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ABSTRACT

The antidiabetic drug metformin exerts antineoplastic effects in many types of
malignancies, however the effect of metformin on cholangiocarcinoma (CCA) still
remains unclear. In the present study, we investigated that metformin treatment
was closely associated with the clinicopathologic characteristics and improved
postoperative survival of CCA patients. Metformin inhibited CCA tumor growth by
cell cycle arrest in vitro and in vivo. We explored that the expression of six miRNAs
(mirl24, 182, 27b, let7b, 221 and 181a), which could directly target cell-cycle-
regulatory genes, was altered by metformin in vitro and in vivo. These miRNAs were
dysregulated in cholangiocarcinoma and promoted the CCA genesis and metformin
exactly modulated these carcinogenic miRNAs expression to arrest the cell cycle and
inhibit the proliferation. Meanwhile, these miRNAs expression changes correlated
with the tumor volume and postoperative survival of CCA patients and could be used
to predict the prognosis. Further we confirmed that metformin upregulated Drosha to
modulate these miRNAs expression. Our results elucidated that metformin inhibited
CCA tumor growth via the regulation of Drosha-mediated multiple carcinogenic
miRNAs expression and comprehensive evaluation of these miRNAs expression could
be more efficient to predict the prognosis. Moreover, metformin might be a quite
promising strategy for CCA prevention and treatment.

INTRODUCTION

Cholangiocarcinoma (CCA), the second most
common primary hepatobiliary malignancy, is a fatal
cancer originating from the neoplastic transformation of
biliary epithelial cells and characterized by increasing
incidence worldwide and poor prognosis [1]. CCA is most
often diagnosed at an advanced stage with intrahepatic
and lymph node metastases because the early stages of
CCA progression are usually asymptomatic without
effective preventive measures [2, 3]. According to
clinical statistical study, approximately 7500 new cases of
cholangiocarcinoma are diagnosed per year in the United

States with less than 30% 5-year survival [4]. Because
of resistance to common chemotherapies, up to now the
radical surgical resection is still the most powerful therapy
for CCA [5].

Metformin is the most widely used antidiabetic
drug in the world, introduced into clinical practice in the
1950s for the treatment of type II diabetes [6], and there is
increasing evidence of the potential efficacy of this agent
as an anticancer drug recently [7, 8]. According to the
epidemiologic survey, metformin has significant effects
on tumorigenesis in metformin treated patients [9, 10]. It
has been reported that patients with type II diabetes who
are prescribed metformin have a lower risk of pancreatic
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cancer than those not taking metformin [11]. In addition,
several reports also outlined the decreased cancer
incidence and cancer related mortality in the tumor patients
who received metformin [10]. Further investigations found
that metformin inhibited the proliferation of various
human cancer cell types including prostate, esophageal,
renal and glioma tumor cells [12-15]. Thus, metformin
has been recognized as not only an antidiabetic drug but a
potentially preventive and therapeutic anticancer drug [9,
12, 13, 16].

MicroRNAs (miRNAs) are a class of small,
noncoding, single-stranded RNAs that negatively regulate
gene expression by mainly binding to 3’ untranslated
region (UTR) of target mRNAs at the posttranscriptional
level [17, 18]. Numerous researches have demonstrated
that aberrant expression of miRNAs are involved in the
development, invasion, metastasis and prognosis of
various cancers [19-22]. According to recent studies [12,
23-25], the expression profiles of miRNAs are altered
by metformin in different tumor cells, indicating that
miRNAs might play an important role in the anticancer
effect of metformin [25, 26].

In this study, we have reported that metformin
had anticancer effect on cholangiocarcinoma through
regulation of Drosha-mediated multiple carcinogenic
miRNAs expression. And compositive assessment of these
miRNAs expression changes could be more efficient to
predict the prognosis for CCA patients and might be the
novel anticancer therapeutic targets.
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RESULTS

Metformin closely correlated with
clinicopathologic characteristics and prognosis of
CCA patients

A total of 89 CCA patients were studied and the
clinicopathologic characteristics of the patients were
summarized in Supplementary Table 1. The tumor size
and volume of G3 patients were smaller than those of
G2 patients and the postoperative survival of G3 patients
was longer than that of G2 or G1 patients (Fig. 1A). The
representative HE staining of tumor tissues was shown in
Fig. 10. The results showed that metformin treatment was
closely associated with a decrease in the tumor size and
volume of CCA patients, and the improved postoperative
survival.

Metformin inhibited CCA tumor growth in vivo

We evaluated the effect of metformin in vivo in a
xenograft tumor model through metformin injection (2mg/
mouse). Throughout the course of treatment, there were
no visible side effects or changes in body weight of the
mice (Fig. 1C). And metformin was significantly effective
in inhibiting tumor growth in vivo, resulting in decreased
tumor volume and weight (Fig. 1B, 1D). These data
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Figure 1: Metformin closely correlated with clinicopathologic characteristics and prognosis of CCA patients and
inhibited CCA tumor growth in vivo. (A) Percentage of patients with tumor size >3 ¢cm or <3 cm; tumor volume of G2 and G3
patients; Kaplan-Meier plot of postoperative survival of three groups patients. (B) The tumor growth curve, tumor volume and weight of
metformin-treated mice (2mg/mouse) and control mice (PBS). (C) The body weight of metformin-treated mice and control mice throughout
the course of treatment. (D) Dissected tumor tissues. Data were expressed as mean+SD. *P<0.05, ***P<0.0005.
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indicated that metformin could also reduce tumor volume
and growth rate of CCA cells in vivo.

Metformin inhibited CCA cells proliferation by
cell cycle arrest

To investigate the effect of metformin on CCA
in vitro, we used four human CCA cell lines including
HCCC-9810, RBE, SSP25 and Hucctl. Metformin
obviously decreased the viability of CCA cells in a dose-
dependent manner (Fig. 2A) and 20, 40mmol/L metformin
was selected for further study. Metformin also decreased
colony formation of CCA cells in a dose-dependent
manner (Fig. 2B). As shown in Fig. 2C, the cell cycle of
CCA cells was arrested in G0/G1 phase by metformin
in a dose-dependent manner. The mRNA and protein
expression changes of cell-cycle-regulatory genes after
metformin treatment were shown in Fig. 2D-E. IF assay
showed that the cell count and CDK4 expression both
decreased in metformin treated cells (Fig. 2F). Moreover,
the proliferative marker genes PCNA and P53 were also
detected after metformin treatment (Fig. 2G). The results
illustrated that metformin blocked cell cycle to inhibit
CCA cells proliferation.

Metformin altered the miRNNAs expression

Recent studies reported that the miRNAs expression
was altered by metformin [12, 23-26]. According to
microassay platform analysis [12, 23, 24], the fourteen
miRNAs which were obviously changed after metformin
treatment were detected (Fig. 3A). The results showed that
metformin also altered the miRNAs expression in CCA
cells. Among these fourteen candidates, six miRNAs (hsa-
mir-124-3p, hsa-mir-182-5p, hsa-mir-27b-3p, hsa-mir-
let7b-5p, hsa-mir-221-3p and hsa-mir-181a-3p), which
might target cell-cycle-regulatory genes according to
bioinformatic algorithms, were selected for further study.
The six miRNAs expression changes were in a dose-
dependent manner in CCA cells after metformin treatment
(Fig. 3B). There were obvious expression changes of six
miRNAs in tumor tissues compared with adjacent normal
tissues of CCA patients (Fig. 3C). Figure 3D showed that
the expression changes of mir124, 27b, let7b and 181a
of G3 patients were significantly less than those of G2
patients. In the xenograft tumor tissues, there were obvious
differences of mir124, 182, 27b, let7b and 181a expression
between metformin group and control group (Fig. 3E). The
six miRNAs expression of CCA cells and BEC (biliary
epithelial cell) was shown in Fig. 3F. The results indicated
that metformin could alter these six miRNAs expression
in vitro and in vivo, and lessen these miRNAs expression
changes in human tumor tissues. These six miRNAs might
be involved in the CCA genesis and the anticancer effect
of metformin.

Dysregulation of six miRNAs in CCA genesis

The data showed that the six miRNAs were
dysregulated in CCA (Fig. 3C, 3F). Thus we investigated
the effect of these miRNAs on the CCA genesis through
transfecting CCA cells with miRNA mimics and inhibitor.
Upregulation of mir124, 182, 27b and let7b could inhibit
the CCA cells proliferation and arrest the cell cycle in GO/
G1 phase, however, the proliferation and cell cycle were
both promoted through upregulating mir221 or mirl81a
expression (Fig. 4A-B). PNCA and P53 were also detected
after transfection (Fig. 4E). The results further confirmed
that these dysregulated miRNAs, including downregulated
mirl24, 182, 27b, let7b and upregulated mir221, 181a,
were involved in the CCA genesis and promoted this
process.

Regulating miRNAs could suppress the
antiproliferative effect of metformin

Metformin altered the expression of six miRNAs
which could inhibit the CCA cells proliferation,
indicating that the antiproliferative effect of metformin
might be suppressed by regulating miRNAs expression.
Consequently, we treated the CCA cells, which had already
been transfected with miRNA mimics or inhibitor, with
10mmol/L metformin. The data of cell viability assay and
cell cycle analysis showed that the antiproliferation and
cell cycle arrest induced by metformin were reversed (Fig.
4C-D). The results further confirmed that these miRNAs
were involved in the anticancer effect of metformin.

The six miRNAs targeted multiple cell-cycle-
regulatory genes

Next we assessed whether these miRNAs could
target the putative cell-cycle-regulatory genes. We
transfected the CCA cells with miRNA mimics and
inhibitor to detect the mRNA and protein expression
changes of putative target genes (Fig. 5A-B). The results
of luciferase activity assay were shown in Fig. 5C. The
sequence sites of miRNA and binding UTR of target
genes and structure of reporter vectors were shown in Fig.
5D. In summary, the cell-cycle-regulatory genes CDK2,
CDK4, CyclinD1 and CyclinE1 were targeted by mir124,
CDK2 and CyclinD1 were targeted by mir182 and mir27b,
CyclinD1 was targeted by mirlet7b, P27 was targeted by
mir221 and mirl81a.

The miRNAs expression correlated with prognosis
of CCA patients

The six miRNAs were found to be involved in the
CCA genesis and the anticancer effect of metformin,
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Figure 2: Metformin inhibited CCA cells proliferation by cell cycle arrest. (A) Cell viability of CCA cells treated with
metformin. (B) Colony formation of CCA cells after metformin treatment. (C) Cell cycle analysis of CCA cells treated with metformin
for 48 hours. (D-E) mRNA and protein expression changes of cell-cycle-regulatory genes in CCA cells treated with metformin for 48
hours. (F) IF images showed CDK4 expression in RBE cells treated with 20mmol/L metformin for 48 hours. (G) mRNA and protein
expression changes of PCNA and P53 in CCA cells after 48 hours metformin treatment. Data were expressed as mean+SD. The results were
representative of three independent experiments. *P<0.05, **P<0.005, ***P<0.0005.
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Figure 5: The six miRNAs targeted multiple cell-cycle-regulatory genes. (A-B) mRNA and protein expression changes of
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thus we wanted to evaluate whether these miRNAs were
clinically useful for CCA patients. The expression change
of mir182, 27b and let7b was closely associated with
tumor volume of G2 patients (Fig. 6A, R<-0.4). Figure 6B
showed that the expression change of mirl24, 27b, let7b
and 181a was also closely associated with postoperative
survival of G2 patients (R<-0.45 or >0.45).

The mean Log, (™ expression change) yas defined as the
cutoff value of each miRNA expression change [27-30]
(Fig. 6C). According to each miRNA expression change
which was greater or less than its cutoff value, the patient
was classified into High or Low mir patient [31-34]. And
G2 patients could be divided into two subgroups, such as
Low mirl24 patients and High mir124 patients. Figure 6H
showed that there were significant differences in tumor
volume between Low and High mir patients of mirl182,
27b, let7b and 221. The postoperative survival of Low and
High mir patients was listed in Supplementary Table 3 and
there were significant differences of postoperative survival
between Low and High mir patients of mir124, 27b, let7,
221 and 181a (Fig. 6D).

Further we applied mirs-expression score to
combine six miRNAs expression changes together. In
one patient, the expression change of mir124, 182, 27b or
let7b was less than its cutoff value and this single miRNA
expression of the patient scored one; the expression
change of mir221 or 181a was greater than its cutoff value
and this single miRNA expression of the patient also
scored one. According to six miRNAs expression changes,
the mirs-expression score of one single patient might
range from O to 6. Figure 6E showed the tumor volume
and postoperative survival of different score patients and
mirs-expression score was closely associated with the
tumor volume and postoperative survival of G2 patients
(Fig. 6G).

The patient with mirs-expression score from 0 to
3 was considered as Low mirs patient and the patient
with mirs-expression score from 4 to 6 was considered
as High mirs patient. Accordingly, G2 patients were
divided into two subgroups including Low mirs patients
(n=44) and High mirs patients (n=25). Based on these
six miRNAs expression changes, we applied hierarchical
clustering analysis to cluster G2 patients. As shown in Fig.
6F, G2 patients were also clustered into two subgroups
which were mostly consistent with the results by using
mirs-expression score. The detailed clinicopathologic
characteristics of Low and High mirs patients were listed
in Supplementary Table 2. Figure 61 showed that the tumor
size and volume of Low mirs patients were less than those
of High mirs patients and there were the most significant
differences of tumor volume and postoperative survival
between Low and High mirs patients. These data showed
that the associations with tumor volume and postoperative
survival were stronger for mirs-expression than for single
miRNA expression, and the differences of tumor volume
and postoperative survival between Low and High mirs

patients were more significant than those between single
Low and High mir patients. These results suggested that
these miRNAs expression could be used to predict the
prognosis for CCA patients and assessment of multiple
miRNAs expression might be more efficient.

Metformin modulated Drosha to affect miRNAs
expression

To understand how metformin altered the miRNAs
expression, we detected the key enzymes expression
of miRNA biogenesis and Drosha was most obviously
upregulated [35-38] (Fig. 7A-B). Metformin also
upregulated Drosha expression in human and xenograft
tumor tissues (Fig. 7C-D). Drosha expression of CCA
cells and BEC was shown in Fig. 7E. Drosha could
promote the process of pri-miRNA to mature-miRNA and
Figure 7F showed the expression changes of mature and
pri-miRNAs after Drosha siRNA transfection by using
qRT-PCR [35, 39, 40]. The six pri-miRNAs expression
changes, which were opposite to expression changes of
mature-miRNAs, were in a dose-dependent manner after
metformin treatment (Fig. 7G, 3B). Further we found
that downregulated Drosha could lessen the miRNAs
expression changes induced by metformin (Fig. 7H) and
suppress antiproliferative and cell cycle arrest effect of
20mmol/L metformin (Fig. 8E). In human tissues, Drosha
expression change was positively correlated with the
expression changes of mir124, 182, 27b and let7b (Fig.
71), and negatively associated with mirs-expression score
(Fig. 7J). Drosha expression of Low mirs patients was
higher than that of High mirs patients (Fig. 7K). In brief,
these results indicated that metformin upregulated Drosha,
which could modulate the miRNA biogenesis, to affect
these miRNAs expression. The schematic presentation of
the underlying anticancer mechanism of metformin was
shown in Fig. 7L.

Metformin also upregulated DGCRS8 to affect
miRNAs expression

Drosha usually combined DGCR8 to form a
complex to function, thus DGCRS8 was also studied.
Metformin upregulated DGCRS expression both in vitro
and in vivo (Fig. 7A, 8A-B). Downregulated DGCR8
interfered by siRNA could affect the mature and pri-
miRNAs expression and the expression changes of
mature-miRNAs were opposite to those of pri-miRNAs
(Fig. 8D). As with Drosha, downregulated DGCRS could
also suppress antiproliferative and cell cycle arrest effect
of 20mmol/L metformin (Fig. 8E). These results were
consistent with the research in Drosha and implied that
metformin also upregulated DGCRS8 to modulate these
miRNAs expression. The siRNA efficiency of Drosha and
DGCRS was shown in Fig. 8F.
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Figure 7: Metformin modulated Drosha to affect miRNAs expression. (A) Drosha, DGCRS, Dicer, EXP5, RanseA and RnaseL
expression changes in CCA cells after 48 hours metformin treatment. (B) Drosha protein expression changes in CCA cells treated with
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Dysregulation of Drosha/DGCRS in CCA genesis and High Drosha patients had smaller tumor volume
and longer postoperative survival (Fig. 9D-E). These
results indicated that dysregulated Drosha/DGCRS,
which upstream regulated these carcinogenic miRNAs
expression, promoted the CCA genesis and Drosha
expression might be also used to predict the prognosis for

We found that Drosha was downregulated in the
tumor tissues compared with adjacent normal tissues of
CCA patients (Fig. 7C). Drosha and DGCR8 expression
in CCA cells was relatively less than those in BEC (Fig.

L CCA patients.
7E, 8C). Using siRNA to knock down Drosha/DGCRS in patients
vitro, the proliferation and cell cycle of CCA cells were
both promoted (Fig. 9A). Figure 9B showed the mRNA DISCUSSION
and protein expression changes of cell-cycle-regulatory . . ) )
genes after Drosha/DGCRS siRNA transfection. Drosha Previous studies have pointed out that metformin

expression change was negatively associated with tumor was associated with reduced risk and improved prognosis
volume and positively correlated with postoperative of many cancers and had an excellent safety record in

survival of G2 patients (Fig. 9C). As with miRNAs, the diabetic patients; metformin also inhibited various tumor
mean LOg (Drosha expression change) was deﬁned as the Cl’ltoff CCHS proliferation bOth in vitro and in vivo [9-16, 23, 24,
10

value of Drosha expression change of G2 patients 26]. Recent studies showed that metformin altered the
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Figure 8: Metformin also upregulated DGCRS to affect miRNAs expression. (A) DGCRS protein expression change in CCA
cells treated with metformin for 48 hours. (B) DGCRS expression of metformin group and control group in xenograft tumor tissues. (C)
DGCRS relative expression in CCA cells and BEC. (D) The mature and pri-miRNAs expression changes in CCA cells 48 hours after
DGCRS siRNA transfection. (E) Cell viability and cell cycle analysis of CCA cells transfected with Drosha/DGCRS8 siRNA and treated
with 20mmol/L metformin for 48 hours. (F) The siRNA efficiency of Drosha and DGCRS. Data were expressed as mean+SD. The results
were representative of three independent experiments. *P<0.05, **P<0.005, ***P<0.0005.
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expression profiles of miRNAs in several tumor cells
[12, 23, 24]. These findings suggested that metformin had
potent anticancer effect which miRNAs might be involved
in and might be a promising strategy for cancer prevention
and treatment. In this study, we showed the anticancer
effect of metformin in cholangiocarcinoma and studied the
underlying anticancer mechanism of metformin. We found
that metformin treatment was closely associated with
clinicopathological characteristics of CCA patients and the
improved postoperative survival. Using in vitro and in vivo
assays, we confirmed that metformin arrested cell cycle in
GO/G1 phase to inhibit CCA cells proliferation.

To investigate whether miRNAs were involved
in the anticancer effect of metformin, we identified six
miRNAs which were altered by metformin in vitro and
in vivo, and the targets of these miRNAs were all cell-
cycle-regulatory genes. It was found that there were

tissues compared with adjacent normal tissues and the
dysregulation of these miRNAs could promote the cell
cycle and enhance the CCA cells proliferation. According
to researches [20, 21], these miRNAs and their targets
were also dysregulated and promoted the carcinogenesis
in other cancers [34, 41]. The miRNAs expression changes
induced by metformin were opposite to the expression
changes of these dysregulated miRNAs in human
tumor tissues and metformin could lessen dysregulated
expression changes of these miRNAs. And regulating
miRNAs expression could suppress the antiproliferative
and cell cycle arrest effect of metformin. These results
implicated that these dysregulated miRNAs were involved
in the CCA genesis and promoted this process. Metformin
exactly modulated these carcinogenic miRNAs, which
further targeted cell-cycle-regulatory genes to arrest the
cell cycle and inhibit the proliferation, to achieve the

obvious differences of these miRNAs expression in tumor
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Another finding of this study was that these
miRNAs expression changes were clinically useful and
could be used to predict the prognosis for CCA patients.
We found that there were various degrees of correlations
between tumor volume, postoperative survival and each
miRNA expression change. Based on the cutoff value of
each miRNA expression change [27-29, 31], G2 patients
were divided into High and Low mir patients, and High
mir patients of mirl24, 182, 27b, let7b and Low mir
patients of mir221, 181a had smaller tumor volume and
longer postoperative survival. Meanwhile, we utilized
mirs-expression score to compositely evaluate six
miRNAs expression in one single patient and classified G2
patients into two subgroups including High and Low mirs
patients, which were mostly consistent with the results of
hierarchical clustering analysis. The results proved that the
associations with tumor volume and postoperative survival
were stronger for composite six miRNAs assessment
than for single miRNA evaluation; and the differences of
tumor volume and postoperative survival between High
and Low mirs patients were more significant than those
between single High and Low mir patients. In addition,
Low mirs patients had the smallest tumor volume and the
longest postoperative survival. These data illustrated that
to evaluate multiple miRNAs expression might be more
efficacious for assessing the prognosis of CCA patients.

G2 patiets _

7 i,

G3

To understand how metformin affected the miRNAs
expression, we detected the key enzymes expression of
miRNA biogenesis in metformin treated CCA cells and
Drosha had the most obviously increased expression
[35-38]. Metformin also increased Drosha expression in
human and xenograft tumor tissues. The increased Drosha
expression induced by metformin was similar to the
major of six miRNAs expression changes after metformin
treatment in vitro and in vivo. The miRNAs expression
changes induced by regulating Drosha were consistent
with the miRNAs expression changes after metformin
treatment, and downregulating Drosha could lessen the
miRNAs expression changes induced by metformin.
Compared with regulating single miRNA, downregulated
Drosha could suppress antiproliferative and cell cycle
arrest effect of relative high concentration metformin. We
also verified the pri-miRNAs expression changes after
metformin treatment and Drosha siRNA transfection and
analyzed the correlations between Drosha expression
and miRNAs expression in human tissues. However, it
was found that Drosha did not modulate these miRNAs
expression directly and the expression changes of mir221
and 181a might be due to unbalanced miRNA biogenesis
which was affected by increased Drosha [42]. Drosha
usually combined with DGCRS8 to function and thus
DGCRS was also studied [35, 38, 43]. Taken together, the

TN

Figure 10: All collected CCA samples were stained with HE. Representative images showed the tumor tissues HE staining of G2

and G3 patients.
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results indicated that metformin affected these miRNAs
expression through upregulating Drosha which upstream
modulated the miRNAs biogenesis directly or indirectly.

In summary, our data presented in this study
provided evidence elucidating that metformin, a widely
used antidiabetic drug, could inhibit CCA tumor
growth and improve the prognosis of CCA patients.
The underlying anticancer mechanism of metformin
depended on the regulation of Drosha-mediated multiple
carcinogenic miRNAs which could directly target cell-
cycle-regulatory genes to arrest the cell cycle and inhibit
the proliferation. We also discovered that compositive
assessment of multiple miRNAs expression could be
more efficient to predict the prognosis for CCA patients
and might be the potential therapeutic targets for CCA
prevention and treatment. Further work should be
performed to get more understanding about anticancer
mechanisms of metformin, and to explore the clinical use
of metformin for cancer therapy.

MATERIALS AND METHODS

Patients and tissue samples

A total of 89 CCA specimens were obtained from the
Second Affiliated Hospital of Harbin Medical University
from 2006 to 2011. All the patients were diagnosed
with extrahepatic cholangiocarcinoma and confirmed
pathologically, and received the tumor resection. None of
the patients had received chemotherapy or radiotherapy
preoperatively or postoperatively. All the patients
received the same medical care and follow up. Samples
were collected according to the approval of the ethical
committee of the Second Affiliated Hospital of Harbin
Medical University, with written individual consent from
each patient for this study. The total 89 CCA patients
were defined as Group One (G1) patients. Among these
89 patients, 69 patients without diabetes and metformin
treatment were defined as Group Two (G2) patients and
20 patients who received metformin treatment before
the surgery because of type Il diabetes were defined as
Group Three (G3) patients. The detailed clinicopathologic
characteristics of the CCA patients in this study were listed
in Supplementary Table 1.

Reagents and antibodies

Metformin was purchased from Sigma-Aldrich.
DMEM, RPMI-1640, Lipofectamine 2000, TRIzol,
penicillin/streptomycin, trypsin and fetal bovine serum
(FBS) were from Invitrogen. MicroRNAs mimics
and inhibitor, and siRNA against Drosha and DGCRS
were purchased from GenePharma (Shanghai, China).
The antibodies used in western blot were listed in

Supplementary Table 4.

Cell lines and culture

HCCC-9810, RBE and SSP25 were purchased from
the Type Culture Collection of the Chinese Academy of
Sciences (Shanghai, China); Hucctl, 293T and human
biliary epithelial cell (BEC) were preserved in our
laboratory. Cells were grown in DMEM or RPMI-1640
supplemented with 10% FBS and penicillin/streptomycin
(100 U/mL/50mg/mL) at 37°C and 5% CO,. The cells had
been passed for less than six months in culture when the
experiments were carried out.

Target genes prediction of miRNAs

The microRNA target bioinformatics software
microRNA.org was used to predict the target genes of
miRNAs. The miRNAs and putative targeted cell-cycle-
regulatory genes were listed in Supplementary Table 5.

RNA extraction and qRT-PCR

Total RNA was extracted by using TRIzol reagent.
Reverse transcription reactions were carried out using
M-MLV reverse transcriptase (Invitrogen) and qRT-
PCR (quantificational real-time PCR) was performed on
Applied Biosystem as described previously [44, 45]. The
relative expression levels of miRNAs and mRNAs were
calculated and quantified using the 244¢* method after
normalization for the expression of control, human U6
snRNA and B-actin served as endogenous controls. The
primers used in qRT-PCR were listed in Supplementary
Table 6.

Cell viability, colony formation assay and western
blot

Cell viability and colony formation assay were
carried out as previously described [46]. Total protein was
extracted using RIPA buffer and protein expression was
analyzed by western blot as described previously [46].
B-actin served as an endogenous control.

Flow cytometric analysis

Cells were harvested, fixed in 80% ethanol and
stored at 4°C. On the day of analysis, cells were washed
and centrifuged using cold PBS, suspended in 10ml
PBS and 1ml RnaseA solution (250mg/ml) followed by
incubation for 30 minutes at 37°C. Then, 100ul propidium
iodide stain (100mg/ml) was added to each tube, which
was then incubated at 4°C for 30 minutes prior to analysis.
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Flow cytometric analysis was conducted using BD
LSRFortessa (BD Biosciences). The percentages of cells
in different phases of cell cycle were analyzed by using
FlowJo software.

Immunofluorescence (IF) analysis

Cells were rinsed with PBS and fixed with 4%
paraformaldehyde for 30 minutes at room temperature
followed by permeabilisation with 0.1% sodium citrate
plus 0.1% Triton X-100. The cells were subjected to
immunofluorescent staining with CDK4 antibody (1:200,
CST #12790) for 16 hours at 4°C. Cells were then washed
with cold PBS three times for five minutes each and
incubated with fluorescence labeled secondary antibody
(1:400, #ZF0511, ZSGB-BIO) for 30 minutes. The cells
were visualized using inverted fluorescence microscope
(FSX100, Olympus).

Luciferase activity assay

The putative binding site of target genes 3’-UTR
sequences, the downstream of which contained the firefly
luciferase gene, were cloned and inserted into the Spel
and HindIIl site of pMIR-REPORT luciferase vector
(Ambion). The pMIR-target genes-3> UTR mutants that
deleted the putative binding site were also generated.
The primers for luciferase report vectors were listed in
Supplementary Table 7. The WT or MUT pMIR-REPORT
luciferase vector was transfected into 293T cells with
miRNA mimics and pRL-TK vector (Promega) was used
for normalization of transfection efficiency. The firefly
luciferase activity was measured as described previously
[46].

Subcutaneous CCA experiments

Female nude mice (5-6 weeks old) were purchased
from Beijing Vital River Laboratory Animal, Inc. (Beijing,
China). All animal experiments were done according
to the Institutional Animal Care and Use Committee-
approved protocol. Institutional guidelines for the proper
and humane use of animals in research were followed.
The mice were maintained in specific pathogen-free
environment. 5x10° Hucctl cells suspended in PBS
were inoculated subcutaneously in the flanks. Metformin
treatment was started 7 days after inoculation of the cells.
The experimental group (n=8) was treated daily with
i.p. injection of metformin (2mg/mouse, administered in
PBS) for four weeks, whereas the control group (n=8)
received equal volume of PBS only. Throughout the
course of treatment, the mice were monitored daily and
weighed every third day to check for physical condition.
The tumor volume was calculated using the formula:

lengthx(width)*x0.5.

Statistical analysis

Statistical analysis was performed with the SPSS
16.0 software. Values were expressed as mean+SD
using the Student’s ¢-test. The postoperative survival
was compared with the Kaplan-Meier method and the
significance was determined by the log-rank test. The
correlation analysis was examined using spearman
rank correlation test. The P<0.05 was considered to be
statistically significant.

ACKNOWLEDGMENTS
No funds support this study.

Conflicts of Interest

The authors confirm that there are no conflicts of
interest.

REFERENCES

1. de Groen PC, Gores GJ, LaRusso NF, Gunderson LL and
Nagorney DM. Biliary tract cancers. The New England
journal of medicine. 1999; 341(18):1368-1378.

2. Khan SA, Thomas HC, Davidson BR and Taylor-Robinson
SD. Cholangiocarcinoma. Lancet. 2005; 366(9493):1303-
1314.

3. Subbiah IM, Subbiah V, Tsimberidou AM, Naing A, Kaseb
AOQ, Javle M, Fu S, Hong DS, Piha-Paul S, Wheler JJ,
Hess KR, Janku F, Falchook GS, Wolff RA and Kurzrock
R. Targeted therapy of advanced gallbladder cancer and
cholangiocarcinoma with aggressive biology: eliciting early
response signals from phase 1 trials. Oncotarget. 2013;
4(1):153-162.

4. Shaib Y and El-Serag HB. The epidemiology of
cholangiocarcinoma. Seminars in liver disease. 2004;
24(2):115-125.

5. Malhi H and Gores GJ. Cholangiocarcinoma: modern
advances in understanding a deadly old disease. Journal of
hepatology. 2006; 45(6):856-867.

6. Witters LA. The blooming of the French lilac. The Journal
of clinical investigation. 2001; 108(8):1105-1107.

7. Ben Sahra I, Laurent K, Loubat A, Giorgetti-Peraldi S,
Colosetti P, Auberger P, Tanti JF, Le Marchand-Brustel
Y and Bost F. The antidiabetic drug metformin exerts an
antitumoral effect in vitro and in vivo through a decrease of
cyclin D1 level. Oncogene. 2008; 27(25):3576-3586.

8. Del Barco S, Vazquez-Martin A, Cufi S, Oliveras-Ferraros
C, Bosch-Barrera J, Joven J, Martin-Castillo B and
Menendez JA. Metformin: multi-faceted protection against

www.impactjournals.com/oncotarget

3192

Oncotarget



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

cancer. Oncotarget. 2011; 2(12):896-917.

Pollak MN. Investigating metformin for cancer prevention
and treatment: the end of the beginning. Cancer discovery.
2012; 2(9):778-790.

Chaiteerakij R, Yang JD, Harmsen WS, Slettedahl SW,
Mettler TA, Fredericksen ZS, Kim WR, Gores GJ, Roberts
RO, Olson JE, Therneau TM and Roberts LR. Risk factors
for intrahepatic cholangiocarcinoma: association between
metformin use and reduced cancer risk. Hepatology. 2013;
57(2):648-655.

Li D, Yeung SC, Hassan MM, Konopleva M and
Abbruzzese JL. Antidiabetic therapies affect risk of
pancreatic cancer. Gastroenterology. 2009; 137(2):482-488.

Avci CB, Harman E, Dodurga Y, Susluer SY and Gunduz C.
Therapeutic potential of an anti-diabetic drug, metformin:
alteration of miRNA expression in prostate cancer cells.
Asian Pacific journal of cancer prevention : APJCP. 2013;
14(2):765-768.

Feng Y, Ke C, Tang Q, Dong H, Zheng X, Lin W, Ke J,
Huang J, Yeung SC and Zhang H. Metformin promotes
autophagy and apoptosis in esophageal squamous cell
carcinoma by downregulating Stat3 signaling. Cell death &
disease. 2014; 5:e1088.

Liu J, Li M, Song B, Jia C, Zhang L, Bai X and Hu W.
Metformin inhibits renal cell carcinoma in vitro and in vivo
xenograft. Urologic oncology. 2013; 31(2):264-270.

Gao LB, Tian S, Gao HH and Xu YY. Metformin inhibits
glioma cell U251 invasion by downregulation of fibulin-3.
Neuroreport. 2013; 24(10):504-508.

Cerezo M, Tichet M, Abbe P, Ohanna M, Lehraiki
A, Rouaud F, Allegra M, Giacchero D, Bahadoran P,
Bertolotto C, Tartare-Deckert S, Ballotti R and Rocchi
S. Metformin blocks melanoma invasion and metastasis
development in AMPK/p53-dependent manner. Molecular
cancer therapeutics. 2013; 12(8):1605-1615.

Giordano S and Columbano A. MicroRNAs: new tools
for diagnosis, prognosis, and therapy in hepatocellular
carcinoma? Hepatology. 2013; 57(2):840-847.

Ambros V. microRNAs: tiny regulators with great potential.
Cell. 2001; 107(7):823-826.

Chang Y, Liu C, Yang J, Liu G, Feng F, Tang J, Hu L, Li L,
Jiang F, Chen C, Wang R, Yang Y, Jiang X, Wu M, Chen
L and Wang H. MiR-20a triggers metastasis of gallbladder
carcinoma. Journal of hepatology. 2013; 59(3):518-527.
Gao L, Wang X, Wang X, Zhang L, Qiang C, Chang S, Ren
W, LiS, Yang Y, Tong D, Chen C, Li Z, Song T, Zhi K
and Huang C. IGF-1R, a target of let-7b, mediates crosstalk
between IRS-2/Akt and MAPK pathways to promote
proliferation of oral squamous cell carcinoma. Oncotarget.
2014; 5(9):2562-2574.

Chakravarthi BV, Pathi SS, Goswami MT, Cieslik M,
Zheng H, Nallasivam S, Arekapudi SR, Jing X, Siddiqui
J, Athanikar J, Carskadon SL, Lonigro RJ, Kunju LP,
Chinnaiyan AM, Palanisamy N and Varambally S. The

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

miR-124-prolyl hydroxylase PAHA1-MMP1 axis plays
a critical role in prostate cancer progression. Oncotarget.
2014; 5(16):6654-6669.

Khan S, Ebeling MC, Zaman MS, Sikander M, Yallapu
MM, Chauhan N, Yacoubian AM, Behrman SW, Zafar
N, Kumar D, Thompson PA, Jaggi M and Chauhan SC.
MicroRNA-145 targets MUCI13 and suppresses growth
and invasion of pancreatic cancer. Oncotarget. 2014;
5(17):7599-7609.

Kobayashi M, Kato K, Iwama H, Fujihara S, Nishiyama
N, Mimura S, Toyota Y, Nomura T, Nomura K, Tani J,
Miyoshi H, Kobara H, Mori H, Murao K and Masaki T.
Antitumor effect of metformin in esophageal cancer:
in vitro study. International journal of oncology. 2013;
42(2):517-524.

Kato K, Gong J, Iwama H, Kitanaka A, Tani J, Miyoshi H,
Nomura K, Mimura S, Kobayashi M, Aritomo Y, Kobara
H, Mori H, Himoto T, Okano K, Suzuki Y, Murao K, et
al. The antidiabetic drug metformin inhibits gastric cancer
cell proliferation in vitro and in vivo. Molecular cancer
therapeutics. 2012; 11(3):549-560.

Li W, Yuan Y, Huang L, Qiao M and Zhang Y. Metformin
alters the expression profiles of microRNAs in human
pancreatic cancer cells. Diabetes research and clinical
practice. 2012; 96(2):187-195.

Bao B, Wang Z, Ali S, Ahmad A, Azmi AS, Sarkar
SH, Banerjee S, Kong D, Li Y, Thakur S and Sarkar
FH. Metformin inhibits cell proliferation, migration
and invasion by attenuating CSC function mediated by
deregulating miRNAs in pancreatic cancer cells. Cancer
prevention research. 2012; 5(3):355-364.

Bloomston M, Frankel WL, Petrocca F, Volinia S, Alder
H, Hagan JP, Liu CG, Bhatt D, Taccioli C and Croce CM.
MicroRNA expression patterns to differentiate pancreatic
adenocarcinoma from normal pancreas and chronic
pancreatitis. JAMA : the journal of the American Medical
Association. 2007; 297(17):1901-1908.

Yang X, Zhang XF, Lu X, Jia HL, Liang L, Dong QZ, Ye
QH and Qin LX. MicroRNA-26a suppresses angiogenesis
in human hepatocellular carcinoma by targeting hepatocyte
growth  factor-cMet Hepatology. 2014;
59(5):1874-1885.

Jiang J, Sun X, Wang W, Jin X, Bo X, Li Z, Bian A, Jiu
J, Wang X, Liu D, Hui X, Wang Y, Wang A and Ding L.
Tumor microRNA-335 expression is associated with poor

pathway.

prognosis in human glioma. Medical oncology. 2012;
29(5):3472-34717.

Guo X, Liao Q, Chen P, Li X, Xiong W, Ma J, Li X, Luo Z,
Tang H, Deng M, Zheng Y, Wang R, Zhang W and Li G.
The microRNA-processing enzymes: Drosha and Dicer can
predict prognosis of nasopharyngeal carcinoma. Journal of
cancer research and clinical oncology. 2012; 138(1):49-56.
Fang Y, Xue JL, Shen Q, Chen J and Tian L. MicroRNA-7
inhibits tumor growth and metastasis by targeting the
phosphoinositide 3-kinase/Akt pathway in hepatocellular

WWW

.impactjournals.com/oncotarget

3193

Oncotarget



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

carcinoma. Hepatology. 2012; 55(6):1852-1862.

Satoh M, Minami Y, Takahashi Y, Tabuchi T and Nakamura
M. A cellular microRNA, let-71, is a novel biomarker for
clinical outcome in patients with dilated cardiomyopathy.
Journal of cardiac failure. 2011; 17(11):923-929.

Wang S, Li Q, Wang K, Dai Y, Yang J, Xue S, Han F,
Zhang Q, Liu J and Wu W. Decreased expression of
microRNA-31 associates with aggressive tumor progression
and poor prognosis in patients with bladder cancer.
Clinical & translational oncology : official publication of
the Federation of Spanish Oncology Societies and of the
National Cancer Institute of Mexico. 2013; 15(10):849-854.
Goto Y, Kojima S, Nishikawa R, Enokida H, Chiyomaru
T, Kinoshita T, Nakagawa M, Naya Y, Ichikawa T and
Seki N. The microRNA-23b/27b/24-1 cluster is a disease
progression marker and tumor suppressor in prostate cancer.
Oncotarget. 2014; 5(17):7748-7759.

Ha M and Kim VN. Regulation of microRNA biogenesis.
Nature reviews Molecular cell biology. 2014.

Lund E, Guttinger S, Calado A, Dahlberg JE and Kutay
U. Nuclear export of microRNA precursors. Science. 2004;
303(5654):95-98.

Lee TY, Ezelle HJ, Venkataraman T, Lapidus RG,
Scheibner KA and Hassel BA. Regulation of human
RNase-L by the miR-29 family reveals a novel oncogenic
role in chronic myelogenous leukemia. Journal of interferon
& cytokine research : the official journal of the International
Society for Interferon and Cytokine Research. 2013;
33(1):34-42.

HanJ, Lee Y, Yeom KH, Kim YK, Jin H and Kim VN. The
Drosha-DGCRS8 complex in primary microRNA processing.
Genes & development. 2004; 18(24):3016-3027.

Lee Y, Ahn C, Han J, Choi H, Kim J, Yim J, Lee J, Provost
P, Radmark O, Kim S and Kim VN. The nuclear RNase
IIT Drosha initiates microRNA processing. Nature. 2003;
425(6956):415-419.

Schmittgen TD, Jiang J, Liu Q and Yang L. A high-
throughput method to monitor the expression of microRNA
precursors. Nucleic acids research. 2004; 32(4):¢43.

Parikh A, Lee C, Peronne J, Marchini S, Baccarini A, Kolev
V, Romualdi C, Fruscio R, Shah H, Wang F, Mullokandov
G, Fishman D, D’Incalci M, Rahaman J, Kalir T, Redline
RW, et al. microRNA-181a has a critical role in ovarian
cancer progression through the regulation of the epithelial-
mesenchymal transition. Nature communications. 2014;
5:29717.

Maurin T, Cazalla D, Yang S, Jr., Bortolamiol-Becet D and
Lai EC. RNase IlI-independent microRNA biogenesis in
mammalian cells. Rna. 2012; 18(12):2166-2173.

Han J, Lee Y, Yeom KH, Nam JW, Heo I, Rhee JK, Sohn
SY, Cho Y, Zhang BT and Kim VN. Molecular basis for the
recognition of primary microRNAs by the Drosha-DGCRS
complex. Cell. 2006; 125(5):887-901.

MaN, Li F, Li D, Hui Y, Wang X, Qiao Y, Zhang Y, Xiang

45.

46.

Y, Zhou J, Zhou L, Zheng X and Gao X. Igf2-derived
intronic miR-483 promotes mouse hepatocellular carcinoma
cell proliferation. Molecular and cellular biochemistry.
2012; 361(1-2):337-343.

Li F, Ma N, Zhao R, Wu G, Zhang Y, Qiao Y, Han D, Xu
Y, Xiang Y, Yan B, Jin J, Lv G, Wang L, Xu C, Gao X
and Luo S. Overexpression of miR-483-5p/3p cooperate to
inhibit mouse liver fibrosis by suppressing the TGF-beta
stimulated HSCs in transgenic mice. Journal of cellular and
molecular medicine. 2014.

Xiang Y, Ma N, Wang D, Zhang Y, Zhou J, Wu G, Zhao
R, Huang H, Wang X, Qiao Y, Li F, Han D, Wang L,
Zhang G and Gao X. MiR-152 and miR-185 co-contribute
to ovarian cancer cells cisplatin sensitivity by targeting
DNMTT1 directly: a novel epigenetic therapy independent
of decitabine. Oncogene. 2014; 33(3):378-386.

WWW

.impactjournals.com/oncotarget

3194

Oncotarget



