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Cinnamaldehyde inhibits psoriasis-like inflammation
by suppressing proliferation and inflammatory response of
keratinocytes via inhibition of NF-kB and JNK signaling pathways

ZHENZHEN DING', JINGIING LIUZ, HUANGIING QIAN3, LINGJIAN WU? and MINGFEN LV>

1Department of Dermatovenereology, Yuyao People's Hospital of Zhejiang Province, Yuyao, Zhejiang 315400;

Departments of ZDermatovenereology and 3Operating Room, The First Affiliated Hospital
of Wenzhou Medical University, Wenzhou, Zhejiang 325000, P.R. China

Received January 20, 2021; Accepted May 27, 2021

DOI: 10.3892/mmr.2021.12277

Abstract. Psoriasis is a systemic immune-mediated inflam-
matory disease characterized by uncontrolled keratinocyte
proliferation and poor differentiation. Cinnamaldehyde (CIN)
has been shown to inhibit the proliferation and inflammatory
response of primary and immortalized immune cells. However,
to the best of our knowledge, the role of CIN in the progression
of psoriasis remains unclear. Therefore, the present study aimed
to investigate the biological role of CIN in psoriasis. To mimic
abnormal proliferation and differentiation in keratinocytes
in vitro, normal human epidermal keratinocytes (NHEKS) were
stimulated with M5 (IL-1a, IL-17A, IL-22, oncostatin M and
TNF-0). The viability and proliferation of NHEKs were analyzed
using Cell Counting Kit-8 and 5-Ethynyl-2'-deoxyuridine assays,
respectively. Western blotting was used to analyze the expression
levels of keratin 1, filaggrin and loricrin in NHEKS. The results
of the present study revealed that CIN significantly inhibited the
proliferation and cell cycle progression, and promoted the differen-
tiation of M5-stimulated NHEKSs. CIN also markedly attenuated
the extent of oxidative stress-induced damage in M5-stimulated
NHEKSs. Moreover, CIN ameliorated M5-induced inflammatory
injury in NHEKS, as evidenced by the decreased levels of multiple
inflammatory factors. Furthermore, CIN notably downregulated
the expression levels of phosphorylated (p)-inhibitor of NF-kB,
p-p65 and p-JNK in M5-stimulated NHEKS. In conclusion, the
present data suggested that CIN may protect NHEKs against
M5-induced hyperproliferation and inflammatory injury via
inhibition of NF-xB and JNK signaling pathways. These results
provide a novel insight on the role of CIN in psoriasis.
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Introduction

Psoriasis is one of the most common types of inflammatory-related
skin diseases, which is characterized by uncontrolled prolifera-
tion and the poor differentiation of keratinocytes (1-3). Psoriasis
is most commonly caused by genetic, immune and infection
factors (4). For example, a diet with poor nutrition or low intake of
omega-3 fatty acids can stimulate the development of psoriasis (5).
However, to the best of our knowledge, the underlying mecha-
nisms of the occurrence and development of psoriasis have not yet
been fully elucidated, and the current treatment methods avail-
able for patients with psoriasis remain unsatisfactory. Therefore,
the development of more effective strategies for the treatment of
psoriasis is the current focus of research.

In the affected skin areas of psoriasis, the expression
levels of chemokines [such as IL-8 and C-X-C motif chemo-
kine ligand 1 (CXCLI1)], proinflammatory cytokines (such
as IL-1p) and antimicrobial peptides [such as S100 calcium
binding protein A7 (SI00A7), p-defensin 2 and cathelicidin
antimicrobial peptide (LL-37)] are upregulated, leading to the
hyperproliferation of epithelial cells (6,7). Keratinocytes are
the predominant type of epithelial cells of the epidermis (8).
Emerging evidence has shown that treatment with M5 can
induce psoriasis-like changes in cultured keratinocytes,
including increased cell proliferation and inflammation, and
poor differentiation (9). Thus, in the present study, in order to
mimic abnormal proliferation and differentiation in keratino-
cytes in vitro, keratinocytes were stimulated with MS5.

It has been reported that the NF-kB and JNK signaling
pathways play crucial roles in the immune system and inflam-
matory response (10,11). For instance, salidroside, which is
an extract of Sedum rosea, a perennial herb (12), can inhibit
inflammation and keratinocyte proliferation by downregu-
lating NF-xB and STAT3-related signaling pathways, thus
improving the symptoms of psoriasis (12).

Cinnamaldehyde (CIN) is a Traditional Chinese medicine
that is derived from the dried bark of the Cinnamomum laura-
ceae (Cinnamomum cassia Presl) plant (13). CIN was previously
reported to exert potent fungicidal, antitumor, immunological
and anti-inflammatory activities (14). In addition, CIN has
been found to downregulate the expression levels of the
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proinflammatory cytokines, TNF-a, IL-1p and IL-6, in lipo-
polysaccharide (LPS)-stimulated macrophages (15). CIN has
also been discovered to inhibit bleomycin-induced idiopathic
pulmonary fibrosis in mice by inhibiting the production of
inflammatory cytokines and reactive oxygen species (ROS) (16).
However, to the best of our knowledge, the biological effect of
CIN on psoriasis, particularly regarding its effect on keratino-
cyte proliferation, inflammation and differentiation, remains
unclear. Therefore, the present study aimed to investigate the
biological role of CIN in keratinocytes exposed to M5 to mimic
abnormal proliferation and differentiation, and whether it can
act as a therapeutic agent against psoriasis via the NF-xB and
JNK signaling pathways.

Materials and methods

Cell lines and culture. Normal human epidermal keratinocytes
(NHEKSs) were obtained from ScienCell Research Laboratories,
Inc. NHEKSs were cultured in DMEM (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Thermo Fisher
Scientific, Inc.), 100 U/ml penicillin (Thermo Fisher Scientific,
Inc.) and 100 mg/ml streptomycin (Thermo Fisher Scientific,
Inc.), and maintained in an incubator at 37°C in the presence
of 5% CO,. NHEKSs were treated with 10 ng/ml M5 [IL-1a,
IL-17A, IL-22, oncostatin M (OSM) and TNF-a; PeproTech
China] for 24 h at 37°C to mimic abnormal proliferation and
differentiation of keratinocytes (9).

Cell Counting Kit-8 (CCK-8) assay. CIN (MedChemExpress)
was dissolved with DMSO. NHEKs were treated with CIN
(0, 5, 10, 20, 40 or 80 uM) for 24 h at 37°C. A CCK-8 assay
was used to evaluate the viability of NHEKSs. Briefly, NHEKSs
(5x10° cells/well) were plated into a 96-well plate. Then, 10 ul
CCK-8 reagent (Dojindo Molecular Technologies, Inc.) was
added to each well and further incubated for 2 h at 37°C. The
absorbance of each well was measured at a wavelength of 450 nm
using a spectrophotometer (Bio-Rad Laboratories, Inc.) (17).

5-Ethynyl-2'-deoxyuridine (EdU) staining. An EAU DNA
Proliferation in vitro Detection kit (Guangzhou RiboBio
Co., Ltd.) was used to evaluate the proliferation of NHEKS,
according to the manufacturer's protocol. Briefly, NHEKs were
seeded into 24-well plates (2.5x10° cells/well) and incubated
with 50 xM EdU at room temperature for 2 h. Following the
incubation, cells were stained with Apollo staining solution for
30 min at 37°C in the dark. EdU-positive cells were observed
using a fluorescence microscope (Olympus Corporation) (18).

Cell cycle distribution analysis. Flow cytometry was used to
evaluate the cell cycle distribution of NHEKSs. Briefly, cells
were fixed in 70% ethanol overnight at 4°C, then incubated with
10 ul propidium iodide/RNase staining buffer (BD Biosciences)
for 30 min at 37°C in the dark. The cell cycle distribution of
NHEKSs was analyzed using a FACScan™ flow cytometer
(BD Biosciences). FlowJo software (version 10.6.2; FlowJo LLC)
was used to analyze the data. Flow cytometry was performed
according to methods outlined in previous studies (19,20).

Western blotting. RIPA lysis buffer (Beyotime Institute of
Biotechnology) was used to extract the protein from cells. Total

protein concentration was determined using a BCA protein assay
kit (cat. no. AS1086; Aspen Biotechnology Co., Ltd.) and 30 ug
protein per lane was separated via SDS-PAGE on 10% gel. The
separated proteins were subsequently transferred onto PVDF
membranes (EMD Millipore) and blocked with 5% skimmed
milk powder diluted in TBS with 0.1% Tween-20 at room
temperature for 1 h. The membranes were then incubated with
the following primary antibodies at 4°C overnight: Anti-cyclin E1
(1:1,000; cat. no. ab33911), anti-CDK?2 (1:1,000; cat. no. ab32147),
anti-CDK inhibitor 1B (p27Kipl; 1:1,000; cat. no. ab32034),
anti-keratin 1 (1:1,000; cat. no. ab185628), anti-filaggrin (1:1,000;
cat. no. sc-66192), anti-loricrin (1:1,000; cat. no. ab137533),
anti-keratin 5 (1:1,000; cat. no. ab64081), anti-keratin 10
(1:1,000; cat. no. ab237775), anti-inhibitor of NF-xB (IxBa;
1:1,000; cat. no. ab32518), anti-phosphorylated (p)-IxBa (1:1,000;
cat. no. ab92700), anti-p65 (1:1,000; cat. no. abl40751), anti-p-p65
(1:1,000; cat. no. ab239882), anti-JNK (1:1,000; cat. no. ab199380),
anti-p-JNK (1:1,000; cat. no. ab131499) and anti-f-actin (1:1,000;
cat.no.ab8226). 3-actin was used as an internal control. Following
the primary antibody incubation, the membranes were incubated
with an anti-rabbit secondary antibody (1:5,000; cat. no. ab96899)
at room temperature for 1 h. Protein bands were visualized with an
ECL kit (cat. no. AS1059-3; Aspen Biotechnology Co., Ltd.) and
densitometric analysis was performed using AlphaEaseFC soft-
ware (version 4.0; ProteinSimple). Anti-filaggrin was purchased
from Santa Cruz Biotechnology, Inc., while all other antibodies
were obtained from Abcam. All procedures were carried out
according to previous studies (19,21).

ROS analysis. The production of ROS was detected using a
ROS assay kit (Beyotime Institute of Biotechnology). Briefly,
NHEKSs (1x10° cells/well) were plated into 6-well plates for
24 h. Then, the cells were treated with CIN (5 or 10 uM)
for 24 h at 37°C. Following which, NHEKs were stained
with 2'-7'-Dichlorofluorescin diacetate for 20 min at 37°C.
Subsequently, the cells were collected and gently washed.
The fluorescence intensity was subsequently detected using a
FACScan™ flow cytometer (BD Biosciences). FlowJo software
(version 10.6.2; FlowJo LLC) was used to analyze the data. All
procedures were carried out according to a previous study (22).

ELISA. Malondialdehyde (MDA) assay kit (cat. no. A0O03-1)
and Reduced glutathione (GSH) assay kit (cat. no. AO06-2-1)
were purchased from Nanjing Jiancheng Bioengineering
Institute. These specific ELISA kits were used to determine
the concentrations of MDA and GSH in NHEKSs, according to
the manufacturer's instructions (23).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from cells using TRIpure Total RNA
Extraction Reagent (ELK Biotechnology Co., Ltd.) according
to the manufacturer's protocol. Total RNA was reverse tran-
scribed into cDNA using an EntiLink™ 1st Strand cDNA
Synthesis kit (ELK Biotechnology Co., Ltd.), according to the
manufacturer's protocol. gPCR was subsequently performed
on StepOne™ Real-Time PCR instrument (Thermo Fisher
Scientific, Inc.) using an EnTurbo™ SYBR Green PCR
SuperMix kit (ELK Biotechnology Co., Ltd.). The following
gPCR thermocycling conditions were used: 3 min at 95°C,
followed by 40 cycles of 10 sec at 95°C, 30 sec at 58°C, and
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Table I. Primer sequences.

Gene Primer sequences (5'a3")
IL-1B F: ACGATGCACCTGTACGATCACT
R: GAGAACACCACTTGTTGCTCCA
1L-8 F: ACTGAGAGTGATTGAGAGTGGAC
R: AACCCTCTGCACCCAGTTTTC
CXCLI1 F: AACCGAAGTCATAGCCACACTC
R: CTTCTCCTAAGCGATGCTCAAA
S100A7 F: GCACAAATTACCTCGCCGAT

[-defensin2
LL-37

[-actin

R: GACATTTTATTGTTCCTGGGGTC
F: ATGTCATCCAGTCTTTTGCCC

R: TGCGTATCTTTGGACACCATAG
F: CGTGCTATAGATGGCATCAACC
R: GCCCGTCCTTCTTGAAGTCA

F: GTCCACCGCAAATGCTTCTA

R: TGCTGTCACCTTCACCGTTC

F, forward; R, reverse; CXCL1, C-X-C motif chemokine ligand 1; SI00A7, S100 calcium binding protein A7; LL-37, cathelicidin antimicro-

bial peptide.
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Figure 1. CIN inhibits the proliferation of M5-stimulated NHEKSs. (A) CIN was dissolved with DMSO. NHEKs were treated with CIN (0, 5, 10, 20, 40 or
80 M) for 24 h. Cell viability was detected by CCK-8 assay. (B) NHEKs were treated with CIN (5 or 10 M) for 24 h, and then treated with 10 ng/ml M5 for
24 h. Cell viability was detected by CCK-8 assay. (C) EdU staining assay was used to detect cell proliferation. (Scale bar, 100 gm). n=3. "P<0.05, “P<0.01 vs.
control group; “P<0.05, P<0.01 vs. 10 ng/ml M5 group. CIN, cinnamaldehyde; NHEKSs, normal human epidermal keratinocytes; CCK-8, Cell Counting Kit-8;

Edu, 5-Ethynyl-2'-deoxyuridine.

30 sec at 72°C. The primers used for qPCR are listed in Table . Statistical analysis. Statistical analyses were performed using
[-actin was used as the internal control. mRNA levels were ~ GraphPad Prism software (version 7.0; GraphPad Software,
quantified using the 2244 method (24). All procedures were  Inc.). The CCK-8 assay was repeated five times, while all other
carried out according to a previous study (23). experiments were repeated three times. All data are presented
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Figure 2. CIN induces cell cycle arrest in M5-stimulated NHEKs. NHEKs were treated with CIN (5 or 10 M) for 24 h, and then treated with 10 ng/ml M5 for
24 h. (A) Flow cytometry was used to measure the cell cycle distribution in NHEKSs. (B) Western blotting was used to detect the expression levels of cyclin El,
CDK2 and p27Kipl in NHEKSs. The relative expression levels of cyclin E1, CDK2 and p27Kipl in NHEKSs were normalized to f3-actin. n=3. “P<0.01 vs.
control group; "P<0.05,P<0.01 vs. 10 ng/ml M5 group. CIN, cinnamaldehyde; NHEKSs, normal human epidermal keratinocytes; p27Kipl, CDK inhibitor 1B.

as the mean + SD. Statistical differences between at least three
groups were determined using a one-way ANOVA followed
by a Tukey's post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

CIN treatment inhibits the proliferation of M5-stimulated
NHEKs. To determine the cytotoxic effect of CIN on NHEKS,
a CCK-8 assay was used. As shown in Fig. 1A, treatment with 5
or 10 M CIN exerted a small effect on the viability of NHEKS.
However, treatment with 20, 40 or 80 yM CIN significantly
reduced the viability of NHEKSs. Therefore, 5 and 10 uM CIN
were selected as the optimal drug doses for use in subsequent

experiments. The effects of CIN on the viability and prolifera-
tion of M5-treated NHEKSs were subsequently investigated. The
results of the CCK-8 and EdU staining assays indicated that M5
significantly increased the viability and proliferation of NHEKSs,
respectively, compared with the control group; however, these
effects were reversed by CIN treatment (Fig. 1B and C). These
data suggested that CIN may inhibit the viability and prolifera-
tion of MS5-stimulated NHEKS.

CIN induces cell cycle arrest in M5-stimulated NHEKs. Next,
to evaluate the effect of CIN on the cell cycle distribution of
M5-stimulated NHEKSs, flow cytometry was used. As shown
in Fig. 2A, the percentage of NHEKSs in the G,/G, phase
was significantly decreased following stimulation with M5,



MOLECULAR MEDICINE REPORTS 24: 638, 2021 5

. Control 10 ng/ml M5 M5+CIN 5 uM
4004 6007 ~ i .
] 5007
] ] ] 8
300~ | 400~ 4007
£ £ ] g1
3 2007 3 | 33007
o ] o ST i
] 200 2007 5 8
1007 - 100-: &
] i * ##
[0 R e e e e [ s e | v . o oy w r " g 44
10'10% 10° 10* 10° 10° 10'10? 10° 10* 10° 10° 10'10? 10° 10" 10° 10° ®
- - = ##
FITC-A FITC-A FITC-A %
o
M5+CIN 10 uM 27
5+CIN 10
600~ i 600 < ‘Merge
| ] 0-
. 400~ 400 - Control 10 ng/ml M5+ M5+
g | 15 ] \ M5 CIN5uM CIN 10 uM
S S
2007 200 - \
Q Ty ey Q \1\«1 e
10" 10% 10° 10* 10° 10° 10" 10% 10° 10* 10° 10°
FITC-A FITC-A
B 201 50 4
## 40 -
150 _
E #H s ##
=) £ .
2 g% "
3 100 g
g % 20
= 1]
50 104
0= 0-
Control 10 ng/ml M5+ M5+ Control 10 ng/ml M5+ M5+

M5 CIN5uM CIN 10 uM

M5  CIN5uM CIN 10 uM

Figure 3. CIN attenuates oxidative stress damage in M5-stimulated NHEKs. NHEKs were treated with CIN (5 or 10 #M) for 24 h, and then treated with
10 ng/ml M5 for 24 h. (A) Flow cytometry was used to measure the production of intracellular ROS in NHEKSs. (B) ELISA was used to detect the levels of
MDA and GSH in the supernatants of NHEKs. n=3. "P<0.05, “P<0.01 vs. control group; “P<0.01 vs. 10 ng/ml M5 group. CIN, cinnamaldehyde; NHEKs,
normal human epidermal keratinocytes; ROS, reactive oxygen species; MDA, malondialdehyde; GSH, glutathione.

while the number of cells in the S phase increased; however,
these changes were reversed by CIN treatment. In addition,
the results of the western blotting analysis revealed that M5
notably upregulated the levels of cyclin E1 and CDK2, and
downregulated the expression of p27Kipl, compared with the
control group (Fig. 2B). CIN significantly downregulated the
expression levels of cyclin E1 and CDK2, and upregulated
the expression levels of p27Kipl in M5-stimulated NHEKSs
compared with the M5 treatment group (Fig. 2B). These
results suggested that CIN may induce cell cycle arrest in
MS5-stimulated NHEKS.

CIN attenuates M5-induced oxidative stress damage in
NHEKs. To determine whether CIN could protect NHEKSs
against M5-induced oxidative stress, the production of intracel-
Iular ROS and the levels of MDA and GSH were detected. As
shown in Fig. 3A and B, M5 stimulation significantly increased
ROS production, and decreased the levels of MDA and GSH
in NHEKs compared with the control group, suggesting that
M5 may induce oxidative stress in NHEKs. However, treat-
ment with CIN significantly reversed M5-induced oxidative
stress in NHEKSs (Fig. 3A and B). Taken together, these data
indicated that CIN may attenuate M5-induced oxidative stress
damage in NHEKSs.

CIN promotes the differentiation of M5-stimulated NHEK:.
Western blotting was performed to determine whether CIN
could affect the differentiation of M5-treated NHEKS.
Compared with the control group, M5 stimulation significantly
downregulated the expression levels of keratin 1, filag-
grin, loricrin, keratin 5 and keratin 10 in NHEKSs; however,
these changes were significantly reversed by CIN treatment
(Fig. 4A-F). These data suggested that CIN may promote the
differentiation of NHEKSs following M5 exposure.

CIN attenuates inflammatory injury in M5-stimulated NHEKs.
It was previously reported that M5 promoted the production of
inflammatory mediators, such as cytokines (IL-1f), chemo-
kines (IL-8 and CXCL1) and antimicrobial peptide pairs
(S100A7, B-defensin 2 and LL-37) in keratinocytes (6). To vali-
date whether CIN could attenuate the inflammatory response
in NHEKSs following M5 exposure, RT-qPCR was performed.
As shown in Fig. 5A-C, M5 stimulation significantly upregu-
lated the expression levels of IL-1p, IL-8, CXCLI1, S100A7,
[B-defensin 2 and LL-37 in NHEKSs compared with the control
group; however, these M5-induced changes were significantly
decreased following CIN treatment. These findings suggested
that CIN may attenuate inflammatory injury in M5-stimulated
NHEKSs.
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Figure 4. CIN promotes the differentiation of M5-stimulated NHEKs. NHEKs were treated with CIN (5 or 10 #M) for 24 h, and then treated with 10 ng/ml
MS5 for 24 h. (A-F) Western blotting was used to detect the expression levels of keratin 5, keratin 10, keratin 1, filaggrin and loricrin in NHEKSs. The relative
expression levels of keratin 1, filaggrin, loricrin, keratin 5 and keratin 10 in NHEKS were normalized to -actin. n=3. ‘P<0.05, “P<0.01 vs. control group;
"P<0.05,"P<0.01 vs. 10 ng/ml M5 group. CIN, cinnamaldehyde; NHEKSs, normal human epidermal keratinocytes.
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Figure 5. CIN attenuates inflammatory injury in M5-stimulated NHEKs. NHEKSs were treated with CIN (5 or 10 #M) for 24 h, and then treated with 10 ng/ml
MS5 for 24 h. Reverse transcription-quantitative PCR was performed to measure the expression levels of (A) IL-13, IL-8, (B) CXCLI, (C) SI00A7, B-defensin2
and LL-37 in NHEKSs. n=3. “P<0.01 vs. control group; “P<0.05, #/P<0.01 vs. 10 ng/ml M5 group. CIN, cinnamaldehyde; NHEKs, normal human epidermal
keratinocytes; CXCL1, C-X-C motif chemokine ligand 1; SI00A7, S100 calcium binding protein A7; LL-37, cathelicidin antimicrobial peptide.

CIN inhibits the proliferation and associated inflamma-
tion of M5-treated NHEKs by downregulating the NF-xB
and JNK signaling pathways. Previous studies have shown
that the NF-xB and JNK signaling pathways play impor-
tant roles in psoriasis (25,26). Thus, western blotting was
used to analyze the expression levels of p-IkBa, p-p65 and

p-JNK in NHEKs. M5 stimulation significantly upregu-
lated the expression levels of p-IkBa, p-p65 and p-JNK in
NHEKSs compared with the control group; however, these
MS5-induced changes were significantly reversed by CIN
treatment (Fig. 6A-D). These results indicated that CIN
may inhibit the proliferation and associated inflammation of
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Figure 6. CIN inhibits the proliferation and inflammation of M5-treated NHEKSs via downregulation of NF-kB and JNK signaling pathways. NHEKs were
treated with CIN (5 or 10 M) for 24 h, and then treated with 10 ng/ml M5 for 24 h. (A-D) Western blotting was performed to measure the expression levels
of p-IkBa, p-p65 and p-JNK in NHEKS. The relative expression levels of p-IkBa, p-p65 and p-JNK in NHEKs were normalized to IkBa, p65 and JNK. n=3.
“P<0.01 vs. control group; “P<0.01 vs. 10 ng/ml M5 group. CIN, cinnamaldehyde; NHEKSs, normal human epidermal keratinocytes; p-, phosphorylated; IxBa,

inhibitor of NF-kB.

M5-treated NHEKSs by downregulating the NF-xB and JNK
signaling pathways.

Discussion

Psoriasis is a common, chronic, relapsing inflammatory
skin disease (27-29). Numerous previous studies have indi-
cated that certain Traditional Chinese medicines may exert
promising therapeutic effects in psoriasis (30). For instance,
Xu et al (12) reported that salidroside inhibited the inflam-
matory response and hyperproliferation of keratinocytes. In
addition, Liu ef al (31) found that cimifugin could inhibit
oxidative stress and the inflammation of TNF-a-stimulated
keratinocytes. He er al (32) demonstrated that triptolide
inhibited the proliferation and cell cycle distribution of
IL-22-stimulated HaCaT cells. In addition, Wu et al (33)
reported that diosgenin inhibited the proliferation of HaCaT
cells following LPS/IL-22 exposure via inducing cell cycle
arrest. However, to the best of our knowledge, the role of
CIN in the progression of psoriasis remains unclear. The

results of the present study found that CIN could inhibit
the proliferation and associated inflammatory response of
MS5-stimualted NHEKS, in addition to inducing cell cycle
arrest, which was consistent with the findings of previous
studies (30-33).

Accumulating evidence has shown that the NF-xB and JNK
signaling pathways play an important role in the pathogenesis
of psoriasis (25,26). For example. Yang et al (25) demon-
strated that Datura metel attenuated imiquimod-induced
psoriasis-like dermatitis via inhibition of the NF-«B signaling
pathway. Liu ef al (31) showed that cimifugin inhibited oxida-
tive stress and inflammation in TNF-a-treated keratinocytes
by inactivating the NF-kB and JNK signaling pathways.
Consistent with these previous findings, the present study
confirmed that CIN could inhibit the phosphorylation of
IxBa and p65 in M5-stimulated NHEKS, indicating that CIN
may inhibit the NF-xB signaling pathway in M5-stimulated
NHEKSs. In addition, JNK has been suggested to represent a
potential target for the treatment of psoriasis (34). In addi-
tion, Hammouda et al (34) reported that JNK promoted the
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occurrence of psoriasis. Consistent with these findings, the
current results revealed that M5 markedly upregulated the
expression levels of p-JNK in NHEKSs. However, treatment
with CIN significantly downregulated the expression levels
of p-JNK in M5-stimulated NHEKSs. Taken together with the
aforementioned findings, these data indicated that CIN may
inhibit the proliferation and associated inflammatory response
of NHEKSs following M5 exposure via inhibition of the NF-xB
and JNK signaling pathways.

It has been reported that keratinocyte proliferation is
inhibited and differentiation is promoted during the treat-
ment of psoriasis (35). In the present study, CIN markedly
upregulated the expression levels of keratin 1, filaggrin,
loricrin, keratin 5 and keratin 10 in NHEKS. Thus, these
findings indicated that CIN promoted keratinocyte differen-
tiation.

However, there are some limitations of the current study.
Additional in-depth and detailed studies that further research
the underlying mechanisms by which CIN regulates the
NF-kB and JNK signaling pathways are required. In addition,
in order to further verify the relationship between the NF-kB
and JNK signaling pathways and psoriasis, NF-kB and JNK
signaling inhibitors will be used in future studies to obtain
more complete information. Thus, further experiments are
needed in the future.

In conclusion, the findings of the present study suggested
that CIN may inhibit the proliferation and associated inflam-
mation of M5-stimulated NHEKS via inhibition of the NF-xB
and JNK signaling pathways. Therefore, CIN may represent a
potential agent for the treatment of psoriasis.
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