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MiR-664 Protects Against UVB
Radiation-Induced HaCaT Cell
Damage via Downregulating ARMC8

Chen Zhang1 , Xiongxiong Xie1, Yawen Yuan1, Yimeng Wang1, Meijuan Zhou1 ,
Xiangzhi Li1,2, and Peilin Zhen3

Abstract

Background: MiR-664 has been demonstrated to play an important role in dermal diseases. However, the functions of miR-664
in ultraviolet B (UVB) radiation-induced keratinocytes damage remain to be elucidated.

Objective: The present study aimed to investigate the molecular mechanisms under the UVB-induced keratinocytes damage and
provide translational insights for future therapeutics and UVB protection.

Methods: HaCaT cells were transfected with miR-664, either alone or combined with UVB irradiation. Levels of messenger RNA
and protein were tested by quantitative real-time polymerase chain reaction and Western blot analyses. Cell proliferation,
percentage of apoptotic cells, and expression levels of apoptosis-related factors were measured by Cell Counting Kit-8 assay, flow
cytometry assay, and Western blot analysis, respectively.

Results: We found that a significant increase in miR-664 was observed in UVB-induced HaCaT cells. Overexpressed miR-664
promoted cell vitalities and suppressed apoptosis of UVB-induced HaCaT cells. Additionally, the loss/gain of armadillo-repeat-
containing protein 8 (ARMC8) rescued/blocked the effects of miR-664 on the proliferation of UVB-induced HaCaT cells.

Conclusions: Our data demonstrate that miR-664 functions as a protective regulator in UVB-induced HaCaT cells via regulating
ARMC8.
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Introduction

Ultraviolet radiation (UVR) is divided into 3 spectral regions

based on its biological effects. Sunlight UVR consists of 3% to

6% ultraviolet B (UVB; 315-280 nm) and 94% to 97% ultra-

violet A (UVA; 400-315 nm). Negligible amounts of UVC

(280-100 nm) reach the earth surface due to the filtering capac-

ity of the ozone layer.1 Ultraviolet radiation induces DNA

damage and apoptosis in epidermal cells, and it can lead to

skin aging, inflammatory responses, dysfunction of keratino-

cytes, and skin carcinogenesis.2-4 Ultraviolet B is also a major

environmental factor for human nonmelanoma skin cancer.5

However, the molecular mechanism involved in UVB-

regulated cell damage remains largely unknown.

MicroRNAs (miRNAs) are a family of small noncoding

RNAs that are involved in the regulation of gene expression

by binding to the 30-untranslated regions of target messenger

RNAs (mRNAs).6-14 MicroRNAs can regulate multiple cellular

processes, including UVB-mediated cell aging and cell
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apoptosis, through inducing RNA interference at the posttran-

scription level.15-17 According to our previous studies, miR-

664 functions as an oncogene that targets multiple tumor

suppressor genes, such as IRF2.18 However, it remains unknown

whether miR-664 is involved in UVB-induced cell damage.

In present study, we assessed the effect of UVB irradiation

on miR-664 expression in HaCaT cells, and miR-664 was

induced by UVB stimulation. MiR-664 promoted proliferation

and suppressed apoptosis of HaCaT cells treated with UVB.

Armadillo-repeat-containing 8 (ARMC8) is a member of the

armadillo-repeat family, a protein essential for wingless signal

transduction.19 The ARMC8 overexpression enhanced UVB-

stimulated cell apoptosis. Thus, these results provided a novel

direction of managing UVB-mediated HaCaT cells damage.

Materials and Methods

Cell Culture and UVB Irradiation

Human benign epidermal keratinocyte cell line HaCaT (China

Center for Type Culture Collection) was maintained in Dul-

becco modification of Eagle medium (Invitrogen, 8118346)

supplemented with 10% fetal bovine serum (Every green,

22011-8612) and 1% penicillin/streptomycin (Invitrogen,

15140163) at 37 �C in a humidified 5% CO2 atmosphere. For

UVB irradiation, the culture medium was replaced with

phosphate-buffered saline. After UVB irradiation, cells were

cultured in fresh medium for another 24 hours.

Plasmids and Transfection

HaCaT cells were transiently transfected with miR-664 mimic,

negative control mimic (NC mimic), miR-664 inhibitor, NC

inhibitor, ARMC8 small interfering RNA (siARMC8), or neg-

ative control siRNA (siNC; RIBOBIO) using Invitrogen Lipo-

fectamine 2000 (Invitrogen, 11668019), according to the

manufacturer’s protocol.

Western Blot

Cells were lysed in sample buffer (62.5 mmol/L Tris–HCl pH

6.8, 10% glycerol, 2% sodium dodecyl sulfate [SDS]) and boiled

for 5 minutes. Equal amounts of lysate (50 mg total protein) were

electrophoretically separated on 10% SDS/polyacrylamide gels

and transferred onto polyvinylidene fluoride membranes (Milli-

pore, IPVH00010) followed by incubation with a 1:1000-diluted

anti-ARMC8 antibody (Proteintech, 12653-1-AP), anti-Bcl-2

antibody (Proteintech, 12789-1-AP), anti-Bax antibody (Protein-

tech, 50599-2-Ig), anti-b-actin mouse monoclonal antibody

(Santa Cruz, SC47778). Proteins were detected by incubation

with horseradish peroxidase-conjugated donkey antirabbit and

antimouse immunoglobulin G (1:5000).

RNA Extraction and Real-Time Quantitative Polymerase
Chain Reaction

After isolation from culture, cells were treated with Trizol

reagent (Ambion, 15596018), according to the manufacturer’s

instructions. The RNA was quantified by Nanodrop 2000. The

expression levels of ARMC8, Bcl-2, and Bax were quantified

using SYBR Green Mix (CWBIO, CW2610M). The expression

of mRNA was defined based on the threshold cycle (Ct),

wherein Ct represents the threshold cycle for each transcript.

Relative expression levels were calculated as 2 � (Ct of

miRNA) � (Ct of GAPDH) after normalization with the refer-

ence to expression of GAPDH. Taqman MicroRNA Reverse

Transcription Kit (Applied Biosystems) was used to make

complementary DNA from the total RNA. Human miRNAs

and U6 were detected by TaqMan microRNA assay (Applied

Biosystems) and TaqMan Fast Advanced Master Mix (Applied

Biosystems). Real-time polymerase chain reaction (RT-PCR)

was performed using the Applied Biosystems Q6 Sequence

Detection system.

Figure 1. MiR-664 was upregulated in respond to UVB radiation in HaCaT cells. A, MiR-664 expression was detected by RT-qPCR at different
time points after UVB irradiation in HaCaT cells. B, The relative expression of miR-664 in HaCaT cells after transfected with miR-664 mimic/NC
mimic or miR-664 inhibitor/NC inhibitor was detected by RT-qPCR. NC indicates negative control; RT-qPCR, real-time quantitative polymerase
chain reaction; UVB, ultraviolet B.
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Cell Proliferation Assay

HaCaT cells (4000 per well) cultivated on 96-well plates were

transfected with siRNAs and overexpression plasmid, cell pro-

liferation was detected after 0, 24, and 48 hours using a Cell

Counting Kit (MedChemExpress, 10224196) at 450 nm as

described in the manual.

Apoptosis Assay

HaCaT were seeded on a 60-mm dish and transfected with

miR-664 mimic/miR-664 inhibitor or siARMC8 and cultured

for 24 hours. The UVB irradiation or not and cultured for

24 hours. TransDetect Annexin V-FITC/propidium iodide

(PI) cell apoptosis detection kit (TransGen Biotech) was

applied according to instructions. Cell apoptosis was detected

and quantified using a Guava easyCyte Flow Cytometry Sys-

tem (Merk Millipore) by the sum of both bottom and top right

quadrants of the plots, for example, including both early and

late apoptotic cells.

Statistical Analysis

Statistical tests were performed for dependent samples with an

independent samples t test or 1-way analysis of variance test

(SPSS version 20.0, SPSS Inc). All statistical tests incorporated

2-tailed tests and homogeneity of variance tests and were con-

sidered to reflect significant differences if *P < .05, **P < .01,

or ***P < .001, details of statistical analyses including sample

numbers (n) are included in the respective figure legends.

Results

MiR-664 Expression Upregulates After UVB Irradiation
or MiR-664 Mimic Transfection in HaCaT Cells

To assess the potential function of miR-664 in HaCaT cells

treated with UVB irradiation, we examined the expression pat-

tern of miR-664 at different time points in HaCaT cells after

irradiated with 30 mJ/cm2 UVB (0, 3, 6, 9, 12, 18, and

24 hours). The results of RT-qPCR analysis showed that the

expression of miR-664 was upregulated in all time points com-

pared with the 0 hour time point (Figure 1A). To further

explore the potential role of miR-664 in HaCaT cells, the aber-

rant expression of miR-664 was generated by miR-664 mimic,

whereas miR-664 knockdown was achieved by miR-664 inhi-

bitor. Compared with the corresponding controls, miR-664

mimic or inhibitor could effectively increase or decrease the

expression of miR-664, respectively (Figure 1B).

MiR-664 Promotes Proliferation and Suppresses
Apoptosis of UVB-Induced HaCaT Cells

To investigate the role in miR-664 in HaCaT cells treated with

UVB irradiation, HaCaT cells were transfected with miR-664

mimic/NC mimic either alone or together with 30 mJ/cm2 UVB

irradiation. The cell proliferation capacities were assessed by

Cell Counting Kit-8 (CCK-8) assay. The cell proliferation

capacity significantly increased in miR-664 mimic group

(P < .01) and significantly decreased in UVB-irradiated groups

Figure 2. MiR-664 promoted proliferation and suppressed apoptosis
of UVB-induced HaCaT cells. A, B, The proliferation capacity of
HaCaT cells transfected with miR-664 mimic/miR-664 inhibitor either
alone or together with UVB irradiation was detected by CCK-8 assay.
C, D, Apoptosis assay by Annexin V/PI double staining was performed
in HaCaT cells transfected with miR-664 mimic/NC mimic either
alone or in combination with UVB irradiation. E, F, Apoptosis assay
by Annexin V/PI double staining was performed in HaCaT cells trans-
fected with miR-664 inhibitor/NC inhibitor with UVB irradiation or
not. G, Bcl-2 and Bax protein expressions were detected by Western
blot after transfected with miR-664 mimic/miR-664 inhibitor either
alone or together with UVB irradiation in HaCaT cells. CCK-8 indi-
cates Cell Counting Kit-8; NC, negative control; PI, propidium iodide;
UVB, ultraviolet B.
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compared with no irradiation groups (P < .001; Figure 2A).

Next, we explored the relationship between miR-664 and the

apoptosis of HaCaT cells. Apoptosis assays by Annexin V/PI

double staining were performed in HaCaT cells subsequently,

results revealed that the apoptosis rates in both miR-664 mimic

and miR-664 mimic combined UVB irradiation groups were

significantly decreased in contrast to each control group (both

P < .001; Figure 2C and D).

Similarly, we performed CCK-8 assay and apoptosis assay

in miR-664-inhibited HaCaT cells. Results indicated that, with

or without the treatment of UVB irradiation, the proliferation

capacities were all significantly decreased in miR-664 inhibi-

tion groups (both P < .01), and the proliferation capacities were

significantly decreased in UVB-irradiated groups compared

with no irradiation groups (P < .001; Figure 2B). The apoptosis

rates in both miR-664 inhibition and miR-664 inhibition com-

bined UVB irradiation groups were significantly increased

(both P < .01; Figure 2E and F).

Western blot analysis was performed afterward, by which

the expression of apoptosis-related markers (Bcl-2 and Bax)

were detected. The results suggested that the expression of

Bcl-2 was upregulated in the case of miR-664 overexpression

and downregulated in the case of miR-664 inhibition or UVB

irradiation, the expression alteration of Bax was just the reverse

(Figure 2G). Together, these results indicate that miR-664 pro-

motes proliferation and suppresses apoptosis of HaCaT cells

treated with UVB irradiation.

Expression of ARMC8 Is Downregulated by UVB
Irradiation or MiR-664 Mimic Transfection
in HaCaT Cells

Then, we explored whether the downstream target genes of

miR-664 play a function in HaCaT cells treated with UVB

irradiation. ARMC8, which is one of the predicted target genes

of miR-664, was chosen for further experiments. We examined

the expression pattern of ARMC8 at different time points in

HaCaT cells after irradiated with 30 mJ/cm2 UVB by RT-qPCR

and Western blot. The expression of ARMC8 in both assays

was downregulated in HaCaT cells after treatment with UVB

irradiation (Figure 3A and B). Subsequently, we detected the

ARMC8 expression of HaCaT cells in different miR-664 status

(overexpression or inhibition) with 30 mJ/cm2 UVB irradiation

or not. Obviously, the expression of ARMC8 was negatively

correlated with the expression of miR-664 (Figure 3C and D).

Figure 3. Expression of ARMC8 was downregulated by UVB irradiation or miR-664 mimic transfection in HaCaT cells. A, The relative mRNA
expression of ARMC8 was detected by RT-qPCR at different time points after UVB irradiation in HaCaT cells. B, The protein expression of
ARMC8 was detected by Western blot at different time points after UVB irradiation in HaCaT cells. C, The relative mRNA expression
of ARMC8 was detected by RT-qPCR after transfected with miR-664 mimic/NC mimic or miR-664 inhibitor/NC inhibitor in HaCaT cells.
D, ARMC8 protein expression was detected by Western blot after transfected with miR-664 mimic/miR-664 inhibitor either alone or together
with UVB irradiation in HaCaT cells. ARMC8 indicates armadillo-repeat-containing protein 8; mRNA, messenger RNA; NC, negative control;
RT-qPCR, real-time quantitative polymerase chain reaction; UVB, ultraviolet B.
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Armadillo-Repeat-Containing Protein 8 Knockdown
Inhibits UVB-Induced HaCaT Cells Apoptosis

To further explore the potential role of ARMC8 in HaCaT

cells, we knocked down ARMC8 by transfecting siRNA oligos

into HaCaT cells. The reduction of ARMC8 mRNA and protein

levels was achieved in 2 different siARMC8-treated cells (Fig-

ure 4A and B). We assessed the apoptosis rates of HaCaT cells

transfected with siARMC8/siNC either alone or together with

30 mJ/cm2 UVB irradiation by Annexin V/PI double staining.

Results revealed that knockdown of ARMC8 alleviated the

apoptosis of HaCaT cells but not to a significant extent (P >

.05). However, in combination with UVB irradiation, the apop-

tosis of ARMC8 knockdown HaCaT cells alleviated signifi-

cantly (P < .05; Figure 4C and D). The proliferation

capacities of ARMC8-silenced HaCaT cells with 30 mJ/cm2

UVB irradiation or not were assessed. Results suggested that

Figure 4. ARMC8 knockdown inhibited UVB-induced HaCaT cells apoptosis. A, The relative mRNA expression of ARMC8 was detected by
RT-qPCR after transfected with siARMC8/siNC in HaCaT cells. B, ARMC8 protein expression was detected by Western blot after transfected
with siARMC8/siNC in HaCaT cells. C, D, Apoptosis assay by Annexin V/PI double staining was performed in HaCaT cells after transfected with
siARMC8/siNC either alone or in combination with UVB irradiation. E, The proliferation capacity of HaCaT cells transfected with siARMC8/
siNC either alone or together with UVB irradiation were detected by CCK-8 assay. F, ARMC8, Bcl-2, and Bax protein expressions were
detected by Western blot after transfected with siARMC8/siNC either alone or together with UVB irradiation in HaCaT cells. ARMC8 indicates
armadillo-repeat-containing protein 8; CCK-8, Cell Counting Kit-8; mRNA, messenger RNA; NC, negative control; PI, propidium iodide; RT-
qPCR, real-time quantitative polymerase chain reaction; siARMC8, ARMC8 small interfering RNA; siNC, negative control siRNA; UVB,
ultraviolet B.
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UVB irradiation significantly inhibited the proliferation capac-

ity of HaCaT cells, and knockdown of ARMC8 did not influ-

ence the proliferation capacity significantly (P < .001; Figure

4E).

Next, we detected ARMC8 and apoptosis-related pro-

tein (Bcl-2, Bax) levels by Western blot in HaCaT cells

transfected with siARMC8/siNC with 30 mJ/cm2 UVB

irradiation or not. There is no obvious alteration in

the expressions of apoptosis-related proteins (Figure 4F).

In summary, ARMC8 knockdown inhibits apoptosis

of HaCaT cells treated with UVB irradiation to a

certain extent.

Figure 5. ARMC8 overexpression inhibited proliferation and accelerated apoptosis of UVB-induced HaCaT cells. A, The relative mRNA
expression of ARMC8 was detected by RT-qPCR after transfected with pCMV-ARMC8/pCMV-NC in HaCaT cells. B, ARMC8 protein
expression was detected by Western blot after transfected with pCMV-ARMC8/pCMV-NC in HaCaT cells. C, D, Apoptosis assay by Annexin
V/PI double staining was performed in HaCaT cells transfected with pCMV-ARMC8/pCMV-NC with UVB irradiation or not. E, The proliferation
capacity of HaCaT cells transfected with pCMV-ARMC8/pCMV-NC either alone or together with UVB irradiation was detected by CCK-8
assay. F, ARMC8, Bcl-2, and Bax protein expressions were detected by Western blot after transfected with pCMV-ARMC8/pCMV-NC either
alone or together with UVB irradiation in HaCaT cells. ARMC8 indicates armadillo-repeat-containing protein 8; CCK-8, Cell Counting Kit-8;
mRNA, messenger RNA; PI, propidium iodide; RT-qPCR, real-time quantitative polymerase chain reaction; UVB, ultraviolet B.
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ARMC8 Overexpression Inhibits Proliferation and
Accelerates Apoptosis of UVB-Induced HaCaT Cells

Aberrant expression of ARMC8 was performed by expression

vector (pCMV-ARMC8) transfection. The validation of

ARMC8 overexpression at mRNA and protein levels was per-

formed in plasmid-transfected cells, as well as the NC cells

(pCMV-NC transfected; Figure 5A and B). The cell apoptosis

rate significantly increased after ARMC8 overexpression both

in the UVB irradiated or nonirradiated groups (both P < .01;

Figure 5C and D). The ARMC8 overexpression was found to

inhibit the proliferation capacity of HaCaT cells with UVB

irradiation or not (P < .001; Figure 5E). Results of Western

blot showed that ARMC8 overexpression decreased the protein

level of Bcl-2 and increased the protein level of Bax under

circumstances of UVB irradiation and no UVB irradiation (Fig-

ure 5F). Taken together, ARMC8 overexpression inhibits pro-

liferation and accelerates apoptosis of HaCaT cells treated with

UVB irradiation.

Figure 6. ARMC8 knockdown could reverse the effects of miR-664 inhibition on UVB-induced HaCaT cells. A, B, The proliferation capacity was
detected by CCK-8 assay after transfected with siARMC8/siNC and miR-664 inhibitor/NC inhibitor either alone or together with UVB
irradiation in HaCaT cells. C, D, Apoptosis assay by Annexin V/PI double staining was performed in HaCaT cells transfected with siARMC8/
siNC and miR-664 inhibitor/NC inhibitor with UVB irradiation or not. E, ARMC8, Bcl-2, and Bax protein expressions were detected by Western
blot transfected with siARMC8/siNC and miR-664 inhibitor/NC inhibitor either alone or together with UVB irradiation in HaCaT cells. ARMC8
indicates armadillo-repeat-containing protein 8; CCK-8, Cell Counting Kit-8; NC, negative control; PI, propidium iodide; UVB, ultraviolet B.
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ARMC8 Knockdown Can Reverse the Effects of MiR-664
Inhibition on UVB-Induced HaCaT Cells

To understand whether ARMC8 could reverse the effects of

miR-664 on UVB-induced HaCaT cell proliferation and apop-

tosis, we knocked down miR-664 and ARMC8 simultaneously.

As depicted in Figure 6A, when compared with the NC inhi-

bitor þ siNC group, cell proliferation capacity was markedly

inhibited in the miR-664 inhibitor þ siNC group, and cell pro-

liferation capacity in the miR-664 inhibitor þ siARMC8 group

was increased significantly compared with the miR-664 inhi-

bitor þ siNC group (both P < .001; Figure 6A). In the UVB-

induced HaCaT cells, ARMC8 knockdown could also alleviate

the proliferation repression caused by miR-664 inhibitor

(P < .01; Figure 6B). Likewise, we assessed the apoptosis rate

of all 8 groups, and results indicated that ARMC8 knockdown

reduced the apoptosis rate in both UVB-induced HaCaT cells

(both P < .05) and no UVB irradiation HaCaT cells (both

P < .01). Finally, we performed Western blot analysis to deter-

mine the protein levels of ARMC8 and apoptosis-related pro-

teins (Bcl-2, Bax). Results revealed that the protein level of

Bcl-2 increased by ARMC8 knockdown, and the level of Bax

was just the reverse whether with UVB irradiation or not (Fig-

ure 6E). In conclusion, ARMC8 knockdown can reverse the

effects of miR-664 inhibitor on UVB-induced HaCaT cell pro-

liferation repression and apoptosis.

Discussion

Recent studies have shown that UVB can regulate miRNAs

expression, which is involved in cell proliferation, differentia-

tion, apoptosis, autophagy, carcinogenesis, and DNA damage

response.20-24 It indicates that miRNAs play a vital role in

UVB-mediated cell responses.

Some studies have revealed that UVB radiation could

induce the alteration of miRNAs expression in HaCaT cells.

MicroR-1246 promotes UVB-induced apoptosis by downregu-

lating RTKN2 expression.25 MicroR-23a regulates DNA dam-

age repair and apoptosis in UVB-irradiated HaCaT cells.26

UVB irradiation induces the upregulation of miR-141 expres-

sion, and miR-141 expression increases apoptosis in HaCaT

cells.27 MicroR-145 alleviates interleukin-6-induced increase

in sensitivity to UVB irradiation by downregulating MyD88

in HaCaT cells.28 Ultraviolet B irradiation inhibits iASPP

(Inhibitor of Apoptosis Stimulating Protein of p53) expression

through inducing miR-340 expression, thereby promoting RPE

cell apoptosis and suppressing cell proliferation.29 In our pres-

ent study, we found that the expression of miR-664 upregulated

in UVB-radiated HaCaT cells. And miR-664 promoted cell

proliferation and suppressed cell apoptosis in HaCaT cells after

UVB irradiation. Thus, we speculated that miR-664 could pro-

tect against UVB radiation-induced cell damage.

Armadillo-repeat-containing protein 8 belongs to the family

of armadillo-repeat-containing proteins, which have been

found to be involved in diverse cellular functions including

cell–cell contacts and intracellular signaling.30 Herein, we

assessed the possible effect of ARMC8 in UVB-induced dam-

age on HaCaT cells. After UVB irradiation, ARMC8 mRNA

and protein levels were significantly reduced, suggesting the

potential role of ARMC8 in UVB-mediated HaCaT cell dam-

age. In addition, ARMC8 knockdown partially reversed the

effect of UVB irradiation and miR-664 inhibition on HaCaT

cell proliferation and apoptosis, as well as apoptosis-related

proteins. These results suggest that silence of ARMC8 could

efficiently reverse UVB-mediated HaCaT cell proliferation and

cell apoptosis.

Conclusion

Our data confirm that UVB-induced HaCaT cell proliferation

repression and apoptosis are regulated by miR-664/ARMC8

axis. Overexpression of miR-664 protects UVB-induced

HaCaT cell against proliferation inhibition and apoptosis via

downregulating ARMC8. Hence, miR-664/ARMC8 would

play a potential role in clinical treatment of UVB-mediated

skin cell damage.
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Cánoves P. UV irradiation induces the murine urokinase-type

plasminogen activator gene via the c-Jun N-terminal kinase

8 Dose-Response: An International Journal

http://www.nsfc.gov.cn/
http://www.nsfc.gov.cn/
https://orcid.org/0000-0001-6304-9360
https://orcid.org/0000-0001-6304-9360
https://orcid.org/0000-0001-6304-9360
https://orcid.org/0000-0003-4962-3164
https://orcid.org/0000-0003-4962-3164
https://orcid.org/0000-0003-4962-3164


signaling pathway: requirement of an AP1 enhancer element. Mol

Cell Biol. 1998;18(8):4537-4547. doi:10.1128/mcb.18.8.4537

6. Bartel DP.MicroRNAs: genomics, biogenesis, mechanism, and

function. Cell. 2004;116(2):281-297. doi:10.1016/s0092-

8674(04)00045-5

7. Lewis BP, Burge CB, Bartel DP. Conserved seed pairing, often

flanked by adenosines, indicates that thousands of human genes

are microRNA targets. Cell. 2005;120(1):15-20. doi:10.1016/j.

cell.2004.12.035

8. Ambros V, Lee RC. Identification of microRNAs and other tiny

noncoding RNAs by cDNA cloning. Methods Mol Biol. 2004;265:

131-158. doi:10.1385/1-59259-775-0:131

9. Zhou M, Zhou L, Zheng L, et al. miR-365 promotes cutaneous

squamous cell carcinoma (CSCC) through targeting nuclear fac-

tor I/B (NFIB). PLoS One. 2014;9(6):e100620. doi:10.1371/jour-

nal.pone.0100620

10. Zhou L, Wang Y, Ou C, et al. microRNA-365-targeted nuclear

factor I/B transcriptionally represses cyclin-dependent kinase 6

and 4 to inhibit the progression of cutaneous squamous cell car-

cinoma. Int J Biochem Cell B. 2015;65:182-191. doi:10.1016/j.

biocel.2015.06.009

11. Ding ZH, Jian S, Peng X, et al. Loss of miR-664 expression

enhances cutaneous malignant melanoma proliferation by upre-

gulating PLP2. Medicine. 2015;94(33):e1327. doi:10.1097/MD.

0000000000001327

12. Zhou L, Gao RR, Wang YH, Zhou MJ, Ding ZH. Loss of BAX by

miR-365 promotes cutaneous squamous cell carcinoma progres-

sion by suppressing apoptosis. Int J Mol Sci. 2017;18(6):1157.

doi:10.3390/ijms18061157

13. Zhou L, Wang Y, Zhou M, et al. HOXA9 inhibits HIF-1 alpha-

mediated glycolysis through interacting with CRIP2 to repress

cutaneous squamous cell carcinoma development. Nat Commun.

2018;9(1):1480. doi:10.1038/s41467-018-03914-5

14. Wang YH, Deng XY, Dai Y, Niu XL, Zhou MJ. miR-27a down-

regulation promotes cutaneous squamous cell carcinoma progres-

sion via targeting EGFR. Front Oncol. 2020;9:1565. doi:10.3389/

fonc.2019.01565

15. An IS, An S, Kang SM, et al. Titrated extract of Centella asiatica

provides a UVB protective effect by altering microRNA expres-

sion profiles in human dermal fibroblasts. Int J Mol Med. 2012;

30(5):1194-1202. doi:10.3892/ijmm.2012.1117

16. An IS, An S, Park S, Lee SN, Bae S. Involvement of microRNAs

in epigallocatechin gallate-mediated UVB protection in

human dermal fibroblasts. Oncol Rep. 2013;29(1):253-259.

doi:10.3892/or.2012.2083

17. Cha HJ, Lee GT, Lee KS, et al. Photoprotective effect of arctiin

against ultraviolet B-induced damage in HaCaT keratinocytes is

mediated by microRNA expression changes. Mol Med Rep. 2014;

10(3):1363-1370. doi:10.3892/mmr.2014.2326

18. Li XZ, Zhou C, Zhang C, et al. MicroRNA-664 functions as an

oncogene in cutaneous squamous cell 1 carcinomas (cSCC) via

suppressing interferon regulatory factor 2. J Dermatol Sci. 2019;

94(3):330-338. doi:10.1016/j.jdermsci.2019.05.004

19. Riggleman B, Wieschaus E, Schedl P. Molecular analysis of the

armadillo locus: uniformly distributed transcripts and a protein

with novel internal repeats are associated with a Drosophila seg-

ment polarity gene. Genes Dev. 1989;3(1):96-113. doi:10.1101/

gad.3.1.96

20. Wu WK, Lee CW, Cho CH, et al. MicroRNA dysregulation in

gastric cancer: a new player enters the game. Oncogene. 2010;

29(43):5761-5771. doi:10.1038/onc.2010.352

21. Zhu H, Miao MH, Ji XQ, Xue J, Shao XJ. miR-664 negatively

regulates PLP2 and promotes cell proliferation and invasion in

T-cell acute lymphoblastic leukaemia. Biochem Biophys Res

Commun. 2015;459(2):340-345. doi:10.1016/j.bbrc.2015.02.116

22. Guo L, Huang ZX, Chen XW, et al. Differential expression pro-

files of microRNAs in NIH3T3 cells in response to UVB irradia-

tion. Photochem Photobiol. 2009;85(3):765-773. doi:10.1111/j.

1751-1097.2008.00482.x

23. Pothof J, Verkaik NS, Hoeijmakers JH, van Gent DC. MicroRNA

responses and stress granule formation modulate the DNA dam-

age response. Cell Cycle. 2009;8(21):3462-3468. doi:10.4161/cc.

8.21.9835

24. Pothof J, Verkaik NS, van IJcken W, et al. MicroRNA-mediated

gene silencing modulates the UV-induced DNA-damage

response. EMBO J. 2009;28(14):2090-2099. doi:10.1038/emboj.

2009.156

25. Li W, Wu YF, Xu RH, Lu H, Hu C, Qian H. miR-1246 releases

RTKN2-dependent resistance to UVB-induced apoptosis in

HaCaT cells. Mol Cell Biochem. 2014;394(1-2):299-306.

doi:10.1007/s11010-014-2108-1

26. Guo Z, Zhou B, Liu W, et al. MiR-23a regulates DNA damage

repair and apoptosis in UVB-irradiated HaCaT cells. J Dermatol

Sci. 2013;69(1):68-76. doi:10.1016/j.jdermsci.2012.10.014

27. Li W, Di W, Hua L, Zhou B, Guo Z, Luo D. UVB suppresses

PTEN expression by upregulating miR-141 in HaCaT cells.

J Biomed Res. 2011;25(2):135-140. doi:10.1016/S1674-

8301(11)60017-1

28. Dong H, Jiang W, Chen H, Jiang S, Zang Y, Yu B.

MicroRNA-145 attenuates IL-6-induced enhancements of sen-

sitivity to UVB irradiation by suppressing MyD88 in HaCaT

cells. Int J Immunopathol Pharmacol. 2018;32. doi:10.1177/

2058738418795940

29. Yan J, Qin Y, Yu J, Peng Q, Chen X. MiR-340/iASPP axis affects

UVB-mediated retinal pigment epithelium (RPE) cell damage.

J Photochem Photobiol B. 2018;186:9-16. doi:10.1016/j.jphoto-

biol.2018.04.005

30. Gul IS, Hulpiau P, Sanders E, van Roy F, van Hengel J. Armc8 is

an evolutionarily conserved armadillo protein involved in cell–

cell adhesion complexes through multiple molecular interactions.

Biosci Rep. 2019;39(8):20180604. doi:10.1042/Bsr20180604

Zhang et al 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


