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Abstract

Basal cell carcinoma (BCC) is the most frequent human cancer and is becoming an important
health problem in an ageing population. Based on their clinical and histological characteristics,
thick BCC are typically divided into low-risk nodular and high-risk infiltrative subtypes, although
the underlying mechanisms are poorly understood. We have identified molecular mechanisms that
explain the aggressiveness of high-risk infiltrative BCC, with a potential direct clinical impact. In
this study, we first show that fibroblasts, TGFp and fibronectin are found preferentially in
infiltrative human BCC. This allowed us to develop /7 vivo models for the study of infiltrative
BCC, which in turn let us confirm the role of TGFB in inducing peritumoral fibronectin deposition
and tumor infiltration. We then show that fibronectin promotes adhesion and migration of BCC
cell lines through integrin a5B1-mediated phosphorylation of focal adhesion kinase (FAK).
Fittingly, inhibition of integrin a5p1 and phospho-FAK both prevent fibronectin-induced
migration of BCC cells /n vitro as well as BCC infiltration /n vivo. Altogether our results open
important insights into the pathogenesis of aggressive infiltrative BCC, and identify integrin a5p1
or FAK inhibition as promising strategies for the treatment of advanced BCC.

INTRODUCTION

Basal cell carcinoma (BCC) is the most common skin cancer, affecting more than 50% of
Caucasians during their lifetime (Kasper et al., 2012). Virtually 100% of BCC,
independently of their clinical or histological subtype, depend on a deregulated Hedgehog
(Hh) signaling pathway ultimately leading to the activation of Gli transcription factors
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(Epstein, 2008, Rubin and de Sauvage, 2006). However, despite this molecular homogeneity,
BCC can display very different morphological aspects and have varying clinical prognoses
(Kasper et al., 2012, Telfer et al., 2008). Whereas superficial, micro-nodular and even thick
nodular BCC are considered as low-risk tumors, infiltrative BCC are associated with higher
tumor recurrence after surgery and lower response to radiotherapy (Breuninger and Dietz,
1991, Caccialanza et al., 2014, Piccinno et al., 2017). Consequently, a better understanding
of the functional determinants of nodular and infiltrative phenotypes is of high clinical
relevance. Interestingly, some insights into the pathogenesis of BCC subtypes were obtained
from a large genomic analysis of human BCC, which identified additional genetic mutations
in MYCN, PPP6C and PTPN14 in infiltrative BCC (Bonilla et al., 2016). However, it must
be noted that the impact of these mutations was neither validated /n vitro nor in vivo.
Recently, accumulating evidences point out the role of the tumor-stroma interactions in BCC
infiltration. Tumor-associated macrophages (TAM) were shown to act on BCC progression
through paracrine activation of cyclo-oxygenase 2 (COX-2) (Tjiu et al., 2009). Similarly,
carcinoma-associated fibroblasts (CAF) were reported to promote BCC invasion through
paracrine activation of c-MET in BCC tumor cells (Marsh et al., 2008, Tjiu et al., 2009).
Chiu et al. showed the implication of CXCR4-induced angiogenesis in infiltrative BCC (Chu
et al., 2009). Altogether, these observations support the role of the microenvironment in
BCC progression, although functional validation is currently lacking, as there is no
appropriate /n vivo mouse model of infiltrative BCC.

The tumor stroma is composed of a bio-active network of proteins forming the extra-cellular
matrix (ECM). Importantly, low-risk nodular BCC present histologically as well-defined
tumor nests in a loose myxoid stroma. They mostly display a continuous basement
membrane and split retraction at the tumor-stroma interface. On the contrary, high-risk
infiltrative BCC are defined histologically by irregular tumor strands in a densely-packed
fibrotic stroma, in which basement membrane and split retraction are mostly absent (Barsky
etal., 1987, Crowson, 2006, Kallioinen et al., 1984). These histological observations suggest
that ECM maodifications may play a role in BCC subtype and progression. Modifications of
the ECM network actually appear early during cancer progression and are associated with
tumor progression (Barcellos-Hoff et al., 2013, Butcher et al., 2009, Levental et al., 2009,
Lorusso and Ruegg, 2008) and poor prognosis (Conklin et al., 2011). Because the impact of
the ECM on BCC progression has not yet been studied, we focused our work on this
important field.

In this study, we show that TGF and fibronectin are highly expressed in the peritumoral
stroma of infiltrative BCC. Using two different BCC allograft models, we show that TGF
induces peritumoral fibronectin and confers infiltrative features to BCC. Consistently,
fibronectin promotes the migration of BCC tumor cells /n vitro through integrin a5p1
binding and downstream phosphorylation of focal adhesion kinase (FAK). Both integrin
a5p1 and FAK inhibition prevent fibronectin—induced migration. Consistently, silencing of
FAK expression in tumor cells, inhibition of phospho-FAK with the tyrosine kinase inhibitor
PF-562271 or the integrin a5p1 inhibitor K34C all prevent TGF-induced infiltration in
vivo. Altogether, these results reveal the pivotal role of TGFp-induced peritumoral
fibronectin in BCC progression and suggest that FAK inhibitors, available in the clinics, may
be used for the treatment of advanced infiltrative BCC.
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RESULTS

TGFB is associated with peritumoral fibronectin deposition and the transition from nodular
to infiltrative phenotype in human BCC samples and mouse models.

Peritumoral fibrosis has been shown to confer poor prognosis in several tumor types
(Barcellos-Hoff et al., 2013, Cirri and Chiarugi, 2011). Regarding skin tumors, peritumoral
fibrotic stroma is observed in advanced and aggressive infiltrative BCC (Crowson, 2006),
suggesting that modifications of the ECM may be responsible for BCC progression. Among
the various ECM components of the fibrotic response, fibronectin has been reported as the
most strongly expressed upon fibroblast activation in chronic fibrosis (Wynn, 2008). In order
to determine the relationship between fibrosis and BCC infiltration, human BCC samples
were collected and stained for fibronectin and S100A4, a marker for carcinoma-associated
fibroblasts (Kalluri, 2016). Haematoxylin-eosin (HE) stains were performed on adjacent
slides to determine BCC subtype. Higher levels of fibronectin and higher density of
S100A4™ fibroblasts were found at the periphery of infiltrative compared to nodular BCC
(Figures 1a and 1b). Importantly, previously-treated or -biopsied tumor samples were
excluded from our study. Hence, secondary madification of fibronectin expression due to
inflammation or tissue repair after treatment can be safely excluded. To get an insight into
the molecular drivers of peritumoral fibrosis in BCC, human samples were tested by
quantitative real-time PCR for various secreted cytokines reported to promote fibronectin
deposition. Among the various cytokines tested, TGFp was found to be significantly higher
in infiltrative compared to nodular BCC, both at the mRNA and protein levels
(Supplementary Figure S1a and Figure 1c). These results suggest that TGFp may be a key
regulator of fibronectin induction and tumor infiltration in BCC.

To test this hypothesis /n vivo, we induced “nodular-like” BCC by co-injecting the human
UW_BCC_T2 cell line with mouse embryonic fibroblasts (MEFs) subcutaneously into
NODSCID immunosuppressed mice. In this model, recombinant TGFp was injected
repeatedly into UW_BCC_T2 growing tumors (Supplementary Figure 1b). At the time of
sacrifice, no difference in tumor growth (volume) was observed (Supplementary Figure 1c).
However, higher levels of fibronectin as well as morphological changes reminiscent of
human infiltrative BCC were found in tumors injected with recombinant TGFp compared to
controls. (Figures 1d and 1e). Additional stainings for Ki67 as well as cleaved Caspase 3 did
not show any difference in proliferation and apoptosis levels, respectively (Supplementary
Figure 1d). Reduced E-cadherin, without associated N-cadherin enhancement upon TGFB
suggested a possible incomplete epithelial-to-mesenchymal transition (EMT) in this model
(Supplementary Figure 1e). Interestingly, murine ASZ_001 cells co-injected with MEFs in
NOD-SCID mice spontaneously formed “infiltrative-like” BCC. In this model, we
neutralized TGFB1 in tumor cell using lentiviral-mediated expression of TGFp1-targeting
short hairpin (sh)-RNA (Supplementary Figure 1f). When co-injected wit MEF
(Supplementary Figure 1b), TGFp1-silencing reduced tumor growth, peritumoral fibronectin
and partially restored a “nodular-like” phenotype (Figures 1f and 1g; Supplementary Figure
S1c). Taken together, these results strongly suggest that TGFp plays a key role in
peritumoral fibronectin deposition as well as in the switch from a nodular to an infiltrative
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phenotype. Moreover, they help to address the current lack of /n vivo models for the study of
infiltrative BCC.

Increased BCC adhesion and migration on fibronectin is mediated by integrin a5p1.

ECM proteins have been shown to provide a scaffold that favors tumor cell migration and
invasion (Pickup et al., 2014). We therefore decided to explore whether BCC cells may
adhere to deposited fibronectin /in vitro. Using an adhesion assay, we found that both the
human UW_BCC_T2 and murine ASZ_001 BCC cell lines are able to adhere very
efficiently to fibronectin when compared to control (uncoated) or collagen I, the most
abundant ECM component (Figures 2a and 2b). Interestingly, long-term cultures on
fibronectin revealed phenotypic modifications such as reduced cell-to-cell contacts and
longer cytoplasmic extensions, suggestive of greater cell motility (Figure 2c). To address this
question, we used the previously described wound-healing assay (Liang et al., 2007,
Polacheck et al., 2013) either on uncoated or fibronectin-coated dishes. For both
UW_BCC_T2 and ASZ_001 cell lines, fibronectin-coating promoted cell migration (Figures
2d-).

Integrin a5B1 is a main fibronectin receptor, binding to its RGD domain (Schaffner et al.,
2013). Interestingly, we observed a significant expression of integrin a5p1 at the mRNA
(not shown), and more importantly at the protein level in both UW_BCC_T2 and ASZ 001
cell lines (Figure 3a). To test the functional implication of integrin a5p1, we used both
K34C, a recently developed pharmacologic inhibitor of integrin a5p1 (Ray et al., 2014) and
P1D6, an anti-human integrin a5p1 blocking antibody. K34C significantly reduced
UW_BCC_T2 and ASZ_001 cells adhesion on fibronectin in a dose-dependent manner
(Figure 3b). Similar results were obtained using P1D6 blocking antibody on UW_BCC_T2
cells (Figure 3c). Consistently, K34C inhibitor prevented fibronectin-induced migration of
UW_BCC_T2 and ASZ_001 cells (Figure 3d). Similar results were obtained using P1D6
blocking antibody on UW_BCC_T2 cells (Figure 3e). Migration time-courses are shown in
Supplementary Material (Supplementary Figures S2a—c). Importantly, neither K34C nor
P1D6 did affect UW_BCC_T2 and ASZ_001 cell growth on fibronectin (Supplementary
Figures S2d-f), suggesting a specific effect of integrin a5p1 in mediating fibronectin-
induced cell migration. Taken together, these results show that fibronectin promotes
efficiently the migration of BCC cells through a mechanism implicating integrin a5p1
binding.

Fibronectin adhesion to integrin a5p1 induces focal adhesion kinase (FAK)
phosphorylation both in vitro and in vivo.

FAK activation has been observed in various types of cancers and is widely associated with
poor prognosis (Gabarra-Niecko et al., 2003). It is a key mediator between extracellular
adhesion to ECM and intracellular regulation of actin-cytoskeleton organization and cell
motility. Integrin binding to ECM typically activates FAK through autophosphorylation at
tyrosine 397 (Y397), providing a binding site for downstream activating molecules
implicated in proliferation, survival and motility (Tilghman and Parsons, 2008). We
suspected that this mechanism could also be at play in BCC, and checked the
phosphorylation status of FAK at Y397 in BCC cells lines, upon adhesion to fibronectin. As
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predicted by our model, we observed high levels of phosphorylated FAK (phospho-FAK) at
the cell membrane of BCC growing on fibronectin but not on those growing on poly-I-lysine
(Figure 4a). Consistently, K34C (Figures 4b and 4d) and P1D6 antibody (Figures 4c and 4d),
both efficiently prevented FAK phosphorylation, bringing proof that this event is mediated
by a5p1 integrin. Reduced FAK phosphorylation upon K34C and P1D6 treatments were
confirmed by western blot (Figure 4e and Supplementary Figures S3a and S3b). Importantly,
we observed preferential FAK phosphorylation in infiltrative-like areas of BCC injected with
TGFp (Figure 4f).

FAK mediates fibronectin-induced migration in vitro and TGFB-induced infiltration in vivo.

To test the functional role of FAK in fibronectin-induced migration, we silenced FAK
expression in tumor cells through lentiviral-mediated expression of FAK-targeting ShRNA.
Significant reduction in FAK level was confirmed at both the mRNA (not shown) and
protein levels in both UW_BCC_T2 and ASZ_001 cell lines (Supplementary Figures S4a
and S4b). In both cell lines, FAK silencing efficiently prevented fibronectin-induced
migration /n vitro (Figure 5a and Supplementary Figure S4c). In contrast to integrin a5p1
inhibition, FAK silencing also significantly reduced tumor cell growth /n vitro
(Supplementary Figure S4d). This difference may be explained by the implication of
phospho-FAK in mediating tumor cell growth through alternative integrins (Desgrosellier
and Cheresh, 2010). We then tested the effect of FAK silencing /n vivo (Supplementary
Figure S4e). Consistently with the /n vitro observations, FAK silencing in UW_BCC_T2
significantly prevented both tumor growth and TGFp-induced infiltration /n vivo (Figures 5b
and 5c; Supplementary Figure S4f). Similarly, FAK silencing in ASZ_001 prevented both
tumor growth and spontaneous infiltration /n vivo (Figures 5d and 5e; Supplementary Figure
S4q).

Taken together, these results identify integrin a5p1-dependent FAK phosphorylation as a
key regulator of BCC cell adhesion and migration on fibronectin in vitro as well as
infiltration /in vivo.

Phospho-FAK inhibitor PF-562271 prevents fibronectin-induced migration in vitro and
TGFB-induced infiltration in vivo.

Having identified FAK as a key factor driving BCC invasiveness, we aimed to determine if
this finding could have clinical implications. To support integrin a5p1 / phospho-FAK
implication in human BCC progression, both were quantified in human BCC samples using
immunohistochemistry. As expected, whereas integrin a5p1 was barely expressed in
nodular BCC, significant expression was found in infiltrative BCC (Figure 6a). Similarly,
phospho-FAK was found preferentially in highly infiltrative BCC (Figure 6a). Taken
together with our previous findings, this strongly suggested that phospho-FAK targeting may
prevent BCC infiltration in human.

Efficient inhibitors of FAK activity are available (Golubovskaya, 2014, Slack-Davis et al.,
2007) and tested successfully in Phase | clinical trials for patients with solid advanced
tumors (Infante et al., 2012). We therefore hypothesized that they could also prevent
expansion of aggressive BCC. We started by testing the effect of PF-562271, an enzymatic
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phospho-FAK inhibitor (Infante et al., 2012), /n vitro and observed that it could efficiently
prevent fibronectin-induced migration of BCC cells (Figure 6b and Supplementary Figures
S5a). Similarly to FAK silencing, PF-562271 also significantly reduced tumor cell growth
on fibronectin /n vitro (Supplementary Figures S5b). Stimulated by these results we set up to
test whether FAK inhibition also impinged tumor migration /7 vivo, by monitoring the effect
of PF-562271 in our allograft models of invasive BCC (Supplementary Figure S5c). Mice
bearing UW_BCC_T2/MEF tumors were injected intratumorally with recombinant TGFf
and simultaneously treated with or without the inhibitor. While PF-562271 did impinge on
the growth of tumors (Supplementary Figure S5d), it also significantly prevented TGFf-
induced infiltrative phenotype (Figures 6¢ and 6e). Similarly, PF-52271 efficiently prevented
both tumor growth (Supplementary Figure S5¢) and spontaneous infiltration of
ASZ_001/MEF tumors (Figures 6d and 6e). The lack of biovailability data regarding
integrin a5B1 inhibitor K34C unfortunately precludes from systemic administration at the
time being. Nevertheless, as a proof-of-concept, we performed repeated intratumoral
injection of K34C (Supplementary Figure S5c) that partially prevented TGFp-induced
infiltration in UW_BCC_T2/MEF tumors as well as spontaneous infiltration in
ASZ_001/MEF tumors, without impacting tumor growth (Figures 6¢c—e; Supplementary
Figures 5d and 5e). Altogether, these results implicate TGF, fibronectin, and FAK
phosphorylation through integrin a.5p1 as a molecular pathway driving a phenotypic switch
from nodular BCC to invasive BCC, with potential direct clinical benefits.

DISCUSSION

Here, we bring important insights in the field of aggressive BCC, setting up /n vivo models
for the study of infiltrative BCC and revealing the role of TGFB-induced fibronectin in
promoting tumor cell motility through integrin a5p1-mediated FAK phosphorylation.

The first key finding is the central implication of TGFp-induced fibronectin as a functional
link between fibrotic stroma and infiltrative phenotype during BCC progression. The dense
peritumoral network induced upon TGFp injection in our murine model is consistent with
the previous report of TGF as the most potent activator of chronic fibrosis (Meng et al.,
2016). Importantly, chronic fibrosis is a self-amplifying process, in which remodeled ECM
sustains myofibroblast differentiation and release/activation of latent TGFp (Annes et al.,
2003, Munger and Sheppard, 2011). By analogy, initiation and maintenance of peritumoral
fibrosis upon tumor-derived TGFp expression may benefit from a self-amplifying loop
(Kojima et al., 2010). Once activated, stromal TGFB-induced remodeling may induce
secretion of various ECM components and ECM-remodeling molecules that potentially
contribute to tumor progression (Ueha et al., 2012). Our work definitively contributes to
define TGFp-induced fibronectin as a key functional connector between fibrotic stroma and
BCC tumor progression, resulting in the concomitant transition from a loose myxoid
towards a dense fibrotic stroma and from a nodular towards an infiltrative tumor phenotype
(Crowson, 2006). As fibronectin is considered one of the most upregulated protein upon
TGFp stimulation (Rybinski et al., 2014, White and Muro, 2011), it is not surprising to find
high levels of fibronectin in various chronic fibrotic processes as excessive scarring
(keloids), systemic sclerasis, chronic radiodermatitis or desmoplastic tumors (Berman and
Duncan, 1990, Dooley et al., 2010, Kelsh et al., 2015, Roberts et al., 1988, Tien et al., 2009,
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Walker, 2001). Importantly, several fibrotic skin events (like scars and chronic
radiodermatitis among others) increase the risk to develop BCC (Handa et al., 2003, Kowal-
Vern and Criswell, 2005, Serrano-Ortega et al., 2002). Further functional studies will be
needed to link fibrotic events with the increased susceptibility to develop BCC.

As epithelial-to-mesenchymal transition (EMT) is reported in wound healing process and
fibrosis (Li et al., 2007), one intriguing question is whether EMT is required during the
nodular to infiltrative transition. Our data support the hypothesis that EMT may act as a
driver of BCC progression, as TGFp, fibronectin and integrin a5p1 were all implicated in
EMT (Cicchini et al., 2008, Maschler et al., 2005, Massague, 2008, Park and Schwarzbauer,
2014). Moreover, despite the absence of N-cadherin detection, we demonstrated reduced E-
cadherin /n vivo upon TGFp injection. Similarly, Papanikolaou et al. recently observed
reduced E-cadherin levels as well as increased membranous integrin-linked kinase (ILK) at
the invasive front of infiltrative BCC (Papanikolaou et al., 2010), resulting in a shift from
cell-to-cell contacts to cell-to-stroma interactions that is mediated by integrins. Further
studies will be needed to study these intriguing observations.

The second key finding is the functional implication of phospho-FAK downstream of
integrin a5pB1 activation. In fact, we showed that phospho-FAK inhibition recapitulates the
effect of integrin a5p1 inhibition in term of fibronectin-induced migration /n vitroand
TGFp-induced infiltration /n vivo. However, phospho-FAK inhibition also prevented tumor
cell proliferation on fibronectin /n vitro, as well as tumor growth /n vivo, whereas integrin
a5p1 inhibition did not. Most integrins bind and activate FAK through their § subunit. Some
however activate specific Src-family kinases (SFK) through their a subunit (as al, a5 or
a'V) or exert a positional control over adjacent receptor tyrosine kinases (RTKSs), which in
turn affect FAK activity (Alavi et al., 2003, Giancotti and Tarone, 2003, Hood et al., 2003,
Miranti and Brugge, 2002, Wary et al., 1996, Wary et al., 1998). These complex and specific
interactions between integrins, SFK, adjacent RTK and various cofactors modulate FAK
activation and dictate specific downstream effector pathways, as cell proliferation, cell
survival or cell migration (Desgrosellier and Cheresh, 2010, Guo and Giancotti, 2004). Our
data suggest that FAK is required for both cell proliferation and migration through different
activation routes in BCC. While integrin a.5p1 specifically mediates fibronectin-induced
migration, further studies will be needed to decipher the mechanisms of FAK-mediated
proliferation. Altogether, our data identify FAK inhibition as a promising therapy for
advanced BCC. Importantly, various phospho-FAK inhibitors have been recently developed,
some with proven clinical success (Golubovskaya, 2014, Infante et al., 2012, Slack-Davis et
al., 2007). The precise place of FAK inhibitors along surgery, radiotherapy or Smoothened-
inhibitors naturally remains to be clarified.

In conclusion, this work suggests that TGFp, fibronectin, integrin a5p1 and phospho-FAK
act together as key regulators in driving a dense fibrotic peritumoral stroma and BCC
infiltration. We bring experimental evidence for the role of TGFf in peritumoral fibronectin
deposition and BCC infiltration in murine models of infiltrative BCC and identify integrin
a5pB1-mediated phosphorylation of FAK, upon fibronectin adhesion, as a mechanism
regulating BCC cell motility. The clinical relevance of our experiments is validated by the
observation of increased TGF, fibronectin as well as membranous phospho-FAK in human
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infiltrative BCC. Hence, this work extends our understanding of the biology of aggressive
infiltrative BCC and provides an essential step toward better prevention and improved
treatment of BCC.

MATERIALS AND METHODS

Cell lines and cell culture.

UW_BCC cell line was generously provided by Dr. V. Spiegelman (Madison, WI).
UW_BCC_T2 were obtained as previously described (Bal et al., 2017). ASZ_001 cell line
was generously provided by Dr. E. Epstein (Oakland, CA). For all experiments, cells were
grown in M154CF (Invitrogen, Basel, Switzerland) supplemented with 10% FBS, 1% P/S
and CaCl2 0.05mM. 293T cells were obtained from ATCC (Manassas, VA). Dermal mouse
embryonic fibroblasts (MEF) were obtained from 13.5 days-old C57BL/6 embryos as
described in (A, 2007). 293T and MEF were grown in DMEM (Invitrogen, basel,
Switzerland) supplemented with 10% FBS and 1% P/S. Cell lines were assessed for
mycoplasma using the MycoSeq Mycoplasma real-time PCR detection kit (ThermoFisher
Scientific, Waltham, MA) and frozen stocks were used for a maximum of 2 months.

Mouse model and drug treatment.

Adult male (5-7 weeks of age) NOD-SCID mice were used as host animals for grafted
tumors. Primary tumors were initiated by injection of UW_BCC_T2 (5x10° cells/mouse) or
ASZ_001 (5x10° cells/mouse) tumor cells together with MEF (1.5x108 cells/mouse)
subcutaneously in 100l of PBS:Matrigel 1:1. For intratumoral injection, mouse
recombinant TGFB1 (R&D Systems, Minneapolis, MN) was dissolved in 0.1% BSA, 4mM
HCI and diluted in PBS before injection. PF-562271 inhibitor (MedKoo Biosciences, Chapel
Hill, NC) was dissolved in DMSO and diluted in 5% DMSO (H20) for oral gavage. K34C
inhibitor was dissolved in DMSO and diluted in 0.2% DMSO (PBS) for intratumoral
injections. Tumor volume was assessed as previously described (Kuonen et al., 2012).
Infiltration was assessed on HE stainings in every quarter of a Chalkley grid (0= nodular; 1=
slightly infiltrative; 2= infiltrative) and summed. For every slide, an infiltrative score from 0
(highly nodular) to 8 (highly infiltrative) was obtained. Mice were housed under standard
conditions, and animal care was in compliance with the protocols approved by the
Institutional Animal Care and Use Committee (IACUC) at Stanford University.

Human BCC samples.

Study on human samples obtained in Switzerland was approved by the cantonal ethical
authority (VD, Switzerland) and written informed consents were obtained from participants.
Study on human samples obtained from Stanford University was approved by the Stanford
University Institutional Review Board (Stanford, CA), with a waiver ofconsent from
participants.

Statistical analyses.

Statistical comparisons were performed by a two-tailed Student’s t test or one-way ANOVA
with Tukey’s post test for multiple comparisons. Statistical analyses were performed using

J Invest Dermatol. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kuonen et al.

Page 9

GraphPad Prism (La Jolla, CA). The data were considered to be significantly different when
p <0.05.

A more complete and detailed description of the methods is included in Supplementary
Materials and Methods.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. TGFp isassociated with peritumoral fibronectin deposition and the transition from
nodular toinfiltrative phenotype in human BCC samples and mouse models.

(a) Fibronectin and S100A4 stainings of nodular and infiltrative human BCC tumors.

(b) Quantification of the stainings shown in (a).

(c) Quantification of TGFp at the protein level measured in nodular and infiltrative human
BCC.

(d) Fibronectin and HE stainings of UW_BCC_T2/MEF tumors injected either with PBS
(control) or recombinant TGFB (400ng/injection, 3x/week).

(e) Quantification of fibronectin and infiltration in UW_BCC_T2/MEF tumors shown in (d).
(f) Fibronectin and HE stainings of ASZ_001_ns/MEF and ASZ_001_TGFBshRNA/MEF
tumors.

(g) Quantification of fibronectin and infiltration in tumors shown in (f).

Scale bars indicate 100um. Columns and error bars represent the mean + SD forn =5
samples or mice per group. *p < 0.05, **p < 0.01 and ***p < 0.001.
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Figure 2. Fibronectin promotes BCC adhesion and migration.
(a)Crystal violet staining of adhesion assays performed with UW_BCC_T2 and ASZ_001

on BSA, collagen I or fibronectin. Scale bars indicate Imm.

(b) Quantification of adhesion assays shown in (a).

(c) Crystal violet staining of long-term clonogenic assays performed with UW_BCC_T2 and
ASZ_001 on uncoated or fibronectin-coated plates.

(d) Timecourse and crystal violet staining of migration assays performed with
UW_BCC_T2 on uncoated or fibronectin-coated plates.

(e) Timecourse and crystal violet staining of migration assays performed with ASZ_001 on
uncoated or fibronectin-coated plates.

(f) Tumor cell velocity measured from migration assays performed in (d) and (e).

Scale bars indicate 100um (unless specified). Columns and error bars represent the mean +
SD for n = 3 per group. *p < 0.05, **p < 0.01 and ***p < 0.001.
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Figure 3. BCC adhesion and migration on fibronectin is mediated by integrin a5p1.
(a) Flow cytometry analysis of integrin a5 and 1 subunits on UW_BCC_T2 and ASZ_001.

(b) Crystal violet staining and quantification of UW_BCC_T2 and ASZ_001 adhesion to
fibronectin when treated with DMSO or K34C.

(c) Crystal violet staining and quantification of UW_BCC_T2 adhesion to fibronectin when
treated with isotype (control) or P1D6 antibodies.

(d) Crystal violet staining and quantification of UW_BCC_T2 and ASZ_001 migration on
fibronectin when treated with DMSO or K34C.
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(e) Crystal violet staining and quantification of UW_BCC_T2 migration on fibronectin
when treated with isotype (control) or P1D6 antibodies.

Scale bars indicate Imm in (b) and (c), and 100um in (d) and (e). Columns and error bars
represent the mean £ SD for n = 3 per group. *p < 0.05, **p < 0.01 and ***p < 0.001.
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Figure 4. Fibronectin adhesion to integrin a5p1 induces FAK phosphorylation.
(a) Phospho-FAK immunostainings of UW_BCC_T2 and ASZ_001 on poly-L-lysine or

fibronectin.

(b) Phospho-FAK immunostainings of UW_BCC_T2 and ASZ_001 on fibronectin treated
with DMSO or K34C.

(c) Phospho-FAK immunostainings of UW_BCC_T2 on fibronectin treated with isotype
(control) or P1D6 antibodies.

(d) Quantification of membranous phospho-FAK shown in (b) and (c).

(e) Western blots for phospho(Y397)- and total-FAK in UW_BCC_T2 and ASZ_001 on
fibronectin treated with DMSO or K34C, and UW_BCC_T2 on fibronectin treated with
isotype (control) or P1D6 antibodies.

(f) Phospho-FAK stainings and quantification in nodular- compared to infiltrative-like areas
of UW_BCC_T2 tumors injected with TGFp. Scale bars indicate 100pum.

White arrowheads indicate membranous phospho-FAK. Scale bars indicate 20um (unless
specified). Columns and error bars represent the mean + SD for n = 3 per group. *p < 0.05,
**p < 0.01 and ***p < 0.001.
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F_igure 5. FAK mediates fibronectin-induced migration in vitro and TGFp-induced infiltration in
VIVO.

(a) Crystal violet staining and quantification of migration assays performed with
UW_BCC_T2_ns or UW_BCC_T2_FAKshRNA and ASZ_001_ns or
ASZ_001_FAKshRNA cells on uncoated or fibronectin-coated plates.

(b) HE stainings of UW_BCC_T2 ns/MEF or UW_BCC_T2_FAKshRNA/MEF tumors
injected either with PBS or recombinant TGFp (400ng/injection, 3x/week).

(c) Quantification of infiltration in tumors shown in (b).

(d) HE stainings of ASZ_001_ns/MEF or ASZ_001_FAKshRNA/MEF tumors.
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(e) Quantification of infiltration in tumors shown in (d).

Scale bars indicate 100um. Columns and error bars represent the mean + SD for n = 5 per
group. *p < 0.05, **p < 0.01 and ***p < 0.001.
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Figure 6. Phospho-FAK inhibition prevents fibronectin-induced migration in vitro and TGF-

induced infiltration in vivo.

(a) Pictures and quantification of integrin a5p1 and phospho-FAK stainings in human

nodular and infiltrative BCC.

(b) Crystal violet staining and quantification of UW_BCC_T2 and ASZ_001 migration on

fibronectin treated with DMSO or PF-562271.

(c) HE stainings of UW_BCC_T2/MEF tumors injected either with PBS or recombinant
TGFp (400ng/injection, 3x/week) and simultaneously treated with either DMSO,
PF-562271 (50mg/kg, 1x/day) or K34C (50ul at 20uM).
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(d) HE stainings of ASZ_001/MEF tumors treated with either DMSO, PF-562271 (50mg/kg,
1x/day) or K34C (50ul at 20uM).

(e) Quantification of infiltration in tumors shown in (c) and (d).

Scale bars indicate 100pm. Horizontal bars or columns and error bars represent the mean +
SD forn =2 5. *p < 0.05, **p < 0.01 and ***p < 0.001.
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