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ABSTRACT

Activation of the Hedgehog (Hh) pathway is causatof virtually all sporadic and Gorlin

syndrome-related basal cell carcinomas (BCC), Wa#is of function of Patchedl (Ptcl) being
the most common genomic lesion. Sporadic BCCs alsyexpress desmoglein-2 (Dsg2), a
desmosomal cadherin normally found in the basaérlaysing a mouse model of Gorlin

syndrome (Ptc1?

mice), we found that overexpressing Dsg2 in thesabdayer (K14-
Dsg2/Ptc1™) or the superficial epidermis (Inv-Dsg2/Ptét* mice) resulted in increased
spontaneous BCC formation at 3 and 6 months, réspBc The tumors did not show loss of
heterozygosity of Ptcl, despite high levels of Glitd phosphorylated Stat3. A panel of sporadic
human BCCs showed increased staining of both Dsg@ BR-Stat3 in 9/9 samples.
Overexpression of Dsg2 in ASZ001 cells, a Bt&CC cell line, induced Stat3 phosphorylation
and further increased Glil levels, both in an ainecand paracrine manner. Three different
Stat3 inhibitors reduced viability and Glil exptiessin ASZ001 cells, but not in HaCaT cells.
Conversely, stimulation of Stat3 in ASZ001 cellsthwiL-6 increased Glil expression. Our

results indicate that Dsg2 enhances canonical g§ttabhg downstream of Ptcl to promote BCC

development through the activation of P-Stat3 agdilation of Glil expression.



INTRODUCTION

The Hh signaling pathway has an essential rolekin development, homeostasis, and
hair follicle cycling. Sonic Hedgehog (Shh) signgliin the dermal papilla stimulates bulge stem
cells proliferation and growth into the dermis awgrianagen of the hair follicle cycle, and also
controls papillary fibroblast activation and matrémodeling (Chiang et al., 1999; Lichtenberger
et al., 2016). Shh signals by binding to its receptatchedl (Ptcl in mice, PTCH1 in humans).
In the absence of Shh, Ptcl localizes to the pginm@lium and prevents activation of
Smoothened (Smo), a GPCR family member that regmilattivation of the Gli family of
transcription factors (Glil, 2 and 3). Binding dfftto Ptcl alleviates Smo repression and allows
its accumulation at the primary cilium, inhibiti&)i3 processing into a transcriptional repressor
and promoting full activation and nuclear localiaat of full length Gli2 and Gli3. These
constitutively expressed Gli family members theduice Glil and Ptcl transcription, which are

widely used markers of canonical Hh pathway agti{iRioboet al., 2007).

Basal cell carcinoma (BCC) is the most commonlgdased cancer in the United States,
with an estimated 4 million new cases reported alyfRogers et al., 2015). Most cases are
sporadic and linked to UV light exposure, but a percentage of patients are diagnosed with
Gorlin syndrome, an autosomal dominant diseasdirGyndrome patients are heterozygous for
PTCH1, and not only develop BCCs at high frequety, also medulloblastoma, benign jaw
cysts, and ovarian and cardiac fiboromas. The BCGaflin patients arise by somatic loss of
heterozygosity (LOH) and constitutive activation o (Atharet al., 2014). While 90% of
sporadic BCCs present loss-of-function mutationB BEH1, almost 10% are driven by gain-of-
function mutations in Smo (Epstein, 2008). The neoosodel for Gorlin syndrome (Pf?ff’*

mice) are susceptible to BCC formation after UWwadiation, or when crossed into a p53 null



background (Aszterbaum et al., 1999; Pazzaglia6286 et al., 2006). However, P4 mice
only develop sporadic lesions at an advanced ageaanow frequency (Pazzaglia, 2006;
Aszterbaum et al., 1999). In this model, expressibbacZ serves as a reporter of canonical Hh

pathway activation and tissue X-gal staining ishlygspecific in the tumors of these animals.

We recently reported that Dsg2, a desmosomal cagherupregulated in human BCCs
(Brennan and Mahoney, 2009). Current research stgygerole for Dsg2 as a modulator of cell
signaling through activation of Akt, ERK, and Sta&thways in keratinocytes in addition to cell
adhesion (Brennaet al., 2007; Brennaet al., 2012a; Overmiller et al., 2016). Transgeni
expression of Dsg2 in the superficial epidermis arnthe involucrin promoter (Inv-Dsg2)
activates growth and survival signaling in keratiytes and increases susceptibility to squamous
cell carcinoma (SCC) induction (Brennahal, 2007). Since the signals activated by Dsg2 can
potentiate Hh signaling (Riobo et al, 2006a; Riebal., 2006b; Gu et al., 2012), we generated
compound Inv-Dsg2/Ptéf mice to study the effect of Dsg2 overexpression skin
tumorigenesis in a Pt&1 background. Inv-Dsg2/Pt&f* mice developed earlier squamous
lesions in response to DMBA-TPA than wild-type (War)Inv-Dsg2 animals and, surprisingly,
also developed BCCs during the chemical carcinogjers¢udy (Brennan-Crispt al., 2015a). In
this study, we investigated the effect of overegpmeg Dsg2 in the superficial epidermis vs.
basal cell layer on spontaneous formation of BC®tiel”*** mice, comparing Pté4*% Inv-
Dsg2 mice to a cross with newly engineered K14-Dsg2 (Cooper et al., 2018) to generate

PtcI”?“% K14-Dsg2 mice.

Here, we report that Dsg2 expression dramaticalhaaces the rate of spontaneous BCC
formation in both animal models, suggesting a nelhauitonomous mode of action that could be

explained by increased paracrine signaling. Thetsmeous BCC show no evidence of LOH of



Ptcl, as opposed to BCCs induced by radiation ésatim et al., 1999), and have in common
increased P(Tyr705)Stat3 stainirig.vitro studies showed that Dsg2 potentiates canonical Hh
signaling and Stat3 activation in ASZ001 BCC céligh in an autocrine and paracrine manner.
Inhibition of Stat3 reduced Glil expression anduicet cell death in an additive manner to the
Smo inhibitor vismodegib. In summary, our data eded that Dsg2 induces a paracrine

mediator that stimulates the canonical Hh signalmgugh Stat3.

RESULTS

Altered skin homeostasis phenotype by compartment-specific Dsg2 expression is
exacerbated by Ptcl haploinsufficiency. We first compared the backskin morphology of 3
months-old Ptc1?%? K14-Dsg2; Ptc¥®? and Inv-Dsg2; Ptc¢f?? mice, which have variable

12 mijce showed

expression domains of transgenic Dsg2-Flag (Fig). lAv-Dsg2/Ptc
extensive elongation and crowding of basal keragtes (palisading) together with significant
epidermal hyperproliferation (Fig. 1A and B). Innt@st, the skin of Pté#* and K14-
Dng/Pth’IaCZ mice was grossly normal (Fig. 1A and B). Palisgdof keratinocytes and
cytokeratin 17 (CK17) expression are both markérB@C preneoplastic changes (Markey et
al., 1992; Grachtchouk et al., 2003). In P{F mice, CK17 staining was only observed in hair
follicles (Fig. 1A, arrows), as previously report@dcGowan and Coulombe, 1998). In contrast,
Inv-Dsg2;Ptc1™** mice showed strong CK17 immunostaining in the imal epidermis (Fig.
1A). The overlap of CK17 expression in palisadingsdl cells suggests that they exhibit

characteristics of early BCC. Despite the normai skorphology, K14-Dsg2/Ptéf““mice also

showed increased CK17 staining, albeit less thanDsg2; Ptc1'®Z skin, particularly in



localized regions of the interfollicular epidermi@FE), suggesting the occurrence of

preneoplastic changes as well (Fig. 1A).

1 mice. We

Ectopic expression of Dsg2 increases spontaneous BCC tumorigenesisin Ptcl
next examined the skin of 3- and 6-month old mmesigns of BCC, based on histology and
positive staining for X-gal in consecutive sectioas indicator of activation of the canonical Hh
pathway. PtcT“ mice had no evidence of tumours at 3 months, bueldp small BCCs by 6
months (Fig. 1C and Table 1). In striking contrakti4-Dsg2/Ptc1®** mice developed
spontaneous, microscopic BCCs at 3 months of algehwvdid not appear to grow to a larger size
at 6 months (Fig. 1C and 1D and Table 1). BCC-tikmors were prominent and large in Inv-
Dsg2/Ptc1"“? mice at 6 months of age, but were undetectatenadnths, suggesting a retarded
tumor initiation compared to K14-Dsg2/Pf€"’fZ, but more rapid growth (Fig. 1C and 1D, and
Table 1). No signs of BCC were detected in WT, Dsg2, or K14-Dsg2 at 6 months of age,
indicating that Ptcl haploinsufficiency is necegdar BCC formation. While the study was not
designed to determine the cell of origin of thasadrs, many BCCs were physically associated
with hair follicles, as expected with the Pt€f* model. Taken together, these data suggest that

Dsg2 strongly enhances spontaneous BCC develogmarRtcl heterozygous background in a

cell autonomous and non-cell autonomous manner.

Most Dsg2-mediated BCC tumors do not show loss of heterozygosity of Ptcl. Since
spontaneous BCC formation in Gorlin syndrome pai€rlahnet al., 1996), as well as BCC

formation after irradiation in the P{¢#“ mouse model have loss of heterozygosity (LOH) of



the WT Ptcl allele (Aszterbaust al., 1999), we sought to determine Ptcl LOH statuthén
spontaneous BCC in our Pt Inv-Dsg2/Ptc1®? and K14-Dsg2/Ptc¥* animals. To this
end, we dissected X-gaBCC lesions using laser capture microdissectienlated genomic
DNA, and assessed the status of the WT allelePtofl by RT-PCR using primers that
specifically recognize th@tcl wild type allele (Mille et al., 2014). Surprisiyglnone of the
spontaneous BCCs from Pt and K14-Dsg2/Ptc¢t° mice had LOH oftcl (Fig. 1E). Only

2 of 17 Inv-Dsg2/PtcT*** tumors showed signs of possible LOH (Fig. 1E)c8iwe could not
perform whole exon sequencing Bfcl, it could be possible that some BCCs have LOH
undetectable by this method. However, we used rteglastomas from Pté°“ mice that were
either positive or negative for LOH by other metd@s internal controls. Our findings suggest
that Ptcl LOH could be dispensable for BCC initiation andreased growth in Dsg2-driven

BCC tumorigenesis.

Stat3 activation is a common feature of BCCs derived from both animal models. We next

set out to determine if BCCs share similar charasttes in both animal models. The tumors and
normal skin of Inv-Dsg2/Ptd1?°? and K14-Dsg2/Ptc¢1?“? were analyzed for expression of the
Flag-tagged Dsg2 (Fig. 2A, top panels). The Dsghdgene was not expressed within the

tumors of Inv-Dsg2/Ptc{?*

genotype, but was detected in the adjacent sgdrépidermis.
However, K14-Dsg2/Pt¢#?** tumors showed diffuse, cytoplasmic expression sfjBFlag
within the tumor mass (Fig. 2A, top panel), while tIFE showed barely detectable levels of
Flag staining, consistent the transgene expressitime parental K14-Dsg2 line (Cooper et al.,

2018). The lack of transgene expression in the B&@s Inv-Dsg2/Ptci®? mice further

supports a non-cell autonomous effect. In ordeidemtify the potential molecular drivers of



Dsg2-mediated BCC formation, we analyzed ERK arat3Sactivation, common to both Dsg2
and Hh signaling. Tumors in K14-Dsg2/Ptf* 2" Inv-Dsg2/Ptci™* mice were largely
negative for P-ERK1/2 staining (not shown). Howevauclear P-Stat3(Tyr705) staining was
detected in the BCCs of both Inv-Dsg2/PtR¥ and K14-Dsg2/Ptc¢1?“* mice (Fig. 2A, bottom
panels), suggesting that Stat3 activation couldeteted to spontaneous BCC development. In
addition, the normal IFE of Inv-Dsg2/Pté3* showed higher percentage of positive plus highly
positive P-Stat3(Tyr705) staining compared to KiggPYPtc1™** and Ptc1®Z animals (Fig.
2B), which could be related to the faster growthB£Cs in the Inv-Dsg2/Pté¥* mice.
Moreover, we analyzed a small set of human spor&fCs (n=9), and found high P-
Stat3(Tyr705) staining overlapping with high diftu®sg2 staining in 100% of the tumors, in

comparison with the adjacent normal tissue (Fig. 2C

Dsg2 stimulates Stat3 in BCC cells in vitro. ASZ001 cells, established from a BCC of a UV-
irradiated Ptc®? mouse, have constitutive activation of the Hh patyy evidenced by high
levels of Glil (Saet al., 2006). In agreement with the tumor immuaioshg data, transfection of
ASZ001 cells with Dsg2 increased Stat3(Tyr705) phosylation by ~4-fold (Fig. 2D). Next,
we evaluated the effect of conditioned medium (@idin ASZ001 cells transfected with Dsg2-
Flag or an empty plasmid onto naive ASZ001 cellee TM of Dsg2 transfected cells increased
Stat3 phosphorylation by ~25 % after 30 min stiiatawhen compared to the CM of pcDNA-
transfected cells (Fig. 2E). These results sugthedtDsg2 overexpression can stimulate Stat3

phosphorylation in a cell autonomous and non-aglb@omous manner.
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Dsg2 upregulates Glil expression in vitro

Despite the high Hh pathway activity under basadiions, introduction of Dsg2 into ASZ001
cells increased Glil mRNA expression further byfeid- (Fig. 3A). Since ASZ001 cells have
LOH of Ptcl, this suggests that Dsg2 potentiatessighaling downstream of Ptcl. We also
evaluated the effect of stable Dsg2 expressionl@HT2 cells, which increased Gli-luciferase
activity when the canonical Hh pathway is activaipBle et al., 2000). LIGHT2-Dsg2 cells had
a ~2-fold larger increase in Gli-luciferase in r@sge to purmorphamine (a Smo agonist) than
LIGHT2-pcDNA cells (Fig. 3B). Thesm vitro data recapitulate our in vivo findings by showing

that Dsg2 potentiates canonical Hh signaling.

Inhibition of Stat3 downregulates Glil expression and reduces ASZ001 cell viability. We
treated ASZ001 cells with increasing concentratiminStattic, a novel Stat3 inhibitor that targets
its SH2 domain (Schust et al., 2006) or the FDArappd Smo inhibitor Vismodegib for 48 h.
Vismodegib reducedlil mRNA levels in a dose-response manner, with amreop IGo = 2.5
nM, as expected (Fig. 3C). Remarkably, Stattic alducedglil mRNA levels in a dose-
response manner, with 4£< 1 uM (Fig. 3C). The exact kg of Stattic could not be determined
because of massive cell death with concentrati@gM. Co-incubation of the cells with 1 pM
Stattic and 50 nM or 100 nM vismodegib resulteé imore profound reduction of Glil mRNA
and protein levels compared to either inhibitomal¢Fig. 3D). To confirm the efficacy of Stattic
to inhibit Stat3, we measured phosphorylation et®at Tyr705 in all the tested conditions. As
expected, Stattic treatment for 48 h reduced Statdphorylation by 47%, while Stattic and
Vismodegib together resulted in a further inhibitiof Stat3 phosphorylation (65%) (Fig. 3D and

Fig. S1). A JAK1/2 inhibitor (Ruxolitinib) and a s@nd Stat3 inhibitor (C188-9) also reduced
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Glil1 expression in ASZ001 and phospho-Stat3 by @8fb 42%, respectively (Fig. 3E and Fig.
S1), confirming the essential role of Stat3 on @pression in this BCC cell line. Furthermore,
stimulation of Stat3 in ASZ001 cells with IL-6 ir@sed the expression of Glil by 20% (Fig. 3F)
Remarkably, all three Stat3 inhibitory drugs redlc&SZ001 viability, with the JAK1/2
inhibitor being the least potent, while HaCaT celkre not significantly affected by Stattic (Fig.
3G). Altogether, these findings support the notibat Dsg2 stimulates Glil expression via

paracrine activation of Stat3 signalling.

DISCUSSION

In this study, we report that overexpression of Dsgnhances spontaneous BCC
formation in aPtc1""®? background, using two different animal models, onerexpressing

Dsg2 in the superficial epidermisng-Dsg2;Ptc1*2)

and the other in the proliferative basal
cell layer K14-Dsg2;Ptc1*"®%), from which BCCs are thought to arise. This stadyees with
our previous report thainv-Dsg2; Ptc1'®? mice were more susceptible to chemical-induced
SCC and BCC formation (Brennan-Crispi et al., 2016ussef et al., 2010; Wang et al., 2011;
Peterson et al., 2015). Our findings firmly estsiblthat Dsg2 increases Stat3 phosphorylation
and promotes Hh-mediated BCC development by cdthremmous and non-cell autonomous
mechanisms. Moreover, we show that Stat3 is a pateherapeutic target for human BCC since
Stat3 inhibition is cytotoxic even in BCC cells theompletely lacked Ptcl like most BCC
lesions in patients. Of note, overexpression ofDisgeither epidermal compartment (basal or
superficial) was insufficient to induce BCC carayeaesis (data not shown), despite evoking a

hyperproliferative phenotype in the Inv-Dsg2 skiemonstrating that haploinsufficiency fticl

is still necessary for BCC formation.
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+/lacz

Interestingly, whilelnv-Dsg2;Ptcl mice exhibited preneoplastic changes consistent
with early BCC formation by three months of age deteloped larger spontaneous BCCs at six
months, thé<14-Dsg2;Ptc1*"®“ mice exhibited multiple small BCCs as early ag¢hmonths of
age. This significantly earlier onset may be duthe presence of the Dsg2 transgene within the
tumors and the cells of origin iK14-Dsg2;Ptc1*"®* mice. Though there were no overt
epidermal changes in these mice, there is signifiegtivation of various signaling cascades

within the skin ofK14-Dsg2 animals (Cooper et al., 2018), suggesting thalRegrexpression

in the basal layer may prime the cells for maligrieansformation.

Although the strict requirement &ftcl heterozygosity could suggest that tumors were
secondary to LOH oPtcl, most of the tumors appear to retain the WT altéIBtcl, although
our analysis cannot exclude missense mutationsaoreshifts in the more 3’ regions of tRiel
gene. However, point missense and frameshift nautsitare typical of UV exposure and not of
copy loss that is characteristic of tumors withoit irradiation. Our findings suggest that LOH
of Ptcl is not necessary to drive early tumor formatiorDsg2-transgenic mice, leading us to
investigate alternative mechanisms. A commonaliggmeen the two Dsg2 overexpression
models is the increase in active (phosphorylated§3Sn the tumor mass and sometimes in the
adjacent epidermis. In a BCC cell culture modelroduction of Dsg2 increased Stat3
phosphorylation and doublefil expression. This is remarkable given that thos€ Bélls have
LOH of Ptcl and are thought to exhibit basal maximal activatiof the Hh pathway.
Additionally, inhibition of Stat3 with three diffent pharmacological inhibitors lead to a strong
reduction of Glil expression, suggesting that Dsg® increasglil expression through Stat3.
In support, it was very recently reported that I5#t3 signaling is necessary for BCC formation

and that Stattic or depletion of IL-6R strongly weds BCC growth in vivo and in vitro

13



(Sternberg et al., 2018). Moreover, it was previpusported that Stat3 is necessary for SmoM2-

induced BCC formation as a mediator of paracrirteldge signaling (Gt al., 2012).

Since Dsg2 expression regulates inflammatory gemsarks (Guptaet al., 2015), future
studies elucidating a link between Dsg2 and cy®ldrpression will provide further mechanistic
insight. Overexpression of Dsg2 in HaCaT keratinesyresulted in the upregulation of the
urokinase-type plasminogen activator receptor (UPaRI IL-6 receptor (IL6R) (Cooper et al.,
2018). Since both uPAR and IL6R are able to activ@iiat3 (Shushakova et al., 2005), both
cytokine receptors are candidate mediators of Disd@eed BCC formation (Fig. 4). The non-
cell autonomous effect of Dsg2 could be explaingdnicreased uPA and/or IL-6 production or
by transfer of the upregulated receptors by exldee vesicles or exosomes by Dsg2-
expressing cells (Fig. 4). In this regard, we hpweviously described that Dsg2 can alter the
number and protein content of extracellular vesicdeased by keratinocytes (Overmiller et al.,

2017).

The only specific therapy for advanced BCC, the Sniobitor vismodegib, is highly
efficacious early in disease but its side effeats mot well tolerated, leading to therapy
withdrawal by many patients and tumor relapse (Tengl., 2012). In addition, some patients
develop resistance to vismodegib by at least twohaeisms: novel mutations in Smo and Smo-
independent activation of Glil by atypical protkinase Cv/A (Atwood et al., 2013; Atwood et
al., 2015). Identifying additional therapeutic t@ig that achieve inhibition of Gli-dependent
transcription is paramount. Of importance, our iiigd show that inhibition of Stat3 can
abrogate Glil expression and that simultaneouditrdm of Smo and Stat3 additively reduces
cell viability. Therefore, Stat3 may be a pharmagaial target in vismodegib-resistant BCC

tumors worth pursuing in translational studiesatidition, combinatorial therapy of naive BCC

14



with lower doses of vismodegib and a Stat3 inhilboght be an effective alternative with lower

magnitude of vismodegib side effects.

In summary, we demonstrate that Dsg2 activates3 $tatl promotes Hh-driven BCC
tumorigenesis, and that targeting both Smo and3Ssaain effective means of inhibiting Glil
expression and reducing tumor cell viability. Thessults may also have implications for other

forms of cancer in which both Hh and Stat3 sigrmaishderegulated.

MATERIALSAND METHODS

Transgenic and knock-in mouse models

All animal studies were in compliance with the indtonal Animal Care & Use
Committee approvals at Thomas Jefferson UniverBityZ’-*** mice (Ptch™™P%J) were from
the Jackson Laboratory (Bar Harbor, ME). The IngDand K14-Dsg2 mice were previously
described in detail (Brennaat al., 2007) (Cooper et al., 2018). All animals were meined
under AAALAC approved conditions. P¢£° and Inv-Dsg2 mice were crossed to yield WT,
PtcI’%°Z, Inv-Dsg2, and Inv-Dsg2/Pt&4*° mice. PtcI? and K14-Dsg2 mice were crossed
to yield WT, Ptci®% K14-Dsg2, and K14-Dsg2/Ptéf* mice. Animals were sacrificed at
indicated time points and tissues collected forlymms as either formalin fixation, paraffin

embedding (FFPE) or frozen in cryopreservation caump (OCT) samples.
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Deter mination of loss-of-heterozygosity (LOH) in tumors

OCT embedded samples were cut into 12 pm-thicksegtions on Super Frost slides
(Fisher). Consecutive sections were also cut aaihest for histology and X-gal to identify
tumors. BCCs were microdissected using an Arctubaser Capture microscope (Life
Technologies). After dehydrating the tissue, tremarof interest were captured on CapSure High
Sensitivity (HS) caps using the IR laser. GenobDidA (gDNA) was isolated from the lesions
using a DNA Pico Pure Isolation kit (Life Technaleg); a final volume of 15l containing the

gDNA was obtained per BCC lesion.

gPCR was performed on gDNA obtained from each disdgelesion. The levels of the
WT allele of Ptcl relative toDotll were used to determine whether el WT allele was
retained or lost in BCC lesions using primers retzigg Ptchl Exonl-Intronl1/2, which is
deleted in thePtcl mutant allele (Goodrich et al., 1997). The intémranule cell layer of the

normal cerebellar tissue &tc1™

mice was used to establish the levels of one a@tcl,

and advanced medulloblastoma tissues displaRioh LOH were used as positive control (Mille
et al., 2014). gPCR results were obtained usingMX@T method and SybrGreen reagents on a
Viia7 system (Life Technologies); reactions wereried in triplicate using 1.5l of the gDNA
extract per reaction. Primer sequences: Dotll-FGTARIG GCA TCC TTA TGC TTC ATC;
Dotll-R: GCC CCA GCA CGA CCA TT; Ptchl ex1 intl/2€CT TCG CTC TGG AGC AGA

TT; Ptchl ex1 intl/2-R: GGA TCC CAA GGA GGA AGA AGA
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Table 1. Quantitative analysis of spontaneous BCC characteristics in all mouse genotypes

at 3 and 6 months of age.

Genotype | Age % Mean BCCs per Mean Mean BCC Mean
(Mo) Incidence mouse BCCs/cm? burden BCC size
' (n) (um?cm?) (Hm?)
Ptc1*/e¢ 3 ND N/A N/A N/A N/A
K14-Dsg2; | 3 81 % (9/11) 1.9 0.2 544 2,981
Ptcl+/|aCZ
Inv-Dsg2; 3 ND N/A N/A N/A N/A
Ptcl+/|aCZ
Ptc1*/% 6 56 % (5/9) 0.8 0.2 251 1,139
K14-Dsg2; | 6 67 % (8/12) 1.1 0.4 1,175 2,827
Ptc1+llacz
Inv-Dsg2; 6 100 % (4/4) 3.75 0.7 6,501 8,681
Ptcl+/|aCZ
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FIGURE LEGENDS

Figure 1. Overexpression of Dsg2 results in spontaneous BCC formation. (a) Left side:
cartoons showing the endogenous expression levBsgP (pink) or transgene overexpression
(red) in the epidermis of the different mouse ggpes. Formalin-fixed, paraffin-embedded skin
sections from 3-month oldPtcl™"®? K14-Dsg2/Ptc1'"®* and Inv-Dsg2/Ptcl*®* mice were
stained with haematoxylin and eosin (center) orewsmmunostained for cytokeratin 17 (CK17)
(right). Scale bars = 50 micrond) Quantification of epidermal thickness and perceatafy
cell crowding (palisading) in backskin of 3-montkd anice of the three genotypes (n=4-8
animals per group)(c) Representative examples of spontaneous BCCs fronoréh old
Ptc1*%, Inv-Dsg2/Ptcl*** andK14-Dsg2/ Ptcl'®* mice stained for H&E and X-Gal. Scale
bar = 50 microns(d) Quantification of tumor size iRtc1*"®Z, Inv-Dsg2/Ptc1*"®?, and K14-
Dsg2/Ptc1*"® mice at 3 and 6 months of age. Each data poinesepts one BCC (n=9-21),
some animals developed several tum(@@sLOH status of the wild-typgtcl allele in individual
laser-capture microdissected BCCs of the indicgabtypes (n=5-17). Medulloblastomas from

Ptc1*"* mice positive and negative for LOH served as irkcontrols.

Figure 2. Dsg2 increased Stat3 phosphorylation in murine and in human sporadic BCCs.

(a) Formalin-fixed, paraffin-embedded skin sectiongrfr6-month oldPtc1* "2

andInv-Dsgz;
Ptc1**? and 3-month old14-Dsg2/Ptc1™"® mice were immunostained for Flag (top panels),
and P-Stat3 (bottom panels). Scale bars = 50 ns¢ramset scale bar = 100 microns.

Representative images from n=3-5 anim@%.Quantification of positive and highly positive P-

Stat3+ nuclei in the interfollicular epidermis (ramor areas) of the indicated mouse genotypes.
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Graph represents mean + SEM (n=3-5; *P<0.@))Representative example of human BCC
immunostained for Dsg2 and P-Stat3. IHC stainingushor, and both proximal and distal
perilesional skin are showrid) Representative Western blot analysis of Dsg2.Ha&tat3
(Tyr705), Stat3, an@-actin in ASZ001 transfected with empty plasmid GpA3) or with
pcDNA3 encoding Flag-tagged Dsg2 (mDsg@)=3; *P<0.05) (e) Naive ASZ001 were
stimulated for 30 min with conditioned medium fraeils transfected as in (d), followed by lysis

and western blot analysis of P-Stat3(Tyr705) atal tetat3 levels (n=3; P=0.068).

Figure 3. Stat3 mediates Dsg2-induced Glil upregulation and is essential for BCC cells
viability. (a) glil mRNA expression by gPCR of ASZ001 cells transiemthnsfected with
empty plasmid (pcDNAS3) or with pcDNA3 encoding FHiagged Dsg2 (mDsg2) (n=3) *p<0.05;
Student’st-test. (b) NIH3T3-LIGHT2 cells stably transfected with emptgctor (black) of a
pcDNA-Dsg2 (grey) and serum starved for 24 h in t{hresence of the Smo agonist
purmorphamine (PUR). Representative results oflUglferase activity (normalized to Renilla
luciferase) from an experiment performed in trigtee (n=3). * P<0.05 **P<0.01, one-tailed
Student’s t-test(c) Inhibition of glil expression, by gPCR, in ASZ001 cells treated with
increasing concentrations of Stattic or vismoddgib24 h (n=3).(d) gPCR and Western blot
analysis of Glil expression in cells treated withuMl Stattic, 50-100 nM vismodegib, or a
combination of both for 48 h. All treatments argnsiicantly reduced compared to control
(p<0.001). n=3, *p<0.05, Studentidest. Efficacy of Stattic is shown below by chasnge P-
Stat3 (Tyr705).(e) Western blot analysis of Glil expression and Sgtt®sphorylation in
ASZ001 cells treated with 2QM ruxolitinib (Ruxo) or 1-3uM C188-9 for 48 h.(f) Gli1
expression and Stat3 phosphorylation in ASZ001scgiimulated with 10 ng/ml IL-6 or IL-6
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plus 20uM ruxolitinib (Ruxo) (n=3).(g) ASZ001 cells were incubated for 48 h with 1 uM
Stattic, 1 pM Stattic plus 100 nM vismodegib, | 2@ ruxolitinib, or 3uM C188-9. Cell viability
was determined with the WST-1 assay and expressex af viability of cells treated with
DMSO (vehicle). Student's-test, #p<0.05; *p<0.0001. In red, viability of HaCT cells

incubated with 1 uM Stattic for 48 h (n=3-4).

Figure 4. Proposed model for the autocrine/paracrine action of Dsg2 on basal
keratinocytes. Overexpression of Dsg2 (shown in the same cell,chatbe in a different cell)
promotes secretion of cytokines, upregulation aeptors like uUPAR and IL6R, and increased
exosome secretion, leading to increased phosphionyleof Stat3 in target cells, which

potentiates Glil expression.
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