ve 28.6% MY CHh, p= 0,0003)
and FOSLT {857% wa 19.3% BOSLIMR, p < 00001} compared to leminal-type aises (Figure 64=F)
Momeoyer, MY and FOSLI exprassicn showed astrong correlation with pSTATI levels {respectively
= 00603 and p= 0.01) (Figure 6G,H) in basal ty pe URC, Using double sequential immunostining,
we oo ld comfirm co-axpression of these two markers o a significant fraction of pSTATS expressing
tumar cells (Figure 61=N). Finally, by westem biotting we confirmed that S31-201 and si-5TAT3
;;mtmm of 3637 resulbed in reduced MYCand FOSLT protein lpvels in vitmo (Supplementary Figure

=),

Recent data suggest a relevant role of FOBL1 in cancer motility, invasion and EMT transition in
soverd bypes of human cancer [25-27). Accordingly, FOSL] regularly resulted negetive in low grade
papillary WMIBC {FOSLINS = 050 (%) although flat carclnoma in situ showed strong and
hEI:HI:‘DanEDuB E:pnﬂdhrh ir: a Fracticn of cases in=k11I; F:iEI.ITI;.' ki1 We m‘_p.andnl this observation
by testing the éxpression of a FOSL1 gene stonature both dn the TOGA and GSE328%4 datusets. As
expecied, FOSL1 signature is enriched in basl-type UBC in both datasets {Figure 7A and
Supplementary Table 55, and significantly over-expressed in MIBC compared to NMIBC (GSE3285%4
dataset), with the lowest level of expression detocted in the pTa subgroup{Supplementary Table S10).
Us]ng a rmdel based mregularim:l ]DE!'IEI: rqrzn:'rnn in the GSEA2E94 1:1:|1.=qq, we pvalualed the
predictive power of the whole FOSL signature kn classifying MIBC versus NMIBC samples. Due to
the refativily small sample size we didn't split the data in baining and test sets, and evaluited
Pl'l'.!dl.ﬂ.iﬂ'l ]:Iun‘n:utrnam:-ebused @i bﬂﬂlﬂh‘np eslemabe, m:h'm:u:inE an acouracy of TR I3% {hndnl:m]:! CH5%,
TL3-B44%), Within the FOSL1 signature, the most stable transcripts were representid by KCNIPL
MNTREL BIRCS, MTDH. DMTFIL PLAUR, VCAN, MX1 (Figure 7B and Euﬂ:lmrmtqqr Tahle 511},
When comsidering overall survival, FOSL] signature showed o pobential predictive role for progrosis,
as confirmed by a reduction, though slight, in cross validate Brier Score (15.3% vs. 18%, 15% redoction)
(supplernentary Flgure 5164, B).

The result is confirmed in the lest set (Figune 7T 0, Similaly o STATS signature, we dentifed
a marginally statistically significant cut paint at approximately the 90th quantile of the distribution
of the signature, separating patients with geod or bad prognois (Supplementary Figuere 5175

Mebukyl-Me(4: hydrosgrburynitrosamine. (BEN) & the most widely used urotholial chemical
corcinogen, The spectrum of ussthelisl lesions induced by BBN is variable, but it largely mimics the
histology of basal subtype observed in humans [7.28,.29], Thus, we mvestigated the expression of
PETATS, basal ([TKI4, Ck5/6) and [uminal (T and UPEZ) markers a5 well 25 MYC by THC i the
BaM-indwoed mouse LUBC model (Figure ). CKD) and UPEZ are exprissed by the umbrella cells
lining the normal bladder fumen; onky basal cells show positivity for the basal marker CES/a (data
vt shown), wheress pSTATS, TR and MYC resulicd regulasly negative (Figure 8).

After 22 weoks of BN exposure, normal urothelial start soquldng positivity for CKS/6 data not
shown). Upon eell transformation, o progressive increase in the numbar of pSTATI+ CK14+ MYC=
cells was obsorved from procursons b invasive carcinoma. (Figuse 8). On the contrary, transformisd
cedls showed no reactivity for the lumina] markers CE20 and UPE2 fnod shown). These findings
confirm that basal-type UBC progress to fully invasive cancer through the expansion of pSTAT3+
basal-type czlls,
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Figatre 6. BT and FOSLY expresstem ts enrichesd in bl MIBCs Sections are from hamam MIBCs of
basal (AL and lumenal {1,107 type and stained as lobelled. A significantly increased number of tamar
nucied expressmg MYC and FOSLL & observed in basal tepe MIBCs: magndfiontion 300, Senle bar =
100 . ﬂl‘ulih.n ilustraie Hupm:u.ru.agn of MYC high and loor MIBCS (B} and FOSL hluh o] bienar
MM (K aub-growped for malocular subiype, I G, H ibe prapha ilisbrabe the perisdage of pSTATI
high il Bt corses in LIBC subvgraiaped for MY (G) and FOSL (H) seare. [1-8) Sedlicns ane fom
bipsal-type MIBCs. Panals illastrate the sequential double steining of pSTATS (brossm) with MOYC (red
LI or FOSLT {red i K, L), ps lobeled. Images ore snap-shaot from digital slides at 200X magnificnion.
Cells sirongly co-expressing pSTATY with MYC or FOSL1 are highlfighted in yellow In (KM}
respectively. (MM Sectiors froen human papllary bow grade BMERC and Dol usathelinl carcnoma
b il OK P stasnod for FOSLL While FOSLT renctlvly 18 negligible in pepillany low grasle MMIBEC
avdl restriciod bo busal cefls of ghe papdline (MLN) manenous FOSLT posstive trmaformed colls o
observed in carcinoma nogita (OLFg magnificalion 300, Chi-square test was used for statistical
arafysis [* p< 005, ** p < O, **=° p< 000, =54 p < DOMITL
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A Discusaion

Recent panomibc studies have shed vew lght on the heterogeneily of urothetiol bladder cameer
(UBC]) [9-12]. Two majw molecular subtypes, namely basal and luminal UBC, have been conststently
identified In terms of genomic abnormalities, patheeay activation, immune-combesbure and clinical
behnviour. Here, we report the characterization of the role and clinical significance of Signal
Transdueer and Activatos nETmm:-riFHm-l 3 (STAT3} in basal UBL, We uncover that STATS
activation, as measured on clindcal samples using on antibody recognizing STATS phesphorylated at
the Y715 residue (pSTATD), is expressed in tumor cells and cells of the microenviTonment, oocurs i
the very early phases of mocosal infilieation and increase: over local progression bo advanced MIBC,
In addition, the frequency of pSTATI+ cancer cells s significantly highar bnothe bosal-type. LBC
compared tr:n]umi:u]-l-_',rpt. By mlhiu[.lﬁ:ﬂﬁ the [epal of STATI expression on human UBC cell lines,
wiz counld demonstrate a relevind cole for STATA ln tuesor cell visbility, prolifesation and imvasion,
Theme Biulogical activities and thetr clinical relevanos in predicting worse prognosts are mediated by
o zot of STATS targels, as identified by using an “in silice™ approach on publicly available UBC
datasets. Among STATS targets, we could validate MYC snd FOSLI af the probein level, on either
human or murine basal-type UBL. Based on a sed of additional computational results, we propose
that the 5TAT3-dependent expression of FOSLT and it downstream wnrpels marks the very carly
phages of UBC progression by modulating cell migration and inwasian,

BTAT3 [5 aberranily sctivated i & wide variety of cancers [15] and regulabes several biological
processes during cell transformation and concer progression. STATS adfivalion promiobes stroosal
Irvaskon ond cedl mdgration thus BEvouting lockl and distant spread [30], The first major finding of
this study is the identification of the mie of pSTATS in local progression of UBC. Accocdingdy, the
frequency of pSTATI+ tumeor cells is significanily higher in MIBC compared o MMIBC and positively
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cortelabes with pT stage, showing the lowost level in pTa/Tés subgroups. Furthermore, by using a
Matrigel-coated transwell system o8 in vitro assay, we could demonstrate a STATdependent by
stAA amd chemical Inhibition) imvesion capability of the 5537 hasal-tvpe cells line eompared 1o BT
luminal-type cells foes, Fnally, emong STATS targets, the 5687 basal-type oofl fine showed a
significant up-regulation of TWIST, SNAIL, MMF] and MMPS, and FOSLI, all webl-krewn roguslatons:
of cell migration and invaston [27], MMP1 and FOSL1 were also significantly down-regulated by
STATI genetic silencing in the 5537 basal-type line. OF note, in clinical practice, no nediable progricstic
markers can predict siromal and mmiscle invasion of UBC. Recenl sdvances i NMIBC taxonomy have
proposed three main subgroups showing bosal and luminal-like features with different clinical
outoomes [31]. We envisage thal surrogate biomarkers for 5TATS activation {including pSTATI or
selected STATS targets) might offer an additional tool for better prognosticathon and patient selection
b appropriabe treatment schedoles,

The secand relevant observation of this study is the restriicted expresston of pSTATS m basal-
type UBC comparsd o the lominal-trpe counterpart. pSTATA actwatbon has been aloeady
documentid in basal-type UBC by waing transcriptomic analysis [10,14.32]. Hem we mesabved this
isz mt the strgle coll level by ustng inmunohstochenmstry. We found that mrichment for STATS
tatpgets in basal type UBC, a5 measured by transcriptome analysis is parableled by a significantly
increased fraction of cancer cells expressing pSTATI+ in basal-type UBC The tumeour initiating cells
in UBC display a bagal phenntype [19,28,33] In the basal-type |25] BEN-indwced UBC murine model,
we found thal STATI phasphorylation oanes carly in UBC precursers and is acoompanied by co-
cxpreszion of basal cytokerntin and muchear BMYC 1L shoubd e reminded that STATI regulates the
expression of many basal cyiokomting [15), In human UBC samplas, the expression of basal and
luminal markess Is heterogeneaus {{31] and this stedy) and a set of luminal-type UBC combaing a
minar fraction of pSTAT3= infiltrating fumer colls o-expressing basal markers.

These findings might suggest thal STATI+ tumor-initiating cells might also continuously fuel
tha differentinkod compartment of a fraction of luminal-ty pe UBC.

In this seenarin, the dominant phenobype of sach UBC case likely depends on the co-ooourring
penomic background of cancer cells or on the micsosnvironment contexture. Within the group ol
basal-type. UBC, those with squamous differentiation, as defined by mocphology, display an
apgressive phenabype and show the highest level and frequency of STATS activation [14]. En keeping,
thix humian 5637 cell Hre undesgoes alwilous squearsows dilferentiabion coupbad witly high STATI
activation upon in vive transplantation; in sddition, UBC cases with squamous difforontation in our
MIZI'D.!FIEEH\'E cibort ll'Liuri.n]:llr remudbed STATINS, Based on thes .EI:I'I.I:'mE_. Wi DR that, in mest of
these cases, STATS activation cooperates with obher pathsways bo cotmmit basad cell progesdbor toward
squnmusies cell differentiation [24], As measured by the gene expression profile, a large fraction of
STATS targels is up-regulabed in the basal-fype 5537 line compared fo e uminal-type BT Further,
by genetic silencing of STATA, we could significantly down-pepulate FOSLI, FOS, MCL1 and KET14,
To defire clinically relevant STATI targeds, weinterrogate the TOGA and the GSE1IZE UBC datasets
[9,52], This approach confirmed the identificathon of a set of STATS largets kighly predictive of basal
UBC, These indude STAT3, BIRCS, CDdd, BOCS], MYC, KRT14 among others, In addition, the
analysis petformed an the TOGA datesel showed that the expresion of STATI targets hod some
potential progrcstic value, thus suggesting new biomarkers of clindcal refovance for the identification
of aggressive UBC cases. Previous annbysis, als using a different STAT3 signature, proposed a
similar findirg [12).

Among relevant STAT? argets, wa validated the expression of MYC and FOSL at the protan
hewel, It oy retrospoctive cohort, s significantly higher fraction of MYC+ and FOSLT# tumor cells
wiere detecied in basal-type UBC commpared to luminal-lype (Fpure 6 Moreoves, the expression level
of both targeis correlates with the level of pSTATL Accordingly, by ‘using double sequential
imumanastaindng, a significant fraction of STATS lumor cells in o setof basal-type MIBC co-expressed
MY and FOSELL The pro-tumerigenic role of MYC n UBC has been allmady proposed [35]. While
the MYT gene i amplified in @ small fraction of aggressive UBC, its over cxpression at the protein
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leved is rocurnemit [36], particulacly in the besal group (this study), this suggesting additional
mechnnizms of OVEr-EXPreSsion,

STATHInducsble elesments have been idontifeed in the pramoter I.'EE-!:I'I. of hurman FOSL] gune.
Mareover, chip-PCR analysis showad that STATS bind directly the FOSL1 gone proemiber & cincer
cell Hies stimulated with ILG [26]. Eecent data suggest o mefevant rodo of FOSL in cancer maotility,
inwagion and EMT transition in several types of buman cancer [14]. FOSLT promotes umor invasion
of triple negative breast cander [37] and & cfficiently inhibised by the muluple kinsse inhibitor
SKLB&LE [38] The rele af FOSLY in UBC i still largely unecplored, T has boen proposed that POSL
conitrol the motility of bladder cancer colls via transertptional up-repulation of the receptor tyrogine
kinase AXL [Z7], which is also ivolved in squamous cell carcinoma growth through c-[un activation
[A%]. FOSLY & also regolated by miRRA-34, & miccofMA with & key role in cancer stemmess,
metmstadis and chemo-resistance [39]. In our cohort, FOSL1 protein expression regularly resulted
regative in TaTes MMIBCa. Accordingdy, FOSLY targets are significanty ap-regulated following
strgeminl and muscleinvasion in UBC clinical samples; as testifsed by the inberrogntion of the GSEI2504
datuset. Among the latter, KCNIPL NTREZ, MTDH, DMTFI, PLAUR, VCAN have boen clearly
implicated in cancer Invasion and melastass, OF note, FOSLT+ cells were recurmendly detected & flat
caftinams in sihe suggestmg that its mle could be mwesiricied to CIS-MIBC tack. Finally, FOSL
exprezalon and its target predic poor overall survival, All these findings point toward n oo of FOSL1
a5 major STATRdependent agulator of stromaal mmd rrascle nvasion in bogal L,

In summnry, data from this study proposs that basal-type UBC and their precursors represent
candidates bo STATS blockade. In the UBC micioenvitorunent, pSTATS is also expressed by
endithedial colls as well as cancer associntnd ffkroblasts, macrophages, reutrophils and T-cells. On
the contrary, MYC and FOSLI are restricted o cancer cells, This differential. pattem of expression
suggests that in UBC STATS activation might rely on genomic and eplgenethc abnormalities (limited
to cancer celis] a2 well as on ligand dependent activation of cytokine and growth factor receptors (on
cameor celis and cells of the microenvdonmentl Among the latter, [LoE, BGFR and FGFR dhould be
considered, with some of them already targeted [40]. The blockade of the STATI pathway at a
different level might thus benefil from combined approaches, spproved or under imeestigation [1B],
targeting cancer cells and the ooll of the microenvironment. It should be restated that resistance to
STATS blockade in many cances Lypes can be doquiined by MEE activation, suggesiing combined
STATHMEK inhibition. UBC are also responsive to check point Inhibitors [41]. However, only o
lismtbed  Fractaon ol n!-.ipnrdu can be identfied nprl:n:m!. B.uﬂl.-l;ﬂ:u:- LIBC with FOUATES
differentintion contain dense T-cell infiltration and express CDZ74 (PD-LY), thus sugpesting
gusceptibility be FDPD-LY inhibition; howeves, cccurrence of an EMT sigmature on stromal oolls has
showen & dotrimental effect in this subgroug [42]. Motably, STATS jand FOSLT) blodeade might relieve
emmunoseppression and reverse EMT providing a strong rational for combination therapy with
ke checkpoint Enbibitors b the STAT3+ basal UBC

4. Material and Methods

4.1, Parienit Timees amd Corlinls

Formalin fixed paraffin-embedded (FFPE) LB and control blopales wese metrieved from the
ardtive of he EI-EFIH.:'I:MEL'LI: al I"a.ﬂ'lnlnﬁr. ASE.FEFHduli Elllil.i-, Brescia, Ir.L'I:,r. This I.'I'.'lTl,'lFFH:’l;I‘]ﬂ l'.'l.ldj'
was sanduded in complinnoe with the Helsinkl Declaration and with policies approvied by the Ethics
Board of ASST Spedali Civili di Brescea (TRB code: NP 2483/2016 to WV). Blopsies from 2000 to 2016
wre raviewed and classified according to the Woeld Health Organization {WHO) histedogic grading
systeen |43 and staged according to the TNM staging system [#4]. The coborts consisted of diagnoatic
biopsies from 104 NMIBCa {stage Ta, Tis, T}, and B3 MIBCs (stge = T2); 140 patiends (51 NMIBCs
and B9 MIBC] underveent cystectamy, Clinkcal foflow-up data wore retrievod from the Departesenl
ol Uml-:-g}l ASST Slpl!'d..hH Caivili di Breddia. Besed on the clinical behaviopr, I‘liEh Emdf MNMIBCs woro
alen divided info two groups incheding a groug shith stabls disease (Ta, Tis, T o =53] and the sesond
group with histological progression to muscle-invasive disease at clinical follow wp (T2 0 =26), The
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control group consésted of five patients presemting with blasdder dysfuncibonsl diseases amd showing
histologically moemal or reactive urothelinm {WLT). pSTAT? expression was tested in biopsios
obtained by endoscopie trassurethial resection (TURBT) tmmediately Bomalin-feed for 14 b
IClas=z fication of MIBCs inda luminal and basal sublty pes was performed as described below in dotails
Exclusion criferin mcluded any trestment before diagnostic biopsy and  ocourrence of other
malignancies, Darmographic, histological, and clindcal fndings are summirized in Supplirmmtary
Tabbes S1-54

4.2, Imrnarofeirtockerastny (JHC) mad Inenrrecytodenstey (100}

Four-micron thick FEPE sections were obtained from human Hssue biopsies (netrospective
cohore) and tissue blocks cbtained from xerograft of hurean cell lines and BAN murine modet, Heal
mmedinked l.|‘1I'jE-|:n rebrieval was F:dnm'pd I 2 MICTOWaVE Oven Enﬂnﬂﬂ'ﬂ:ﬂ.ﬂ Fm'mlid.use ad:i.uil'_l,r
wias quenched using 0.23% hydropen peroxide {Sipma-Aldidh, Sakni-Louis, MO, USA) dilubed with
methanol {Sigma-Aldrich). ARer washing with Tris-Buffered Salire (TBS, Sigma-Aldrich} solution,
alides were incubated sith the |:|r.i.|'.|'|.|'.|.rl|.lI.rl]:il:lvl:m:l:fI far 1 hoat mom mFEthmn‘dmvulnd b}raﬂ}
min fnoubatin with 8 horseradish-perosidase polymer {Erveistons Bual Link System, Agilent
Technobogies, Santa Clara, TA, USA, or Mavolink Polymer Dietection System {Leica Biosystemns,
Watzlar, Gl‘_'r.n'l.h.l:'l_'lr}.. fallowed I:'.T' 3 3 -diaminobenzidine [Leiza) as I:]'l'l'n:lﬂnﬁl‘:ﬂ. Bections werd
conmberstained with Maver's haematoxylin (Bioplica). For double stainbng, afber cormpleting the fest
e redekivn, the second reaction was visualised using Mach 4 MR-AP" [Biocare Medicl,
Concord, CA, USA), followed by Ferangl Blue (Biocare) as chromogen, Primary antibodies are
reporied v Supplementary Tablo 512, pSTATA. CERG, CRi4, CE20, MYC and FOSL] stalning wera
evnluated by o semi-quonditative method using the following soore: scare 5 5% of positive umos
cells: soore 1 = 5-20% positive tumaor calks; scome 2= 25-50% positive tumor calls; and sooee 3 = 5% of
positive lumor cells {Supplementary Figure S1} Muciear reactivity on endothelinl cells represenbed
an internal posithve conteod for pSTATS expression [45], For 83T and POSLY stain wilh an Sobype
control and omission of the primacy antibody was performed (Supplermnentary Figure 518), For UPEZ
& bower cul-off of positivity was used as follow: score 0 = negative; score 1 £ 10% of positive fumoe
cedls; seore 2 = 1-25% positive tumor cofls; score 3 = 25% of positlve tumor eells, as this s a highly
spectlic marker of berminal urothelial differentiotion [46],

Dooble sequential immunostains were performed on three cises of bosal-tvpe MIBCs. Brieily,
the first reaction is delated aftor fisst chromiogen de-stain and stripping, The antibodies for the firt
imumune reaction (MYC and FOSL1) were seveabed uaing Novalink Polymer and developed in 3-
aming=-Fethyloarbazole chromogen (AEC) counterstained with hasmatowylin and  covee-slipped
uslng gelotine The slides were then digitally scanned wsing Aporio Scanscope C5 (Leia
Miycrosystems), After cover slip reimovil ABEC was washied oul and the slides wiere ehabed wsiing a 2-
heercaphoethanodE05 solution (20 mi 10% wiv 505 with 12.5 mL 0.5 M Tris-HCL, pH&8, 675 ml
ultra-pure water and 0.8 mL 2-MEL Sides were subsequently incisbated in this solution in o shalking
water-bath pro-heated at 56 °C for 30 min, Secthons were washed foe 1k in distilled water, Alies
unmasking in microwave, pSTATI is revenled in 33'-diaminobenzidine, counterstained with
haematoxyling cover-slipped and digitally scanned: The twe digital slides were processed using
ImageSoopa, Sides were syncheondesd  and corresponding umor arcas woene aken wsing the
snapshot and processed using the counter toal.

4.3, Ansigritiipd ln IBC Seifrtipes

Thi classifecation of MIBCs fnto subtypes was performed on LIBC TURB by [HC using o four
marker parel composed of CESS (basal marker), CK14 (bazal marker}, CEI0 (lumdnal marker] and
UPKZ {lumbmal marker), a8 indicated by gene expression profiling [9-12] and THC [14,3247], We
developed an algonthm based on predomiinant marker expression (Flpume 18}, Aecording to this wa
classified MIBCY 2= “basal-bype™ when expressing i} high CKS/6 or CE14 {sooire 3) or () moderate
CERG and CK14 exprossion (soore 2) i e absenceflow level of luminal markers {scone 0-1). We
defined MIBCs as "Tuminal™ when expressing §) high CEX) (scome 3) or UPE2 (soare 2-3}, oF (H)
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moderatefbow CXE) and UPK2 (score 1=2], with only absentfocal basal markers (score 0-1), Cases
outside the abowe-meniboned criteris wers classibied es “non-type”. Subbype human MIBCs cell lines
(HT-1376, 5637, T2 and BTY) weree defired wsdng the same THE pamal. THC statndng was ovaluabed

by esfimafing the perorninge of positive tumor cefls,
i BAN-toiese Movdel mid Xemoginft Movdels of Hipnnn UBC Celf Lies

The organ-speciiic carcivopen M-butyl-M-(4-hydnoxybudy [l-niresamine (BEN, con Mo, 38061,
St Aldrich) has been given in drinking water (0U05%) for 22 waoks to eight-week-old wild-type
1C5?Buﬁ}f&mukmjtetn-1ﬂ.ﬁ1ﬂ1EEndd‘ﬂuerperh:mh] Pmmim-e, bladder have been
explanted, formalin flxed and paraffin-embedded for histology evaluntion. BEM-induced pathodogy
was clasaifiod as provicusly reported in hyperplasia, earcinoma i situ and infilizating carcirioma [ 23],
THIC staining for pETATI, CES'S, TR0, CEI4, UPE2 and MYC were performed as indicated abowe.
For senograit models of human UBC cell lines, six-weok-old NOTYSCID mboe (Envigo, Udine, Ialy)
it Inocialaded 5.6 h'rhh-lllr:dmml&'l::l‘.u]ﬂm‘lkMmﬁﬂimthn'HEEIEMEEEFLHFHE.%mrmdﬂ
th walwmie of 500 mm® turmoees wore exclsed, formalin fixed, and paraffin epnbedided for histology.

Animal experiments were approved by the local animal ethics commities and were performed
i accoedance wilh national geidelines and regulations. Procedurss imvolyving animals and their eare
conformed with institutional guidelines that comply with notional and international Inws and
policies (EEC Conereil Directive 86/609, Of L 358, 12 December 1987} and with "ARRIVE” guidelines
{Amimals iy Research Repartisg In Vivo Expotimenits)

5. Cell Cultures

T (ATCC® HTBATM), BT4 (ATCC® HTEZTM), HT-1376 {ATCC™ CRLI472 TM), 5637 (ATOC®
HTBY¥TM} cell lines were obtulned from ATCC-LGC Stndands Repositocy (Rockville, USA). T24 and
T4 cells woore maintained in ATCC-formulated MoCoy's Sa Medium Modified (cat, no 266004023,
GibeoTh for Life Technologies— Thermo Fisher Scientific, Waltham, Ma, USA) HT-1376 el were
calhured in ATCC-Formulated Engle’s Minimum Essential Medium {cat, Moo 110952080, GibooTHW),
5637 cells woire mainialned in ATCC-formulated REPMITGE0 Medium [cat. Mo, S10491-01, GibeoTh).
All medin were supplemented with 10% fetal bovine serum (FES) (cat no, 50015, Blochrorm, Berlin
Gcm'l.un].':l,. 1% E'u:li:l:ll|i.h.|"_"rh.1.-pﬂ|:|m}l|:in {eat. Mo, 15070063, Eﬁl:lm'.l.'h(j, and the cells were cultured ot
A7 and 5% €0, The cell lires were thawed and o least three passages were performed before thetr
use; celdls were pagsed af 1% confluency, The cedl lines resulted Myooplasma free by routine testing
using Univiersal Myooplasma debection kit (eal. Mo 30-100ZE, ATCC).

4.6 Cheraical Jehifbitors

a0 (MNSC 78859, cab. Moo 51185, Selleck Chemboals LLC, Houston, T, USA) |5 & potent
inhibsitor of STATS protein dimeriztion with an ¥C50 of 86 pM and significansty lower affinity for
STATI and STATS prodedns {17), 53200 was re-suspended m DRSO and used af the concentralons
o 1, 183, 50, and 100 M, Bwocditinab {TNCBIBE24, cat, Wo, 51373, Selleck Chamicals LLC) s o pobent
sedective mhibitor of [AK] and | ARZ, approved FOW for climicn] use, with an [C50ad 3.3 nh{/Z.8 nh
{enzymie assay) and 130 Hmes more selective for JARDR than JAES [17], The inhibior was ne-
suspendeid in D30 and ussd at the comcentrtions of 1 and 10 pd.

47 sl Dalirery

STAT3 (Genbank accession n® MNM_1392762, NM_313652.1, MNM_008153) knockidown was
ablained using two STAT3-specific siRNA namely si-5TATS (assay [ 5744) and si2-STATS {assay [T
5745). As control was wsed the control serambled sERMA (oo, o 43908460, obtnined from Ambion
[Thermo Fischer Scientific, Wnltham, MA, USA), Lyophilized siRMNAs woro reconstifuted acoording
hey pnnufacturer inddroctions, mixed with 1.5 pL of Lipofectnmine® 3000 Transfection Feagent {caf,
Mo L0005, Erewltrogen™ for Therme Fischer Solontifich in seruem free Opti-MEM {cnt, Ko, J1985-
062, Gibea™) and delivered to the cells [S0,000-70,0000well} at the final comeeniration of 5 ndd in
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complete culture medium. For longer slencing, cells were exposed to a second dese of the same
s A and incubated for additional 72 b Efficiency and specificlty of s-STATS was monltored by
realdime reverse iranscripiion-polymerase chain reaction (IT-FCR) and western blotting.

4.8 Western Bloflimg

The intraceliular levels of pSTATS, STATS, POSLL MYC and actin proteing were determined by
westemn blotting, Cells were washed, resuspended in RIPA Iysis buffer {cat. Mo, 85900, Fierce,
Thermo Fischer Schentific} with a Protease Inhibitor Cocktail (cat. No. 78440, Sigma-Aldrich) and
sodium orthovenadate {Na3VO4) (cat, No, 450243, Sigma-Aldrich), and kept in bce for 10 min, After
20 mdn DEeri'.I'.'Lr_q;uL'in'n al ].'I,D:IJE' &t 480, the supernatant was collested, and Prmuin concentraison
determined by Bradford assay. A total of 20 pg of proteins were loaded an 4-12% NuP AGE® Bis-Tris
Mini Gelz {cal. Mo, NFO335, Invitrogen™, Thermo Fisher Scientific] under reducing condition and
transforred ante a PYDF membedne (cot. Moo LCPNE, lnvitrogen™, Themmo Fisher Scentitic).
Membranes wera incubated i the blocking solution 1% BSA {cat. Mo, A3059, Sigma-Aldrich) in T-
TBS (T8S, 0.05% Tween 20) (cat. No, 28380, Invitrogen™, Thermo Fisher Scientific} for 1 h at room
tmporature; subsequently sembrone wis exposed to primary enbbodies diluted o blocking
soluticn, for 16 hoat 4 °C, Primary antibodics ana listed in Supplementary Tabde 512, After washing in
TEET, thit Bok were byeubaked witks the aFPru]jriph: :4'£|:|:|1'|.|1:1.'|'_:fI amtibodies {anti .Rabhit cat, no. =
2077 Santa Cruz Biotechnology, Inc, Dallas, TX, USA, or anti-Mouse cat. Moo 7078, Cell Signaling
Technology Inc, Damvers, MA, USA], conjugated with horsemadish perowidase for 1 h at room
ternperature, Inmunoresclive proteing were delected by SuperSignal ™ West Pico Chemilumnssoent
Substrate {cat. No. 34577, Thermo Fisher Sclentific], visualized by autoradiograply.

A9 Awalysis of Cefl Viability, Apopesis s Prolifeeslion

To evaluate cell visbility, cefls wene counted for trypan blue exciusion using Countess® 10
Autoimated Cell Counter (Invitrogen™, Thiermo Fisher Sclenlific), Experiments wene pesformed at 43
h or at day & after STATS inhibition by dwmical inhibitons ar genetic silencing respectively.

For cell death quantification, cells treated for 24 h using 530-201 inhabitor wene trypsimized,
washed and re-suspended in comiplete medium, Coll apoptosks was nvestipated by Pacific Blue™
Annexin VESYTOX™ AADvanced™ Apoptoss Kit, for fow cytometry (cat. No. A35136, Thermo
Fisher Scientifich, followlng manofacturer's Instructbons, Facific Blhee™ Annexin YSYTOX™
AATWanced™ emissions were anabyzed by Row cptometry using a MACS Quant Analyzer (Miltenyi
Blotos GmbH, Berglsch Gladbach, Germany). Data were analyzed wsing Flow]o, LLC {Ashland, OR,
UEAY,

For cell pu'ultl'umlh 1.|.er3 Brdld 'n'||:|:|'|:|:v:l':|:i|:|1'|I cells swere plpu:d o Elm in |;l;q'r||;|l|:t¢ rmed i
After starvation in 05% FES conbalivmg medium for 24 |y weare indicated cofld woere pre-Lreabed with
50 prhd 531-201 o 1 phd BX for 2 hand then stimulated with L6 (100 ngiml., cat. No. 200-06, Peprotech)
for 381 Mon dHmulabed cells were culhered in0.5% FBS n:u:ltlin:lqE mgd iz, For BrdLS i.r'.|-|;.|::annl:u:uI:':n'l1
colls wora pulsed with 100 ubd Bedl (Sipma-Aldrich) for 30 min ab 37 *C. Cells were washed hwice
amvl fixed in cold 70% ethanod for 5 min a1 room femperatune. After washing, cells were incubated
with 1.5 M HUCU fer 30 min ab soxen temiperature. Then, cells were waghed and incubated in FES
contaiming 1% FBS (blocking baffer) for 60 min and Incubated with anti-BrdU (Bue20a, cot, Mo 5392,
Cell Sigraling Technobogy, diluted 1:1000) for 16 b at 4 *C. After washing, celks were incubated with
goat anti-mouse 1gG Flab’)2 fragment Texas Red-conjugated [cal. Mo, SABIFI38, diluted 1:500,
Sigma-Aldrich) for 30 min at room temperatune,. Cells were washed in PES several Umes and
s ledd with l"':h‘.'lLl:rg Gald antifade with DAL {cat. Mo AS571 IJ'r'f'IlrnE;r:n.T":L Flinrescence III'IiSH-
were caplured by using 8 Ledca DMSN0 B sucroscope. Imoge enalysks wios peclormed by using
Imape| soltware, For aoll proliferation after cell silencing, modk and silenced-UBC cells (10,000-
0000 well) wese plated In 96-well plates and allowed o sdbere ovemight tn 10% FBS complete
medium. The next day, the madium was meplaced with fresh complete medium and calls were
cultuged for Bve days For the colony formation sssay, calls wers fxed with 4% PEA lor 15 min ard
stained with 1% crystal violet for 10 min and wash with BCH waber; delesd colls wire incubated with
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10% ncetic acid to solubilize the crystal violet, Absorbance was read at 590 nm. Altesmatively, coll
viability was evaluated using the CellTier 96% AQweous One Solution Cell Prolifyration Assay,
contzing  the  3{dS-dimethylthiagnl-2-y[-5-{3-carboxymathoxy phenyl|-2-(£-sulfophenyl)-2H-
tetragolidm, maer selt, MTS (ea. Noo (3583, PmmeEn]. .a-n:nrdl.nﬁ to the marnafachurer's instructione

420 Qrevatiintroe RT-PCK (@R T-PCRY

mBENAS tarpets were quantified by neverse trinséription-polymerise chain reaction (qRT-PCR)
apsy wwing the StepOreflus™ Real-Time PCR Systems (Applied Biosystems, Thermo Fisher
Letenmiific), Total EMA was extracted Fom MIBCs celis |:|:|r TREzol™ [15396026, Invitrogen™, Thermo
Fisher Scientifich. The cDNAs were symthesized by SuperSeript® VILO™ Master Mix (11755,
Inwvitroyen™!, Therme Fisher Scientific) from 1 jig of iotal BMA, na botal eolume of 20 ., Cne pl, of
the cDMA synibesis reaction was used for te specfic amplification of the target transcript and of the
Hypoxanthine-guaning phosphorbosyliransferase 1 (HPFRET1), a5 normalization control. The PCR
was performed in a total volume of 20 gl at 50°C for 2 min, 95 °C for 10 min, followed by 40 cpcles
ab %5 "C for 15 5 and at &0°C for 1 min, with Taghlar® Universal Master Mix I {cat. Mo, 4369015,
Applied Biosystems, Thermao Fisher Scientific) and the Tagqhan™ Gene Expression Assays (Applied
Bicsystems, Therma Fisher Scientific) (Supplementary Table 55, The thresheld cycle (CT) was
defermined for each snmple in duplicofes and quantification was performed usdng the comparmdive
CT method (AACT),

411 Inmisnon Adaiy

Molycarbonato transwell fitars (B o pore slze, cat. no 3422, Corning, Y, LISA) wene coated with
50 g of reduced growih factor basement membrane extract (RGP BME; 10 mg/mil; cat. no. 3433-005-
01, Culeeex) diluted in a total volume of 150 pl of serum-free mediom. Then the lrinswells wene
Placed i a 34 wellfplate. Twendy four hours STATS silenced 5637 and BT4 oells, or BY and 531201
trented cells, ag well 03 not treated cells, were serum starved for 24 b, rypainized, resispended in 150
Bl of serum-fred medium and seeded into the coated filter at A concemtration of 100 coflafwell, &
pL of complete medium were added inte the loweer chamber fo take advantage of FBS as chemo-
attractant factor. The plote was Incubated &t 37 *C and alloweed to migrate theough the matrigel-
coated filter. After 24 b of incubation, cells that had crossed the filtker were fomd, stained with crystal
vicdet and counted.

412, Diafa Propeocessing and Statisticnl Amnlysis of the TOGA and GSE32894 Dirknsets

STATI and FOSL] pene signature were obfained by lterature review (Pobemed search) Raw
eounds for primary solid umor samples were downloaded from GDC portal harmonieed reposifory
uslng TOGABIolinks RiBioconductor packape (M = 408 cames), The FRPE susnples wane romsoved and
only samples corresponding to Luminal or Bazal subtype wore kept, The duplicated samples counts
wore averaged (B =388). The library size normalization factors wiere obigimed with the tommed mean
of M-values (TWIR) [48] and gene expression was compuated as kogd-RPEM. For the constroction of
& chissifier. for UBC subtype we randomly split data in bwd eld, Training and Test sefs, with a
balanced ratio for the owtoomse varinble using o W0-30% proportiom. Classification was performaed
using regularized logistic regression via elasticnet algocithm. Model parameters (alpha and lamibsda)
wre jolnkly turmed dskng 10-fold cross—palidation. Mode] performances were reported as classification
sccuracy. For all the classification procedure we also tried to identify a more stable subset of genes
using & slability path algorthm, with tlhreshold 50% and ger-cosnparisan sinor rale of 109

Far the purpose of buikding a survival prediction model data weee splitina training and hest set
trying b advicve a similar morality rate in both groops. Prediction for 05 was performied using
regularized Cox proportional kazards regression mosdels applying the elastic-net algorithm with
regularization parameters foning based with 10-fold cressanalidotion. We also fmplemented a
eodified vergion of the Bolasss algorithen. Brielly, boolstrap samples of the iraining set {B = 200} wene
drawn anad Lasso variable selection was performed on cach random subset, Genes sedectod (beta not
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equal tozera) in at least 50% of the random samples were retained. Those featunes wome wsed in a
ridgo regularzed model defined “Boot Lasso®.

To evaluale the predictive acuracy of these models we caloulated predbction errors over Hme
usihg the Inbigrated Bricr Soore. Accoracy of the prediclions were compared wsing 10-fold cross-
validation,

The bawarinte distritsstion of sarvival times and signatares salees can be compuied using a
nearesl-reighbors estimator using o rectangular kemel, For deseriptive parposes survivel cirves as
a function of signature value were plotted using conditional Kaplan-Meir estimator. Bor (istration,
w show the estiteated survival curves for the neighbothood of the smallest, mediam, ond largest
value of the signature, respectively labelled as low, medium and high. Simply put, the three curves
represent the survival estimaotes for a fraction of the samples with the desest values to the smallest,
madian and largest signature values respectivaly.

SIBC were defined & fomor stage TO-T1 while MIBC were stage TE-T4 We ovaluated the
predicted pecformance of FOSLI signature through repeated 10-fold oross validated logistic models
withelastic-net regulazization,

To evaluzle BasalLuminal sebtype classification performanoe on an independent data set
{CEEIEM) we fiest merged dota expression and adjusted for batch effect using the ComBlat algoeithm
[49], W then fitted a regularized koglstic regresslon moded with e same funkng parametens on he
'I.r.ﬂi:ﬂlnE sot and evaluated pru:"i.cl.i:u'l arcurncy on the external data. We used |';'|;|.'|-.'i|'|:|pl|1I selocied
log-rank statistics Lo tesl for o possible cut point wilh cespect to predictor levels,

Gene differential expression was ovaluated using linear modelling *Tomma" [50] pecformed on
read counts franskermed o hnﬁmﬂ. values, Observational-level wci;a;hl:; obtained from the voom
[51] Ranction waene used to maodel mean-varance relatbonship.

i 13, Statiztion Amelyss

For in vitro experiments MIBC cell lines were analyzed using the Student’s ftest. The Cne-way
ANOVA with Bonfarmoni’s cocrection was used for multiple comparisons, Stativdical significance was
difimed ab 7 5% significance leved (o < 008, The analysis of the expression of STAT3-regulatod
Lranscripts was pecformed by wsing a Student f-best with False Discovery Rate correstion (FOR = 0L05),
For histedogical; clindeal and pathological analysds of humoan BC the guakitative vadables were
described as absstube and relative frequendies,

5, Conclusions

Drata obtained from this study suggest that monitering pSTATS and the downstream targels,
partiularly FOSLY, could provide meandng il level of UBC stralification. Moreoves, blockade of the
S5TAT3 p-ﬂl‘]‘ll.-.'u.].-' r|:|i.;g:|.'|l e preseni a rerrer] Breabmernt n]:lu'u:rl fowr a subset of URC ]:.aﬁmt:.

Supplementary Matedale Th following are svailalde onling ot worwmd picom s ], Supplomentasy File 1
Figure 510 Muclear pSTAT? expression in UBC biopsies: Figure 5E pSTATY skainmg in the hemear
microenvironmerid af UBC) Figurn 53: Higher mﬂiﬂfﬂﬂuﬂ of Cases paprind in thig miain I-":gl,u-ui Illustratirg
thie hasal pluevnly e ol pSTAT3 exproessing cells in MIBC (Dgital resized); Flaine S4: pSTATS enprossion i the
microvironmend of human besal-type MIBC; Figure 558 UBC cell lines growth curves (RT4, 537 and
krockd oo of STATI i UHC el lines (36537, HT-1376, BT arel T34 Figuire 56; Efects of STATS silencivg on
praliferation of FEC cell bnes moniinmed by Crysial vieks assy and MT5 assay, Pigume 87 Effect of 830201 and
FX om ETATY phesphoeylation; Figure 55 Effocts of STATY inhildilon on the apapiosis of LIBC vell lnes; Fgueee
5 Edfects af STATI inhibition on proliferatian of UBC cell lines monifored by BedU incorparatian; Figare 5140
Effects of 530201 an UAC cells bnvision; Figurs ST Blfeet of JAKY sllencing an STATS phoepharylation Figure
512 Histograms of closs probability for STAT) signatare (TCGA datasetl; Figare 513: Prediction Ermor Curves
for STATS signature [TOGA dataset)) Flgure 514; Tust for cul-poit for STATS shgratuse (TCDA dataset); Pigurs
Sifh Effect of STATI inhibition on MYC and FOSL protein expresston; Figure 516 Predicion erroe curives (o
FOSLE slgnature (Boot Lasso enodel] both far traindig (A) s et got (B) (TGCA dataset]; Figure 517 Bkplan-
Muler estimale of the dichotbomized FOSLI signatare {TOGA datsest): Figure 518 Controls for pSTATS and
FOGLT THC Figure 51%: Whole westerm-blots mrmpnn.dln,u hﬁapphmmu.lr:,r Plgun.l Lha, Flp.n-:l vy Flgu.r:
SM1C and Flgune SI800 and denslitinentrie quantificatton of eoch bands relabve o adin contred bande
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Supplementary File & Talble 51 Clinital and paibwlvgion] featunes of UBC patients and correlobion with pSTATS
eapression; Table 51 Paclents characenstics of MIBCs {rﬂ.ln.l-pn:hm LB cobarl]; Tatblie 23: MIBC -H.-'l:ll].'pq- IJJ.'
insrnuipohialochemistey seone (rebrospecitive LIBC cobort]; Table 54 Pativnis chamcleristios snd pSTATS scoce af
NMIE s {retraspective UTBC cobort]; Table 55 Taghdan™ Gene El:r.vn:rlm Ammaps Table 55 Pold Chargs
analyses of the expression of STATavgulsted eranscripts in MIBC eell lnes; Table 57 Coefficients o UBC
subitype (Basal, Luminal) classification using elastic-net for STATY targels (TOGA cohoef); Table 58 Hazard
Ruative {HE) for undyariate Cox modols besting overal] sirvival in STAT sipratine TOGA detasel; Table 55 Fold
Chamge (FC) for Lumsnal va. Basal coenparisom in FOSL signature in TOGA and GSEM2EM datasets; Table 210:
Fald chonge (PC) far MIBCs va NMIBCs comparlsan in POSL] sgratuse in CSEI2004 dstasel: Takle 511
Coeffickents for MIBCs v, NMIBOs classification wsing ROSLT signature i GSE32EM dstaset; Table 512 IHC
and western blatzing antibtodies
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