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Abstract

p120-catenin (p120) is an important regulator in the function and stability of E-cadherin. However,
the role of p120 in the epidermis is unclear. Previous studies have shown that globally knockout

of p120 caused increased epidermal proliferation but little changes in epidermal differentiation
and permeability. In the present study, we generated a conditional knockout mouse model

and examined epidermal proliferation, differentiation and permeability. The results showed that
conditional knockout of p120 in the epidermis caused not only increased epidermal proliferation
but also decreased epidermal differentiation and increased permeability. These data suggest that
p120 is required for suppressing epidermal proliferation, promoting epidermal differentiation and
maintaining permeability barrier function of the epidermis.
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1| INTRODUCTION

p120 is a cytoplasmic protein essential for the regulation of the cadherin complex. p120
consists of an N-terminal regulatory domain, a central domain and a C-terminal tail
(Carnahan, Rokas, Gaucher, & Reynolds, 2010; Fukumoto, Shintani, Reynolds, Johnson,
& Wheelock, 2008; Ishiyama et al., 2010; Reynolds, 2007). It is localized at adherens
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junctions, thereby playing roles in the maintenance of cell-cell adhesion and intercellular
permeability of the epithelium (Gentil-dit-Maurin et al., 2010; Konstantoulaki, Kouklis,

& Malik, 2003; Ozaki et al., 2010). Other roles of p120 include stabilizing cell-cell
transmembrane cadherin molecules at the cell membrane (Davis, Ireton, & Reynolds, 2003;
Ireton et al., 2002; Ishiyama et al., 2010; Peifer & Yap, 2003; Reynolds, 2007; Xiao,

Oas, Chiasson, & Kowalczyk, 2007), regulating the activity on actin dynamics associated
with barrier function, lamellipodia formation, and cell migration through modulation of the
activities of small GTPases RhoA, Rac, and Cdc42 (Anastasiadis et al., 2000; Grosheva,
Shtutman, Elbaum, & Bershadsky, 2001; Hatanaka, Simons, & Murakami, 2011; Johnson et
al., 2010; Reynolds & Roczniak-Ferguson, 2004; Yanagisawa et al., 2008) or by binding to
cortactin (Boguslavsky et al., 2007) and transcriptional repressor Kaiso (Daniel & Reynolds,
1999; Park et al., 2006), regulating cell proliferation (Bantis et al., 2004; Jiang et al., 2012;
Liu et al., 2009; Perez-Moreno et al., 2006) and probably differentiation (Lee, Ji, Furuta,
Park, & McCrea, 2014). Decreased expression of p120 or E-cadherin has been shown in
epithelial cancers (Jiang, Liao, Shrestha, Ji, et al., 2015; Jiang, Liao, Shrestha, Li, et al.,
2015; Lietal., 2012; Yuan et al., 2012; Xu et al., 2013). Previous studies have shown

that newborn mice globally lacking p120 had increased epidermal proliferation but normal
differentiation and permeability. In the present study, we generated a p120 conditional
knockout (p120cKO) mouse model in a spatial and temporal fashion. In this model, p120
deletion specifically in keratinocytes was induced by tamoxifen administration at the age of
28 weeks. This model allowed us to examine the role of p120 in the epidermal proliferation,
differentiation, and permeability during the adult stage.

MATERIALS AND METHODS

Generation of p120cKO mouse model

In this study, we used mice in which the p120 gene was deleted specifically in their
keratinocytes, with the deletion being initiated by tamoxifen administration. Mice were
designated as p120-floxed/ Cre-recombinase (Cre) mice which were produced by breeding
mice with floxed exons 3-8 of p120 (designated p120-floxed mice, a gift from Dr. Albert
Reynolds) to keratin 14 (K14)-Cre-ERT2 mice (designated K14-Cre mice, a gift from Dr.
Pierre Chambon) expressing tamoxifen-regulated Cre targeted to keratinocytes using the
K14 promoter in the San Francisco VA Medical Center. Because Cre in K14-Cre mice is
under the control of the K14 promoter that is specifically active in the squamous epithelial
basal layer and the activity of Cre is induced by tamoxifen, the p120-floxed gene segment
was excised through Cre-mediated recombination only in the squamous epithelia basal layer
of tamoxifen-induced p120-floxed/Cre mice (Perez-Moreno et al., 2006). p120-floxed mice
lacking the Cre were used as negative controls. All mice were received tamoxifen. The study
was approved by the Institutional Animal Care and Use Committee of the San Francisco VA
Medical Center, USA.

Quantitative real-time PCR

Mice were sacrificed, the skin immediately removed, and the total RNAs were extracted
from the tissue using RNA-STAT 60 (Tel-Test, Inc., Friendwood, TX). Extracted RNAs
were quantified by spectrophotometer and stored at —80°C. One microgram of RNA was
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reverse transcribed using random hexamers with the TagMan reverse transcription kit
(Applied Biosystems, Foster City, CA). The amount of cDNA was then quantified by
quantitative real time PCR, performed on a PE Biosystems model 7900 HT sequence
detector. The PCR amplification was done using SYBR Green Universal PCR Master Mix
(Applied Biosystems) and specific primers. Results of mRNA levels were normalized to
mitochondrial ribosomal protein L19.

Cell Lysate preparation and western analysis

Cells were washed twice with phosphate-buffered saline (PBS) and then incubated in

PBS containing 1% NP-40 and the complete protease inhibitors (Roche Diagnostics,
Indianapolis, IN) or radio-immunoprecipitation assay (RIPA) lysis buffer containing 50
mM HEPES, pH 7.4, 1% Triton X-100, 0.1% SDS, 150 mM NaCl, 1 mM EDTA, and

the complete protease inhibitors (Roche Diagnostics) for 5 min. Cells were scraped into
microcentrifuge tubes, incubated at 4 °C for 30 min, and pelleted by centrifugation. The
supernatant was collected. Equal amounts of protein were electrophoresed through reducing
SDS-PAGE and electroblotted onto polyvinylidene fluoride microporous membranes
(Immobilon-P, 0.45 uM, Merk Millipore, Billerica, MA). After incubation in blocking
buffer (100 mM Tris base, 150 mM NaCl, 5% nonfat milk, and 0.5% Tween 20), the

blot was incubated overnight at 4°C with specific primary antibodies against p120 (Santa
Cruz Biotechnology, Santa Cruz, CA, Cat# sc-13957, RRID:AB_2086386), keratin 1 (K1)
(Covance Research Products Inc, Princeton, NJ, Cat# PRB-165P-100, RRID:AB_291583),
keratin 6 (K6) (Santa Cruz Biotechnology Cat# sc-166074, RRID:AB_2134713), K14
(Covance Research Products Inc Cat# PRB-155P, RRID:AB_292096), involucrin (Covance
Research Products Inc Cat# PRB-140C-200, RRID:AB_291569), loricrin (Covance
Research Products Inc Cat# PRB-145P-100, RRID:AB_10064155), filaggrin (Covance
Research Products Inc Cat# PRB-417P-100, RRID:AB_10064149) and proliferating cell
nuclear antigen (PCNA) (Santa Cruz Biotechnology Cat# sc-7907, RRID:AB_2160375).
After washes in the blocking buffer, the membranes were incubated for 1 hr with

the appropriate anti-1gG secondary antibody conjugated to horseradish peroxidase (GE
Healthcare Life Sciences, Pittsburgh, PA) in the blocking buffer. After a second series

of washes, bound antibody complexes were visualized using the SuperSignal ULTRA
chemiluminescent kit (Thermo Fisher Scientific Inc., Waltham, MA) and subsequent
exposure to X-ray films.

Barrier function assays

The integrity of the permeability barrier in p120cKO mice was assessed by transepidermal
water loss (TEWL) recovery rate (du Plessis et al., 2013; Rogiers & Group, 2001). The
probe was kept in contact with the skin for four to five times in order to obtain a

stable TEWL value. Twenty-two p120-floxed mice and twenty-four p120cKO mice with
four to five measurements in each were used for testing permeability barrier function.
Measurements of TEWL were taken immediately after the epidermal barrier is disrupted

by cellophane tape stripping and repeated at 2 hr later to evaluate recovery rate. The

TEWL recovery rate was calculated using the following formula: ([TEWL immediately after
stripping-TEWL at indicated time]/TEWL immediately after stripping) *100%. All data
were compared with data from simultaneously studied controls.
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Immunohistochemistry

Skins were fixed overnight with buffered 4% PFA at 4 °C and embedded in paraffin.

Skin sections (10 um) were stained with hematoxylin and eosin(H&E) or processed

for immunohistochemistry. Slides were blocked with PBS, 0.3% Triton X-100, 1%

BSA, 5% normal goat serum. Endogenous peroxidase activity was quenched with 3%
hydrogen peroxide in PBS. Nonspecific binding was blocked with 10 mM Tris buffer

(pH 7.6) containing 4% bovine serum albumin, 0.5% fish gelatin, 0.1% Tween-20, and
500 mM NaCl. The sections were then incubated with specific antibodies against p120,
K1, K6, K14, involucrin, loricrin, filaggrin and PCNA. The binding of the antibody

was detected with biotinylated donkey anti-goat 1gG (Vector labs, Burlingame, CA),
followed by ABC-peroxidase (Vector labs) reagent. Peroxidase activity was revealed with
diaminobenzidine substrate (Vector Labs) followed by counterstaining with hematoxylin.
The immunochemical staining was carried out at The Second Xiangya Hospital of Central
South University in China.

RESULTS

Conditional knockout of p120in keratinocytes

We used 4-month-old mice in which p120 was deleted specifically in their keratinocytes,
with the ablation being initiated by tamoxifen administration. Tamoxifen (1 mg per mouse)
was injected intraperitoneally to 4-week-old mice three times per week to induce deletion of
p120 from p120-floxed/Cre mice. After tamoxifen injection, a nearly complete loss of p120
in epidermal keratinocytes was determined by immunostaining, PCR and western analysis
(Figure 1a—1c). DNA was isolated from the epidermis, dermis, tongue mucosa, tongue
muscle, heart, lung, stomach, liver, spleen and kidney and analyzed by PCR to verify the
specificity of p120 deletion in the squamous epithelium. The results showed that the excised
band was present only in the tongue, epidermis and hair follicles but not in other tissues,
indicating that p120 is specifically deleted in keratinocytes (Figure 1d).

Conditional knockout of p120 stimulated epidermal proliferation

To confirm the previous findings showing that p120 is required for epidermal proliferation,
we examined the expression levels of K6 and PCNA in the epidermis of p120cKO mice by
immunohistochemistry, PCR and western analysis. The results showed that the expression
of K6 and PCNA in the skin of p120cKO mice was significantly higher than that in floxed
control mice (Figures 2a and 2c), while K6 was barely detected in the epidermis and
epidermal keratinocytes isolated from floxed control mice. In addition, the mRNA level of
K6 in p120cKO mice was also increased compared to floxed mice (Figure 2b). These results
indicate that p120 suppresses epidermal proliferation.

Conditional knockout of p120 suppressed epidermal differentiation

To determine the role of p120 in epidermal differentiation, the levels of epidermal
differentiation markers including K1, involucrin, filaggrin, and loricrin in p120cKO mice
were measured by immunohistochemistry and western analysis. The results showed that
protein levels of these markers in p120cKO mice were markedly reduced compared to
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floxed mice (Figures 3a and 3b). These results indicate that p120 is required for epidermal
differentiation.

Conditional knockout of p120 impaired permeability barrier function

To examine the role of p120 in permeability barrier function, TEWL on the back skin of
p120cKO mice was measured. This method is non-invasive and allows us to determine
the rate of barrier recovery following tape stripping to disrupt the barrier. Two hours

after repeated tape stripping, a significant delay in permeability barrier recovery rates was
demonstrated in lesional skin of p120cKO mice compared to the control group (Figure
4). These data suggest that p120 is required for the initial but not the latter response to
epidermal barrier disruption.

DISCUSSION

Previous studies by Perez-Moreno et al. (2006) using global p120 knockout mice in which
p120 was deleted in the embryonic stage showed that the adult mice were markedly smaller
than their wild-type littermates. The newborn p120cKO mice had reduced intercellular
adherens junction components but no discernible defect in epidermal differentiation and
barrier function or intercellular adhesion. The adult p120cKO mice displayed notable
epidermal hyperplasia and chronic inflammation. However, the differentiation in adult mice
was not examined in their studies. In the present study, we used a tamoxifen-induced
conditional p120 knockout model, which allowed us to examine epidermal proliferation,
differentiation and barrier function during the adult stage in these mice. Four-month-old
p120cKO mice displayed increased proliferation, decreased differentiation and impaired
barrier function in the epidermis, suggesting that p120 is required for suppressing
proliferation, promoting differentiation and barrier function in the epidermis. Previous
studies have indicated that p120 suppresses epidermal proliferation and inflammation via
inhibiting the NFkB pathway (Perez-Moreno et al., 2006). However, the mechanism by
which p120 mediates epidermal differentiation is unclear. Further studies are required to
determine the mechanism.

The major function of the skin is to serve as a protective barrier preventing the loss of fluids
from the body. This skin barrier resides in the stratum corneum layer of the epidermis, which
is composed of two components, protein-enriched nonviable corneocytes and lipid-enriched
intercellular membranes. The epidermal permeability barrier plays a crucial role in human
physical, chemical and biological cutaneous functions. An increased TEWL is considered as
one of the indicators of impaired barrier function. In the present studies, barrier disruption
was achieved by repeated applications of cellophane tape on mice back skin. The data
showed that p120cKO mice displayed delayed repair of the epidermal barrier initially after
disruption, suggesting that p120 is acting as impetus to repair disrupted permeability barrier.
Given that p120 is a stabilizer for the E-cadherin complex (Ishiyama & lIkura, 2012) and

is involved in calcium induced keratinocyte differentiation as previously reported (Xie &
Bikle, 2007). It is reasonably probable that p120 promotes epidermal differentiation and
barrier function via the E-cadherin complex. On the other hand, p120 suppresses epidermal
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proliferation likely via inhibiting the NFkB pathway according to the studies by Perez-
Moreno et al. (2006).

The results from the present studies are discrepant from the ones reported by Perez-Moreno
et al. regarding the epidermal differentiation and barrier function. Perez-Moreno et al.
showed that loss of p120 in the epidermis displayed epidermal hyperplasia and chronic
inflammation observed in adult mice but had no effect on epidermal differentiation and
barrier function observed in newborn mice (Perez-Moreno et al., 2006). A possible
explanation for these discrepant findings might be that we used adult mice in our study.

In contrast to the newborn mice that used in their study there is a definitely delayed impact
on the epidermal differentiation and barrier function by p120.
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FIGURE 1.
Conditional deletion of p120 in keratinocytes of p120cKO mice. Four-month-old p120cKO

mice, with the deletion in keratinocytes being initiated by tamoxifen administration at
four-week-old, were examined while p120-floxed littermates lacking the Cre were used

as controls. After tamoxifen injection, sections of epidermal tissue from both groups

were processed for H&E histochemistry and immunohistochemical staining with antibodies
against p120 or K14. PCR and western analysis of p120 in keratinocytes were also
performed. (a) A representative field of epidermal sections immunostained with p120

and K14 antibodies. (b and ¢) Quantitation of p120 mRNA and protein isolated from the
epidermis. (d) The specificity of p120 deletion verified by PCR analysis of the epidermis
and other tissues. *p < 0.05. Error bars: mean + SD
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Conditional knockout of p120 stimulated proliferation of the skin. The epidermal tissue

was removed from mice described in Figure 1 and sections of paraffin-embedded epidermis
from two groups of mice were processed for H&E histochemistry and immunohistochemical
staining with antibody for PCNA and K6, markers of cell proliferation and inflammation,
respectively. Total cell lysates isolated from the mouse epidermis were used to determine
MRNA and protein levels of PCNA and K6. (a) The figures show the representative sections
of epidermis immunostained with PCNA and K6 antibodies. (b) Quantitation of the K6
mRNA levels in cells was shown in the bar graph. (c) The protein levels of PCNA, K6 and
K14 were determined by western analysis. *p < 0.05. Error bars: mean = SD
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FIGURE 3.
Conditional knockout of p120 suppressed epidermal differentiation. The skin was removed

from the mice and sections of paraffin-embedded epidermis were processed for H&E

and immunohistochemical staining. The antibodies used in the immunochemical staining
included K1, involucrin, loricrin, and filaggrin. (a) The figure shows a representative field
of epidermis indicated by arrows immunostained brown with different antibodies against
K1, involucrin, loricrin, or filaggrin and counterstained blue with hematoxylin. (b) Total

cell lysates were isolated from the epidermis of mice. The protein levels of K1, involucrin,
loricrin, and filaggrin in the lysates were determined by western analysis. K14 was used as a
loading control
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FIGURE 4.
Conditional knockout of p120 impaired the permeability barrier function. The integrity of

the epidermal permeability barrier was assessed by TEWL recovery rate, as shown in the
bar graph. Measurements of TEWL for each section was obtained after being disrupted by
cellophane tape stripping and repeated at 2 hr later to evaluate recovery rate. In each mouse,
the TEWL recovery rate was calculated using the following formula: ([TEWL immediately
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after stripping-TEWL at indicated time]/TEWL immediately after stripping) *100%. *p <
0.05. Error bars: mean +SD
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