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Abstract

Oral mucosa contains a unique transcriptional network that primes oral wounds for rapid
resolution in humans. Our previous work identified genes that were consistently upregulated in the
oral mucosa and demonstrated that induction of one of the identified genes, transcription factor
SOXZ, promoted cutaneous wound healing in mice. In this study, we investigated the molecular
and cellular mechanisms by which SOX2 accelerates wound healing in skin. RNA-seq analysis
showed that SOX2induced a proliferative and wound-activated phenotype in skin keratinocytes
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prior to wounding. During wound healing, SOX2 induced proliferation of epithelial and
connective tissue cells and promoted angiogenesis. ChlP-assay revealed that SOX2 directly
regulates expression of EGFR ligands, resulting in activation of EGFR. /n vitro, skin keratinocytes
overexpressing SOX2 promoted cell migration via the EGFR/MEK/ERK pathway. We conclude
that induction of SOX2 in skin keratinocytes accelerates cutaneous wound healing by promoting
keratinocyte migration and proliferation, and enhancement of angiogenesis via the upregulation of
EGFR ligands and activation of EGFR/MEK/ERK pathway. Through the identification of putative
cutaneous SOX2 targets such as HBEGF, this study opens venues to determine clinical targets for
treatment of skin wounds.

INTRODUCTION

Wound healing has four overlapping phases in the repair process: hemostasis, inflammation,
proliferation and remodeling (Singer and Clark, 1999). In the proliferation phase, diverse
types of cells, including keratinocytes, fibroblasts, endothelial cells, macrophages and
leukocytes migrate into the wound area for re-epithelialization, angiogenesis and production
of the extracellular matrix (ECM). Growth factors derived from various cells localized in the
wounded area are essential for proper and efficient wound healing (Eming et al., 2014).
Activation of epidermal growth factor receptor (EGFR) through EGFR ligands, regulates
various phases of cutaneous wound healing (Repertinger et al., 2004, Tokumaru et al., 2000).
Dysregulation of these interactive processes in diabetic wounds results in delayed wound
healing (Brem and Tomic-Canic, 2007, Gurtner et al., 2008, Singer and Clark, 1999).

Oral wound healing has long been considered as an ideal system of wound resolution when
compared to skin because oral wounds resolve faster and without scar formation. Several
studies determined the differences of the injury responses between oral mucosal and
cutaneous wounds, focusing on the inflammation and migrating capacity of keratinocytes
(Szpaderska et al., 2003, Turabelidze et al., 2014). We recently reported a longitudinal
clinical wound healing study using healthy human subjects where paired comparative gene
analysis was done between oral mucosa and skin tissue (Iglesias-Bartolome et al., 2018).
This analysis revealed that wound-activated transcriptional networks are present at the basal
state in the oral mucosa, priming the epithelium for wound repair. SOX2and P/TX1 were
identified as being highly expressed in the oral mucosa when compared to the skin and we
demonstrated that they play important functions during wound resolution (lglesias-
Bartolome et al., 2018).

SOX2, a member of the SoxB1 transcription factor family, is an important regulator of stem
cell maintenance in epithelial tissues and has been found to promote tumor growth (Arnold
etal., 2011, Boumahdi et al., 2014, Siegle et al., 2014). It has also reported that SOX2 is
associated with the development of immature tumors, including glioblastomas and teratomas
(Garros-Regulez et al., 2016, Phi et al., 2007). In the skin, SOX2 is expressed in cells
localized around the bulge region of hair follicles, dermal papilla, Merkel cells, and neural
crest precursor cells, but has not been detected in epidermal keratinocytes (Driskell et al.,
2009, Johnston et al., 2013). It has been reported that SOX2 has an important role in skin
repair (Johnston et al., 2013), and we demonstrated that inducible epidermal-specific
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expression of SOX2 promoted cutaneous wound healing in mice (Iglesias-Bartolome et al.,
2018). However, the detailed cellular and molecular mechanisms of rapid SOX2-mediated
wound resolution in skin keratinocytes has not been determined. Herein, we performed in-
depth analysis of the molecular and cellular changes induced by SOX2 in skin keratinocytes
in the basal state and during wound healing. We identified SOX2-target genes and
downstream EGFR/MEK/ERK pathway effectors as essential components in the promotion
of cutaneous wound healing.

Epidermal specific SOX2 expression accelerates cutaneous wound healing by promoting
re-epithelialization and formation of granulation tissue

Utilizing a tamoxifen-inducible K14CreERTM/LSL-SOX2 (TG) mouse model
(Supplementary Figure S1a), we determined that mMRNA and protein levels of SOX2
expression were significantly increased in tamoxifen (Tam) treated TG mice when compared
with vehicle (Veh) treated mice, using murine oral mucosa (buccal mucosa and hard palate)
as positive controls (Figure 1a, 1b and Supplementary Figure S1b). Skin punch biopsies
were obtained from SOX2-overexpressing (TG Tam) and age-matched control mice (TG
Veh, Wild type (WT) Tam and WT Veh) to assess the wound healing process every 2 days
up to 12 days, when there was almost complete wound closure in TG Tam mice. WT Tam
and WT Veh treated mice confirmed that topical application of tamoxifen had no effect on
cutaneous wound healing. SOX2-overexpressing mice exhibited significantly accelerated
wound closure kinetics when compared with control groups from day 2 to day 12 (Figure
1c). Thickness of the epidermis was significantly increased in SOX2-overexpressing mice
when compared to control mice (TG Veh or WT Tam) (Supplementary Figure S1c). The re-
epithelialization area was significantly larger in SOX2-overexpressing mice when compared
with control (TG Veh) mice at days 2 and 4 after wounding (Supplementary Figure S1d),
corroborating our previous work (Iglesias-Bartolome et al., 2018). Furthermore, the
granulation tissue area was significantly increased in SOX2-overexpressing mice when
compared with control (TG Veh) mice (Supplementary Figure S1e). These results indicate
that SOX2 expression in skin keratinocytes accelerates cutaneous wound healing via the
promotion of re-epithelialization and formation of granulation tissue.

Cutaneous SOX2 suppresses epidermal differentiation but induces wound-activated
phenotype in basal state

To elucidate the molecular mechanisms underlying the accelerated wound healing in SOX2-
overexpressing mice, we performed RNA sequencing (RNA-seq) analysis and compared
gene expression between SOX2-overexpressing and control mice at unwounded (day 0) and
wounded (day 4 after wounding) timepoints (Figure 2a). Clustering analysis showed that
there were large differences in gene expression between SOX2-overexpressing and control
mice in the unwounded timepoint. While these differences decreased after wounding, there
was clear separation between tamoxifen wounded and vehicle wounded mice in principal
component analysis (PCA) (Supplementary Figure S2a).
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Next, we focused on differences in gene expression at basal state (Day 0, unwounded)
between SOX2-overexpressing and control mice (Figure 2b). Gene Ontology (GO) analysis
of the genes upregulated in SOX2-overexpressing mice (unwounded Tam/Veh: RPKM>1,
FC>2, g<0.05, 1226 genes) showed enrichment of genes related to skin development,
epidermal cell differentiation, hair follicle development and cell cycle (Figure 2c).
Expression levels of epidermal differentiation genes (KRT1, KRT10, LOR, SBSN) were
suppressed in SOX2-overexpressing mice (Figure 2d, 2e and Supplementary Figure S2b).
However, SOX2-overexpressing skin did not result in expression of keratin 13 (KRT13), a
well-established oral keratinocyte marker (Supplementary Figure S2¢). Keratinocytes at the
wound edge switch their phenotype from differentiating to activated, and start expressing
KRT6, KRT16 and KRT17 (Freedberg et al., 2001, Wikramanayake et al., 2014). KRT17 is
expressed in several skin disorders including psoriasis and tumors (Markey et al., 1992,
Yang et al., 2017) and promotes cell proliferation, migration and wound healing (Mazzalupo
et al., 2003). Interestingly, SOX2-overexpressing skin showed significantly increased
expression of KRT17 in the unwounded timepoint (Figure 2d-2f and Supplementary Figure
S2b). It has been reported that SOX2 directly regulates Sonic hedgehog (Shh) in the
development of neural stem cells (Favaro et al., 2009). Shh has important roles in the
regulation of wound healing (Asai et al., 2006) and in the regulation of KRT17 expression
(Callahan et al., 2004). RNA-seq analysis showed that Shh signaling associated genes were
upregulated at basal state in SOX2-overexpressing mice (Supplementary Figure S2d).
Immunofluorescence staining showed that Shh was highly expressed in SOX2-
overexpressing skin (Supplementary Figure S2e).

SOX2 promotes cell proliferation and tumor growth via regulation of cyclin expression
(Boumahdi et al., 2014). Transcript levels of most cyclins were upregulated in SOX2-
overexpressing mice (Figure 2g). We previously revealed that SOX2-overexpressing skin has
a proliferative phenotype at basal state using PCNA staining (lglesias-Bartolome et al.,
2018). We confirmed this result in transcriptome and protein levels with another
proliferation maker, Ki-67. Ki-67 and PCNA were also upregulated in SOX2-overexpressing
mice (Figure 2g and Supplementary Figure S2f).

When using Ingenuity Pathway Analysis (IPA) on the genes upregulated in SOX2-
overexpressing mice in the unwounded timepoint, we found induction of networks
associated with development and growth of epithelial tissue and cell cycle progression
(Figure 2h) and genes associated with cellular movement (Supplementary Figure S2g).

Taken together, these results indicate that in epidermal keratinocytes, SOX2 suppresses
epidermal differentiation while inducing a wound-activated phenotype. This is supported by
the increased expression of KRT17 and upregulation of genes associated with cell
proliferation and migration in the basal state.

SOX2 in skin keratinocytes promotes proliferation of keratinocytes and angiogenesis
during wound healing

To investigate gene networks regulated by SOX2 during wound healing, we compared the
gene expression profiles of SOX2-overexpressing and control mice in the wounded state
(Day 4) (Figure 3a). GO analysis of genes significantly upregulated in SOX2-overexpressing
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mice (wounded Tam/Veh, RPKM>1, FC>2, q<0.05, 424 genes) showed enrichment for
processes related to skin development, keratinocyte differentiation, intermediate filament
cytoskeleton organization, mesenchymal cell development and positive regulation of
keratinocyte migration (Figure 3b). Expression levels of genes described in wound-activated
keratinocytes including keratins KR76, KRT16 and KR717were activated in SOX2-
overexpressing mice particularly in the wounded timepoint, with the most notable change
being for KR717 (Figure 2d). Diseases and functions analysis via IPA on the upregulated
genes in SOX2-overexpressing mice showed that cutaneous SOX2 induced gene networks
associated with proliferation of connective tissue and epithelial cells and cell movement
during wound healing (Figure 3c and Supplementary Figure S3a). We performed in-depth
analysis of migrating tongue and granulation tissue to evaluate the correlation between
SOX2 expression and the promotion of re-epithelialization and formation of granulation
tissue. Immunofluorescence staining showed that SOX2* cells were present in the migrating
tongue, and a large number of PCNA™ positive keratinocytes were found in the wound area
in SOX2-overexpressing mice (Figure 3d and 3e). K767, another marker of proliferation,
showed upregulation in the RNA-seq analysis (Figure 2g). Furthermore, the numbers of
Ki-67 positive cells in the wound area were significantly increased in SOX2-overexpressing
mice (Figure 3f and Supplementary Figure S3c). Analysis via IPA also showed induction of
gene networks associated with vasculogenesis and angiogenesis in organism development
(Figure 3c). It has been reported that SOX2 in tumors promotes angiogenesis through
production of pro-angiogenic factors including VEGF, TGFA and EREG (Siegle et al.,
2014). In addition to the upregulation of angiogenesis pathways (Figure 3c and
Supplementary Figure S3b), we determined that the number of CD31* endothelial cells and
aSMA* pericytes/myofibroblasts in the wound area were significantly increased in SOX2-
overexpressing mice (Figure 3g, 3h and Supplementary Figure S3c). However, SOX2-
overexpressing mice did not have increased mRNA levels of members of collagen family
(Collal, Colla2, Col3al) and FN1, and those expression levels correlated with expression
levels of TGF-B (Supplementary Figure S3d and S3e).

Neutrophils and macrophages infiltrate the wound area and promote re-epithelialization and
angiogenesis via production of chemokines and growth factors (Lamagna et al., 2006).
Therefore, we examined the numbers of CD68* macrophages and myeloperoxidase (MPO)*
neutrophils in the wound area by immunofluorescence staining. However, there was no
significant difference between SOX2-overexpressing mice and control mice (Supplementary
Figure S3f and S3g).

These results indicate that cutaneous SOX2 enhances cell proliferation in epidermis, as well
as connective tissue formation and cell migration. The resulting promotion of re-
epithelialization and angiogenesis is potentially directly involved in the accelerated wound
healing process.

SOX2-overexpressing mice upregulates EGFR ligands genes

Next, we compared genes from groups (1) unwounded Tam/Veh, (2) wounded Tam/Veh in
mice and (3) Oral/Skin (day 0) in human (Iglesias-Bartolome et al., 2018) to determine
SOX2 target genes. This analysis identified 47 genes that were upregulated in all three
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groups (Figure 4a and Supplementary Figure S4a). Consecutively, we performed another
analysis comparing genes from groups (4) Veh wounded/unwounded and (5) Tam wounded/
unwounded in mice and determined 378 genes commonly upregulated during the wound
healing process (Figure 4a). Finally, we cross-referenced these two gene lists and identified
5 SOX2 target genes which potentially are instrumental to accelerated wound healing
(Figure 4a). Among these genes, ALDH1A3encodes an aldehyde dehydrogenase enzyme
which is required for conversion of retinol to retinoic acids. It has been reported that topical
application of retinoic acid improves cutaneous wound healing (Kitano et al., 2001). HAS3
is involved in the synthesis of the unbranched glycosaminoglycan hyaluronan which is a
major constituent of the ECM. Hyaluronan binds to its receptor CD44 present on endothelial
cells, triggering the proliferation of endothelial cells and production of angiogenic cytokines
(Pardue et al., 2008). Alcian blue staining revealed that hyaluronan was highly elevated in
the wound area in SOX2-overexpressing mice (Supplementary Figure S4b).

AREG and HBEGF are EGFR ligands which regulate a number of cellular processes such as
proliferation, differentiation, migration, and survival via activation of EGFR signaling
pathway (Singh et al., 2016). FAMB83A activates downstream of EGFR signaling,
independent of EGFR activation (Lee et al., 2012). Significantly heightened mRNA levels of
AREG and HBEGF expression was confirmed by gPCR in each group, corroborating the
trend found in the RNA-seq analysis (Supplementary Figure S4c). Interestingly, other EGFR
ligands were also upregulated in SOX2-overexpressing mice when compared with control
mice (Supplementary Figure S4d).

Immunofluorescence staining showed that HBEGF was highly expressed in keratinocytes in
SOX2-overexpressing mice when compared to control mice in the unwounded and wounded
conditions (Figure 4b). Moreover, we found that phospho (p)EGFR was also significantly
upregulated in SOX2-overexpressing mice in the unwounded and wounded timepoints
(Figure 4c and 4d and Supplementary Figure S4e).

It has been reported that SOX2 increases the expression of EREG and TGFA in hair follicle
stem cells and cancer cells (Siegle et al., 2014), which lead us to test if SOX2 directly
regulates transcription of EGF ligands in skin keratinocytes by ChlP-assay. Integrative
analysis using the RNA-seq dataset and FIMO motif analysis revealed higher enrichment of
SOX2 binding to the loci of AREG, HBEGF, EREG and TGFA. This was confirmed by
ChIP-gPCR, where the targets showed approximately 9 fold-change when compared with
IgG control (Figure 4e). These results suggest that in skin keratinocytes, SOX2 potentially
directly regulates the expression of EGFR ligands resulting in the activation of EGFR
signaling.

SOX2 in skin keratinocytes promotes proliferation and migration in vitro

Next, we examined the effect of SOX2 expression in skin keratinocytes /in vitro. \We
confirmed that mRNA and protein levels of SOX2 were significantly upregulated in
tamoxifen treated primary keratinocytes derived from TG mice when compared with those
treated with vehicle (Figure 5a—c). Scratch assays demonstrated that SOX2 expression in
skin primary keratinocytes lead to increased cell migration (Figure 5d), and an increased the
proliferative capacity (Figure 5e). We also showed that knockdown of SOX2 expression
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reverses the enhancement of cell movement in SOX2 expressing mouse keratinocytes
(Supplementary Figure S5a and S5b). Next, we examined whether SOX2 affects the EGFR
signaling pathway /n vitro. Western blot analysis shows that pPEGFR was significantly
upregulated in SOX2 expressing keratinocytes in the basal state (Figure 5f). Moreover,
pERK1/2 was significantly upregulated in SOX2 expressing keratinocytes at 15 and 30
minutes after scratching (Figure 5f).

We also examined SOX2-regulated transcription of EGFR ligands in primary keratinocytes
by gPCR. In the basal state, the expression of EGFR ligands was upregulated in SOX2
expressing keratinocytes when compared to control keratinocytes. After scratching,
expression of AREG, EREG and HBEGF was significantly upregulated in both control and
SOX2 expressing cells when compared to the basal state. In particular, expression of
HBEGF and EREG was significantly increased in SOX2 expressing skin keratinocytes when
compared with that in control after scratching (Figure 5g). These results indicate that SOX2
potentially modulates EGFR signaling pathway by regulating expression of EGFR ligands,
resulting in promotion of cell migration.

Inhibition of EGFR signaling pathway suppresses enhancement of cell migration in SOX2
expressing skin keratinocytes

To determine the mechanism through which SOX2 enhances cell motility mediated by
activation of the EGFR signaling pathway, we selectively blocked EGFR and ERK activation
using an EGFR inhibitor (AG1478), a MEK inhibitor (U0126) and SiEGFR (Supplementary
Figure S6a). AG1478 (Figure 6a), U0126 (Figure 6b) and SiEGFR (Figure 6¢) significantly
diminished the enhancement of cell migration by SOX2, indicating that SOX2 promotes the
migration of keratinocytes via the EGFR/MEK/ERK signaling pathway. Taken together, our
results provide mechanistic insight into the roles of SOX2 in epithelial keratinocytes in
promoting cutaneous wound healing (Figure 6d).

DISCUSSION

This study investigates the mechanistic role of SOX2 in epidermal keratinocytes during
cutaneous wound healing. We previously reported that the transcription factor SOX2
establishes a network that is efficacious in promoting wound healing (Iglesias-Bartolome et
al., 2018). The endogenous expression of SOX2 in epithelia of buccal mucosa and palate
confers intrinsic features to these tissues, which translates to accelerated wound healing
when compared with skin.

In an effort to determine common shared mechanisms or pathways that accelerate wound
healing in oral mucosa and SOX2-overexpressing skin, we utilized an animal model for
conditional inducible cutaneous expression of SOX2 and performed gene expression
analysis of unwounded and wounded skin, with and without SOX2 expression. We
previously demonstrated that the oral mucosa has a unique transcriptional network that
prime the epithelium for rapid wound healing in the basal state (Iglesias-Bartolome et al.,
2018). This network is associated with psoriasis enriched genes which establish a wound-
activated phenotype in the oral mucosa at basal state. Herein, transcriptomic analysis showed
that SOX2 in epidermal keratinocyte induced hyperproliferation, wound-activated keratin
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expression and expression of genes associated with cell migration before wounding,
suggesting that SOX2 function within the cutaneous keratinocyte coordinates the expression
of a network of genes required for wound healing at basal state.

During the wound healing process, gene analysis revealed that cutaneous SOX2 resulted in
increased expression of genes associated with proliferation of connective tissue and
epithelium, cell movement and angiogenesis. While it is known that the keratinocytes
migrating into the wound area do not have high proliferative capacity, SOX2* keratinocytes
maintain this capacity during migration, therefore potentially contributing to the promotion
of re-epithelialization. It has been reported that keratinocytes and fibroblasts interact through
cytokines or growth factors during wound healing (Werner et al., 2007), and that
angiogenesis is regulated by various keratinocyte-derived growth factors, cytokines and
ECM environment (Tonnesen et al., 2000). It has been reported that in fibroblasts, SOX2
regulates the expression of type I collagen using a fibrosis model in lung and skin (Chuang
etal., 2018, Liu et al., 2014). However, SOX2 expression in skin keratinocytes did not
increase the expression of type I collagen. Our analysis showed significantly increased
expression of 29 genes associated with proliferation of connective tissue cells and 40
angiogenesis associated genes, including growth factors, cytokines, ECM and four EGFR
ligand (AREG, BTC, HBEGF and TGFA), in SOX2-overexpresing mice during wound
healing. There are seven ligands that bind to the EGFR: EGF, TGFA, HBEGF, BTC, AREG,
EREG and EPGN (Singh et al., 2016). EGFR signaling plays an exceedingly important role
in normal skin integrity and wound healing by regulating re-epithelialization, angiogenesis,
migration and proliferation of fibroblasts and inflammation (Bodnar, 2013, Repertinger et
al., 2004). This points to these factors being key molecules produced by SOX2*
keratinocytes for rapid wound repair. We present evidence that SOX2* keratinocytes
promote wound healing by regulating both epidermis and dermis through production of
growth factors and ECM that induce the promotion of re-epithelialization and formation of
granulation tissue via enhancement of proliferation of keratinocytes and fibroblast, cell
movement, and angiogenesis in the wounded region.

Recent work has demonstrated that impaired EGFR signaling has been implicated in
diabetic wounds (Berlanga-Acosta et al., 2017, Xu and Yu, 2011), and exogenous
administration of soluble EGFR ligands, especially HBEGF, accelerated cutaneous wound
healing in normal and diabetic mouse models (Johnston et al., 2013, Shirakata et al., 2005).
These studies indicate that activation of EGFR signaling by EGFR ligands has the capacity
to accelerate wound healing.

Through ChIP assays, we demonstrate that HBEGF, AREG, EREG and TGFA are potential
molecular targets of SOX2. We showed that the SOX2-dependent upregulation of EGFR
ligands led to enhancement of activation of the EGFR. Utilizing selective inhibition, we also
show that enhancement of cell migration in SOX2* keratinocytes is dependent on
EGFR/MEK/ERK signaling.

Taken together, we demonstrate that SOX2 in epidermal keratinocytes altered the cellular
phenotype to a wound-activated condition before wounding, allowing skin tissue to more
quickly respond to injury, which mimicked the rapid wound resolution in the oral mucosa.
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After wounding, SOX2 promoted EGFR/MEK/ERK kinase signaling and increased
expression of angiogenesis-associated genes resulting in enhancement of re-epithelialization,
angiogenesis, and wound healing.

MATERIALS AND METHODS

The detailed protocols and statistical analysis are described in Supplementary Materials and
Methods online.

Mice
All animal studies were carried out according to the protocol approved by the Animal Use
and Care Committee at the National Institute of Arthritis and Musculoskeletal and Skin
Diseases. K14CreERTM/LSL-SOX2 mice were generated by mating KRT14-cre/ERT/
20Efu/JK14Cre mice (The Jackson Laboratory) and Rosa26CAG-loxp-stop-loxp-Sox2-
IRES-Egfp mice (Lu et al., 2010).

Wound healing assay in vivo

Full-thickness wounds were created and examined as described previously (Zheng et al.,
2007). To confirm the effect of SOX2 overexpression on cutaneous wound healing in mice,
5mg/ml of tamoxifen dissolved in ethanol 200l or same volume of ethanol (as a control)
was topically applied to K14CreERTM/LSL-SOX2 and WT mice dorsal skin for 5
consecutive days.

RNA preparation and RNA-seq data analysis

Total RNA from skin tissue and cells was extracted using RNeasy kit (Qiagen) according to
the manufacturer’s instructions. mMRNA expression profiling and analysis were performed as
described in Supplementary Materials and Methods online in the NIAMS Genome Core
Facility at the NIH.

Accession numbers

Raw and analyzed RNA-Seq data have been deposited in the Gene Expression Omnibus
(GEO) site, accession number GSE118859.

Statistical analysis

Pvalues were calculated using the Student’s #test (two-sided) or by analysis of one-way
ANOVA. Data analysis was done with GraphPad Prism version 7 (GraphPad Software Inc.,
San Diego, CA). Error bars represent standard errors of the mean and numbers of
experiments (n) are as indicated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. SOX2+ skin keratinocytes promote re-epithelialization and cutaneous wound healing.
(a) SOX2 mRNA levels at basal state in skin from TG mice treated with vehicle or

tamoxifen and oral mucosa. n=4 for each group. (b) Immunoblot showing SOX2 expression
levels at basal state in skin from TG mice treated with vehicle or tamoxifen and oral mucosa.
Actin was used as a loading control. Right panel shows quantification of SOX2 protein. (c)
Percent wound area at each time point relative to the original wound area in WT and TG
mice treated with vehicle or tamoxifen. Quantification of the wound areas in n=8 wounds
per groups was performed using Image J software. Right panel shows photographs of the
wound areas after topical treatment with vehicle or tamoxifen in WT and TG mice at 0, 4, 8,
and 12 days after wounding. Data expressed as means + SEM. **P<0.01, *P<0.05.
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Figure 2. SOX2 expressing skin keratinocytes induce wound-activated phenotype in basal state.
</p>(a) Unsupervised clustering analysis of RNA-seq gene expression data of the samples

for each group in unwounded (day 0) and wounded (day 4) timepoints in TG mice treated
with vehicle and tamoxifen. (b) Schematic representation of biopsy site and timecourse of
treatment in the unwounded skin. (¢) GO biological process terms enriched in datasets of

genes differentially regulated by SOX2-

unwounded timepoint. (d) Relative mR

overexpressing skin keratinocytes in TG mice in
NA expression levels of keratinization and epidermal

cell differentiation markers throughout the wound healing process. (¢) Immunoblot image
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showing KRT1, KRT10 and KRT17 expression of unwounded skin samples from TG mice
treated with vehicle and tamoxifen. Actin was used as a loading control. n=3. (f)
Representative images of unwounded skin tissue from TG mice treated with vehicle and
tamoxifen stained to detect expression of KRT17 (red), KRT5 (green) and DAPI (blue).
Scale bar = 50um. (g) Relative mMRNA expression levels of proliferation markers throughout
the wound healing process. (h) IPA analysis of RNA-seq data from unwounded skin samples
treated with vehicle and tamoxifen in TG mice: Diseases and functions terms related to
tissue development and cell cycle found in differentially regulated genes. Data is expressed
as means + SEM. **P<0.01, *P<0.05.
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Figure 3. SOX2 expressing skin keratinocytes promote proliferation of keratinocytes, connective
tissue cells and angiogenesis during wound healing.
(a) Schematic representation of biopsy site in the skin at day 4 after wounding (wounded)

and timecourse of treatment. (b) GO biological process terms enriched in datasets of genes
differentially regulated in SOX2-overexpressing skin keratinocytes of TG mice during
wound healing (wounded). (c) IPA analysis of RNA-seq data from wounded skin samples
treated with vehicle and tamoxifen in TG mice: Diseases and functions terms related to
tissue development, cellular movement and organismal development found in differentially
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regulated genes. (d-e) Representative images of migratory tongue in TG mice treated with
vehicle or tamoxifen at day 4 to show expression of (d) SOX2 and (e) PCNA positive
keratinocytes. Scale bar = 50um. (f-h) Representative images of skin tissue from TG mice
treated with vehicle and tamoxifen at day 4 (wounded) stained to show expression of the (f)
Ki-677 cells, (g) endothelial cells (CD31%) and (h) pericytes/myofibroblasts (aSMA™*).
Scale bar = 50um.
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Figure 4. SOX2 expressing skin keratinocytes induce upregulation of EGFR ligands expression
and activation of EGFR.

(a) Venn diagram summarizing comparison of upregulated genes. Left panel shows 1:
Unwounded Tam/Veh (blue), 2: Wounded Tam/Veh (green) in mice and 3: Oral/Skin in the
basal state (Red) in human. Center panel shows 4: Veh wounded/unwounded (blue) and 5:
Tam wounded/unwounded (green). Right panel shows relative mRNA expression levels of 5
genes determined as common genes between 47 genes and 378 genes (center) throughout the
wound healing process. (b-c) Representative images of unwounded and wounded skin tissue
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from TG mice treated with vehicle and tamoxifen stained to show expression of the (b)
HBEGF (green), (c) pEGFR (red) and DAPI (blue). Scale bar = 50um. (d) Immunoblots
show EGFR and pEGFR expression in unwounded and wounded skin with vehicle or
tamoxifen treated TG mice. Actin was used as a loading control. Bottom panels show
quantification of each protein. n=4 for unwounded, n=8 for wounded. (e) gPCR analyses on
chromatin samples from epidermis of tamoxifen treated TG mice after immunoprecipitation
with anti-SOX2 and 1gG control antibodies. n=3. Data expressed as means + SEM. *P<0.05.
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Figure 5. SOX2+ skin primary keratinocytes promote migration, proliferation and enhance
PEGFR via EGFR ligands expression.

() mRNA expression of SOX2 in TG mice keratinocytes treated by vehicle and tamoxifen
for 48 hours. (b) Immunoblot images showing SOX2 expression in TG mice keratinocytes
treated by vehicle or tamoxifen for 48 hours. RPS14 was used as a loading control. Right
panel shows quantification of SOX2 protein. (c) Representative images of TG mice
keratinocytes treated by vehicle and tamoxifen for 48 hours stained to show expression of
SOX2 (red) and DAPI (blue). Scale bar = 20um. (d) Migrating TG mice keratinocytes
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treated with vehicle and tamoxifen after scratch. Images were taken at 0 and 24 hours after
scratch. Values were determined by relative migrating area in 3 microscopic fields in n=3 per
group. (e) Proliferation assays with TG mice keratinocytes treated by vehicle and tamoxifen
were quantified every 6 hours for 48 hours, n=4. (f) Immunoblot images showing expression
of each protein after scratch (0 minute, 15 minutes and 30 minutes) in TG mice
keratinocytes treated with vehicle or tamoxifen. Right panels show quantification of each
protein. n=4. (g) Quantification of MRNA levels of expression of EGFR ligands genes, n=4.
Data expressed as means + SEM. ***P<(.001, **P<0.01, *P<0.05.
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Figure 6. Inhibition of EGFR/MEK/ERK signaling pathway suppresses cell migration in SOX2
expressing skin keratinocyte.

(a-c) Migrating primary keratinocytes treated with vehicle and tamoxifen in absence or
presence of (a) luM AG1478, (b) 10uM U0126, and (c) siCtl and SiEGFR. Images were
taken at 0 and 24 hours after scratch. Values were determined by relative migrating area in 3
microscopic fields in n=3-4 per group. Data expressed as means + SEM. **P<0.01,
*P<0.05. (d) Schematic model summarizing the mechanistic roles of SOX2 in epithelial
keratinocyte promote cutaneous wound healing.
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