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Abstract: Background: Actinic Keratosis (AK), is the most common precancerous skin lesion induced by the
excessive Ultraviolet B (UVB) and is a significant threat to the public health. UVB exposure causes oxidative
DNA damage and is considered to be a significant contributor to AK and subsequent development of skin can-
cer. Besides, activation of p38 MAPK also plays a significant role in the development of AK.

Objective: This study aimed at the development of a nature compound which can inhibit UVB-induced AK.

Method: MTS Cell Proliferation Assay Kit was used to detect the toxicity of astragalin. HE-staining, Immuno-
histochemical, Western blot and Enzyme Linked Immunosorbent Assay were applied to examine the clinicopa-
thologic feature of AK and the change of p38 MAPK signal pathway treated with astraglin under the condition
of UVB in vitro and in vivo.

Results: In our clinical findings revealed that p38 MAPK, phospho-MSK1, and y-H2AX were significantly
highly expressed in human AK tissue than the normal healthy skin tissue. Moreover, in vitro studies showed that
UVB induced the phospho-MSK1 and y-H2AX in a time- and dose-dependent manner in HaCaT cells. Further,
in vitro kinase assay demonstrated that astragalin could directly bind to p38 MAPK and suppress p38 MAPK
activity. Furthermore, astragalin exhibited no toxicity and suppressed the UVB-induced expression of phospho-
MSKI1 and y-H2AX by suppressing p38 MAPK activity in a time-dependent and dose-dependent manner in
HaCaT cells. The in vivo studies with animal UV model demonstrated that astragalin inhibited UVB-induced
expression of phospho-MSK 1 and y-H2AX in Babl/c mice.

Conclusion: These results suggested that p38 MAPK is a direct valid molecular target of astragalin for the at-
tenuation of UVB-induced AK. Furthermore, astragalin could be a potential promising novel natural therapeutic

agent for the prevention and management of UVB-induced AK with high target specificity and low toxicity.
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1. INTRODUCTION

Actinic Keratosis (AK) is one of the most common potential
precursor lesions to cutaneous Squamous Cell Carcinoma (cSCC).
AK lesions predominantly occur in ultraviolet (UV)-exposed sur-
faces of the body, including the face, neck, scalp, hands, and lower
legs [1, 2]. UV radiation is classified, depending on the wavelength,
into three energy subtypes; short-wave UVC (200-280 nm), mid-
wave UVB (280-320 nm), and long-wave UVA (320-400 nm). All
of the UVC radiation was assimilated by the ozone of atmosphere.
Approximately 95% of the UVA and 5% UVB radiation reached
the Earth’s surface [3]. However, low-energy UVA radiation is
weakly absorbed by canonical DNA bases and causes relatively
slight direct DNA damage, while UVB is readily absorbed by DNA
and causes direct lethal DNA damage [4]. Thus, UVB is considered
as a major contributor to sunlight-induced AK [5]. Since the long-
term UV radiation exposure is associated with the risk of AK and
AK incidence is directly correlated with cumulative UV exposure;
thus, AK is more common in patients aged 50 years and older [6].
However, the signaling pathways involved in UVB-induced skin
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diseases are the focus of the current studies and have not been com-
pletely elucidated.

The Mitogen-Activated Protein Kinases (MAPKs) belongs to
the family of serine/threonine protein kinases including c-Jun N-
terminal Kinases (JNKs), extracellular regulated protein kinases 1/2
(ERK1/2) and p38 MAPK, which convert extracellular stimuli,
including stress into a wide range of cellular responses. JNKs and
p38 MAPKSs were recognized to be activated in response to envi-
ronmental stresses including proinflammatory cytokines, DNA
damage, oxidative stress or UV irradiation and participate in a vari-
ety of intracellular signaling cascades that regulate various cellular
processes, including adaptation to stress, proliferation, differentia-
tion, or apoptosis [7]. Recently, studies demonstrated that p38
MAPK activation is the most effective processes involved in UV-
induced skin cancer [8]. Moreover, p38 MAPK was the up-stream
kinase of Mitogen and Stress Activated protein Kinase (MSK1)
which also contributed to UVB-induced skin carcinogenesis [9, 10].
Furthermore, phosphorylated H2AX (y-H2AX) has been suggested
as a biomarker of DNA damage [11]. Besides, there is evidence
indicating that p38 MAPK also phosphorylates H2AX directly in
vitro and in vivo [12, 13]. Thus, inhibition of p38 MAPK pathway
activation could prove beneficial for treating and preventing skin
tumorigenesis induced by UVB irradiation.

Flavonoids, an important class of natural products with variable
phenolic structures, are widely found in fruits, vegetables, and bev-
erages, and reported to exhibit antitumor, antioxidant, and anti-
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inflammatory properties coupled with their capacity to modulate
critical cellular enzyme functions [14, 15]. Notably, their antitumor
activity has been extensively investigated as a potential dietary-
induced cancer prevention strategy against carcinogenesis. As-
tragalin, a natural bioactive flavonoid, isolated from persimmon,
Rosa agrestis, green tea seeds and other plant sources, has been
suggested to exhibit anticancer properties [16, 17]. However, the
molecular mechanisms leading to cancer chemoprevention remains
mostly unknown. Recently, we reported that astragalin suppressed
UVB-induced activation of signal transduction pathways by block-
ing p38 MAPK in vitro and in vivo. Thus, astragalin acts as an in-
hibitor of p38 MAPK and expected to have potentially beneficial
effects in the treatment and prevention of UV-induced AK.

2. MATERIALS AND METHODS
2.1. UV Model, Antibodies, and Reagents

UVB lamps were procured from Q-Lab Corporation (Cleve-
land, OH). Commercial astragalin (purity >98%) was obtained from
Tong Tian Biotechnology (Shanghai, China). The antibodies
against phospho-p38 MAPK (Tyr180/Tyr182), total p38 MAPK,
phospho-MSK1 (Ser360), total MSK1, phospho-H2AX (Ser139),
total H2AX and B-actin were purchased from Cell Signaling Tech-
nology (USA), The active p38 MAPK and inactive GST-H2AX
proteins for the kinase assay were obtained from Millippore
(Billerica, MA, USA). The pGEX-GST-H2AX, pLKO-shp38 plas-
mids were purchased from Addgene Inc. All other reagents were of
standard biochemical quality and were procured from commercial
suppliers.

2.2. Clinical Specimens’ Collection

A total of twenty specimens of AK lesion tissue and eighteen
adjacent normal skin tissues were collected from patients who had
been previously diagnosed with AK at Xi'jing Hospital, Fourth
Military Medical University, Shan'xi, China. Written informed
consents were obtained from all the patients. The study protocols
were approved by the Ethics Committee of the Xi'jing Hospital,
Fourth Military Medical University, China.

2.3. Cell Culture

The human skin keratinocytes HaCaT cell lines were purchased
from American Type Culture Collection (ATCC, USA) and were
cultured in DMEM supplemented with 10% Fetal Bovine Serum
(FBS) at 37°C in a humidified incubator under 5% CO, atmosphere.
The cell cultures were maintained by following the ATCC instruc-
tions.

2.4. MTS Assay

To assess cell proliferation and viability, the MTS-based assay
was performed using CellTiter 96 AQueous One Solution Cell Pro-
liferation Assay Kit (Promega Corporation, Madison, WI, USA).
Briefly, cells were seeded (8x10° cells per well) into 96-well plates
and incubated for 24h at 37°C with 5% CO,, according to the
manufacturer's protocol. Then the cells were subsequently treated
with astragalin for the indicated time. Post-incubation, 20 ul MTS
solution was added to each well and incubated for 1-3h at 37°C
with 5% CO,. The absorbance was measured at 490 nm to evaluate
the number of viable cells using a microplate reader (Thermo Sci-
entific). The absorbance was measured at 490 nm. At least three
independent experiments were performed.

2.5. Western Blot

HaCaT cells were cultured in 6-cm dishes for 24h, and then
starved in serum-free medium for 12h, then treated with different
concentrations of astragalin for a different time before treatment
with UVB light. The harvested cells were lysed using ice-cold

Lietal.

RIPA lysis buffer supplemented with protease. The protein concen-
trations in HaCaT cells lysates were determined using the Bradford
BCA method. The protein lysates were separated on 10% SDS-
PAGE. For immunodetection, resolved proteins were transferred
onto a Polyvinylidene Difluoride (PVDF) membrane (Millipore,
USA) in a semidry blotter (Bio-Rad) for 2h using transfer buffer.
The membranes were then blocked using with milk-based blocking
buffer (5% BSA), then the membrane was incubated with indicated
primary antibodies raised in rabbit (1:1000) at 4°C overnight. The
membranes were incubated with horseradish peroxidase (HRP)-
conjugated secondary antibody (mouse anti-rabbit 1:3000), the
protein bands were analyzed using the chemiluminiscence system
(BIO-RAD, USA).

2.6. Lentiviral Infection

The lentiviral expression vectors consisted of shp38 or shMock,
and packaging vectors included pMD2.0G and psPAX. To prepare
p38 viral particles, each viral vector and packaging vectors
(pMD2.0G and psPAX) were transfected into HEK293T cells using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the
manufacturer’s protocol. The viral particles were harvested and
infected into 60% confluent HaCaT cells overnight. The cell culture
medium was replaced with fresh complete growth medium after 24
hours, and the cells were selected using puromycin (1.5 mg/mL)
after 36 hours. The selected cells were used for experiments after
confirming expression by Western blot.

2.7. In Vitro Kinase Assay

Active p38 MAPK, inactive GST-H2AX fusion proteins, ATP,
and astragalin were used for the in vitro kinase assay. The reactions
were performed using 1xkinase buffer containing 100 uM ATP.
After incubation at 30°C for 30 minutes, the reaction was termi-
nated, and proteins were detected by western blot.

2.8. In Vitro Pull-down Assay

HaCaT cell lysates (1 mg) were incubated with the Sepharose
4B alone, or astragalin -Sepharose 4B in the reaction buffer [SO
mM Tris (pH 7.5), 5 mM Ethylenediaminetetraacetic acid (EDTA),
150 mM NaCl, 1 mM dithiothreitol (DTT), 0.01% Nonidet P-40
(NP-40), 2 pg/ml Bovine Serum Albumin (BSA), 0.02 mM phen-
ylmethylsulfonyl Fluoride (PMSF) and 1 pg/ml protease inhibitor
mixture]. After gentle rocking at 4°C overnight, the beads were
washed five times with wash buffer [SO mM Tris-HCI (pH7.5), 5
mM EDTA, 150 mM NaCl, 1 mM DTT, 0.01% NP-40, and 0.02
mM PMSF] and proteins were analyzed by western blot using p38
MAPK antibody. All the experiments were performed in triplicate.

3. ANIMAL STUDY

All animal experiments were conducted according to the guide-
line and approved by the Animal Care Committee of Xi'jing Hospi-
tal, Fourth Military Medical University, China. Babl/c mice were
acclimated for 2 weeks and shaved 24 hours before the experiment.
For each experiment, mice were divided into three groups: vehicle
group (n=10), UVB group (n=10), 50 mg/kg astragalin and UVB
group (n=10). In the vehicle group, the dorsal skin of mice was
smeared with acetone for 3h. In the UVB group, the dorsal skin of
mice was smeared with acetone for 3h and then the mice were ex-
posed to 10 KJ/m* UVB. In the 50 mg/kg astragalin and UVB
group, 50 mg/kg astragalin in acetone was topically applied to the
dorsal skin for 3 hours and mice were exposed to 10 KJ/m? UVB.
The mice were sacrificed, and dorsal trunk skin samples were har-
vested from the same area from the back of the mice. Then the tis-
sue specimens were immediately fixed in 4% paraformaldehyde
and for Hematoxylin and Eosin (H&E) staining and Immunohisto-
chemistry (IHC). For IHC, primary antibodies against anti p-MSK1
(Ser360) and anti y-H2AX (Ser139) were diluted at 1:200. Anti-
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rabbit HRP-conjugated secondary antibodies (Cell Signaling) were
diluted at 1:200 (Cell Signaling Technology). TNF-a released from
mouse skin tissues were measured using ELISA kit according to the
manufacturer's instructions.

3.1. Statistical Analysis

All data are expressed as means + SD. Differences were deter-
mined by #-test or one-way ANOVA. A probability of P<0.05 was
considered statistically significant.

4. RESULTS

4.1. p38, Phospho-MSK1, and y-H2AX are Overexpressed in
Human AK

UVB-induced oxidative damage can lead to a number of skin-
related issues including premature skin aging (photoaging) and skin
cancer (photocarcinogenesis) [18]. Previous studies showed that
UVB is significantly associated with UVB-induced AK [19]. The
defining histopathologic feature of UVB-induced AK is umbrella-
like appearance [20]. AK also showed the infiltration of inflamma-
tory cells, and continuous disorganized growth of cuticle cells,
which interrupts differentiation and leads to a thickened stratum
corneum with retained nuclei [21]. A total of twenty specimens of
AK lesion tissue and eighteen adjacent normal skin tissues were
collected for the present study. The H&E staining evaluation re-
vealed that the hyperkeratosis, umbrella-like appearance, infiltra-
tion of inflammatory cells, and thickness of epidermis were promi-
nent in AK as compared to the control group (Fig. 1A). The IHC

H&E
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staining analysis indicated that the level of p38 (Fig. 1B), phospho-
MSK1 (Fig. 1C), and Y-H2AX (Fig. 1D) in AK were elevated than
that in the control group. Table 1 represented the summarized data.
Next, the relationship between p38 MAPK signaling pathway and
UVB-induced AK were evaluated in vitro and in vivo.

Table 1. Immunohistochemical analysis of p38, phospho-MSK, and
v-H2AX in AK cases (%).
Antigen n Positive Staining (%)
p38 AK 20 15 (75)
normal skin 18 3(17)
p-MSK1 AK 20 17 (85)
normal skin 18 2(11)
y-H2AX AK 20 19 (95)
normal skin 18 1(5)

4.2. UVB Induces the Phosphorylation of p38 Downstream Sig-
naling Pathways in a Time-dependent and Dose-dependent
Maner in HaCaT Cells Model

Both MSK1 and H2AX are the substrate of p38 MAPK [9, 13].
Fig. (2A) showed an increased expression of phospho-MSK1 and y-
H2AX in a time- and dose-dependent manner (Fig. 2A). Moreover,
Fig. (2B) illustrated that the phosphorylation of MSK1 and H2AX

p38

Fig. (1). The expression level of p38, phospho-MSK1, and y-H2AX were overexpressed in human AK. (A) HE staining of the pathological changes in AK. (B-
D) Immunohistochemical analysis for the detection the level of p38, phospho-MSK1 and y-H2AX in human AK tissues (n=20) and normal healthy skin

tissues (n=18). Bar: 40 um.
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Fig. (2). UVB induced the phosphorylation of downstream signaling pathways of p38 in a dose-and time-dependent manner in HaCaT cells. (A) HaCaT cells
were cultured in 6-cm dishes for 24h, and starved for 12h then treated for 12h with different doses of UVB. The cells were harvested at 15 min after different
exposure to UVB. (B) HaCaT cells were cultured in 6-cm dishes for 24h, and starved for 12h then placed in the incubator for different time point after 1 KJ/m®
UVB irradiation. The signal pathways were detected by Western blot. Data are shown as means + S.E. The asterisks (*) indicated a significant difference in the
treatment groups as compared to control group (P<0.05). (C) The efficiency of Knockdown p38 MAPK in HaCaT cells. (D) Knockdowned p38 MAPK inhib-
its the phosphorylation of MSK1 and H2AX noticeably under the condition of UVB irradiation. (E) UVB irradiation exhibited no toxicity to the HaCaT cells.

were reached its highest peak at 15 min after exposure to 1 KJ/m?
UVB (Fig. 2B). Therefore, the cells were treated for 15 min after
exposure to 1 KJ/m*> UVB in the following experiment. Further we
treated the stable cell lines with knocked down p38 after exposure
to 1 KJ/m* UVB in HaCaT cells. The expression of p38 was no-
ticeably decreased after knocking down p38 as compared to the
control group (Fig. 2C). Moreover, the expression level of phos-
pho-MSK1 and y-H2AX in shp38 HaCaT cells were significantly
reduced as compared to shMock cells (Fig. 2D). The above data
indicated that p38 mediated the UVB-induced MSK1 and H2AX
activity. Furthermore, the cytotoxicity of UVB was evaluated by

MTS assay in HaCaT cells. However, UVB (0.1, 0.2 0.5, 1, and 1.5
KJ/m?) did not reduce the viability of HaCaT cells (Fig. 2E) as
compared to the absence of UVB irradiation.

4.3. Astragalin Directly Binds to p38 MAPK and Suppresses
p38 MAPK Activity in vitro

To identify a potent inhibitor of p38 MAPK, we examined more
than a dozens of compounds which exhibit anti-tumor effect using
the in vitro kinase assay. Next, we identified astragalin as a perfect
inhibitor of p38 MAPK. The chemical structural formula of as-
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Human GST-H2AX protein was used as the substrate with active p38 and 100 uM ATP. (D) Astragalin exhibited no toxicity to the HaCaT cells.

tragalin was illustrated in Fig. (3A). Further, to determine the ef-
fects of astragalin on p38 MAPK activity, H2AX was used as the
substrate of p38 MAPK. Astragalin strongly inhibited the phos-
phorylation of H2AX in a dose-dependent manner (Fig. 3B).

The in vitro kinase assay results indicated that astragalin
blocked the active site of p38 MAPK, which implied the direct
binding of astragalin and p38 MAPK. To verify this hypothesis, we
performed an in vitro binding assay using astragalin-conjugated
Sepharose 4B beads using HaCaT cells lysate. The results showed
that astragalin could directly band with p38 MAPK protein (Fig.
3C). Therefore, these results revealed that astragalin directly binds
to p38 MAPK and inhibits p38 MAPK activity.

Furthermore, the cytotoxicity of astragalin was evaluated by
MTS assay in HaCaT cells. Astragalin (20, 50, 100, 200 uM) did
not reduce the viability of HaCaT cells (Fig. 3D). Hence, astragalin
does not exert any effect on HaCaT cells.

4.4. Astragalin Reduce UVB-induced the Downstream Signaling
Pathway of p38 and DNA Damage in a Time- and Dose-
dependent Manner in the HaCaT Cells

To further confirm whether astragalin could suppress UVB-
induced changes of MSK1 and H2AX which are the downstream
signaling molecules, HaCaT cells were treated with different con-
centration of astragalin (10, 20, 50 uM) at different time points (3,
6, 9h) before 1 KJ/m?> UVB stimulation. SB203580, a well-known
inhibitor of p38 was used as a positive control in the experiment. As
demonstrated in Fig. (4), astragalin inhibited MSK1 and H2AX
phosphorylation in a time- and dose-dependent manner in HaCaT
cells. For instance, 50 uM astragalin induced inhibition of p38,
MSK1 and H2AX phosphorylation similar to SB203580 inhibitor

(Fig. 4A). These results indicated that astragalin inhibited p38
MAPK activity, and blocked UVB-induced the production of p-
MSK1 and y-H2AX. y-H2AX is the maker of DNA damage [11].
Thus, astragalin also inhibited UVB-induced DNA damage.

4.5. Astragalin Prevents AK Caused by UVB Irradiation in
Mouse Skin

To determine the effect of astragalin on UVB-induced AK in
Babl/c mouse, adult Babl/c mice were sheared and smeared with 50
mg/kg astragalin. H&E data revealed the epidermis thickness and
significantly increased infiltration of immunocytes in the 10 KJ/m?
UVB group as compared to the vehicle treated group (Fig. S5A up-
per panel: middle column versus left column). After treatments with
50 mg/kg astragalin, the thickness of the epidermis of mice were
significantly reduced, and the infiltration of immunocytes was also
reduced as compared to the UVB group (Fig. SA upper panel: right
column versus middle column). Further, the p38 MAPK down-
stream substrates MSK1 and H2AX were detected by IHC staining.
The results indicated that the expression levels of phospho-MSK1,
v-H2AX were significantly elevated after 1 KJ/m® UVB irradiation,
and the expression levels were significantly reduced after treatment
with astragalin respectively (Fig. 5A). Quantification of the epi-
dermal thickness and the expression of phospho-MSKI1, and y-
H2AX were analyzed by the Image-Pro Plus software (Fig. 5B
and 5C, P<0.0I). Besides, the infiltrations of the inflammatory
factor TNF-a induced by UVB in the mouse skin tissues were
also detected. The results indicated that astragalin inhibited the
UVB-induced production of TNF-a in vivo (Fig. SD). Thus, these
results indicated that astragalin might protect mouse skin from
UVB-induced AK by suppressing p38 MAPK signaling pathway

in vivo.
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Fig. (4). Astragalin down-regulates UVB-induced downstream signaling pathways of p38 and DNA damage in a dose-and time-dependent manner in the
HaCaT cells. (A) HaCaT cells were cultured in 6-cm dishes for 24 h and then cultured in serum-free medium. Next, the cells were treated with different con-
centrations of astragalin (10, 20, and 50 uM) or 10 uM SB203580, for 9 h and then replaced in an incubator for 15 min after 1 KJ/m* UVB irradiation. The
signaling pathways were analyzed using Western blot. (B) HaCaT cells were cultured in 6-cm dishes for 24 h and then cultured in serum-free medium. Next,
the cells were treated for 3, 6, and 9 h with 50 uM of astragalin, then replaced in an incubator for 15 min after 1 KJ/m* UVB irradiation. The asterisks (*) indi-

cated a significant difference compared to UVB group (p<0.05).

DISCUSSION

Excessive exposure to UV radiation induces several types of
DNA damage to the skin including inflammation. It is considered a
significant risk factor that leads to premature aging or photoaging
and immune suppression, which further increases the risk of devel-
oping skin cancer. AK is the most common precursor lesion to skin
cancer induced by UVB irradiation [22]. 5-FU, imiquimod, and
solaraze are the most widely used topical agents to treat AK. Al-
though 5-FU can inhibit RNA and DNA synthesis, its use is limited
by considerable side effects as a chemotherapeutic agent. Further-
more, imiquimod can produce noticeable inflammation and lead to
the elimination of AK through an immune-mediated mechanism.
Diclofenac, a most common topical non-steroidal, an anti-inflammatory
compound is used in the treatment of AK with an unknown mecha-
nism. Recent studies using diclofenac and imiquimod demonstrated
therapeutic weaknesses associated with poor clearance rates and
significant irritation [23]. Thus, the most common topical agents
used to treat AK reduced not only the quality of life but also limited
its efficacy [24]. Nevertheless, Photodynamic Therapy (PDT) is
highly efficient and minimally invasive; it might be associated with
high degree of pain to patients. Furthermore, the high cost of topical
photosensitizing agents used with PDT and multiple administrations
made it relatively expensive and time-consuming [25]. Therefore, it

is imperative to identify novel natural compounds with higher target
specificity and lower toxicity as potential therapeutic agents for the
effective management of AK.

Furthermore, single-target drugs have been extensively studied
over the past decades for selective ligands to prevent various side
effects [26]. In the present study, we demonstrated that astragalin
inhibits p38 MAPK kinase by directly binding to p38 MAPK. As-
tragalin is a flavonoid that exhibits a wide range of pharmacological
activities, including antioxidative [27], anti-inflammatory [28], and
antitumor activities [29]. Nevertheless, a previous study has also
recommended the use of sunscreens as essential means of protec-
tion against UV-induced skin damage [30]. Therefore, astragalin
might serve as a promising chemopreventive agent to be used in
sunscreen for the prevention of UV-mediated cutaneous damage
and skin carcinoma.

Moreover, the present study indicated that p38 MAPK is the
direct target of astragalin by in vitro kinase assay. The p38 MAPK
belongs to the MAPKs family, it plays a significant role in cellular
responses induced by external stress signals, such as inflammation,
proliferation, metastasis, migration, and invasion [31]. Previous
studies suggested that p38 MAPK plays a crucial role in UV-
induced skin carcinoma; however, inhibition of p38 MAPK has
been shown to produce fewer and smaller tumors in models of solar
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UVB in mouse skin tissues. The concentrations of TNFo were determined by ELISA. The asterisks (*) indicated a significant difference as compared to con-
trol group (p<0.05). The pound (#) indicated a significant difference as compared to UVB group (P<0.05).

UV-induced skin cancer [8]. Besides, activation of p38 MAPK
signaling pathways plays a critical role in the invasive phenotype of
transformed squamous epithelial cells, suggesting that p38 MAPK
as a target to specifically suppress cutaneous squamous epithelial
cells invasion [32]. AK is the most common precancerous lesions to
¢SCC. Particularly, AK progress to ¢cSCC at a rate estimated of
0.025% to 16% for an individual lesion per year [33, 34]. Our clini-
cal data showed that p38 MAPK exhibit higher expression in AK.
Therefore, inhibition of p38 MAPK represents a most promising
strategy for attenuating AK.

To further elucidate the underlying mechanism of astragalin
attenuating p38 MAPK activities, MSK1 and H2AX were identified
in vitro and in vivo. The results of the in vitro study indicated that
astragalin could inhibit UVB-induced phosphorylation of MSK1
and H2AX in a dose-dependent and time-dependent manner in
HaCaT cells. Similar inhibition of UVB-induced expression of
phospho-MSK1 and y-H2AX by astragalin was demonstrated in the
in vivo experiments. Besides, studies have detected inflammation in
a subset of ¢cSCC and its precursors, AK [35]. Similarly, the find-
ings of the present study based on ELISA also suggested elevated
levels of an inflammatory factor, TNF-a in UVB-induced AK;
however, treatment with astragalin significantly inhibited the secre-
tion of TNF-a in mouse skin.

CONCLUSION

In conclusion, these results suggested that p38 MAPK is a direct
specific molecular target of astragalin for the attenuation of UVB-
induced AK. Furthermore, astragalin could be a potential promising
novel natural therapeutic agent for the prevention and management
of UVB-induced AK with high target specificity and low toxicity.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

The study protocols were approved by the Ethics Committee of
the Xi'jing Hospital, Fourth Military Medical University, (permit
number: 2014-001), China.

All animal experiments were conducted according to the guide-
line and approved by the Animal Care Committee of Xi'jing Hospi-
tal, Fourth Military Medical University, China.

HUMAN AND ANIMAL RIGHTS

All humans research procedures followed were in accordance
with the standards set forth in the Declaration of Helsinki
<https://www.wma.net/policiespost/wma-declaration-of-helsinki-
ethical-principles-for-medical-research-involving-human-subjects/>
principles of 1975, as revised in 2008 (http://www.wma.net/en/
20activities/10ethics/10helsinki/).



1008 Anti-Cancer Agents in Medicinal Chemistry, 2018, Vol. 18, No. 7

The reported experiments in accordance with the standards set
forth in the 8" Edition of Guide for the Care and use of Laboratory
Animals (http//grants.nih.gov/grants/olaw/Guide-for-the-care-and-
use-of-laboratory-animals.pdf) published by the National Academy
of Sciences, The National Academies Press, Washington DC,
United States of America.

CONSENT FOR PUBLICATION

Written informed consents were obtained from all the patients.

CONFLICTS OF INTEREST

The authors have declared that there is no conflict of interest.

ACKNOWLEDGEMENTS

This work was supported by the 2014 science research grant
from the health department of shanxi province (2014-d27).

REFERENCES

[1] Berman, B.; Cockerell, C.J. Pathobiology of actinic keratosis:
Ultraviolet-dependent keratinocyte proliferation. J. Am. Acad.
Dermatol., 2013, 68(1 Suppl 1), S10-19.

[2] Goldberg, L.H.; Mamelak, A.J. Review ofactinic keratosis. Part I:
Etiology, epidemiology and clinical presentation. J. Drugs Derma-
tol.: JDD., 2010, 9(9), 1125-1132.

[3] Matsui, M.S.; De-Leo, V.A. Longwave ultraviolet radiation and
promotion of skin cancer. Canc. Cells, 1991, 3, 8-12.

[4] De-Gruijl, F.R. Photocarcinogenesis: UVA vs UVB. Meth. Enzy-
mol., 2000, 319, 359-366.

[5] Rossi, R.; Mori, M.; Fau-Lotti, T.; Lotti, T. Actinic keratosis. Int. J.
Dermatol., 2007, 46(0011-9059), 895-904.

[6] Cantisani, C.; De-Gado, F.; Ulrich, M.; Bottoni, U.; Tacobellis, F.;
Richetta, A.G.; Calvieri, S. Actinic keratosis: review of the litera-
ture and new patents. Rec. Pat. Inflamm. Allergy Drug Discov.,
2013, 7(2), 168-175.

[7] Cargnello, M.; Roux, P.P. Activation and function of the MAPKs
and their substrates, the MAPK-activated protein kinases. Micro-
biol. Mol. Biol. Rev., 2011, 75(1), 50-83.

[8] Liu, K.; Yu, D.; Cho, Y.Y.; Bode, A.M.; Ma, W.; Yao, K.; Li, S.;
Li, J.; Bowden, G.T.; Dong, Z.; Dong, Z. Sunlight UV-induced
skin cancer relies upon activation of the p38alpha signaling path-
way. Canc. Res., 2013, 73(7),2181-2188.

[9] Deak, M.; Clifton, A.D.; Lucocq, L.M.; Alessi, D.R. Mitogen- and
stress-activated protein kinase-1 (MSKI1) is directly activated by
MAPK and SAPK2/p38, and may mediate activation of CREB.
Embo. J., 1998, 17(15), 4426-4441.

[10] Yao, K.; Chen, H.; Liu, K.; Langfald, A.; Yang, G.; Zhang, Y.; Yu,
D.H.; Kim, M.O.; Lee, M.H.; Li, H.; Bae, K.B.; Kim, H.G.; Ma,
W.Y.; Bode, A.M.; Dong, Z. Kaempferol targets RSK2 and MSK1
to suppress UV radiation-induced skin cancer. Canc. Prev. Res.,
2014, 7(9), 958-967.

[11] Kuo, L.J.; Yang, L.X. Gamma-H2AX - a novel biomarker for DNA
double-strand breaks. In Vivo, 2008, 22(3), 305-309.

[12] Lu, C.; Shi, Y.; Wang, Z.; Song, Z.; Zhu, M.; Cai, Q.; Chen, T.
Serum starvation induces H2AX phosphorylation to regulate apop-
tosis via p38 MAPK pathway. FEBS Lett., 2008, 582(18),2703-2708.

[13] Dong, Y.; Xiong, M.; Duan, L.; Liu, Z.; Niu, T.; Luo, Y.; Wu, X_;
Xu, C.; Lu, C. H2AX phosphorylation regulated by p38 is involved
in Bim expression and apoptosis in chronic myelogenous leukemia
cells induced by imatinib. Apoptosis: Int. J. Prog. Cell Death,
2014, 79(8), 1281-1292.

[14] Byun, S.; Lee, K.W.; Jung, S.K.; Lee, E.J.; Hwang, M.K.; Lim,
S.H.; Bode, A.M.; Lee, H.J.; Dong, Z. Luteolin inhibits protein
kinase C(epsilon) and c-Src activities and UVB-induced skin can-
cer. Canc. Res., 2010, 70(6), 2415-2423.

[15] Li, ZD.; Hu, X.W.; Wang, Y.T.; Fang, J. Apigenin inhibits
proliferation of ovarian cancer A2780 cells through Idl. FEBS
Lett., 2009, 583(12), 1999-2003.

[16] Burmistrova, O.; Quintana, J.; Diaz, J.G.; Estevez, F. Astragalin
heptaacetate-induced cell death in human leukemia cells is depend-

[17]

(23]

[27]

[35]

Lietal.

ent on caspases and activates the MAPK pathway. Canc. Lett.,
2011, 309(1), 71-77.

Zilla, M.K.; Nayak, D.; Amin, H.; Nalli, Y.; Rah, B.; Chakraborty,
S.;  Kitchlu, S.; Goswami, A.; Ali, A. 4'-Demethyl-
deoxypodophyllotoxin glucoside isolated from Podophyllum hex-
andrum exhibits potential anticancer activities by altering Chk-2
signaling pathway in MCF-7 breast cancer cells. Chem. Biol. Inter-
act., 2014, 18, 100-107.

Tomas, D. Apoptosis, UV-radiation, precancerosis and skin tumors.
Acta. Med. Croatica, 2009, 2, 53-58.

Babilas, P.; Landthaler, M.; Szeimies, R.M. Actinic keratoses. Der
Hautarzt; Zeitschrift fur Dermatologie, Venerologie, Und ver-
wandte Gebiete, 2003, 54(6), 551-560.

Mihara, M. Epithelial stem cells of the skin contribute to the
histopathologic umbrella-like appearance in actinic keratosis.
Yonago Acta Med., 2014, 57(3), 117-118.

Ratushny, V.; Gober, M.D.; Hick, R.; Ridky, T.W.; Seykora, J.T.
From keratinocyte to cancer: the pathogenesis and modeling of cu-
taneous squamous cell carcinoma. J. Clin. Invest., 2012, 122(2),
464-472.

Vitasa, B.C.; Taylor, H.R.; Strickland, P.T.; Rosenthal, F.S.; West,
S.; Abbey, H.; Ng, S.K.; Munoz, B.; Emmett, E.A. Association of
nonmelanoma skin cancer and actinic keratosis with cumulative so-
lar ultraviolet exposure in Maryland watermen. Cancer, 1990,
65(12),2811-2817.

Kose, O.; Koc, E.; Erbil, A.H.; Caliskan, E.; Kurumlu, Z. Compari-
son of the efficacy and tolerability of 3% diclofenac sodium gel
and 5% imiquimod cream in the treatment of actinic keratosis. J.
Dermatol. Treat., 2008, 19(3), 159-163.

Isoherranen, K.; Koskenmies, S.; Overmark, M.; Ylitalo, L.; Sak-
sela, O.; Pitkanen S. Diagnosis and treatment of actinic keratosis.
Duodecim, 2015, 131(9), 863-870.

Steinbauer, J.; Schreml, S.; Karrer, S.; Ackermann, G.; Babilas, P.;
Landthaler, M.; Szeimies, R.M. Phototoxic reactions in healthy
volunteers following photodynamic therapy with methylamino-
levulinate cream or with cream containing 5-aminolevulinic acid: A
phase II, randomized study. Photodermatol. Photoimmunol. Pho-
tomed., 2009, 25(5), 270-275.

Koutsoukas, A.; Simms, B.; Kirchmair, J.; Bond, P.J.; Whitmore,
A.V.; Zimmer, S.; Young, M.P.; Jenkins, J.L.; Glick, M.; Glen,
R.C.; Bender, A. From in silico target prediction to multi-target
drug design: Current databases, methods and applications. J. Pro-
teomics, 2011, 74(12), 2554-2574.

Qu, D.; Han, J.; Ren, H.; Yang, W.; Zhang, X.; Zheng, Q.; Wang,
D. Cardioprotective effects of astragalin against myocardial ische-
mia/reperfusion injury in isolated rat heart. Oxid. Med. Cell Lon-
gev., 2016, 8194690(10), 16.

Liu, J.; Cheng, Y.; Zhang, X.; Zhang, X.; Chen, S.; Hu, Z.; Zhou,
C.; Zhang, E.; Ma, S. Astragalin attenuates allergic inflammation in
a murine asthma model. Inflammation, 2015, 38(5), 2007-2016.
Lee, K.T.; Choi, J.H.; Kim, D.H.; Son, K.H.; Kim, W.B.; K-Won,
S.H.; Park, H.J. Constituents and the antitumor principle of Allium
victorialis var. platyphyllum. Arch. Pharm. Res., 2001, 24(1), 44-
50.

Kim, E.K.; Choi, E.J. Pathological roles of MAPK signaling path-
ways in human diseases. Biochim. Biophys. Acta., 2010, 4, 396-405.
Johansson, N.; Ala-aho, R.; Uitto, V.; Grenman, R.; Fusenig, N.E.;
Lopez-Otin, C.; Kahari, V.M. Expression of collagenase-3 (MMP-
13) and collagenase-1 (MMP-1) by transformed keratinocytes is
dependent on the activity of p38 mitogen-activated protein kinase.
J. Cell Sci., 2000, 2, 227-235.

Glogau, R.G. The risk of progression to invasive disease. J. Am.
Acad. Dermatol., 2000, 42(1), 23-24.

Marks, R.; Rennie, G.; Selwood, T.S. Malignant transformation of
solar keratoses to squamous cell carcinoma. Lancet, 1988, 1(8589),
795-797.

Perez, J.; Day, M.J.; Martin, M.P.; Gonzalez, S.; Mozos, E.
Immunohistochemical study of the inflammatory infiltrate
associated with feline cutaneous squamous cell carcinomas and
precancerous lesions (actinic  keratosis). Vet. Immunol.
Immunopathol., 1999, 69(1), 33-46.

Massone, C.; Cerroni, L. The many clinico-pathologic faces of
actinic keratosis: An atlas. Curr. Prob. Dermatol., 2015, 46, 64-69.



	Astragalin Attenuates UVB Radiation-induced Actinic Keratosis Formation
	Abstract:
	Keywords:
	INTRODUCTION
	2. MATERIALS AND METHODS
	RESULTS
	Fig. (1).
	Fig. (2
	Fig. (3).
	Fig. (4).
	DISCUSSION
	Fig. (5).



