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Introduction: Skin damage due to overexposure to ultraviolet B (UV-B) radiation can lead
to the development of cancers and reduce the skin’s functionality as a vital protective barrier.
Epidermal stem cells (ESCs) are pluripotent cells responsible for skin regeneration and
healing. Upon exposure to UV-B radiation, ESCs produce excess amounts of reactive oxygen
species (ROS) and inflammatory cytokines. However, the functional protection of ESCs is
not fully explored. G-protein coupled G protein-coupled receptor 40 (Gpr40) is a free fatty
acid receptor that is emerging as a potential treatment target for various diseases. Gpr40 has
been found to be expressed in various cell types.

Methods: ESCs were exposed to UV-B at the intensities of 25, 50, and 100 mJ/cm? for 24 h
using TL 20 W/12 RS UV lamps. ESCs were treated with UV-B at 50 mJ/cm? in the presence
or absence of 25 or 50 uM of the Gpr40 agonist GW9508 for 24 h. The gene expression of
the Wntl pathway and proinflammatory cytokines were evaluated. To antagonize Gpr40
expression, ESCs were treated with 10 pM GW1100.

Results: Our findings demonstrate that Gpr40 agonism can reduce the production of ROS as
well as the expression of interleukins 1B and 8, two key proinflammatory cytokines. We
demonstrate that agonism of Gpr40 can rescue the reduction in integrin 1 and Krt19
induced by UV-B exposure, thereby improving the capacities of ESCs to resist UV-B
damage. Moreover, we show that the effects of Gpr40 agonism observed in our experiments
are mediated through the Wnt/B-catenin canonical signaling pathway, as evidenced by the
expression of Wntl and cyclin D1.

Conclusion: Our findings present evidence of the role of Gpr40 agonism in mediating the
protective capacities of ESCs against insult from UV-B radiation.

Keywords: Gpr40, G protein-coupled receptors, ultraviolet-B radiation, epidermal stem
cells, Wnt, GW9508

Introduction

The skin is the largest and one of the most important organs of the human body. It
serves as the first line of defense against environmental toxins and pathogens.'
Epidermal stem cells (ESCs) are key mediators of skin homeostasis. These rare
cells are responsible for many of the protective effects and regular functions of the
epidermis, including skin development and repair.> However, these processes can
be disrupted under certain conditions. Ultraviolet-B (UV-B) is naturally emitted
from the sun and largely absorbed by the ozone, but some UV-B still makes it to the
Earth’s surface. Overexposure of the skin to UV-B radiation leads to inhibition of
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the protective functions of ESCs, and prolonged exposure
can lead to numerous types of cancer.> UV-B has also been
shown to significantly increase the inflammatory response
and  disrupt the  oxidant/antioxidant  balance.
Proinflammatory cytokines such as interleukin-18 (IL-1p)
and interleukin-8 (IL-8) are significantly upregulated upon
exposure to UV-B radiation.** Additionally, UV-B induces
a state of oxidative stress by triggering an increase in the
production of reactive oxygen species (ROS). ROS are
important biphasic free radicals that can damage the func-
tion of unfolded proteins.® UV-B also damages the func-
tions of other essential contributors to skin homeostasis,
such as the Wnt signaling pathway, integrin B1, and kera-
tin 19 (Krt19). The Wnt pathway plays an essential role in
cell signaling as well as skin tissue regeneration.’ Integrin
B1 is a cell surface receptor that binds with other members
of its family to form integrin complexes. These complexes
act as collagen receptors. Integrin B1 is involved in tissue
regeneration and the regulation of skin homeostasis, the
immune response, and cell migration.® Keratin type I
cytoskeleton 19 (Krt19) is an intermediate filament protein
of 40 kDa that plays a key role in the maintenance of
epithelial cells.” The Wntl/B-catenin canonical signaling
pathway has been demonstrated to mediate radiation resis-
tance in mouse mammary progenitor cells as well as the
protective effect of TGRS against UV radiation.'®'" Thus,
increasing the activation of the Wntl/B-catenin pathway
may serve as a potential treatment approach.

G protein-coupled receptor 40 (Gprd0), also known
as free fatty acid receptor 1 (FFARI1), is a member of
the free fatty acid receptor family.'? This receptor is
involved in the regulation of a number of bodily func-
tions, including but not limited to the enteroendocrine
system and the maintenance of healthy weight. Gpr40 is
mainly recognized for its involvement in free fatty acid-
mediated signaling and incretin secretion.'*'* As Gpr40
is involved in diverse tissues and cellular processes, so
too is it involved in the pathogenesis of various dis-
eases. These include kidney fibrosis and nonalcoholic
fatty liver disease.'”'® Furthermore, Gpr40 agonism
has demonstrated protective qualities in Alzheimer’s
disease.'” The role of Gpr40 in the context of epidermal
cells and UV-B damage is not yet understood. GW9508
is a Gpr40 agonist that has been recently used in studies
on atherosclerosis and insulin secretion.'®!'? In the pre-
sent study, we demonstrate the ability of Gpr40 agonism
by GW9508 to rescue the protective functions of ESCs
exposed to UV-B radiation. These findings demonstrate

a novel use of GW9508 as a treatment for UV-B-
induced skin damage.

Materials and Methods

Cell Culture and Treatment

ESCs were isolated from eight-week-old C57BL/6
female mice using skin samples taken from the backs
of the mice, as previously described.’® All animal
experiments were approved by the Institutional Animal
Care and Use Committee at the Third Hospital of Jilin
University. Studies were performed in accordance with
the protocol of the Institutional Animal Care and Use
Committee at the Third Hospital of Jilin University.
Briefly, the isolated ESCs were maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM)/F12
medium supplemented with 10% fetal bovine serum
(FBS), 1% glutamine, 1% antibiotics (penicillin/strepto-
mycin), and 4 ng/mL fibroblast growth factor-basic
(bFGF). Murine N43/5 cell line was used as a positive
control in the Gprd0 detection experiment.?! To deter-
mine the effects of UV-B radiation on the expression of
Gpr40, ESCs were exposed to UV-B at the intensities of
25, 50, and 100 mJ/cm? (wavelength 290-320 nm, max-
imum peak 311nm) in Dulbecco’s Modified Eagle’s
Medium (DMEM)/F12 medium with 10% fetal bovine
serum (FBS) for 24 h using TL 20 W/12 RS UV lamps.
ESCs were treated with UV-B at 50 mlJ/cm?® in the
presence or absence of 25 or 50 uM GW9508 for 24
h. For the Gpr40 antagonism experiment, cells were
treated with 10 upM GW1100.

Real-Time Polymerase Chain Reaction
(PCR)

To determine the mRNA expression of the target genes,
total RNA was extracted from ESCs using Trizol reagent
(Invitrogen, USA). A First Strand cDNA Synthesis Kit
(Thermo Fisher Scientific, USA) with reverse transcrip-
tase (RT) enzymes and 1 pg RNA was used to synthe-
size the complementary DNA (cDNA). Then, 20 pg
cDNA was used for quantitative real-time PCR analysis
with SYBR Green MasterMix (Roche, Switzerland) on
an ABI 7500 Real-Time PCR platform. The expression
of the target genes was calculated using the 2 24¢
method and normalized to glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). The primer sequences are
listed in Table 1.
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Table | The Prime Rs Sequences

Target Gene Upstream Sequence (5'-3") Downstream Sequence (5'-3')

Gprd0 TGGCCCACTTCTTCCCACTC CAGGAGAGAGAGGCTGAAGC

IL-1p TGGGCCTCAAAGGAAAGAAT CAGGCTTGTGCTCTGCTTGT

IL-8 ACTTCCAAGCTGGCCGTGGCTCTCTTGGCA TGAATTCTCAGCCCTCTTCAAAAACTTCTC

integrin g1 ACACCGACCCGAGACCCT CAGGAAACCAGTTGCAAATTC

Krtl9 CACTACAGCCACTACTACACGA CTCATGCGCAGAGCCTGTT

Whntl CATCTTCGCAATCACCTCCG GTGGCATTTGCACTCTTGG

Cyclin DI TAGGCCCTCAGCCTCACTC CCACCCCTGGGATAAAGCA

Gapdh ACTCCCACTCTTCCACCTTC TCTTGCTCAGTGTCCTTGC

Western Blot Analysis

After the indicated treatment, cells were washed 3 times
with PBS and lysed with cell lysis buffer supplemented
with protease inhibitor cocktail. Nuclear fractions were
prepared using a commercial Nuclear/Cytosol
Fractionation Kit (Thermo Fisher Scientific, USA). A
total of 20 pg isolated protein was used for 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene fluoride
(PVDF) membranes. After washing 3 times with Tris
Buffered Saline Tween (TBST), the membranes were
blocked with 5% non-fat milk for 1h at room tempera-
ture (RT). Then, the membranes were sequentially incu-
bated with primary antibody overnight in a cold room.
The following primary antibodies were used: Gpr40
(1:1000, Santa Cruz, sc-28416) Wnt-1 (1:2000, Santa
Cruz, sc-514531) Cyclin D1 (1:2000, Santa Cruz, sc-
8396) B-actin (1:5000, Santa Cruz, sc-8432). After the
reaction, the membrane was incubated with correspond-
ing horseradish peroxidase (HRP)-conjugated secondary
antibody for 2 h at room temperature. Enhanced chemi-
luminescence was used to visualize the immunoreactive
bands (Thermo Fisher Scientific, USA). The following
used Gprd0 (1:1000, ab236285,
(1:2000, sc-514531, Santa Cruz);
Cyclin DI (1:2000, sc-8396, Santa
Biotechnology); p-Catenin (#9582, Cell Signaling
Technology, USA); Lamin B1 (#12586, Cell Signaling
Technology, USA); p-actin (1:5000, Santa Cruz
Biotechnology, sc-8432), Anti-rabbit IgG, HRP-linked
antibody (#7074, Cell Signaling Technology, USA);
Anti-mouse IgG, HRP-linked antibody (#7076, Cell sig-
naling Technology, USA).

antibodies were
Abcam); Wnt-1
Cruz

Enzyme-Linked Immunosorbent Assay
(ELISA)

The protein secretion of target genes into the culture
medium was determined using ELISA kits (R&D
Systems, USA) in accordance with the manufacturer’s
instructions. In brief, the cell culture media was collected
and centrifuged to remove cell pellets. The protein con-
centration in the supernatant was measured by the bicinch-
oninic acid (BCA) protein assay method with a
commercial kit (Thermo Fisher Scientific, 23227). The
resulting data was recorded using 96-plate reader spectro-
metry. The cytokine concentration was calculated and
normalized to the protein concentration of the sample.

2',7'-Dichlorodihydrofluorescein
Diacetate (DCFH-DA) Staining

After the indicated treatment, the production of ROS was
measured by staining ESCs with the fluorescent dye
DCFH-DA (Thermo Fisher Scientific, USA). Briefly, the
cells were washed 3 times and loaded with 5 uM DCFH-
DA, then incubated for 30 min at a temperature of 37°C in
darkness. A confocal microscope (Zeiss, Germany) was
used to quantify the resulting DCFH-DA fluorescence
under 488 nm excitation light.

Lactate Dehydrogenase (LDH) Release

After necessary treatment, the release of LDH from ESCs
was assayed using a commercial kit (Thermo Fisher
Scientific, USA). Cell culture supernatant (50 pL) was
collected and mixed with equal volume reaction agent
and incubated at 37°C for 30 min. After that, 50 uL stop
buffer was added to stop the reaction. The optical density
(OD) value at 490 nm was recorded to index LDH release.
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Figure |1 Gpr40 is expressed in mouse epidermal stem cells (ESCs). (A) Expression of Gpr40 at the gene level in mouse ESCs was measured by reverse transcription PCR
with murine N43/5 cell line was used as a positive control. (B) Expression of Gpr40 at the protein level in mouse ESCs was measured by Western blot analysis. (C)
Immunocytochemical staining of Gpr40 in ESCs. (D) Immunocytochemical staining of Gpr40 in skin tissue.

Immunofluorescence

Skin biopsies were taken from the backs of mice. Mouse
skin sections were routinely fixed with formalin and
embedded in paraffin. After demasking with Protease
XXIV (Sigma-Aldrich, USA) in 20 mM Tris pH 7.9, the
skin sections were incubated with the primary antibody
against Gpr40 (1:1000, Santa Cruz, sc-28416), followed
by incubation with donkey anti-rabbit IgG Alexa 488
(Invitrogen, USA). Sections were mounted with 4’,6-dia-
midino-2-phenylindole (DAPI).

For cell staining, 10% formalin to was added to the
dish and fixed at room temperature for 10 min. Cells were
then permeabilized with 0.1% Triton x100 for 10 min.
After blocking with 10% normal goat serum for 1 h at
room temperature, were incubated with the primary anti-
body against Gpr40 (1:1000, Santa Cruz, sc-28416) over-
night at 4°C, followed by incubation with donkey anti-

rabbit IgG Alexa 594 (Invitrogen, USA). Sections were
mounted with 4',6-diamidino-2-phenylindole (DAPI).
Fluorescent signals were visualized with a fluorescent
microscope.

Statistical Analysis

All experiments were repeated three times. The data from
all experiments were analyzed using SPSS software
(Version 19). The results are expressed as the means +
standard deviation (S.D.). Statistical analysis was deter-
mined based on analysis of variance (ANOVA), followed
by Bonferroni’s post hoc test. Statistical significance is
represented by a value of p < 0.05.

Results
First, we investigated whether Gpr40 is expressed in
ESCs. As shown in Figure 1A and B, we established
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results demonstrating the presence of Gpr40 in ESCs with
N43/5 cells as a positive control.>! Expression of Gpr40
was confirmed by immunocytochemical staining in both
ESCs (Figure 1C) and skin tissue samples taken from the
backs of mice (Figure 1D). We further found that UB-V
radiation significantly suppressed Gpr40 expression, as
shown in Figure 2A and B. Next, we studied the effect
of the Gpr40 agonist GW9508 on UV-B-induced upregu-
lation of oxidative stress. The results in Figure 3 of our
experimentation exhibit the ability of UV-B to induce an
increase in ROS generation of 3.5-fold, which was dose-
dependently reduced to 1.5-fold by Gprd40 agonism. We
moved on to examine the effect of Gpr40 agonism on cell
death as measured by the release of LDH from ESCs.
Indeed, agonism of Gprd0 dose-dependently reduced the
initial UV-B-induced increase in LDH release of roughly
5-fold to only roughly 2-fold baseline, as demonstrated in
Figure 4.

Inflammation is a critical factor in the development of
most diseases, including the effects of UV-B radiation. We
examined the expression of the proinflammatory cytokines
IL-1B and IL-8 in UV-B-irradiated cells. Our results indi-
cate that Gpr40 agonism can ameliorate the radiation-
induced increase in these cytokines at both the mRNA
and protein levels, as shown in Figure 5. The increases
in the mRNA expression of IL-1p and IL-8 of 3.8- and
4.5-fold were mitigated to only roughly 1.75-fold by
Gpr40 agonism (Figure 5A). Similar results were observed
at the protein level (Figure 5B). We determined the effects
of GW9508 on UV-B-induced impairment of the capaci-
ties of ESCs by measuring the levels of integrin Bl and
Krt19. Both of these protective factors were significantly
downregulated by exposure to UV-B, while agonism of
Gpr40 by GW9508 rescued integrin Bl and Krt19 expres-
sion to near baseline, as shown in Figure 6. To further
clarify whether the effects of GW9508 on the capacities of
ESCs against UV-B are associated with the suppression of
ROS, the antioxidant N-acetyl-L-cysteine (NAC) was
used. The results in Supplementary Figure 1 indicate that
UV-B-induced downregulation of integrin f1 and Krt19
were restored by NAC in a dose-dependent manner. These
results suggest that the protective effects of GW9508 on
the capacities of ESCs might be associated with the sup-

pression of ROS.
The Wntl and B-catenin proteins play a key role in
maintaining the capacities of ESCs and have been
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Figure 2 Ultraviolet-B (UV-B) reduced the expression of Gpr40 in epidermal stem
cells (ESCs). Cells were exposed to ultraviolet-B (UV-B) (25, 50, 100 mJ/cm?) for 24
h. (A) mRNA level of Gpr40. (B) Protein level of Gpr40 (*, **, *** P<0.05, 0.01,
0.001 vs previous column group, n=4).

identified as mediators of resistance to UV-B radiation-
induced damage. As shown in Figure 7A and B, there was
a significant UV-B-induced decrease in the expression of
Whntl and cyclin D1 at both the mRNA and protein levels.
Remarkably, agonism of Gprd0 by GW9508 rescued
nuclear B-catenin  expression to near baseline
(Figure 7C). Finally, we determined whether the effects
of GW9508 against UV-B-induced cellular damage are

dependent on Gpr40 signaling by performing a Gpr40
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Figure 3 The Gpr40 agonist GW9508 protected against ultraviolet-B (UV-B)-induced oxidative stress in epidermal stem cells (ESCs). Cells were exposed to UV-B (50 m})/
cm?) with or without GW9508 (25, 50 M) for 24 h. Generation of reactive oxygen species (ROS) was measured by DCFH-DA staining (*+*, P<0.0001 vs vehicle control;
Hit, #HHHE, P<0.01, 0.0001 vs UV-B group, n=4).
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Figure 4 GW9508 reduced ultraviolet-B (UV-B)-induced release of lactate dehydrogenase (LDH) in epidermal stem cells (ESCs). Cells were exposed to UV-B (50 mJ/cm?)
with or without GW9508 (25, 50 pM) for 24 h. The release of LDH was measured (****, P<0.0001 vs vehicle control; ##, #####, P<0.01, 0.0001 vs UV-B group, n=4).
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Figure 5 GW9508 suppressed ultraviolet-B (UV-B)-induced expression and secre-
tion of pro-inflammatory cytokines. Cells were exposed to UV-B (50 mJ/cm?) with
or without GW9508 (25, 50 pM) for 24 h. (A) mRNA of IL-If and IL-8. (B)
Secretions of IL-1B and IL-8 (¥**, P<0.0001 vs vehicle control; ##, ####,
P<0.01, 0.0001 vs UV-B group, n=4).

antagonism experiment using the specific Gpr40 antago-
nist GW1100. Indeed, antagonism of Gpr40 completely
abolished the ability of GW9508 to rescue the expression
of integrin B1 and Krt19 (Figure 8), suggesting the invol-
vement of Gpr40 in this process.

Discussion
There is an ever-present risk of skin damage from UV-
B due to its natural emission from the sun. Although

most UV-B is absorbed in the ozone, some radiation
manages to penetrate the atmosphere and come into
contact with human skin. Especially over long periods,
UV-B exposure can cause significant damage. In the
present study, we aimed to test the effects of Gpr40
agonism by GWO9508 in UV-B-induced damage to
ESCs, the pluripotent stem cells of the epidermis.
Importantly, we identified Gpr40 expression in murine
ESCs for what we believe to be the first time. We
further established that agonism of Gprd40 by
GW9508 could mitigate UV-B-induced damage in this
cell type by reducing oxidative stress, inflammation,
and rescuing the expression of protective factors,
including integrin Bl and Krtl, while preserving cell
that these
effects are mediated through the Wntl/B-catenin path-

viability. Furthermore, we demonstrate
way. Importantly, the beneficial effects of Gprd40 were
verified by using another agonist TAK-875. Treatment
with TAK-875 exerts a robust protective action against
UV-B exposure by increasing integrin Bl and Krtl
(Data not shown).

Oxidative stress, often manifested through the over-
production of ROS, is a major aspect of many diseases,
including UV-B-induced skin damage. Recent studies
utilizing murine models have demonstrated the role of
ROS in UV-B-induced insult in a variety of diseases
ranging from skin cancer to cataracts.”>** Indeed, UV-
B overexposure even induces oxidative stress in flora,
demonstrating the over-arching risk of ROS overpro-
duction due to UV-B.** This prevalent oxidative stress-
inducing ability of UV-B is, therefore, a key point of
focus in the search for therapies to mitigate UV-B-
induced injury. The results of the present study demon-
strate a clear ability of Gpr40 agonism to limit UV-B-
induced ROS production. Both GW9508 and TAK-875
effectively agonize Gpr40 but they also activate other
G protein receptors. Kim et al showed that high doses
of TAK-875 (50, 100, 250 and 500 pM) dose-respon-
sively induce the death of HepG2 cells,”®> which was
found to be associated with the induction of hepatic
ROS generation. Philippe et al report that a high dose
of GW9508 (100 puM) decreases the proliferation of
RAW264.7.
Mechanistically, the study suggests that high-dose
treatment with GW9508 induced mitochondrial ROS
production and bone cell death, which is associated

osteoblast precursor cell line
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Figure 6 GW9508 prevented ultraviolet-B (UV-B) exposure-induced impairment in the capacities of ESCs. Cells were exposed to UV-B (50 mj/cmz) with or without
GW9508 (25, 50 uM) for 24 h. mRNA of integrin 1 and Krt/9 was measured by real-time PCR analysis (***, P<0.001 vs vehicle control; ##, ###, P<0.01, 0.001 vs UV-B

group, n=4).

with necrosis mechanisms.?® In both of these studies,
high doses of Gpr40 agonists were used. In our study,
we used 25 or 50 uM GW9508 to activate Gpr40 in
ESCs. A possible explanation is that the low doses of
Gpr40 agonists could have a Gpr40-dependent mechan-
ism while high doses of agonists could have a Gpr40-
independent role. Another reason is that different types
of cells might respond differently to GW9508 and
TAK-875. Further
uncover the complete underlying mechanism.

investigations will help us to

Acute and chronic inflammation is another key
aspect of an array of diseases, including melanoma,
which can be a life-threatening outcome of UV-B-
induced cellular damage.?” Dysregulation of the expres-
sion of proinflammatory cytokines is the most common
cause of pathological inflammation. The role of proin-
flammatory cytokines in UV-B-induced cellular damage
has long been recognized.”® Recent research suggests
that the high melanin production in dark-skinned

individuals developed as a natural mechanism to protect
against UV-B-induced epidermal inflammation.>® Here,
we found that agonism of Gpr40 could reduce the UV-
B-induced increase in the expression of IL-1§ and IL-8
in ESCs.

Krtl9 and integrin Bl serve vital protective roles in
maintaining skin homeostasis, the functions of ESCs,
and preventing an excessive inflammatory response.
The expression of Krt19 has been shown to be reduced
by exposure to UV-B, and recent research suggests that
rescuing Krt19 expression can preserve the physiologi-
cal functions of ESCs.’® The integrin family has long
been associated with mediating the effects of UV radia-
tion. An integrin Bl-related a6-integrin has been shown
to be downregulated in skin cells exposed to UV-B.*!
Another integrin, integrin o3, has been used as a marker
for ESC functionality.>? In our experiments, we found
that agonism of Gpr40 by GW9508 rescues the reduc-

tion in Krtl9 and integrin Bl induced by UV-B
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Figure 7 GW9508 inhibited ultraviolet-B (UV-B)-induced decrease of Wnt/B-catenin pathway proteins. Cells were exposed to UV-B (50 mj/cm?) with or without GW9508
(25, 50 pM) for 24 h. (A) Real-time PCR analysis of Wnt! and cyclin DI at the mRNA level. (B) Western blot analysis of Wntl and cyclin D1 at the protein level. (C) Nuclear
levels of B-catenin were measured (***, P<0.001 vs vehicle control; #, ##, ###, P<0.05, 0.01, 0.001 vs UV-B group, n=4).

radiation. As Krtl9 and integrin Bl serve important
protective roles against UV-B-induced cellular damage,
agonism of Gpr40 may play a key role in maintaining
the functionality of ESCs during insult from UV-B.
Activation of Wnt/integrin 1 signaling results in
increased levels of Wntl and cyclin D1, which play
important roles in maintaining the protection of
ESCs.>* A recent study investigating the involvement
of GPR30, a G protein-coupled receptor for estrogen,

in mediating the effects of UV radiation in ESCs found

that GPR30 agonism could protect against UV-B-
induced damage by increasing the protein expression
of Wntl and cyclin D1.>* Here, we found that agonism
of Gprd40 restores the expression of these protective
factors. Thus, the canonical Wnt/B-catenin plays a role
in mediating the protective effects of the Gpr40 agonism
against UV-B radiation in ESCs. This study lays the
groundwork for further study, which is required to
broaden our understanding of the role of Gpr40 in UV-
B-induced skin damage and the underlying mechanism.
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Figure 8 The effects of GW9508 in maintaining the capacities of ESCs are dependent on Gpr40. Cells were exposed to UV-B (50 m}/cm?) in the presence or absence of
GW9508 (50 uM) or the Gpr40 antagonist GWI1100 (10 uM). mRNA of integrin 1 and Krtl9 was detected with real-time PCR (¥, P<0.001 vs vehicle control; ###,
P<0.001 vs UV-B group; 11, P<0.001 vs UV-B +GW9508 group, n=4).
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