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Abstract

Licochalcone H (LCH) is a phenolic compound synthetically derived from licochalcone C (LCC) that exerts anticancer activity. In
this study, we investigated the anticancer activity of LCH in human skin cancer A375 and A431 cells. The 3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) cell viability assay was used to evaluate the antipro-
liferative activity of LCH. Cell cycle distribution and the induction of apoptosis were analyzed by flow cytometry. Western blotting
assays were performed to detect the levels of proteins involved in cell cycle progression, apoptosis, and the JAK2/STAT3 signaling
pathway. LCH inhibited the growth of cells in dose- and time-dependent manners. The annexin V/propidium iodide double stain-
ing assay revealed that LCH induced apoptosis, and the LCH-induced apoptosis was accompanied by cell cycle arrest in the G1
phase. Western blot analysis showed that the phosphorylation of JAK2 and STAT3 was decreased by treatment with LCH. The
inhibition of the JAK2/STAT3 signaling pathway by pharmacological inhibitors against JAK2/STAT3 (cryptotanshinone (CTS) and
S31-201) simulated the antiproliferative effect of LCH suggesting that LCH induced apoptosis by modulating JAK2/STAT3 signal-
ing.
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INTRODUCTION skin. The term encompasses all skin cancers such as basal
cell carcinomas (BCC), squamous cell carcinomas (SCC),
Cancer can initiate from mutations in specific genes, which melanomas, Kaposi’'s sarcoma, Paget’s disease, and myco-
induce constant cell proliferation, uncontrolled growth, tumor sis fungoides. BCC and SCC are classified as non-melanoma
formation, and metastasis or recurrence (Bertram, 2000; skin cancer. BCC is the most common type of skin cancer, and
Gibbs, 2003). Although diverse approaches have been used the maijority of cases occur on sun-exposed head and neck
in attempts to unravel the complex mechanisms of oncogen- (Raasch et al., 2006). Likewise, SCC is most commonly found
esis and treat cancers, complete prevention or a perfect rem- in fair-skinned individuals with high sun exposure (Diepgen
edy remains unattainable (Baldwin, 2001). and Mahler, 2002). Melanoma is a malignant neoplasm of the
Skin cancer is the most commonly diagnosed cancer in the melanocytes (Dong et al., 2010; Liu and Sheikh, 2014), less
United States, accounting for a third of all cancer diagnoses common than BCC and SCC, but with a fatal outcome (Torpy
(Rager et al., 2005; Lomas et al., 2012). Skin cancer is defined et al., 2004). Even though multimodal therapeutic approaches
as the malignant transformation of tumors that develop on the including surgery, radiation therapy, and chemotherapy are
https://doi.org/10.4062/biomolther.2021.149 Received Sep 22,2021 Revised Sep 27,2021 Accepted Sep 28,2021
Published Online Dec 7, 2021
This is an Open Access article distributed under the terms of the Creative Com- * .
mons Attribution Non-Commercial License (http://creativecommons.org/licens- Corresponding Authors
es/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, E-mail: wookkim@kitox.re.kr (Kim WK), s1004jh@gmail.com (Shim JH)
and reproduction in any medium, provided the original work is properly cited. Tel: +82-42-610-8305 (Kim WK), +82-61-450-2684 (Shim JH)

Fax: +82-42-610-8148 (Kim WK), +82-61-450-2689 (Shim JH)
"The first two authors contributed equally to this work.

Copyright © 2022 The Korean Society of Applied Pharmacology www.biomolther.org

72


http://crossmark.crossref.org/dialog/?doi=10.4062/biomolther.2021.149&domain=pdf&date_stamp=2021-12-28

Park etal. Inhibitory Activity of Licochalcone H on Skin Cancer Cells

administered to patients with skin cancer, the incidence of the
disease has continued to increase over the last three decades
(Diepgen and Mahler, 2002; Apalla et al., 2017).

Natural products of diverse origin are widely used in the
treatment of cancer (Demain and Vaishnav, 2011; Rajesh et
al., 2015). Licochalcones are natural phenolic agents used as
flavoring products and for the treatment of bronchial asthma,
gastric ulcer, and inflammation (Huang et al., 2010; Kim et al.,
2014). In the family of licochalcones, Licochalcone C (LCC)
isolated from Glycyrrhiza inflata has been evaluated as a che-
motherapeutic agent against various cancer cells including
lung, melanoma, cervical, prostate, bladder, lymphoma, and
colon cancers (Zi and Simoneau, 2005; Kim et al., 2014). Al-
though LCC has excellent efficacy (Franceschelli et al., 2017),
very low extraction yields are fatal disadvantage. Therefore, to
overcome the limited supply of LCC from natural resources, a
synthetic approach was developed to produce licochalcone H
(LCH), an isomer of LCC (Wang et al., 2013). LCH is a syn-
thetic regioisomer of LCC. However, the biological activity of
LCH has not been widely studied. A recent study reported the
anticancer activity of LCH in human skin melanoma A375 and
squamous cell carcinoma A431 cells (Kang et al., 2017b).

The JAK/STAT signaling pathway is involved in diverse bio-
logical processes such as embryonic development, stem cell
maintenance, hematopoiesis, and inflammatory responses
(Lopez-Onieva et al., 2008; Bollrath and Greten, 2009). JAK/
STAT signaling is initiated by the stimulation of cytokine re-
ceptors by various cytokines (Buettner et al., 2002; Yu et al.,
2009). The stimulation of Janus kinase (JAK) proteins by vari-
ous cytokines induces phosphorylation and constant stimula-
tion leads to the dimerization of signal transducer and activa-
tor of transcription (STAT). Then, the STAT dimer translocates
into the cell nucleus to induce the transcription of specific
genes (Darnell, 1997). STAT proteins, highly expressed in
cancer cells (Bromberg et al., 1999) are major transcription
factors involved in cell differentiation, apoptosis, and survival
(Buettner et al., 2002). Aberrant activation of the JAK2/STAT3
signaling pathway can trigger oncogenesis, and the JAK2/
STAT3 signaling pathway plays an important role in tumori-
genesis and cancer progression (Wang and Sun, 2014). In
contrast, the inhibition of JAK2/STAT3 induced apoptosis in
diverse cancer cells and reduced the growth of cancer cells
(Shan et al., 2010). Therefore, JAK2 or STAT3 proteins rep-
resent effective signal targets for various anticancer drugs
(Johnston and Grandis, 2011; Du et al., 2012; Siveen et al.,
2014). The apoptotic effect of LCH in human skin cancer cells
via modulation of the JAK2/STATS3 signaling pathway has not
been reported yet. We investigated whether LCH could induce
the apoptosis of human skin cancer and the effect of LCH on
JAK2/STATS signaling.

MATERIALS AND METHODS

Materials

Dulbecco’s Modified Eagle’s medium (DMEM), fetal bovine
serum (FBS), phosphate buffered saline (PBS), penicillin and
streptomycin (P/S) and 0.5% trypsin-EDTA were obtained from
Thermo Fisher Scientific (Rockford, IL, USA). The primary an-
tibodies against phospho (p)-STAT3 (Tyr 705), STAT3, Bcl-xI,
Bcl-2, myeloid cell leukemia-1 (Mcl-1), Survivin, Cyclin-D1,
p21, p27, p53, Bad, Bax, Bid and B-Actin, were purchased

from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-
bodies against p-JAK2 (Tyr 1007/1008), JAK2, Caspase 3 and
Poly ADP-ribose Polymerase (PARP), cleaved-Caspase 3,
cleaved-PARP were obtained from Cell Signaling Inc (Danvers,
MA, USA). 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-methoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS), 4’-6-diamid-
ino-2-phenylindole (DAPI) and cryptotanshinone (CTS), and
S3I-201 were purchased from Sigma-Aldrich, Inc (St. Louis,
MO, USA). LCH was synthesized and purified based on the
synthetic method described elsewhere (Wang et al., 2013).

Cell culture

Human melanoma A375 cells and human epidermoid car-
cinoma A431 cells were obtained from the American Type
Culture Collection (Manassas, VA, USA). These human skin
cancer cells were cultured in DMEM containing 10% heat-
inactivated FBS, and 100 U/mL each of penicillin and strepto-
mycin at 37°C in a humidified air with 5% CO..

The 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS) cell viability assay

To confirm the viability of human skin cancer cells, 4.0x10°3
of A375 and 5.0x10° of A431 cells were seeded in 96-well
microtiter plate. After a day of incubation, cells were treated
with vehicle (for control), 5, 10, 20, and 30 uM of LCH. Cells
were re-incubated for 24 and 48 h. After entire incubation,
cell viabilities were measured with the MTS reagent (Abcam,
Cambridge, MA, USA). Briefly, the dehydrogenase enzyme
substrate MTS reagent was added to the respective wells
and the plates were incubated at 37°C with 5% CO, for 2 h.
The absorbance was measured at 490 nm using a microplate
reader (Biotek, Winooski, VT, USA). The relative cell viability
was calculated compared to the negative controls (0 uM LCH
in DMSO). The data represent mean values obtained from
three independent experiments.

Propidium iodide staining

A375 and A431 cells were seeded and treated with LCH
(0, 10, 20, and 30 uM) for 48 h. After incubation, cells were
harvested and fixed with 70% ethanol at —20°C for 2h. The
cells were washed with 1xPBS, and stained with RNase A
and propidium iodide (Pl; BD Biosciences, Piscataway, NJ,
USA). Finally, samples were incubated at 37°C for 30 min in
the dark. After reaction with reagent, they were analyzed using
a fluorescence-activated cell sorting (FACS; BD Biosciences)
according to the manufacturer’s instructions.

Western blot analysis

LCH (0-30 uM for 48 h)-treated A375 and A431 cells were
harvested and washed with PBS. Proteins were then extract-
ed using RIPA buffer (Thermo Fisher Scientific) containing
protease inhibitor cocktail (Roche, Basel, Switzerland). Quan-
tification of protein extracts was conducted with Pierce® BCA
Protein Assay Kit (Thermo Fisher Scientific). Equal amounts
of protein samples were resolved by 8~15% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and
the resolved proteins were transferred to polyvinylidene-
difluoride membranes. Membranes were blocked for 1 h at
room temperature with 5% non-fat dried milk in TBS contain-
ing 0.1% Tween 20 (TBST), and incubated overnight at 4°C
with specific antibodies, followed by washing with TBST for 30
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Fig. 1. Growth inhibition of human skin cancer cells by LCH. (A) The chemical structure of licochalcone H (LCH). (B, C) The viability of skin
cancer cell lines A375 and A431 treated with 0, 5, 10, 20, and 30 uM of LCH for 24 and 48 h was measured using the MTS reagent. The
data represent mean percentages + SD (n=3; *p<0.05, **p<0.01, ***p<0.001 compared to the control group).

min and incubation with horseradish peroxidase-conjugated
secondary antibody. The targeted protein bands were reacted
using an ECL Plus Western Blotting Detection system from
Santa Cruz Biotechnology and detected using ImageQuant
LAS-4000 Mini (GE Healthcare Life Sciences, Buckingham-
shire, UK) according to the manufacturer’s instructions.

Annexin-V/PI staining

Cells were treated with LCH (0, 10, 20, and 30 uM) for 48 h.
Detached A375 and A431 cells were collected by centrifuga-
tion and combined with adherent cells. The cells were washed
with cold 1xPBS, and stained with the FITC-Annexin-V Apop-
tosis Detection Kit (BD Biosciences) followed by analysis using
a fluorescence activated cell sorter (FACS; BD Biosciences).

Statistical analysis

Results were presented as mean = SD of at least three
independent experiments performed in triplicate. Data were
analyzed for statistical significance using one-way analysis of
variance. p values of less than 0.05 were considered statisti-
cally significant.

RESULTS

LCH suppresses the proliferation of skin cancer cells

First, we determined if LCH (Fig. 1A) had an anti-prolifera-
tive effect in skin cancer cells, as the anticancer effect of LCH
in skin cancer cells has not been studied yet. The MTS cell
viability assay showed significant decreases in the viability of
A375 and A431 cells in concentration- (0, 5, 10, 20, and 30
uM) and time- (24 and 48 h) dependent manners (Fig. 1B, 1C).
The viability of A375 cells after treatment with 5, 10, 20, and
30 uM LCH for 24 h was 94%, 86%, 75%, and 56%, respec-
tively, compared to 0 uM LCH. For 48 h treatment, the viability
of A375 cells was 83%, 65%, 40%, and 22% in the 5, 10, 20,
and 30 uM LCH-treated groups, respectively, compared to the
controls. Likewise, we could observe the anti-proliferative ef-
fect of LCH in A431 cells in the similar manner. The viability of
A431 cells after treatment with 5, 10, 20, and 30 uM LCH for
24 h was 94%, 88%, 74%, and 46%, respectively, compared
to 0 uM LCH, and the viability after 48 h treatment went down
to 93%, 74%, 57%, and 27% in the 5, 10, 20, and 30 uM LCH-
treated groups, respectively, compared to the controls.

LCH induces apoptosis in skin cancer cells
To investigate whether LCH induced apoptosis in skin can-
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cer cells, the annexin V apoptosis assay with annexin V/PI
double staining was used. The percentage of apoptotic cells
(Fig. 2A, annexin V+/PI- cells and annexin V+/Pl+, on the right
side) after treatment with 0, 10, 20, and 30 uM LCH for 48
h was 4.02%, 25.25%, 56.57%, and 61.70%, respectively in
A375 cells. Similarly, the percentage of apoptotic cells in A431
cells increased from 4.02% in the control group (0 uM LCH) to
24.37%, 55.76%, and 61.48% in the 10, 20, and 30 uM LCH-
treated groups, respectively (Fig. 2A, 2B). These results sug-
gested that skin cancer cell apoptosis was induced by LCH. To
determine if LCH regulated the mitochondrial apoptosis path-
way, we analyzed the protein expression levels of Bcl-2 family
members by Western blots. When skin cancer cells were incu-
bated with LCH, the expression of Bid, Bcl-xI, Bcl-2, and Mcl-1
decreased in a dose-dependent manner, whereas the levels
of Bax and Bad increased. Treatment with LCH resulted in a
decrease in survivin and an increase in the levels of cleaved
caspase 3 and PARP in A375 and A431 cells (Fig. 2C).

LCH triggers G1 phase cell cycle arrest and affects cell
cycle regulatory proteins

To investigate if the suppression of cell proliferation by
LCH was related to cell cycle arrest, we performed cell cycle
analysis using Pl staining. Incubating skin cancer cells with
different LCH concentrations for 48 h led to a dose-dependent
increase in the sub-G1 phase in both A375 and A431 cells.
In A375 cells, the sub-G1 phase cell cycle population was
2.09%, 11.54%, 20.47%, and 36.60% at 0, 10, 20, and 30 uM
LCH, respectively (Fig. 3A, 3B). Likewise, the sub-G1 phase
cell cycle population in A431 cells increased from 2.78% in the
control group (0 uM LCH) to 9.35%, 19.46%, and 42.96% in
the 10, 20, and 30 uM LCH-treated groups, respectively (Fig.
3A, 3B). These results suggested G1 cell cycle arrest in hu-
man skin cancer cells by LCH treatment. We then assessed
the protein levels of cyclin D1, CDK2, CDK®6, p21, and p27 to
elucidate the mechanism of LCH-induced cell cycle arrest in
A375 and A431 cells. Western blot analysis revealed that the
expression of cyclin D1 was downregulated, and the expres-
sion of p21, p27, and p53 was upregulated (Fig. 3C). These
results indicated that cell cycle arrest may be associated with
the anti-proliferative effect of LCH on A375 and A431 cells.

LCH inhibits the phosphorylation of JAK2 and STAT3 to
exert antiproliferative activity

We performed Western blot assay to examine the effects of
LCH on JAK2 and STATS3 signaling and the role of these path-
ways in the LCH-induced apoptosis of skin cancer cells, as the
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Fig. 2. Effect of LCH on apoptosis induction in human skin cancer cells. (A, B) Quantitative detection of annexin-V-FITC and PI-positive
cells via FACS analysis. A375 and A431 cells were treated with 0, 10, 20, and 30 uM of LCH, and apoptosis was analyzed after annexin-V-
FITC and PI double staining. The data represent mean percentages + SD (n=3; **p<0.01 compared to the control group). (C) A375 and
A431 cells treated with 0, 10, 20, and 30 uM LCH for 48 h were harvested to prepare cell extracts. The cell extracts were subjected to SDS-
PAGE and Western blot analysis to detect the levels of Bid, Bcl-xI, Bcl-2, Bax, Bad, Mcl-1, survivin, PARP, and caspase-3. $-Actin was used
as the denominator to quantify relative protein expression levels.
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Fig. 3. Effects of LCH on human skin cancer cell cycle distribution. (A, B) A375 and A431 cells were treated with 0, 10, 20, and 30 uM LCH
for 48 h, stained with PI, and analyzed for DNA content by FACS analysis. The data represent mean percentages + SD (n=3; **p<0.01,
***p<0.001 compared to the control group). (C) A375 and A431 cells treated with 0, 10, 20, and 30 uM LCH for 48 h were harvested to pre-
pare cell extracts. The cell extracts were subjected to SDS-PAGE and Western blot analysis to detect the levels of p53, p27, p21, and cy-

clin-D1. B-Actin was used as the loading control.

JAK2/STAT3 signaling controls the survival and proliferation of
cancer cells (Bromberg et al., 1999; Yu et al., 2009). The level
of JAK2 and STAT3 protein remained relatively unchanged.
However, we observed that the phosphorylation of JAK2 and
STAT3 decreased in human skin cancer cells in dose- (0, 10,
20, and 30 puM) and time- (0, 12, 24, and 48 h) dependent
manners (Fig. 4). Interestingly, the decrease in the levels of
phosphorylated JAK2 and STAT3 accompanied the cleavage
of PARP in a time-dependent manner (Fig. 4C), indicating that
the inhibition of JAK2 and STAT3 signaling was involved in
LCH-induced apoptosis.

To further confirm the effects of LCH on the regulation of
JAK2/STAT3 signaling, we compared the antiproliferative ac-
tivity of LCH to those of pharmacological inhibitors of JAK2/
STAT3 signaling (CTS and S3I-201). Expectedly, the levels
of phosphorylated JAK2 and STAT3 assessed by Western
blots were decreased in human skin cancer A375 and A431
cells treated with LCH, CTS, or S31-201 for 48 h (Fig. 5A, 5B).
Moreover, the MTS cell viability assay showed that decreases
in JAK2 and STAT3 phosphorylation correlated with cell vi-
ability in both A375 and A431 cells, and the antiproliferative
effects of CTS and S3I-201 were comparable to those of LCH
(Fig. 5C).
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DISCUSSION

Cancer accounts for a very high percentage of overall mor-
tality. It ranks number two in the causes of death in the United
States (Siegel et al., 2016, 2019). In addition to surgery, che-
motherapy and radiotherapy are widely used in treating can-
cer. However, these treatments are accompanied by unavoid-
able adverse effects (Haas ef al., 2011; Kuchuk et al., 2013).
Natural products could potentially be used to reduce these
side effects (Chae et al., 2014; Kang et al., 2017a). Licorice
products exhibit pharmacological effects such as anti-ulcer,
detoxifying, anti-inflammatory, anti-viral and anti-carcinogenic
activities. Additionally, polyphenols derived from licorices are
known to induce apoptosis in a wide range of cancer cells. The
anticancer activity of LCH in skin cancer has not been studied
yet. In the present study, we investigated the potential cyto-
toxic effects of LCH in human skin cancer using the A375 and
A431 cell lines (Fig. 1B, 1C). The cell viability of these cells
decreased, indicating the inhibition of proliferation by LCH in
dose- and time- dependent manners.

In addition, we detected LCH-mediated apoptosis in human
skin cancer cells. The rate of apoptosis, determined by the an-
nexin V apoptosis assay, increased significantly following LCH
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Fig. 4. Effects of LCH on the modulation of JAK2/STAT3 signaling
in human skin cancer cells. (A) A375 and A431 cells were treated
with LCH (0, 10, 20, and 30 uM) for 48 h. Whole cell extracts were
prepared, separated by SDS-PAGE, and subjected to Western
blots using JAK2, p-JAK2, STAT3, and p-STAT3 antibodies. B-Actin
was used as the loading control. (B) The percentage of p-JAK2
and p-STAT3 expression is presented. The data represent mean
percentages + SD (n=3; ***p<0.001). (C) Time-dependent effects
of LCH on p-JAK2, p-STAT3, and cleaved-PARP were observed
using A375 and A431 cells treated with LCH (30 uM) for 0, 12, 24,
and 48 h.

treatment. We observed a shift in the balance between pro-
apoptotic and anti-apoptotic Bcl-2 proteins (Lee et al., 2019).
Western blot analysis showed that the level of anti-apoptotic
proteins (Bcl-xl, Bcl-2, and Mcl-1) was decreased by LCH
treatment, whereas the level of Bax and Bad pro-apoptotic
proteins increased (Fig. 2C). The level of pro-apoptotic Bid in
full-length form was decreased by treatment with LCH, sug-
gesting the activation by cleavage (Esposti, 2002). Mcl-1 is
known to be overexpressed in many cancer types, protect-
ing cells from apoptosis (Quinn et al., 2011). Further studies
could elucidate the detailed mechanism of how LCH induces
decreases in Mcl-1 levels. In addition to shifting the balance
of Bcl-2 proteins, decreased levels of survivin and cleavage of
procaspase 3 and PARP were observed. These results indi-
cated that LCH-induced apoptosis was mediated through the
intrinsic apoptotic pathway (Fig. 2C).

To further elucidate the antiproliferative effect of LCH, we
analyzed cell cycle distribution. Treatment with LCH increased
the sub-G1 cell population of A375 and A431 cells in a dose-
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cancer cells. (A) A375 and A431 cells were treated with the indicat-
ed concentrations of LCH, cryptotanshinone (CTS), and S3I-201
for 48 h. Western blot analysis to detect the levels of JAK2, p-
JAK2, STAT3, and p-STAT3. B-Actin was used as the loading con-
trol. (B) The percentages of p-JAK2 and p-STAT3 expression is
shown. The data represent mean percentages + SD (n=3;
***p<0.001). (C) Viability of A375 and A431 skin cancer cell lines
treated with the indicated concentrations of LCH, CTS, and S3I-
201 for 48 h measured using the MTS reagent. The data represent
mean percentages + SD (n=3; ***p<0.001).

dependent manner (Fig. 3A, 3B). To understand the molecular
mechanism of cell cycle arrest induced by LCH, we monitored
the level of cyclin D1. Cyclin D is involved in G1 phase pro-
gression (Narasimha et al., 2014), which is one of the main
check points (Villanueva et al., 2007). The level of cyclin D1
decreased in response to LCH treatment in a dose-dependent
manner (Fig. 3C). Moreover, decreases in cyclin D1 levels
were accompanied by increases in the levels of p21 and p27,
inhibitors of cyclin/CDK complexes, suggesting the downregu-
lation cyclin D1 induced by LCH as well as the inhibition of
cyclin D1 by p21 and p27. We also observed an increase in
the level of p53. We suspect that p53 mediated the G1 arrest
induced by LCH (Waldman et al., 1995).

Cancer cells survive by modulating several signaling path-
ways such as JAK/STAT, MAPK/ERK, and PI3K/Akt (France-
schelli et al., 2011; Wu et al., 2017). The uncontrolled activa-
tion of JAK2/STAT3 signaling regulates proliferation in various
types of cells (Nam et al., 2012; Yun et al., 2018). JAK2/STAT3
signaling controls the survival and proliferation of cancer cells,
and high levels of phosphorylated STAT3 have been reported
in various cancer cells and tissues (Bromberg et al., 1999; Yu
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et al., 2009). STAT3 protein is known as a transcription fac-
tor and a key molecule in cell differentiation, proliferation, and
apoptosis (Buettner et al., 2002; Park et al., 2021). STAT3 is
phosphorylated by JAK proteins (Lopez-Onieva et al., 2008;
Yu et al., 2009), followed by dimerization and translocation
into the nucleus to promote the transcription of oncogenes. In
this study, we investigated the inhibitory effect of LCH on the
JAK2/STAT3 signaling pathway in human skin cancer cells. As
shown in Fig. 5A and 5B, p-JAK2 and p-STAT3 protein levels
were significantly down-regulated by LCH in dose- and time-
dependent manners (Fig. 4). Cleaved-PARP levels were also
increased in a time-dependent manner (Fig. 4C). Additionally,
we showed that the inhibitory effect of LCH on JAK2/STAT3
could be simulated by pharmacological inhibitors S3I-201
(Gurbuz et al., 2014; Ball et al., 2016) and CTS (Ke et al.,
2017), which have been used to inhibit STAT3 activity (Fig.
5A, 5B). Moreover, the inhibition of JAK2/STAT3 signaling by
these inhibitors alone suppressed cell growth, suggesting that
JAK2/STAT3 signaling was involved in the LCH-induced apop-
tosis in human skin cancer cells.

Based on our results, LCH induced cell cycle arrest and
apoptosis in human skin cancer cells by modulating JAK2/
STAT3 signaling. JAK2 and STAT3 phosphorylation was
downregulated in A375 and A431 cells by treatment with LCH,
and the inhibition of JAK2/STAT3 signaling resulted in cell cy-
cle arrest and apoptosis. These findings suggest that LCH has
the potential to treat human skin cancer.
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