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Abstract: MicroRNAs are small non-coding RNAs that play a crucial role in malignant progression including prolif-
eration, metastasis and invasion by suppressing target gene expression. Altered expression of miR-30a has been
reported in some tumors including cholangiocarcinoma (CCA). In this study, we analyzed the expression of miR-
30a in CCA tissues. We found that miR-30a was downregulated in cholangiocarcinoma tissues. Overexpression of
miR-30a suppressed cell proliferation and migration, and induced cell cycle arrested in RBE and HCCC-9810 cells.
Furthermore, bioinformatic analysis combined with real-time PCR and western blot demonstrated that IRS2 was
a direct target gene of miR-30a. Furthermore, our results also shown that miR-30a suppressed the activation of
AKT and ERK1/2. Taken together, these data suggest that miR-30a may act as a tumor suppressor and might be a

potential target in cancer therapy of cholangiocarcinoma.
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Introduction

Cholangiocarcinoma (CCA) is a biliary tract
malignancy, which are the second most com-
mon of primary liver cancers [1]. Over the past
years, the incidence and mortality rate of CCA
are increasing worldwide, with a very low 5-year
survival rate. Although advanced in surgical
techniques, chemotherapies and radiothera-
pies, the prognosis is still very poor [2, 3].
Therefore, it is urgent to uncover the molecular
mechanisms underlying its growth and early
metastasis.

MicroRNAs, a group of short non-coding RNAs,
which regulate gene expression by the inhibi-
tion of the translation and/or decreasing of the
stability of target mMRNAs [4]. MiRNAs are dereg-
ulated in several diseases including cancers,
where play important regulatory roles in cell
growth, proliferation, differentiation and cell
death [5]. To date, dysregulated miRNAs and
their roles in cholangiocarcinoma development
have attracted much attention. Some microR-
NAs such as miR-124 [6], miR-26a [7], and miR-

34a [8] have been reported to participate in the
initiation and progression of CCA. Recent stud-
ies have shown that dysregulation of miR-30a
could inhibit cell proliferation, migration and
invasion in a variety of cancer cells [9, 10].
However, the regulation of miR-30a in CCA and
the mechanism remain largely unknown.

In this study, we investigated the role of miR-
30a in cholangiocarcinoma (CCA). Our results
showed that miR-30a was significantly down-
regulated in CCA tissues compared with adja-
cent normal tissues. Moreover, overexpression
of miR-30a and knockdown of IRS2 both inhib-
ited the proliferation and migration of cholan-
giocarcinoma cell lines. Our findings suggested
that miR-30a has a tumor suppressive effect in
intrahepatic cholangiocarcinoma by inhibiting
cell proliferation and migration.

Materials and methods
Cell lines and cell culture

Two human cholangiocarcinoma cell lines (RBE
and HCCC-9810) were purchased from Cell
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Bank of Type Culture Collection Committee of
the Chinese Academy of Sciences (Shanghai).
Cells were cultured in RPMI-1640 medium
(HyClone, Logan, UT, USA) at 37°C, 5% CO,,.
Medium was supplemented with 10% fetal
bovine serum (Gibco, NY, USA), 100 U/ml peni-
cillin and 100 U/ml streptomycin.

Cell transfection

Cells were grown in the appointed medium
12-16 h before transfection. miR-30a mimics
or non-specific controls (miR-NC) were desi-
gned and synthesized by Ribio Corporation
(Guangzhou, China). RBE and HCCC-9810 cells
were transfected with either 50 nM miR-30a
mimics or miR-NC using Lipofectamine 2000
transfection reagent (Invitrogen) according to
the instructions provided by the manufacturer.
The IRS2 specific siRNA and scrambled siRNA
(siR-NC) were also designed and synthesized by
Ribio Corporation (Guangzhou, China). And cell
transfection of siRNA were similar to above.
Then cells were incubated at 37°C for 48 hours
prior to further analysis.

RNA Isolation and gRT-PCR

Total RNA isolation from cell lines by TRIzol
reagent (Life Technologies, CA, USA) according
to the manufacturer’s protocol. One Step Pri-
meScript miRNA cDNA Synthesis Kit (Takara,
Dalian, China) was used to perform reverse
transcription. And strictly following the manu-
facturer’s instruction. Expression of miR-30a
was assessed by quantitative real-time RT-PCR,
and the small nuclear RNA U6 was used as an
internal control. miR-30a and U6 detection
primer were provided by Guangzhou RuiBo
Biotechnology Company. To quantify mRNA lev-
els, SYBR Premix Ex Taq (Takara, Dalian, China)
was applied. To normalize mRNA expression
levels, GAPDH was used as an endogenous
internal control. Data analysis was performed
using the 222°t method.

Western blot

After transfected with miR-30a mimics and
miR-NC in RBE and HCCC-9810 cells for 48 h,
the cells were lysed to extract the proteins from
the lysate. The proteins were separated in 12%
SDS-PAGE and then transferred to a PVDF
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membrane. After blocking in 5% nonfat milk,
the membranes were incubated with the follow-
ing primary antibodies: IRS21:1000 (Cell Sign-
aling Technology) and b-actin antibody 1:2500
(Sigma) at 4°C overnight. After washing off the
primary antibodies, the membrane was incu-
bated with HRP-conjugated secondary antibody
for 1 h; ECL kit was used to develop the immu-
noreactive bands.

Cell proliferation assay

MTS assay was adopted to assess the impact
of miR-30a on the RBE and HCCC-9810 cells
proliferation. Cells in logarithmic grow phase,
6x103/ml, were seeded in 96-well microplates,
100 ul/well, and cultured overnight to allow
attachment. After transfected with miR-30a
mimics and miR-NC in RBE and HCCC-9810
cells under standard condition for 12 h, 24 h,
48 h and 72 h incubation. WST-8 was metabo-
lized producing a chromogen and the absor-
bance at 450 nm was measured after 2 h reac-
tion using a DU640 spectrophotometer (Beck-
man Coulter, CA, USA).

Cell cycle assay

RBE and HCCC-9810 Cells were cultured in a
6-well plate at 1x10° cells/well, after transfec-
tion for 48 h. For cell cycle analysis, cells were
washed with PBS and fixed in 75% ethanol at
-20°C for 24 h, then PBS washes for three
times and stained with 50 pg/m propidium
iodide (PI) for 30 min away from light. Then, the
cell cycle was analyzed with a FACS Epics XL
(Beckman Coulter, CA, USA).

Wound healing assay

Wound healing assays were performed to eval-
uate cell migration activity. Briefly, transfected
cells were seeded onto the 6-well plate growing
to 80-90% confluency and starved for 24 h, and
then the cell monolayers were carefully wound-
ed with a 200-ul pipette. After washing with
PBS for three times, and cultured in serum free
1640 medium for 24 h at 37°C and 5% CO,,.
Cell migration was monitored under a micro-
scope TE2000 (Nikon, JAPAN). The experiment
was performed in triplicate.

3’-UTR reporter assay

The IRS2 3-UTR (2000 bp) was cloned into a
pmirGLO Dual Luciferase miRNA Target expres-
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Figure 1. miR-30a is down-regulated in human chol-
angiocarcinoma tissues. Expression of miR-15ain 50
pairs cholangiocarcinoma tissues and their adjacent
non-tumor tissues by real-time PCR. **P<0.001.

sion vector (Promega Corporation, Madison,
WI, USA). For luciferase reporter assays, HEK-
293T cells at 50% confluence in 96-well plates
were co-transfected with miR-30a or miR-NC
using Lipofectamine™ 2000. Twenty-four hours
later, cells were co-transfected with 50 ng of
firefly luciferase reporter containing wild-type
or mutant 3-UTR of target gene. After trans-
fected for 48 h, the firefly and Renilla luciferase
activities were measured using the Dual-
Luciferase Reporter Assay System (Promega).
Luciferase activity was normalized for transfec-
tion efficiency using the corresponding Renilla
luciferase activity. All experiments were per-
formed at least three times.

Statistical analysis

Data are presented as mean + standard devia-
tion (SD). The Student’s t-test was used for sta-
tistical analysis, and P values of less than 0.05
were regarded as statistically significant.

Results

Expression of miR-30a was down-regulated in
human cholangiocarcinoma tissues

To investigate the role of miR-30a in human
cholangiocarcinoma pathogenesis, we differ-
ent, we examined the expression of miR-30a in
50 pairs tumor and nontumor tissues of human
cholangiocarcinoma samples by real-time PCR.
The result showed that the miR-30a expression
was down-regulated in cholangiocarcinoma tis-
sues compared with the corresponding adja-
cent normal tissues (Figure 1). These data sug-
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gested that aberrant expression of miR-30a
inhibited proliferation capability of human chol-
angiocarcinoma cells.

miR-30a inhibit cell proliferation and regulated
cell cycle in vitro

To further confirm the role of miR-30a during
cholangiocarcinoma progression, miR-30a mi-
mic and miR-NC was transfected into RBE and
HCCC-9810 cells, respectively. CCK-8 assay
showed that miR-30a introduction can sup-
press the cell growth in RBE and HCCC-9810
cells (Figure 2A). To determine whether cell
cycle was a contributing factor to cell growth
inhibition, we analyzed the effect of miR-30a
expression on cell cycle of human cholangio-
carcinoma cells. As shown in Figure 2, miR-30a
transfected contributed to delay the cell cycle
progression and induced S phase arrested in
RBE and HCCC-9810 cells, which compared
with miR-NC transfected cells (P<0.01). These
observations suggest that miR-30a had an
important role in reducing the cell growth of
cholangiocarcinoma cells by inhibiting cell
cycle.

miR-30a suppresses the migration of CCA cells

To further investigate the effect of miR-30a on
RBE and HCCC-9810 cells migration, we trans-
fected the cells with miR-30a mimics or miR-NC
and then used wound healing assay to detect
the function of miR-30a on cell migration. As
shown in Figure 3. The miR-30a mimics sup-
pressed the potential of RBE and HCCC-9810
cells migration. These results suggested that
miR-30a could inhibit cholangiocarcinoma cells
migration.

miR-30a directly targets IRS2 in CCA cells

Based on the Sanger miRNA database and
TargetScan software, we predicted the targeted
gene of miR-30a (Figure 4A), and found that
the 3’-UTR of the IRS2 gene contains one 7-mer
miR-30a-binding seed sequences that are con-
served. We therefore used 3'UTR luciferase
reporter assay to verify whether miR-30a dire-
ctly targets IRS2. Luciferase reporter assays
demonstrated that miR-30a significantly re-
pressed activity of reporter vectors harboring
wild-type 3’-UTRs of IRS2, whereas mutations
of putative miR-30A-bingding sites in these
3-UTR regions partia lly mitigated repression of
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Figure 2. miR-30a inhibits cholangiocarcinoma cell proliferation and induced cell cycle arrested. A. CCK-8 assay
was employed to evaluate the effect of miR-30a on cell proliferation in RBE and HCCC-9810 cells. B. The effect of
miR-30a on cell cycle progression of in RBE and HCCC-9810 cells were done by flow cytometry. *P<0.05 vs. miR-NC

group.
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miR-30a, when compared to the parental vec-
tor (Figure 4B). Furthermore, Real-time PCR
and western blot analyses showed that mRNA
and protein levels of IRS2 were dramatically
down-regulated in RBE and HCCC-9810 cells
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Figure 3. miR-30a suppresses
cell migration of RBE and HCCC-

9810 cells. The effect of miR-
30a on the ability of cells to mi-

ot grate was evaluated by wound

healing assay.

when transfected with miR-30a mimics com-
pared to miR-NC group. Therefore, our data
suggested that miR-30a repressed IRS2 mRNA
and protein levels via direct targeting of the
3-UTR of IRS2.
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Figure 4. 1RS2 is one of direct tar-
get of miR-30a. A. The predicted
miR-30a binding site within the
IRS2 3-UTR; B. mRNA levels
were detected by real-time PCR
in RBE and HCCC-9810 cells
after transfected with miR-30a
mimic or miR-NC; C. Protein lev-
els were detected by western blot
analyses in RBE and HCCC-9810
cells after transfected with miR-
30a mimic or miR-NC; D. Rela-
tive firefly luciferase activity was
evaluated by 3’-UTR report assay
after cotransfected with IRS2 WT
3’-UTR or Mut 3’-UTR, either miR-
30a mimics or miR-NC. *P<0.05
vs. miR-NC group.

MiR-30a regulate PI3BK/AKT
and MAPK pathway

To further explore the underly-
ing mechanisms of miR-30a
regulating IRS2, we investi-
gated whether miR-30a could
regulate downstream signal-
ing of IRS2. It is well-docu-
mented that the IRS2 is a
critical adaptor of the insulin
signaling cascade, which acti-
vated PI3K/Akt and MAPK
pathways [11]. So we investi-
gated the effects of miR-30a
on Akt and Erk1/2 phosphor-
ylation. We transfected RBE
and HCCC-9810 cells with
miR-30a mimics and miR-NC,
followed by immunoblot anal-
ysis of Akt and Erk1/2 phos-
phorylation. As showed in
Figure 5, the phosphorylation
of Akt and Erk1/2 down-regu-
lated by miR-30a compared
to miR-NC group. These data
demonstrated that PISK/AKT
and MAPKrelevant pathwayin-
volved in miR-30a inhibited
proliferation and migration in
CCA cells.

Discussion

In this study, we founded that
a significant downregulation
of miR-30a expression in hu-
man cholangiocarcinoma tis-
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sues as compared with adjacent normal tis-
sues. These results also confirmed by another
study that miR-30a expression was significantly
downregulated in liver cancer tissues. In addi-
tion, we found that over-expression of miR-30a
induced cell cycle arrested, inhibited the cell
proliferation and migration of CCA cell lines in
vitro. These indicated that miR-30a inhibited
cell growth and migration of cholangiocarcino-
ma cell through induction cell cycle arrested.

IRS2 was a cytoplasmic signaling molecule that
mediates effects of insulin, insulin-like growth
factor 1, and other cytokines by acting as a
molecular adaptor between diverse receptor
tyrosine kinases and downstream effectors
[12, 13]. It has been report that overexpression
of IRS2 can promote cellular proliferation, cell
motility and invasion in neuroblastoma and
mesothelioma cells [14, 15]. IRS2 expression
is up-regulated in hepatocellular carcinoma,
down-regulation of IRS-2 expression increased
cell and liver tumor progression [16]. In the cur-
rent study, to investigate the underlying mecha-
nisms of miR-30a in CCA cells, we predicted the
target gene of miR-30a in CCA cells, and found
that IRS2 might be the potential target of miR-
30a. The results of 3’'UTR report assay, real-
time PCR and western blot suggested that IRS2
was a direct target of miR-30a. The result indi-
cated that miR-30a might function as a tumor
suppressor partly mediated by repressing IRS2
expression.
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p38MAPK/JNK pathway were
downstream pathway of IRS2.
We decided to investigate
the effect of miR-30a overex-
pression on PI3K/AKT and
p38MAPK/JNK pathway. In
current study, we found that miR-30a sup-
pressed the phosphorylation of Akt and Erk1/2.
Demonstrated that AKT and MAPK relevant
pathway involved in miR-30a inhibited prolifera-
tion and migration in CCA cells.

In conclusion, this study shows that miR-30a
function as a tumor suppressor miRNA in
human cholangiocarcinoma via inhibiting IRS2
expression. Over- expression of miR-30a has
the effect of suppressing cholangiocarcinoma
cell growth and migration, and induced cell
cycle arrested in vitro by regulating IRS2, PI3K/
AKT and regulated p38MAPK/JNK pathway.
Our findings prompt important roles of miR-30a
in cholangiocarcinoma etiology and have poten-
tial as a new therapeutic target for treating
cholangiocarcinoma patients.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Zhonglian Li, De-
partment of Hepatobiliary and Pancreatic Surgery
Il, Tianjin Nankai Hospital, Tianjin 300100, China.
E-mail: lizhonglian@medmail.com.cn

References

[1] Razumilava N, Gores GJ. Classification, diagno-
sis, and management of cholangiocarcinoma.
Clin Gastroenterol Hepatol 2013; 11: 13-211.

[2]  Ghouri YA, Mian |, Blechacz B. Cancer review:
Cholangiocarcinoma. J Carcinog 2015; 14: 1.

Int J Clin Exp Med 2016;9(8):15547-15553


mailto:lizhonglian@medmail.com.cn

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

MiRNA-30a inhibits cholangiocarcinoma proliferation and migration

Blechacz B, Komuta M, Roskams T, Gores GJ.
Clinical diagnosis and staging of cholangiocar-
cinoma. Nat Rev Gastroenterol Hepatol 2011;
8:512-22.

Van Wynsberghe PM, Chan SP, Slack FJ,
Pasquinelli AE. Analysis of microRNA expres-
sion and function. Method Cell Biol 2011; 106:
219-252.

Wen KC, Sung PL, Yen MS, Chuang CM, Liou
WS, Wang PH. MicroRNAs regulate several
functions of normal tissues and malignancies.
Taiwan J Obstet Gynecol 2013; 52: 465-9.
Zhang J, Han C, Wu T. MicroRNA-26a promotes
cholangiocarcinoma growth by activating B-
catenin. Gastroenterology 2012; 143: 246-56.
Zeng B, Li Z, Chen R, Guo N, Zhou J, Zhou Q,
Lin Q, Cheng D, Liao Q, Zheng L, Gong Y.
Epigenetic regulation of miR-124 by hepatitis C
virus core protein promotes migration and in-
vasion of intrahepatic cholangiocarcinoma
cells by targeting SMYD3. FEBS Lett 2012;
586: 3271-8.

Qiao P, Li G, Bi W, Yang L, Yao L, Wu D. microR-
NA-34a inhibits epithelial mesenchymal transi-
tion in human cholangiocarcinoma by target-
ing Smad4 through transforming growth factor-
beta/Smad pathway. BMC Cancer 2015; 15:
469.

Wang Z, Dai X, Chen Y, Sun C, Zhu Q, Zhao H,
Liu G, Huang Q, Lan Q. MiR-30a-5p is induced
by Wnt/B-catenin pathway and promotes glio-
ma cell invasion by repressing NCAM. Biochem
Biophys Res Commun 2015; 465: 374-80.
Wen XP, Ma HL, Zhao LY, Zhang W, Dang CX.
MiR-30a suppresses non-small cell lung can-
cer progression through AKT signaling pathway
by targeting IGF1R. Cell Mol Biol 2015; 61: 78-
85.

Diamond-Stanic MK, Marchionne EM, Teachey
MK, Durazo DE, Kim JS, Henriksen EJ. Critical
role of the transient activation of p38 MAPK in
the etiology of skeletal muscle insulin resis-
tance induced by low-level in vitro oxidant
stress. Biochem Biophys Res Commun 2011;
405: 439-44.

Vinue A, Andres-Blasco |, Herrero-Cervera A,
Piqueras L, Andres V, Burks DJ, Sanz MJ,
Gonzalez-Navarro H. Ink4/Arf locus restores
glucose tolerance and insulin sensitivity by re-
ducing hepatic steatosis and inflammation in
mice with impaired IRS2-dependent signalling.
Biochim Biophys Acta 2015; 1852: 1729-42.

15553

(13]

[14]

(15]

(16]

(17]

[20]

Neukamm SS, Ott J, Dammeier S, Lehmann R,
Haring HU, Schleicher E, Weigert C. Phos-
phorylation of serine 1137/1138 of mouse in-
sulin receptor substrate (IRS) 2 regulates
cAMP-dependent binding to 14-3-3 proteins
and IRS2 protein degradation. J Biol Chem
2013; 288: 16403-15.

Stohr O, Hahn J, Moll L, Leeser U, Freude S,
Bernard C, Schilbach K, Markl A, Udelhoven M,
Krone W, Schubert M. Insulin receptor sub-
strate-1 and -2 mediate resistance to glucose-
induced caspase-3 activation in human neuro-
blastoma cells. Biochim Biophys Acta 2011;
1812: 573-80.

Hoang CD, Zhang X, Scott PD, Guillaume TJ,
Maddaus MA, Yee D, Kratzke RA. Selective ac-
tivation of insulin receptor substrate-1 and -2
in pleural mesothelioma cells: association with
distinct malignant phenotypes. Cancer Res
2004; 64: 7479-85.

Ma Y, Kong Q, Hua H, Luo T, Jiang Y. Aflatoxin
B1 up-regulates insulin receptor substrate 2
and stimulates hepatoma cell migration. PLoS
One 2012; 7: e47961.

Dogra C, Changotra H, Wergedal JE, Kumar A.
Regulation of phosphatidylinositol 3-kinase
(PI3K)/Akt and nuclear factor-kappa B signal-
ing pathways in dystrophin-deficient skeletal
muscle in response to mechanical stretch. J
Cell Physiol 2006; 208: 575-85.

Zhou YY, Li Y, Jiang WQ, Zhou LF. MAPK/JNK
signalling: a potential autophagy regulation
pathway. Biosci Rep 2015; 35: e00199.

Grote CW, Morris JK, Ryals JM, Geiger PC,
Wright DE. Insulin receptor substrate 2 expres-
sion and involvement in neuronal insulin resis-
tance in diabetic neuropathy. Exp Diabetes
Res 2011; 2011: 212571.

Park S, Chapuis N, Tamburini J, Bardet V,
Cornillet-Lefebvre P, Willems L, Green A,
Mayeux P, Lacombe C, Bouscary D. Role of the
PIBK/AKT and mTOR signaling pathways in
acute myeloid leukemia. Haematologica 2010;
95: 819-28.

Int J Clin Exp Med 2016;9(8):15547-15553



