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ABSTRACT

In addition to playing a role in adhesion, desmimgle(Dsg?2) is an important regulator of

growth and survival signaling pathways, cell pedétion, migration and invasion, and
oncogenesis. While low-level Dsg2 expression seoled in basal keratinocytes and is
downregulated in non-healing venous ulcers, oveesgion has been observed in both
melanomas and non-melanoma malignancies. Hershaw that transgenic mice
overexpressing Dsg2 in basal keratinocytes prirhedattivation of mitogenic pathways, but did
not induce dramatic epidermal changes or suscétitti chemical-induced tumor

development. Interestingly, acceleration of fhlickness wound closure and increased wound-
adjacent keratinocyte proliferation was observeth@se mice. As epidermal cytokines and their
receptors play critical roles in wound healing, Psgduced secretome alterations were assessed
with an antibody profiler array and revealed ineeghrelease and proteolytic processing of the
urokinase-type plasminogen activator receptor (UPARg2 induced uPAR expression in the
skin of transgenic compared to wild-type mice. Wibtealing further enhanced uPAR in both
epidermis and dermis with concomitant increaséénpro-healing laminin-332, a major
component of the basement membrane zone, in tralcsgéce. This study demonstrates that
Dsg2 induces epidermal activation of various sigigatascades and accelerates cutaneous

wound healing, in part, through uPAR-related signatascades.



INTRODUCTION

Epidermal keratinocytes undergo orchestrated mmalifon and differentiation that is intricately
regulated by crosstalk between the dermis and epidéDhouailly and Sawyer, 1984).
Disruption of homeostasis during wound healing megucoordinated activation of signaling
cascades to facilitate. Stem-like basal keratitexcgivide asymmetrically into one
differentiating and one basal/proliferative keratipte to maintain the stratification of the self-
renewing epidermis (Lechler and Fuchs, 2005, Roshah, 2016). Keratinocytes adjacent to
the wounds express basal-like and ‘activated’ wtatins and stem-like transcription factors,
including Slug (Aomatsu et al., 2012, McGowan amail@mbe, 1998). It is paramount to the
intrinsic self-renewal capabilities of the skinnh@intain basal keratinocytes in a pro-proliferative

state and responsive to migratory signals.

Signaling mediated by adhesion proteins is emergig key player in maintaining
epidermal homeostasis and function (Kowalczyk aree®, 2013). The desmosomal cadherin
desmoglein 2 (Dsg2) has been shown to play a aktate in cell proliferation and migration.
Embryonic lethaDsg2”™ mice illustrate that Dsg2 is essential for develeptal cell survival and
growth (Eshkind et al., 2002). Transgenic overegpion of Dsg2 in suprabasal epidermis
enhances activation of mitogenic signaling pathvaayd increases keratinocyte proliferation,
resulting in epidermal hyperplasia and enhancedeqiibility to tumor growth (Brennan et al.,
2007). How Dsg2 modulates mitogenic signaling mayplve its localization to lipid rafts and
interaction with caveolin-1, an integral membraneponent and signal regulator of lipid rafts
(Brennan et al., 2012). Dsg2 also modulates E@WBI$ and activation, promoting increased
cell proliferation, migration, and invasion (Klegsret al., 2009, Overmiller et al., 2016).

Furthermore, Dsg2 upregulates Glil and Ptchl, taygees of the Hh signaling pathway, and



compound Dsg2/Pté4*°* mice have accelerated development of basal arahsous cell
carcinoma (BCC and SCC) and tumorigenesis in resptmchemical carcinogens (Brennan-
Crispi et al., 2015). Dsg2 modulates exosome sel&m keratinocytes and induces pro-
proliferative activity in dermal fibroblasts (Oveiltar et al., 2017). These results indicate that

Dsg2 can profoundly affect the homeostasis of figeemis and facilitate skin carcinogenesis.

In the epidermis, Dsg2 expression is restrictethéobasal layer and decreases with age
(Brennan and Mahoney, 2009, Schéfer et al., 198M4jtations in the humabDSG2 gene are
associated with fibrosis and cardiomyopathy withobgious skin phenotype (Awad et al., 2006,
Pilichou et al., 2006). Dsg2 is downregulatedan+mealing venous ulcers, though other
desmosomal cadherins, including Dsc2 and Dsg3)amegulated (Stojadinovic et al., 2008).
Given that the proliferative and differentiatinggutations of keratinocytes in the epidermis are
functionally distinct, we sought to determine tlileets of Dsg2 overexpression in basal
keratinocytes through K14-driven expression (K14:2)s The effect of basal Dsg2 on
epidermal homeostasis, malignant transformatiod vaound healing was investigated, and the
results illustrate that basal keratinocytes overesging Dsg2 are ‘primed’ to maintain the

epidermal architecture following tissue damage autiinducing hyperplasticity in the skin.



RESULTS
Establishment and char acterization of K14-Dsg2 transgenic mice

2Io/|o mice

In the interfollicular epidermis, Dsg2 is barelytelgable, and loss-of-functidisg
develop fibrotic lesions in the heart without skierphological changes (Ebert et al., 2016). To
assess the role of Dsg2 in the epidermis, we gerteeaK14-Dsg2 construct by subcloning the
C-terminal Flag-tagged mouse Dsg2 cDNA downstreatheohuman keratin 14 (KRT14)
promoter (Figure S1a) (Brennan et al., 2007). Kb42 transgenic mice did not exhibit any
gross developmental, morphological, or life spaiects compared to wild-type mice and litter
sizes were normal (between 6-10 pups per litté/e confirmed the expression of Dsg2 in the
skin of these mice by immunoblotting (Figure 1ajl anmunofluorescence for the Flag tag
(Figure S1b). The staining pattern of Flag-tagDsd2 was not continuous along the
interfollicular epidermis and occasionally appeaete cytoplasmic, similar to that of
endogenous Dsg2 (Brennan and Mahoney, 2009). psisasal expression of Dsg2 induced
epidermal hyperplasia at all ages, the epidermi€lgt-Dsg2 mice was evaluated. Surprisingly,
K14-driven expression of Dsg2 did not induce anyaspnt changes in epidermal thickness
(Figures 1b and S1c). Furthermore, basal-Dsgaadidlter keratinocyte proliferation, as
measured by PCNA immunofluorescence (Figures §ldnesummary, K14-driven expression
of Dsg2 in the basal epidermis had no detectaldssgmorphological effects on mouse

development, fecundity, or viability, and did néieathe overall architecture of the skin.
Basal Dsg2 activates mitogenic and survival signaling pathways but does not increase
susceptibility to chemical-induced car cinogenesis

Dsg2 had been previously shown to positively retgudativation of the EGFR/MAPK signaling
and other factors including c-myc, PI3K/AKT, c-Sand STAT3 (Brennan et al., 2007,
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Overmiller et al., 2016). While the total levelsneany signaling proteins including EGFR,
STAT3, c-Raf, c-Src, and Cyclin D1 were increasethe transgenic mice, the level of c-Myc, a
transcription factor that plays a critical rolekieratinocyte proliferation was not affected (Figure
1c) (Hirning et al., 1991, Mugrauer et al., 1988)ext, we examined the phosphorylation of
various mitogenic signaling proteins in the skirkd#-Dsg2 transgenic mice (Figure 1d).
Remarkably, the K14-Dsg2 mice showed enhanceddefgdhosphorylated EGFR, Src, c-Raf,
AKT and PTEN. Furthermore, enhanced stabilizatibaativatedp-catenin (Ctnnb1) and
increased expression of the positive cell-cyclell&gr Cyclin D1 (Ccndl) was observed in
K14-Dsg2 skin. The increased expression of sontbasfe factors in K14-Dsg2 epidermis was
confirmed by specifically harvesting intact epidatrractions from juvenile mice, as the
epidermis is several cell layers thick and perrhissio epidermal-dermal separation in young
mice (Figure 1e). Signaling cascades, such as ttmsastream of EGFR, are activated in the
developing skin as they are required for epidemmaiphogenesis in perinatal mice—i.e.
keratinocyte differentiation and hair follicle déeement/cycling (Schneider et al., 2008,
Sotiropoulou and Blanpain, 2012). Though juvenpalermis is mitotically active and
undergoing rapid alterations, overexpression ofZgsgtentiated the activation of various
signaling cascades, but was unable to drive hyagigleven in this context (Figures 1b, S1c).
Thus the results so far support our previous figdithat Dsg2 can enhance mitogenic signaling,

but appear to be insufficient to promote cell geshtion in the basal epidermis.

Activated signaling in the K14-Dsg2 mice suggeb#t the skin is maintained in a
‘primed’ homeostatic state. A similar phenomenors whserved in the epidermis of caveolin-1
knockout mice which had no overt epidermal dyspldsut were highly susceptible to DMBA-

TPA-induced tumorigenesis (Capozza et al., 2008)many of these pathways drive early tumor



growth and are positively regulated by Dsg2, wet mexestigated tumor formation in K14-Dsg2
mice. No sporadic epidermal lesions were obseméla epidermis of older transgenic mice (up
to 9 months of age). DMBA/TPA can drive the growfimostly benign papillomas and, rarely,
advanced squamous cell carcinomas after prolonmgathtent (Filler et al., 2007). Wild-type and
transgenic mice, following the DMBA/TPA treatmembfocol, developed comparable
hyperplasia in the dorsal epidermis and histopatjichlly similar tumors (Figure S2a, b). Both
wild-type and transgenic mice developed an equadb®s of tumors larger than 2 mm (Figure
S2c), which grew at the same rate (Figure S2d)sé& ldata illustrate that hyperactivation of
signaling cascades in the skin of transgenic ns¢esufficient to drive spontaneous and

chemical carcinogenesis.
Dsg2 over expr ession acceler ates cutaneous wound healing

Aberrations in keratinocyte activation can dranaljcdisrupt proper wound healing (Barrientos
et al., 2008). Therefore, we asked whether Dsd@entes keratinocyte dynamics after
wounding. Full-thickness wounds were inflicted ba tlorsal skin of wild-type and K14-Dsg2
transgenic mice and allowed to heal for up to fbays (Figure 2a). The rate of wound closure in
the transgenic mice was enhanced compared to theywpe littermates (Figure 2b, c).
Histologically, both wild-type and transgenic mowssunds appeared similar with a dense
lymphocytic infiltrate after wounding and similaarganization of the dermis in regenerating
tissue (Figures 2b and S3a). Keratinocyte prolifenais an important aspect of cutaneous
wound healing, generally occurring at a later safghe healing process (Pastar et al., 2014).
Wounds from the K14-Dsg2 mice had more activelyifm@ting keratinocytes (Figure 2d).

K14 expression in keratinocytes flanking and retfeghializing the wound bed is a feature of

normal cutaneous wound healing while K6 is a mafeactivated keratinocytes, also highly



expressed in wound-adjacent keratinocytes (Fregdddaal., 2001, Schafer and Werner, 2008).
K6 and K14 expression was observed 24 hours posgting in both wild-type and transgenic
mice, but the expression of both keratins and Disg# was enhanced in the K14-Dsg2 wound-
adjacent keratinocytes (Figure S3b-d). These datdrate that basal overexpression of Dsg2
activates several pro-growth and cell division petys that prime the skin for enhanced wound

healing.
Dsg?2 alters secretion of wound healing-associated cytokines and chemokines

Keratinocytes are exposed to and release solubd&iogs, chemokines, and growth factors
secreted into the wound milieu to promote theirnatign and proliferation (Landen et al., 2016,
Reinke and Sorg, 2012). To determine if Dsg2 coutdlulate the secretome of keratinocytes,
we analyzed the conditioned media from HaCaT kaoaiites with a secretome antibody array.
Dsg2 overexpression in HaCaTs altered the keratteaecretome with increases in the
secretion of interleukin 6 receptor (IL-6R), uroké®e plasminogen activator receptor (UPAR),
and tumor necrosis factor receptor (TNFRI) (FiguBasb, S4a, and Table 1), cytokines that are
critical for modulating the rate of wound repairfilyroblasts and keratinocytes (Behm et al.,

2012).

UPAR plays a central role in cell surface-assodigtasminogen activation leading to
degradation and remodeling of the extracellularxéEllis et al., 1989, Stephens et al., 1989).
Loss of uPAR function in knockout mice showed dethywound-healing response, and
decreased keratinocytes proliferation and migrafi@Alessio et al., 2008). uPAR is a highly
glycosylated, GPl-anchored receptor with 3 extlatai domains (D1-3). Proteolytic cleavage
can occur in the linker region between D1 and Dgietd the uPARD2D3 fragment, which can

undergo further cleavage of the GPI-linker relegsie soluble form uPARD2D3 (Sidenius et



al., 2000). Immunoblotting of lysates and immuntdahemistry of skin from wild-type and
K14-Dsg2 transgenic mouse epidermis showed a gignifincrease in glycosylated (~55-70
kDa) uPAR, soluble uPARD2D3 (~ 37 kDa) and fullgémuPAR (~45 kDa) in response to
Dsg2 overexpression (Figure 4a and b). HaCaTs rpegssing Dsg2 had enhanced expression
of UPAR, and the dermis of transgenic mice hadifsogmt increases in the uPAR fragments
(Figure S4b, c). Lysates from the day 1 woundsihaeased uPAR expression and processing
in the transgenic mice, corroborating uPAR immuaiostg in wild-type and K14-Dsg2
transgenic wounds (Figure S5a, b). The source mhaeuPAR could be from soluble full-length
UPAR or uPARD2D3 from the epidermis, although wened rule out the release of uPAR from

peri-wound dermal fibroblasts.

Dsg2 enhances SCC cell migratiorvitro in an EGFR- and c-Src-dependent fashion
(Overmiller et al., 2016). HaCaTs stably overexpirgg Dsg2 had similarly enhanced migration
in anin vitro scratch assay, which was attenuated by blockidgRugttivity in the cells with an
anti-uPAR antibody (Figure 4c). uPAR signaling inds downstream expression of laminin-332
in keratinocytes in an EGFR-dependent manner (B%Meet al., 2008). Laminin-332 is a critical
structural component of the basement membraneaithlyeskin and is secreted by keratinocytes
to promote cellular migration in re-epithelializitigsue (lorio et al., 2015). HaCaTs
overexpressing Dsg2 had increased laminin-332 (Ei§4b). The basal expression of laminin-
332 in healthy basement membranes was similar leetwéd-type and transgenic mice.
Intriguingly, the transgenic wounds had more lamiB882 expression in the migrating
keratinocytes and subsequently deposited in thenergting basement membrane in a pattern
similar to that seen in other mouse models of edas wound repair (Figures 4d and S5c)

(Jackow et al., 2016, Krampert et al., 2004, Vedle 2011). uPAR can be secreted through



exosomes, cell-derived vesicles of approximateR130 nm (Jung et al., 2009, Mu et al., 2013).
We have previously shown Dsg2 potentiates the 8enref exosomes from both HaCaTs and
malignant SCC cells (Overmiller et al., 2017). ladeboth HaCaT+GFP and +Dsg2/GFP cells
secreted exosomes equally enriched in a ~70kDadraaf uUPAR, likely corresponding to the
full-length, highly glycosylated protein (Figure §5These results suggest that Dsg2 may

facilitate wound repair through uPAR.
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DISCUSSION

Differentiation-dependent expression of variouswaesomal cadherins in the epidermis may be
an important factor for maintaining strata-speatidl-cell adhesion (Delva et al., 2009).
However disruption of this expression pattern eggian has revealed additional biological
functions. For example, forced expression of Dieghe suprabasal epidermis of the Inv-Dsg2
mice altered cell signaling and promoted cell gioand proliferation (Brennan et al., 2007).
Interestingly, suprabasal expression of Dsg3 aldaged epidermal hyperplasia and abnormal
differentiation (Elias et al., 2001, Merritt et,82002). In this report, overexpression of Dsg2 in

the basal cell compartment of the epidermis wa$lerta disrupt tissue homeostasis.

Various mitogenic signaling pathways were sigaifity activated in the skin of K14-
Dsg2 transgenic mice, including ERK1/2, AKT, ghdatenin. These pathways, when
abnormally activated in the skin, typically drivei@germal hyperplasia and susceptibility to
cutaneous malignancy (Dhillon et al., 2007, Hafteal., 2010, Sherwood and Leigh, 2016).
Furthermore, PTEN inactivation is a hallmark ofigas cancer types and is mutated in multiple
hamartoma syndrome (Ming and He, 2009). PTEN phasgation is associated with
cytoplasmic sequestration and inhibition of itsatege regulator role in the PI3BK/AKT pathway
(Das et al., 2003). Though basal expression ofiC{xl was increased in our transgenic mice,
knockout studies demonstrated that cyclin D1 alsn®t sufficient to activate cell replication
(Robles et al., 1998). Similarly, while oncogesash as STAT3 or c-Src play a critical role
during cancer development, their role in the eprdeiduring normal homeostasis is poorly
defined. Interestingly, c-Myc expression was werald in the skin of K14-Dsg2 mice, in
contrast to Inv-Dsg2 mice (Brennan et al., 2008)prabasal overexpression of c-myc in mice

resulted in hyperplasia while basal overexpreskdno increased keratinocyte proliferation, but
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attenuated migration during wound healing, dugltantegrin transcriptional repression (Waikel
et al., 2001, Waikel et al., 1999). It is possithiat c-Myc may be the important driver of Dsg2-
induced epidermal hyperplasia that is not upregdlat K14-Dsg2 skin (Figure 5). Inducible
knockout of c-Myc from basal keratinocytes delagathneous wound healing and depleted the
population of epidermal stem cells in a time-degenananner (Zanet et al., 2005). Though
overexpression of Dsg2 did not promote hyperplastamor growth in response to

DMBA/TPA treatment, Dsg2 in the basal keratinocydeselerated cutaneous wound healing.
Healing and regeneration in skin is an well-orctagetl event requiring keratinocyte
proliferation and migration to completely cover ardenerate the wounded skin, with molecular
signals such as cytokines and chemokines playiregsaential role for restoration of tissue
integrity (Gurtner et al., 2008). Though keratirttpaning in the healthy epidermis is typified by
basal keratins K5/K14 and differentiation keratigK10, wound-adjacent keratinocytes
express high levels of the activation marker K&@eberg et al., 2001). The K14-Dsg2
transgenic mice had enhanced expression of Kéwallp cutaneous injury suggesting that the

cells, indolent in healthy skin, are indeed prini@dactivation and healing.

Keratinocytes have long been recognized as a majorce of growth factors and
cytokines that are critical during wound healing;luding uPA and uPAR (Werner and Grose,
2003). There was increased uPAR expression ingditkelenis and secretion into the dermis of
the K14-Dsg2 mice as well as the actively prolifergand migrating keratinocytes adjacent to
the wounded tissue. Overexpression of uUPAR conistly activates EGFR and c-Src to
promote cell motility througlasf, integrin, while loss of uPAR attenuates EGFR-dejgen
laminin-332 secretion without affecting integrinpe@ssion or signaling (D'Alessio et al., 2008,

Tarui et al., 2003). While EGFR and Src are wholpable of promoting hyperproliferation and

12



motility in keratinocytes independently, synergyiwilPAR-related signaling could further
stimulate this signaling cascade. Dsg2 enhance®lbase of uPAR into the dermis and wound
area by two potential mechanisms (Figure 5). Phalgpdse D (PLD), which is activated in
wounded keratinocytes, cleaves the GPI anchor¢ase soluble uPAR (Arun et al., 2013).
Proteinases further cleave within the linker redietween domains D1 and D2. uPAR can also
undergo endocytosis into endosomes and multivesitudies and, when fused with the plasma
membrane, release uPAR-loaded exosomes. Thoughd2sg?not enhance the sorting of uPAR
to exosomes, we have previously shown that botihgmeaht and non-malignant keratinocytes
overexpressing Dsg2 release more exosomes pésaimiller et al., 2017). The cleaved
UPAR in the extracellular milieu potentially prorastadditional fibroblast activation and matrix

remodeling in the healing dermis.

Loss of uPAR in knockout mice disrupted wound repgireducing laminin-332
expression in an EGFR-dependent manner (D'Ale$sib,€2008). We observed increased
laminin-332 in the epithelial tongue of the healimgunds of transgenic mice. In the healthy
epidermis, both EGFR and Src were hyperactivatédeariransgenic mice, corroborating our
previousin vitro findings (Overmiller et al., 2016). We postulatatthPAR may enhance cell
growth and migration through its interaction witheagrins and associated downstream signaling
pathways including EGFR and c-Src (Ghosh et aD02&ue et al., 1997). Indeed, these results
suggest that EGFR/c-Src act in conjunction or syi@erwith the uPAR signaling axis to
promote enhanced wound healing in our transgenigcsenodel. c-Src itself is an upstream
regulator of uPAR transcription, which may be apamant intermediary for upregulating uPAR
expression in the K14-Dsg2 mouse keratinocytes i@kal., 2001). In summary, these data

demonstrate a broad effect of Dsg2 in priming bkerdtinocytes mitogenic and pro-migratory
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cellular signaling following trauma, at least inrfoay increased secretion of a panel of soluble

factors that can enhance the repair program.
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MATERIALSAND METHODS

Details of protocols and reagents utilized candumdl in the Supplementary Materials and

Methods online.
Ethics statement on animal research

Animal experiments were facilitated within the gelides provided within the Guide for the
Care and Use of Laboratory Animals of the NIH amdécordance with Laboratory Animal
Services at TJU. The animal usage protocol wasoapdrby IACUC at TJU after review by the

staff veterinarian.

Generating transgenic mice and genotyping

The Dsg2.Flag cDNA was subcloned into a targetmgstruct containing ~2,300 bp of the
human cytokeratin KRT14 promoter and a polyadermiatil (kind gift from Dr. Elaine Fuchs,
Rockefeller University) (Brennan et al., 2007). Rdar mice were backcrossed at least 5
generations to the C57BL/6J inbred strain backgidonfurther analysis.

I mmunofluor escence and immunohistochemistry

Sections (4 um) of OCT (Tissue-Tek; Fisher) frotisspues were immunostained for Flag,
PEGFR (Tyr845), pSrc (Tyr416), Laminin-332, and Psgd FFPE tissues for PCNA, K14, K6,

and uPAR (Brennan et al., 2007).

Keratinocyte proliferation
Proliferation was assayed by immunostaining moisefer PCNA and DAPI. The number of
PCNA+ cells was counted in at least 3 random higlvgyed (40x) fields or a single,

encompassing medium-powered (20x) field for themadrand wounded tissue, respectively.
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DM BA-TPA-induced skin carcinogenesis

Wild-type and K14-Dsg2 transgenic mice (6-8 weekale and female) were treated with
DMBA (7,12-dimethylbenz[a]antracene) and biweektyplications of TPA (122-
tetradecanoylphorbol 13-acetate) to promote skimotugrowth (Brennan et al., 2007, Filler et

al., 2007). Tumors were measured biweekly usiggalicalipers.

Full-thickness skin wounding

Punch biopsies (4 mm) were used to generate wannwigd-type and K14-Dsg?2 transgenic
mice (6-8 weeks; male and female) (Wang et al.320Wounds were photographed daily by
digital microscope (Plugable USB 2.0 Digital Miccope).

Cytokine antibody array

Cytokine profiles of conditioned media (48 h) fréiaCaT-GFP and HaCaT-Dsg2/GFP cells
were analyzed using a Human Cytokine Antibody ACaY00 (#AAH-CYT-1000-2;
Raybiotech, Norcross, GA). Quantification of dateinsity was performed in ImageJ following

background subtraction, and the raw data normatzékle array-specific positive control dots.
Scratch Assay

Confluent HaCaT+GFP and +Dsg2/GFP sheets werechedhtvith a P200 pipet tip and
incubated 24 hr in DMEM % 1 pg/mL anti-uPAR antilyotihages were taken immediately post-

scratch and 24 hr later; data expressed as %t iwidth between epithelial sheets remaining.
Exosomeisolation

Exosomes were purified from conditioned medium af0dT keratinocytes by sequential

ultracentrifugation (Greening et al., 2015, Oveleniet al., 2017). Medium was centrifuged at
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300 x g, 2,000 x g, and 10,000 x g to remove |ive dead cells, and microvesicles. Supernatant

was centrifuged at 110,000 x g (Beckman 45Ti) ttepexosomes.
Statistical analysis

Data are expressed average value + SEM. Studeess, unless otherwise noted in

Supplemental Materials and Methods * p<0.05; ** X0 *** p<0.001.
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FIGURE LEGENDS

Figure 1. Dsg2 enhances activation of mitogenic signaling species. (a) Skin from wild-type

and K14-Dsg2 transgenic mice was lysed and immunisd for Flag. l§) Representative
hematoxylin and eosin staining of newborn, 14 @dayl 6 week old dorsal skin of wild-type and
transgenic mice. cf Dorsal skin from wild-type and transgenic micesvigsed and proteins
were immunoblotted for phosphorylated or total algrg proteins. Representative results from
one of three independent experiments shodnTle signals were quantified and
unphosphorylated proteins were normalized to GAR&@ading control while phosphorylated
proteins were normalized to respective total prsteg) Wild-type and K14-Dsg2 mouse
epidermis was immunoblotted for phosphorylated tatal proteins. Data are depicted as

percentage of wild-type and average + SEM. N=3.

Figure 2. Dsg2 promotes cutaneous wound healing. (a) Full-thickness wounds were inflicted
on the dorsal skin of wild-type and K14-Dsg?2 traersig mice and photographed up to 4 days
post-wounding. Space between blue ruler linesnsrl @) H&E staining of 4-day old wild-
type and transgenic wounds. Dashed lines demancated edge. Scale bar=100 pap (
Wound area of non-epithelialized tissue was medsurémageJ (mrf) and normalized to the
area of fresh wounds. Data are expressed as aveziagjve area of re-epithelialized tissue
covering the initial woun@mn?) + SEM. N=13 wild-type; 16 transgenicd) (Representative
immunofluorescence of wound-adjacent wild-type sadsgenic mouse skin 4 days post

wounding for PCNA (green) and DAPI (blue). Scalesb&0 pum.

Figure 3. Cytokine profiling identifies uPAR as a key molecule upregulated in response to

Dsg2. (a) Human Cytokine Antibody Arrays C6 and C7 wereagssl with conditioned medium
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from HaCaT keratinocytes overexpressing GFP or [13gR. Boxes indicate cytokines that
showed statistically significant changes (dasheekti downregulated; solid lines: upregulated).
(b) Densitometry was performed of each cytokine bgdey software and histogram bars
represent the relative intensity value of eachldysecreted (white: HaCaT-GFP; black:
HaCaT-Dsg2/GFP). Data are normalized to on-membpasgive control and depicted as

relative abundancy in samples £ SEM. N=2.

Figure 4. Dsg2 enhances epider mal and der mal uPAR in wounded tissues. (a) Wild-type and
K14-Dsg2 transgenic mouse epidermis (N=3) was inohloited for uPAR and actin. Signals
were quantified, normalized to actin, and expresseth of wild-type (right). G-uPAR:
glycosylated uPAR; uPAR: non-glycosylated uPAR; &22D3: D2D3 domains of uPARDbY
Wild-type and K14-Dsg2 transgenic mice skins wemmunostained for uPARcY HaCaT+GFP
or +Dsg2/GFP were treated with 1pg/mL anti-uPARbmaty and allowed to migrate for 24 h
following scratch. Data are normalized to initiaduwnd width of respective conditions and
expressed as % distance remaining to be re-egilizeldl. N=3. ¢) Wild-type and K14-Dsg2
wounds (day 1) were immunostained for Laminin-I33@shed line: regenerating basement

membrane. Scale bars=50 pum.

Figure5. Dsg2 potentiates the wound healing response. (Top) Basal overexpression of Dsg2
drives activation of various signaling cascade,rmitoverexpression of c-Myc, presumably
leaving the epidermis primed, but unperturbed. Addally, there is increased epidermal and
dermal uPAR expression. (Bottom) During wound hegluPAR can be shed and processed
from the keratinocytes membranes as soluble uPARAR) and the D2D3 fragment,
respectively. uUPAR can also be shed via exosontessfuttling through the endosomal sorting
pathway; both mechanisms increase dermal uPAR otrat®n and promote matrix remodeling
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and wound resolution. Through uPAR-mediated siggalDsg2 potentiates expression of pro-

migratory laminin-332 in the regenerating basenmeatbrane.
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Table 1. Cytokines altered in keratinocytesin response
to Dsg2 (HaCaT -Dsg2/GFP / HaCaT -GFP

Cytokines Fold change P-value
IL-6R 1.48 *
uPAR 1.37 *
TNFRI 1.18 *
TIMP-2 -1.29 *
GROo/Bly -1.28 *
MCP-1 (CCL2) -1.32 *xE
RANTES (CCL5) -1.57 *
PDGF-BB -1.59 *

HaCaT: spontaneously transformed immortal keratites; Dsg2:

desmoglein 2; GFP: green fluorescence protein;RL-6
interleukin-6 receptor; uPAR: urokinase-type plasogien

activator receptor; TNFRI: tumor necrosis factareqgtor |; TIMP-

2: tissue inhibitor of metalloproteinase 2; GRO/g/lgrowth-
related oncogene; MCP-1/CCL2: monocyte chemoa#nact
protein 1/C-C motif chemokine 2; RANTES: regulated
activation, normal T cell expressed and secretBd3RBB:
Platelet-derived growth factor subunit'B2< 0.05, ***P < 0.001
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