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Reduced miR-363-3p expression in hon-small cell
lung cancer is associated with gemcitabine
resistance via targeting of CUL4A

Abstract. — OBJECTIVE: Accumulating evi-
dence has suggested that aberrant expression
of microRNAs (miRNAs) is associated with non-
small cell lung cancer (NSCLC) proliferation, mi-
gration, invasion and chemotherapy resistance.
Cullin4A (CUL4A) has been previously report-
ed to desensitize NSCLC cells to chemotherapy
treatment. However, whether miRNAs regulate
CULA4A to promote chemotherapy resistance re-
mains unknown.

PATIENTS AND METHODS: Tissues wi
tained from 40 NSCLC patients who red
surgery at the Yancheng City No. 1 Pec
Hospital. Cell Counting Kit-8 (CCK-8) ass
were applied for the detection of cell prolife

action (RT-qPCR) and We
ly. The interaction bet

creased in tu
patients co

duced the sensitivity of A549
jne treatment, where-
miR-363-3p markedly
of A549 and H23 cells
ent. Furthermore, CUL4A
evels were revealed to be
cells transfected with miR-
The Dual-Luciferase reporter as-
drther suggested that CUL4A rep-
sents a target gene of miR-363-3p.
ONCLUSIONS: The results indicated that de-
ad miR-363-3p expression enhanced gem-
pwWie resistance in NSCLC cells via regulation
of CUL4A.

itabine, Non-small cell

1s the leading cause of death in
aath males and females!. Non-small cell lung can-
) accounts for more than 80% of lung
ancer cases, and it has a highly aggressive nature?.

Gemcitabine-based chemotherapy is the
first-line therapeutic approach for the treatment
of NSCLC patients®. However, due to acquired
chemotherapy resistance, patients with NSCLC
undergoing chemotherapy treatment may exhibit
little improvement, and the prognosis of NSCLC
patients receiving gemcitabine treatment remains
poor*®. Therefore, the molecular mechanism un-
derlying chemotherapy resistance requires further
investigation to improve the clinical outcomes of
NSCLC patients.

MicroRNAs (miRNAs) are small, non-coding,
single-stranded RNAs that suppress target gene
expression by binding to the 3’UTR of mRNAs’.
Via regulation of different target genes, a miRNA
may exhibit an oncogene role or a tumor suppres-
sor role according to different cell types®. Incre-
asing evidence has suggested that miRNAs may
also modulate chemotherapy sensitivity in cancer
cells; however, the underlying molecular mecha-
nism remains largely unknown’.

The downregulation of miR-363-3p has been
observed in various cancer types, including
thyroid carcinoma, lung adenocarcinoma and
ovarian cancer, and has been demonstrated to
inhibit cancer progression'’'?. Interestingly, de-

Corresponding Author: Ping Chen; e-mail: chenpingycph@yeah.net 649



W.-G. Bian, X.-N. Zhou, S. Song, H.-T. Chen, Y. Shen, P. Chen

creased miR-363-3p levels have also been revea-
led to be associated with chemotherapy resistance
in numerous cancer types, including hepatocel-
lular carcinoma, leukemia and breast cancer'>".
However, the role of miR-363-3p in chemotherapy
resistance of NSCLC remains largely unknown.

As a member of the cullin protein family, Cul-
lin4A (CULA4A) is a ubiquitin ligase protein that
is associated with DNA replication, cell cycle
regulation and genomic instability'*'®. The ove-
rexpression of CUL4A has been previously re-
ported””?? in numerous cancer types, including
NSCLC. In NSCLC, CUL4A forms a complex
with FBXWS to facilitate DLC1 degradation and
promote cancer cell growth?. A previous resear-
ch?* has shown that silencing of CUL4A expres-
sion increases the sensitivity of NSCLC cells to
gemcitabine treatment. However, the regulation
of CUL4A by miRNA in NSCLC has not been
investigated yet.

In the current work, miR-363-3p expression
levels in tumor tissues and adjacent normal tis-
sues obtained from NSCLC patients, as well as
the function and mechanism of miR-363-3p in the
regulation of chemotherapy sensitivity in N (
cells, were investigated. The results of the (RS
work demonstrated that tumor tissues exl¥
decreased levels of miR-363-3p. In additio
overexpression of miR-363-3p was revealed
slightly inhibit cell proliferatio

Furthermore, the
lidated CUL4A

ues and Normal

1ents in Yancheng City No. 1 People’s Ho-
ital between the 15th May 2014 and 30th Oc-

fimediately stored at -80°C prior to further
experiments. None of the patients had received
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preoperative radiotherapy or chemotherapy befo-
re enrolling in the present study The work was
carried out under the supervision of thg
Committee of Yancheng City No. 1 B
spital. The informed consent was 4
all participants.

Cell Culture and Reage
Normal human lung
AS-2B, as well as A54

USA) and used
BEAS-2B, A5

1% penicillin-strep-
d Island, NY, USA)

. Gemcitabine was purchased
press (Monmouth Junction,

oto, Japan). Briefly, cells were cultured in 96-
well plates for 0, 24, 48 and 72 h time intervals. A
total of 10 pL CCK-8 solution was subsequently
added into the indicated wells and further incu-
bated for 2 h. Following this, the solution contai-
ning CCK-8 was transferred into another 96-well
plate, and the absorbance at 450 nm was detected
using a microplate reader (Bio-Rad, Hercules,
CA, USA). To determine the sensitivity of cells to
treatment with gemcitabine, the cells were trea-
ted with increasing concentrations of gemcitabine
(5, 50, 500 and 5000 nM) for 48 h, and the cell
viabilities were subsequently determined using a
CCK-8 assay.

RNA Extraction and Real Time Reverse
Transcription-quantitative Polymerase
Chain Reaction (RT-qPCR)

Total RNA was extracted from tissues and
cells using TRIzol reagent (Invitrogen, Carl-
sbad, CA, USA). cDNA was synthesized using
gene-specific primers or random hexamers with
the SuperScript III Reverse Transcriptase Kit
(Invitrogen, Carlsbad, CA, USA). Following
this, a SYBR Premix Ex Taq kit (TaKaRa, Otsu,
Shiga, Japan) and a Mir-X™ miRNA qRT-PCR
SYBR Kit (TaKaRa, Otsu, Shiga, Japan) were
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used for reverse transcription of mRNA and
miRNA, respectively. GAPDH and U6 ser-
ved as internal controls for mRNA and miR-
NA gPCR analyses, respectively. The thermo
cycle condition was initial denaturation at 95°C
for 30s followed by 40 cycles of denaturation
at 95°C for 5s, annealing at 58°C for 15s, and
elongation at 72°C for 10s. Stem-loop primers
for miRNA qPCR were purchased from Ribo-
Bio (Guangzhou, China). The primers for CU-
L4A and GAPDH were synthesized by Gene-
Script (Nanjing, China). The primer sequences
used for PCR were as follows: CUL4A forward,
5’-GTGGAAGATGGAGACAAGTTCA-3’ and
reverse, 5’-GTGTTTCATGAAGGGGAAC-
CG-3"; GAPDH forward, 5-AGCCACATC-
GCTCAGACA-3’ and reverse, 5-TGGACTC-
CACGACGTACT-3’; miR-363-3p forward,
5’-GCCGAGAATTGCACGGTAT-3’ and rever-
se: 5’-CTCAACTGGTGTCGTGGA-3’; and U6
forward, 5’-CTCGCTTCGGCAGCACA-3" and
reverse, 5-ACGCTTCACGAATTTGCGT-3".
The expressions of mRNAs and miRNAs were
calculated using 2-AACq method (25).

Western Blot

Lysates were prepared from cells using
dioimmunoprecipitation assay (RIPA)
buffer (Beyotime, Shanghai, China). After t
the concentration of protein lysads

Fisher Scientific, Waltha
10 pg protein lysates we

ted by electrophoresg
ly transferred to

2

1:5000) (Cell
Danvers, MA, USA)
embranes were then
d Saline with Tween

-1, 1:10000) and anti-rab-
001-2, 1:10000) antibodies

substrate (Mllhpore Billerica,
USA) was then used to determine protein
oression. Protein bands were subsequently
Qhlized using an Image Reader LAS-4000
(FuyyM¥m, Tokyo, Japan) and then analyzed
using Image J software.

MiRNA Transfection
MiR-363-3p mimics, miR-NC mlmlcs miR-
363-3p antagonists and miR-NC antagonis

(Invitrogen, Carlsbad, CA, USA
the manufacturer’s protoc
miRNA mimics and mi
miR-363-3p mimics: 5’
CAUCUGUAUU-3’;

ww.targetscan.org/). The pre-
ere validated by performing
orter assays. The 3’UTR of

then cloned into pGL3 plasmids
omega, Madison, WI, USA). Mutated CUL4A
ere synthesized by introducing 2 site
utationS into the pGL3-CUL4 3’UTR-WT. To
perform the Dual-Luciferase reporter assay, A549
cells were co-transfected with reporter plasmids
exhibiting either miR-363-3p mimics or miR-NC
mimics. After incubation at 37°C for 48 h, the
Firefly Luciferase activity and Renilla Lucife-
rase activity of each well were detected using a
Dual-Luciferase Reporter Assay System (Prome-
ga, Madison, WI, USA) according to the manu-
facturer’s protocol.

Statistical Analysis

All statistical analyses were performed using
GraphPad Prism 7, and all data are presented as
the mean+SD. The differences between the two
groups were analyzed using the Student’s t-test.
The differences among the three groups were
compared with one-way ANOVA, followed by
Newman Keuls test. p<0.05 was considered sta-
tistically significant.

Results
Downregulation of MiR-363-3p in NSCLC

To investigate the expression levels of miR-
363-3p in NSCLC, 40 paired tumor tissues and
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normal tissues were obtained from NSCLC pa-
tients and RT-qPCR was subsequently performed.
The results showed that miR-363-3p expression
was significantly decreased in tumor tissues com-
pared with normal tissues (Figure 1A), particu-
larly in tumor tissues obtained from patients with
advanced clinical stage NSCLC (Figure 1B). In
addition, the results demonstrated that miR-363-
3p levels were decreased in A549 and H23 cells
compared with BEAS-2B cells (Figure 1C). Our
RT-PCR results in NSCLC tumor tissues and cells
indicated a tumor suppressor role of miR-363-3p.

MiR-363-3p Slightly Inhibited NSCLC Cell
Growth

Cell proliferation assays were performed to
analyze the effect of miR-363-3p overexpression on
the growth of A549 cells. The transfection of miR-
363-3p significantly enhanced miR-363-3p levels
in A549 and H23 cells (Figure 2A). Furthermore,
enhanced levels of miR-363-3p slightly inhibited
A549 and H23 cell growth (Figure 2B-C).
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MiR-363-3p Sensitized NSCLC Cells to
Treatment with Gemcitabine
In addition, whether the miR-363-3p

was suppressed via transfection W
antagonists (Figure 3A).
cells transfected with t

gemcitabine
owever, the overexpres-
reduced the viabili-
owing gemcitabine

-3p may function as a sensiti-
pon gemcitabine.
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from patients with advanced stage NSCLC (III and IV phases). C, Compared with normal lung epithelial cell line BESA-2B,

miR-363-3p levels were decreased in NSCLC cell lines. **p<0.01 and ***p<0.001.
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oW¥etermine whether CUL4A is a target gene
of miR-363-3p, bioinformatic analyses using

A549

—— miR-NC mimics
-=- miR-363-3p mimics

ells. 4, Transfection with miR-363-3p mimics
he overexpression of miR-363-3p slightly inhi-

TargetScan and miRanda were performed. The
results of sequence alignment indicated that the
CUL4A 3’UTR contained sequences that were
complementary to miR-363-3p (Figure 5A). Fur-
thermore, Dual-Luciferase reporter assays were
performed to investigate the association between
CULA4A and miR-363-3p. The results demonstra-
ted that the overexpression of miR-363-3p de-
creased the relative Luciferase activity of A549
cells transfected with CUL4A 3’UTR-WT (Fi-
gure 5B). However, miR-363-3p mimics did not
affect the relative Luciferase activity of A549
cells transfected with CUL4A 3’UTR-Mut (Figu-
re 5C). These results suggested that miR-363-3p
may bind to the 3’UTR of CUL4A to suppress its
expression.

MiR-363-3p Sensitized NSCLC Cells to
Gemcitabine Through Repression
of CUL4A

To figure out whether CUL4A was pivotal for
the regulation of gemcitabine sensitivity by miR-
363-3p, we applied CUL4A siRNA to silence CU-
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CUL4A mRNA Levels Were Negatively
Correlated With MiR-363-3p Levels

in NSCLC Tumor Tissues

tially attenuated decreased levels of cell viabili- To investigate the expression association

post-treatment with gemcitabine (Figure 6C-D).

gemMabine sensitivity of NSCLC cells induced by
miR-363-3p downregulation (Figure 6C-D).
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between CUL4A and miR-363-3p in NSCLC, RT-
gPCR was performed to detect CUL4A mRNA
levels in 40 tumor tissues collected from patients
with NSCLC. The correlation analysis suggested
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that the expression of CUL4A mRNA was negati- monstrated that aberrant expression of miRNAs
vely correlated with miR-363-3p levels in NSCLC is associated with chemotherapy resistance, and
tumor tissues (Figure 7). several miRNAs are involved in the devg

Discussion

The efficacy of gemcitabine is often limited
due to chemotherapy resistance exhibited by
NSCLC patients?®. Some authors®?° have de-
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meta-analysis** of human lung cancer miRNA
expression profiles discovered many dysregula-
ted miRNAs in lung cancer; further investiga-
tion showed that among these miRNAs, miR-
363-3p, miR-650, miR-5100 were differentially
expressed between normal tissues vs. NSCLC
tumor tissues and paratumor vs. NSCLC tumor
tissues. In the present work, miR-650, miR-
5100 (data not shown) and miR-363-3p levels
were investigated using RT-qPCR and the re-
sults demonstrated that miR-363-3p levels in
NSCLC tumor tissues and NSCLC cell lines
were significantly decreased compared with
matched normal tissues and a normal lung epi-
thelial cell line, respectively. A study' sugge-
sted that miR-363-3p inhibits cell growth, leads
to cell cycle arrest in S phase and induces cell
apoptosis in lung adenocarcinoma by targeting
PCNA. We showed that the overexpression of
miR-363-3p slightly decreased the proliferation
rate of NSCLC cells. However, the overexpres-
sion of miR-363-3p greatly enhanced the sensi-
tivity of NSCLC cells to gemcitabine treatment.
Furthermore, silencing of miR-363-3p was re-
vealed to decrease the sensitivity of N
cells to gemcitabine treatment. Therefd
results of the present work suggested that
363-3p may represent a novel chemothe
sensitizer in NSCLC cells. As for the fu
study, we have to further evalyg

been revea-
o carcinoge-

reported to decrease CUL4A
suppLesses cancer progres-
y, the overexpression
ed to decrease CUL4A
els, which suggested that
ts a negative regulator of

) anceTGFBl and TIEGI protein levels, which
g regulated by CUL4A24. B101nforrnat1c analy-

ment®y sequences for binding with the CUL4A
3’UTR. Furthermore, the results of the Dual-Lu-

N
[&)]
1

r=-0.8519
p < 0.0001

=N
o
1

o
[&)]
1

Relative CUL4A mRNA expression

er suggested that CUL4A re-
e of miR-363-3p in NSCLC
dicated that miR-363-3p regu-
apy sensitivity via suppression of
4A expression in NSCLC.

Conclusions

We revealed that miR-363-3p has an important
role in the regulation of gemcitabine resistance in
NSCLC. Enhanced expression of miR-363-3p was
revealed to sensitize NSCLC cells to gemcitabine,
which may provide novel insight for the develop-
ment of future therapeutic approaches for the tre-
atment of patients with NSCLC.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

1) SieceL RL, Miter KD, JemaL A. Cancer statistics,
2017. CA Cancer J Clin 2017; 67: 7-30

2) Bianco R, Magestu |, DE LA Torre MG, CASSINELLO A,
Nunez I. A review of the management of elderly
patients with non-small-cell lung cancer. Ann On-
col 2015; 26: 451-63

3) Xu DX, Guo JJ, ZHu GY, Wu HJ, Znang QS, Cul T.
MiR-363-3p modulates cell growth and invasion
in glioma by directly targeting pyruvate dehydro-

657



W.-G. Bian, X.-N. Zhou, S. Song, H.-T. Chen, Y. Shen, P. Chen

6)

7)

10)

11)

12)

13)

14)

15)

genase B. Eur Rev Med Pharmacol Sci 2018; 22:
5230-5239.

Seira A, EtTinger DS. Multidisciplinary manage-
ment of lung cancer. N Engl J Med 2004; 350:
379-392.

Li L, ScHAiD DJ, FripLey BL, KALARl KR, JENkiNs GD,
ABO RP, BATzLER A, MooN |, PELLEYMOUNGTER L,
EckLorr BW, WieseN ED, Sun Z, YAnG P, WANG L.
Gemcitabine metabolic pathway genetic poly-
morphisms and response in patients with non-
small cell lung cancer. Pharmacogenet Geno-
mics 2012; 22: 105-116.

Szakaca G, PatersoN JK, LubwiNG JA, BooTH-GENTHE
C, GortesMan MM. Targeting multidrug resistance
in cancer. Nat Rev Drug Discov 2006; 5: 219-234

MALLick RR, Patnaik SK, YEnpamuri S. MicroRNAs and
lung cancer: biology and applications in diagnosis
and prognosis. J Carcinog 2010; 9: 8.

SHENoUDA SK, AranAr SK. MicroRNA function in
cancer: oncogene or a tumor suppressor? Cancer
Metastasis Rev 2009; 28: 369-378

HummeL R, Hussey DJ, Haier J. MicroRNAs: predictors
and modifiers of chemo- and radiotherapy in diffe-
rent tumour types. Eur J Cancer 2010; 46: 298-311

LiuJ, Li Q, Li R, Ren P, Dong S. MicroRNA-363-3p
inhibits papillary thyroid carcinoma progression
by targeting PIK3CA. Am J Cancer Res 2017; 7:
148-158.

WANG Y, CHEN T, HuanG H, JIANG Y, YANF L
He H, Liu T, Wu B, CHeN J, Kamp DW, Liu GY
363-3p inhibits tumor growth by targeting
in lung adenocarcinoma. Oncotarget 201
20133-20144.

LINY, Xu T, ZHou S, Cul M.
ovarian cancer progressig

19)

20)

21)

26)

27)

KARJALAINEN-LIND-
” MicroRNA profi-
istant and chemosensitive acute
ia. Cytogenet Genome Res 2013;

28)

AUDHURI P. Cul4A physically
2 and participates in the pro-
ncer Res 2014; 64: 8152-8155.

R, CHuN KT. Cul4A targets p27 for
and regulates proliferation, cell cycle
anawdifferentiation during erythropoiesis.
Blood 2006; 107: 4291-4299.

AN J, ZHANG H, ZHANG H, WANG Z, ZHou H, ZHANG
A Cul4 ES3 ubiquitin ligase regulates histone
rmand-off during nucleosome assembly. Cell 2013;
155: 817-829.

29)

30)

31)

658

WAaNG Y, Liu X, ZHenG H, WanG Q, AN L, We G. Sup-
pression of CUL4A attenuates TGF-betal-induced
epithelial-to-mesenchymal transition in brea

Huang G, Liu TT, WenG SW, You H
CH, Enc HL, Huang WT. CUL4A
as an independent adverse p
trahepatic cholangiocarcinoma
2017; 17: 395.

NI W, ZHANG Y, ZHAN Z,
K, CHEN L, DiNG Y. A
ses hepatocellular
biting CUL4A-me
Hematol Oncol

4A-FBXW5-mediated

Rho GTPase-activating protein tumor suppres-
sor promote n-small cell lung cancer cell
growth. Proc @tl Acad Sci U S A 2013; 110:
16868-1673.

, C, You L, JaBLons DM, Li YC, Mao
JFS G JH, Yang CT, Liu ST. Knockdown
of cullin 4A inhibits growth and increases chemo-
ensitivity in lung cancer cells. J Cell Mol Med

Livak KJ, Schmittcen TD. Analysis of relative gene
expression data using real-time quantitative PCR
and the 2(-Delta Delta C(T)) method. Methods
2001; 25: 402-408.

JIANG L, CHEN Y, CHAN CY,WaANG X, Lin L, HE ML, LiN
MC, Yew DT, Sunc JJ, L1 JC, Kung HF. Down-regula-
tion of stathmin is required for TGF-beta inducible
early gene 1 induced growth inhibition of pancre-
atic cancer cells. Cancer Lett 2009; 274: 101-108.

IRIGOYEN M, PAJARES MJ, AGORRETA J, PONZ-SARVISE M,
Sawvo E, Lozano MD, Pio R, Gii-Bazo I, Rouzaut A.
TGFBI expression is associated with a better re-
sponse to chemotherapy in NSCLC. Mol Cancer
2010; 9: 130.

ZHU YM, GaN YL, Xu HY, CHen WH, Dai HP. Cli-
nical effectiveness of pemetrexed combined with
cisplatin chemotherapy for advanced and mainte-
nance treatment for patients with non-small-cell
lung cancer. Eur Rev Med Pharmacol Sci 2018;
22:1943-1947.

FADEJEVA |, OuscHewski H, Hrzensak A. MicroRNAs
as regulators of cisplatin-resistance in non-small
cell lung carcinomas. Oncotarget 2017; 8: 115754-
115773.

Cao W, Wel W, Znan Z, Xie D, X Y, Xiao Q. Regu-
lation of drug resistance and metastasis of gastric
cancer cells via the microRNA647-ANK2 axis. Int
J Mol Med 2018; 41: 1958-1966.

YANAIHARA N, CAPLEN N, BowmAN E, Seike M, KumamoTto
K, YI M, StepHENS RM, OkamoTo A, YokoTa J, TANAKA T,




Reduced miR-363-3p enhances gemcitabine resistance in NSCLC via CUL4A

32)

33)

CAUN GA, Liu CG, Croce CM, Harris CC. Unique mi-
croRNA molecular profiles in lung cancer diagno-
sis and prognosis. Cancer Cell 2006; 9: 189-198.

WANG Y, CHEN J, LIN Z, Cao J, HuanG H, JIANG Y,
He H, YanG L, Ren N, Liu G. Role of deregulated
microRNAs in non-small cell lung cancer pro-
gression using fresh-frozen and formalin-fixed,
paraffin-embedded samples. Oncol Lett 2016;
11: 801-808.

WANG Y, Xu Z, Mao JH, Hung MS, Hsien D, Au A,
JasLons DM, You L. Analysis of lung tumor initiation
and progression in transgenic mice for Cre-indu-
cible overexpression of Cul4A gene. Thorac Can-
cer 2015; 6: 480-487.

34)

35)

36)

Hung MS, CHeN IC, You L, JaBLons DM, Li YC, Mao
JH, Xu Z, Hsien MJ, LiIN YC, YanG CT, Liu ST, Tsal
YH. Knockdown of Cul4A increases chemgsen-
sitivity to gemcitabine through upreg

3187-3195.
Yu R, CarL, CHY, DinGg X, Wu

3156.
HaN X, FANG Z, WANG

659





