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Abstract. Cholangiocarcinoma (CCA) is the most common 
biliary malignancy and the second most common hepatic 
malignancy after hepatocellular carcinoma (HCC). Treatment 
with the anti-diabetic drug metformin has been associated 
with reduced cancer incidence in patients with type 2 diabetes. 
Thus, the present study evaluated the effects of metformin on 
human CCA cell proliferation in vitro and in vivo and identi-
fied the microRNAs associated with its antitumor effects. 
Metformin inhibited the proliferation of the CCA cell lines 
HuCCT-1 and TFK-1 and blocked the G0 to G1 cell cycle 
transition, accompanied by AMP kinase pathway activation. 
Metformin treatment also led to marked decreases in cyclin D1 
and cyclin-dependent kinase (Cdk) 4 protein levels and 
retinoblastoma protein phosphorylation. However, this drug 
did not affect p27kip protein expression. In addition, it reduced 
the phosphorylation of Axl, EphA10, ALK and PYK, as well 
as tumor proliferation in athymic nude mice with xenograft 
tumors. Furthermore, it markedly altered microRNA expres-
sion. These findings suggest that metformin may have clinical 
use in the treatment of CCA.

Introduction

Cholangiocarcinoma (CCA) is the most common biliary 
malignancy and the second most common hepatic malignancy 
after hepatocellular carcinoma (HCC) (1). It accounts for 3% 
of all gastrointestinal tumors, and its overall incidence has 
increased in the last few decades (2). Hepatobiliary cancers 

are associated with a poor prognosis, as many patients with 
biliary tract cancers present with advanced disease. The 
percentage of patients who survive to 5 years after diagnosis 
has not improved during this time period and has remained at 
10% (3,4).

Metformin is an oral biguanide drug used to treat type 2 
diabetes (5). This drug lowers hyperglycemia via the inhibi-
tion of hepatic glucose production. A recent epidemiologic 
survey indicated that metformin use was associated with 
reduced cancer incidence in patients with type 2 diabetes (6,7). 
The anticarcinogenic activity of metformin has been attrib-
uted to several mechanisms, including the activation of the 
LKB1/AMPK pathway, induction of cell cycle arrest and/or 
apoptosis, inhibition of protein synthesis, inhibition of the 
unfolded protein response, activation of the immune system, 
and potential eradication of cancer stem cells (8). LKB1/AMPK 
pathway activation inhibits mammalian target of rapamycin 
(mTOR), which negatively affects protein synthesis in cancer 
cells (8). Metformin has been demonstrated to inhibit the 
proliferation of various cancer cell types, including pros-
tate (5), breast (9), and colon (10) cancer cells.

Several in vitro and in vivo studies have indicated that 
metformin inhibits the growth of gastric (11), esopha-
geal (12,13), and hepatocellular (14) carcinoma cells. However, 
less is known regarding the antitumor effects of metformin 
on CCA cells and the microRNAs (miRNA) associated with 
these effects. Thus, the present study evaluated the effects of 
metformin on the growth of CCA cell lines, its mechanism of 
action, and the miRNAs associated with its antitumor effect.

Materials and methods

Reagents. Metformin (1,1-dimethylbiguanide monohydrochlo-
ride) was purchased from Astellas Pharma (Tokyo, Japan); all 
other chemicals were obtained from Sigma Chemical (Tokyo, 
Japan).

Cell culture. The two human CCA cell lines (TFK-1 and 
HuCCT-1) were included in this study. TFK-1 was obtained 
from the Riken Cell Bank (Tsukuba, Japan), and HuCCT-1 
was obtained from the Japanese Cancer Research Resources 
Bank (Osaka, Japan).
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All cells were grown in RPMI-1640 (Gibco-Invitrogen, 
Carlsbad, CA, uSA), supplemented with 10% fetal bovine 
serum (FBS) and penicillin-streptomycin (9,100 mg/l; 
Invitrogen) at 37˚C in a humidified atmosphere that contained 
5% CO2.

Cell proliferation assay. A Cell Counting Kit-8 (CCK-8) was 
purchased from Dojindo Laboratories (Kumamoto, Japan) and 
used to evaluate cell proliferation, according to the manufac-
turer's instructions. Briefly, 5x103 cells were seeded into each 
well of a 96-well plate and cultured in 100 µl of RPMI-1640 
supplemented with 10% FBS. After 24 h, metformin (0, 1, 5, 
or 10 mM) was added to each well, and the cells were cultured 
for an additional 72 h. CCK-8 reagent (10 µl) was added to 
each well, and the plates were incubated at 37˚C for 3 h. The 
absorbance of each well was measured at 450 nm using a 
microplate reader.

Preparation of cell lysates. Cell lysates were prepared as 
previously described at 4˚C (15). Protein concentrations were 
measured using a dye-binding protein assay based on the 
Bradford method (16).

Gel electrophoresis and western blotting. HuCCT-1 cells 
(1.0x106/dish) were seeded in 100-mm culture dishes and 
cultured for 24 h; 10 mmol/l metformin was added, and the 
cells were further cultured for 24-48 h. The cells were lysed 
in protease-inhibitor cocktail (‘Complete’ protease inhibitor 
mixture; iNtRON Biotechnology, Sungnam, Korea) on ice 
for 20 min. Suspensions of lysed cells were centrifuged at 
13,000 x g at 4˚C for 5 min; supernatants that contained soluble 
cellular proteins were collected and stored at -80˚C until use. 
Protein concentrations were measured using a Nanodrop 2000 
fluorospectrometer (Thermo Scientific Corporation, uSA). 
Protein aliquots (1-10 µg) were resuspended in sample 
buffer and separated on 10% Tris-glycine gradient gels via 
SDS-PAGE (17). The proteins were subsequently transferred 
to nitrocellulose membranes. After blocking, the membranes 
were incubated with primary antibodies followed by 
horseradish peroxidase (HRP)-conjugated secondary anti-
bodies (18).

Primary antibodies used for western blot analyses were 
obtained from the following sources: β-actin antibody was 
obtained from Sigma-Aldrich (St. Louis, MO, uSA); cyclin D1 
and cyclin E antibodies were obtained from Thermo Fisher 
Scientific (waltham, MA, uSA); Cdk6, Cdk2, and Cdk4 
antibodies were obtained from Santa Cruz Biotechnology 
(Santa Cruz, CA, uSA); phosphorylated retinoblastoma 
protein and p27kip1 antibodies were obtained from BD 
Biosciences Pharmingen (San Jose, CA, uSA); and AMPKα 
and phospho-AMPKα antibodies were obtained from Cell 
Signaling Technology (Danvers, MA, uSA). Secondary anti-
bodies included HRP-linked anti-mouse and anti-rabbit IgG 
antibodies (1:2,000; GE Healthcare, uK).

Immunoreactive proteins were visualized with an 
enhanced chemiluminescence detection system (Perkin-Elmer 
Co., Waltham, MA, USA) on X-ray film.

Flow cytometry. To evaluate the mechanism of growth 
inhibition by metformin, cell cycle profiles were analyzed 

after metformin treatment. HuCCT-1 cells (1.0x106 cells in a 
100-mm diameter dish) were treated with or without 10 mmol/l 
metformin for 24-48 h. Cell cycle progression was analyzed by 
measuring the amount of propidium iodide (PI)-labeled DNA 
in the ethanol-fixed cells. The fixed cells were washed with 
PBS and then stored at -20˚C until flow cytometric analysis. 
On the day of analysis, the cells were washed with cold PBS, 
suspended in 100 µl of PBS plus 10 µl of RNase A (250 µg/
ml) and incubated for 30 min. A volume of 110 µl of PI stain 
(100 µg/ml) was added to each suspension, and the cells were 
incubated at 4˚C for at least 30 min prior to analysis. Flow 
cytometry was performed using a Cytomics FC 500 flow 
cytometer (Beckman Coulter) with an argon laser (488 nm). 
The percentages of cells in the different cell cycle phases 
were analyzed using FlowJo software (TreeStar, Ashland, OR, 
uSA). All experiments were performed in triplicate.

Antibody arrays of phosphorylated receptor tyrosine kinase 
(p-RTK). Human phospho-RTK was assayed using Human 
Phospho-RTK Array kits (R&D Systems, Minneapolis, MN, 
USA), according to the manufacturer's instructions. Briefly, 
p-RTK array membranes were blocked with 5% BSA/TBS 
(0.01 M Tris-HCl, pH 7.6) for 1 h and incubated with 2 ml 
of lysate, which was prepared from cell lines after normal-
ization to ensure equal protein amounts. After 3 washes for 
10 min each with TBS plus 0.1% v/v Tween-20 and 2 washes 
for 10 min with TBS alone to remove unbound materials, the 
membranes were incubated with anti-phospho-tyrosine-HRP 
antibody for 2 h at room temperature. The unbound HRP 
antibody was washed out with TBS plus 0.1% Tween-20. 
Finally, each array membrane was exposed to X-ray film using 
a chemiluminescence detection system (Perkin-Elmer Co.). 
The immunoreactive band density obtained via this array was 
analyzed by densitometric scanning (TIc scanner; Shimizu 
Co., Ltd., Kyoto, Japan).

Angiogenic profile analysis using an antibody array. A 
RayBio Human Angiogenesis Antibody Array (RayBiotech, 
Inc.) was used according to the manufacturer's protocol. This 
method comprised a dot-based assay that enabled the detec-
tion and comparison of 20 angiogenesis-specific cytokines. 
Each array membrane was exposed to X-ray film using a 
chemiluminescence detection system (Perkin-Elmer Co.). 
The immunoreactive band density obtained via this array was 
analyzed by densitometric scanning (TIc scanner; Shimizu 
Co., Ltd.).

Xenograft model analysis. Animal experiments were 
performed according to the guidelines of the Committee on 
Experimental Animals of Kagawa university, Kagawa, Japan.

Thirty male athymic mice (BALB/c-nu/nu; 6 weeks old; 
20-25 g) were purchased from Japan SLC, Inc., and main-
tained under specific pathogen-free conditions using a 
laminar airflow rack. The mice had continuous free access to 
sterilized (γ-irradiated) food (CL-2; CLEA Japan, Inc.) and 
autoclaved water. Each mouse was subcutaneously inoculated 
with HuCCT-1 cells (5x106 cells/animal) in the flank. One 
week later, the xenografts were identifiable as masses with 
a maximal diameter >6 mm. The animals were randomized 
to treatment with metformin or PBS. The metformin group 
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was intraperitoneally (i.p.) injected five times per week with 
2 mg/kg body weight per day of metformin for 31 days; the 
control group was administered PBS alone for 31 days. The 
tumor growth was monitored daily by the same investigators 
(T. Fujimori and T. Masaki), and the tumor size was measured 
weekly by measuring the 2 greatest perpendicular dimensions. 
The tumor volume (mm3) was calculated as the tumor length 
(mm) x tumor width (mm)2/2 (19). All animals were sacrificed 
on day 31 after treatment, and all animals had survived during 
this period. Between-group differences in tumor growth were 
analyzed by two-way ANOVA.

Analysis of miRNA arrays. Total RNA was extracted from 
tumor samples and cancer cell lines using a miRNeasy 

Mini kit (Qiagen, Hilden, Germany) according to the manu-
facturer's instructions. RNA samples typically exhibited 
A260/280 ratios of between 1.9 and 2.1, as determined using 
an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa 
Clara, CA, uSA).

After RNA measurements were performed with an RNA 
6000 Nano kit (Agilent Technologies), the samples were 
labeled using a miRCuRYHy3/Hy5 Power Labeling kit and 
subsequently hybridized to a human miRNA Oligo chip (v.14.0; 
Toray Industries, Tokyo, Japan). The chips were scanned with 
a 3D Gene Scanner 3000 (Toray Industries), and the results 
were analyzed using 3D-Gene extraction version 1.2 software 
(Toray Industries). Differences in miRNA expression between 
the metformin-treated and control samples were assessed by 
analyzing the raw data using GeneSpringGX v10.0 (Agilent 
Technologies). The samples were first normalized to 28S RNA 
expression and were then baseline-corrected to the median of 
all samples.

Replicate data were consolidated into 2 groups, metfor-
min-treated and control cells and were organized using the 
hierarchical clustering and ANOVA functions in GeneSpring 
software. Hierarchical clustering was performed using the use 
clustering function (condition tree) and Euclidean correla-
tion as a distance metric. Two-way ANOVA and asymptotic 
p-value computation without error correction for the samples 
were performed to determine the miRNAs that most promi-
nently varied across the groups. The p-value cut-off was set 
to 0.01. Only changes >50% for at least one of the time-points 
for each sample were considered significant. All analyzed 
data were scaled by global normalization. The significance 
of differentially expressed miRNAs was analyzed the using 
Student's t-test.

Figure 1. Metformin inhibits the proliferation of cholangiocarcinoma cells. HuCCT-1 and TFK-1 cells were seeded in 96-well plates. After 24 h, metformin (1, 
5, and 10 mmol/l) or vehicle was added to the culture medium; 24 h later, the cells were counted via CCK assay. HuCCT-1 and TFK-1 cells (5,000/well) were 
seeded in 96-well plates, and metformin was added as previously described. Cell viability was assayed daily from 0 to 72 h. The viability of the metformin-
treated cells was significantly different from that of the control cells (p<0.05).

Figure 2. Expression of (A) cyclin D1, Cdk4, Cdk6, cyclin E, Cdk2, phos-
phorylated Rb (pRb), (B) AMPK, p-AMPK, and p27kip1 in HuCCT-1 cells at 
24 and 48 h after the addition of 10 mmol/l metformin. Protein expression 
was assayed by western blotting.
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Statistical analyses. All statistical analyses were performed 
using computer assisted JMP 9.0 (SAS Institute, Cary, NC, 
uSA). Paired analyses between groups used t-tests. A p-value 
of <0.05 was considered significant.

Results

Metformin inhibits the proliferation of human CCA cells. The 
effects of metformin on the proliferation of two CCA cell lines, 
HuCCT-1 and TFK-1, were evaluated. Cells were grown in 
10% FBS and treated with 0, 1, 5, or 10 mmol/l metformin for 
72 h. Metformin demonstrated a strong, dose-dependent inhi-
bition of cell proliferation in all CCA cell lines tested (Fig. 1).

Metformin affects cell cycle-regulatory proteins in the 
HuCCT-1 cells. The effects of metformin on the expression 
of various cell cycle-related molecules in the HuCCT-1 cells 
were evaluated by western blotting. Cells were treated with 
0 or 10 mmol/l metformin for 24-48 h. The most marked 
metformin-associated change was the loss of cyclin D1, a key 
protein implicated in the transition from the G0 to G1 phase, 
which exhibited a time-dependent reduction (Fig. 2A). 
Metformin treatment also resulted in a progressive decrease in 
phosphorylated Rb. Assays of the expression of other proteins 
associated with the G0 to G1 transition indicated that Cdk4, the 
catalytic subunit of cyclin D1, was decreased at 24-48 h after 
the addition of metformin (Fig. 2A). Additionally, increased 

Figure 3. (A) Flow cytometric analysis of proliferating HuCCT-1 cells at 24 and 48 h after the addition of 10 mmol/l metformin (Met). (B) Metformin blocked 
the cell cycle at G0-G1. The results are representative of 3 independent experiments.
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p-AMPKα levels in the treated cells indicated AMPK pathway 
activation (Fig. 2B). However, no significant changes were 
identified in p27kip1 expression (Fig. 2B).

To further investigate the mechanism of metformin 
action on HuCCT-1 cell proliferation, cell cycle progression 
was examined by flow cytometry. Following the addition of 
10 mmol/l metformin, an increasing number of cells began to 
accumulate in G0-G1, with 42.9% of cells in this phase after 
24 h and 67.8% after 48 h (Fig. 3A). This finding was accom-
panied by reductions in the percentages of cells in the S- and 
G2-M phases (Fig. 3B). These findings suggest that metformin 
inhibits cell cycle progression from G0-G1 into S phase, which 
results in G1 cell cycle arrest.

Metformin affects p-RTKs in vitro. A p-RTK array system was 
used to identify the key RTKs associated with the antitumor 
effect of metformin. The use of an antibody array (Fig. 4A) 
enabled the expression of 49 activated RTKs to be screened 
in HuCCT-1 cells and tumors in the presence and absence 
of metformin. Metformin reduced the levels of expression 
of phosphorylated Axl, ALK, DDR1, EphA10, and PYK 
in vitro (Fig. 4B). In contrast, metformin increased the levels 
of expression of phosphorylated FGFR-1 (Fig. 4B).

Densitometric analysis indicated that the ratios of 
p-FGFR-1, Axl and EphA10 spots of metformin-treated 
to untreated cells were 236.5, 40.3 and 20.9%, respec-

tively (Fig. 4C). The densitometric ratios of p-ALK, DDR1 
and PYK spots of metformin-treated to untreated cells were 
53.7, 87.9 and 56.6%, respectively (Fig. 4C).

Metformin does not affect angiogenesis-related molecules 
in vitro. An angiogenesis array system (Fig. 5A) was used to 
identify the key angiogenesis-related molecules associated 
with the antitumor effects of metformin on HuCCT-1 cells. 
The 20 screened angiogenesis molecules showed no change 
after metformin treatment (Fig. 5B).

Metformin inhibits tumor proliferation in vivo. To determine 
whether metformin affects tumor growth in vivo, nude mice 
were subcutaneously injected with HuCCT-1 cells, followed 
by an i.p. injection of metformin. Based on integrated tumor 
growth curves, the i.p. injection of metformin substantially 
inhibited tumor growth by 36% (Fig. 6) compared with the 
untreated control mice. Throughout this study, metformin 
had no apparent toxic effects on the mice and did not affect 
their body weight (data not shown). Furthermore, all animals 
survived throughout the experiment.

Metformin affects miRNA expression. using a custom 
microarray platform, we analyzed the expression levels of 
985 miRNA probes in tumor tissues in the presence and 
absence of metformin. The treatment of HuCCT-1 cells with 

Figure 4. (A) The template indicates the locations of tyrosine kinase antibodies spotted onto a human phospho-RTK array. (B) Representative expression of 
various phosphorylated tyrosine kinase receptors in the HuCCT-1 cells treated with [Met (+)] or without [Met (-)] metformin at 48 h. (C) Densitometry indi-
cated that the ratios of p-FGFR-1, Axl and EphA10 spots of metformin-treated to untreated cells were 236.5, 40.3, and 20.9%, respectively. The densitometric 
ratios of p-ALK, DDR1, and PYK spots of metformin-treated to untreated cells were 53.7, 87.9 and 56.6%, respectively.
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10 mmol/l metformin for 48 h led to the significant upregu-
lation of 14 miRNAs and the significant downregulation of 
32 miRNAs (Table I, GEO, accession no. GSE71905).

unsupervised hierarchical clustering analysis was 
conducted using Pearson's correlation, and the results indicated 
that tumor tissues treated with metformin in vivo clustered 
together and separately from the untreated cell lines (Fig. 7).

Discussion

CCA comprises hepatobiliary cancers with features of cholan-
giocyte differentiation, and these cancers can be anatomically 
classified as intrahepatic CCA (IHC), peripheral CCA (PHC), 
or distal CCA (DC) (20). For patients with CCA, PHC is 
the most common type (50%), followed by DC (40%) and 

Figure 5. (A) The template indicates the location of angiogenesis-related proteins spotted onto a human angiogenesis array. (B) Representative expression of 
various angiogenesis-related proteins in HuCCT-1 cells treated with [Met (+)] or without [Met (-)] metformin. The 20 screened angiogenesis molecules did not 
exhibit changes following metformin treatment.

Figure 6. In vivo antitumor effects of metformin on established cholangiocarcinoma in nude mice. HuCCT-1 cells were subcutaneously implanted into the flanks 
of nude mice. when the tumors became palpable, 0 or 2 mg of metformin (Met) was intraperitoneally injected for 31 days, 5 times per week. (A) Representative 
images of gross HuCCT-1 tumors from nude mice treated with i) vehicle or ii) 2 mg of metformin. (B) Tumor growth curves in the control and metformin 
groups. Tumor volume (mm3) was calculated as [tumor length (mm) x tumor width (mm)2]/2. The tumors were significantly smaller in the metformin-treated 
mice compared with those in the vehicle-treated mice. Each point represents the mean ± standard deviation of 6 animals. *p=0.0193 by two-way ANOVA.
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Table I. Statistical results and chromosomal localizations of miRNAs in cholangiocarcinoma tumors treated with and without 
metformin.

miRNA Fold (treated/untreated) mean ± SD P-value Chromosomal localization

upregulated
hsa-miR-1255b 1.65±0.24 0.000834578   4
hsa-miR-302d* 1.65±0.25 0.003518332 4q25
hsa-miR-2355-3p 1.63±0.52 0.004281734   2
hsa-miR-3179 1.60±0.17 0.006843565 16p13.11
hsa-miR-374a* 1.48±0.18 0.002117608 Xq13.2
hsa-miR-516b 1.46±0.29 0.009460696 19q13.42
hsa-miR-548w 1.45±0.18 0.004702519 16
hsa-miR-337-5p 1.44±0.10 0.000815099 14q32.2
hsa-miR-302c* 1.42±0.20 0.004988631 4q25
hsa-miR-502-3p 1.41±0.19 0.002896316 Xp11.23
hsa-miR-3909 1.38±0.15 0.001525238 22
hsa-miR-548f 1.37±0.09 0.001353683 10q21.1
hsa-miR-325 1.31±0.11 0.004195385 Xq21.1
hsa-miR-4769-3p 1.20±0.12 0.009966157 X

Downregulated
hsa-miR-4688 0.42±0.06 0.000146562 11
hsa-miR-3687 0.45±0.08 0.00065697 21
hsa-miR-1184 0.45±0.19 0.005703047 Xq28
hsa-miR-4657 0.49±0.13 0.000530843   7
hsa-miR-4504 0.49±0.10 0.003397809 14
hsa-miR-3939 0.51±0.11 0.001286193   6
hsa-miR-3672 0.53±0.22 0.004121397 X
hsa-miR-4661-5p 0.56±0.11 0.002632183   8
hsa-miR-4648 0.59±0.05 0.00000908   7
hsa-miR-4458 0.62±0.18 0.00489108 5p15.31
hsa-miR-1273e 0.62±0.07 0.008277353 
hsa-miR-1290 0.63±0.12 0.001296589   1
hsa-miR-943 0.63±0.09 0.001483537 4p16.3
hsa-miR-2392 0.64±0.08 0.000387576 14
hsa-miR-4453 0.65±0.11 0.007590261   4
hsa-miR-198 0.65±0.15 0.003586389 3q13.33
hsa-miR-2278 0.65±0.11 0.008093878   9
hsa-miR-4669 0.65±0.12 0.002037201   9
hsa-miR-4446-5p 0.65±0.02 0.000690821   3
hsa-miR-148a* 0.67±0.06 0.009282421 7p15.2
hsa-miR-4646-5p 0.68±0.10 0.007048367   6
hsa-miR-4801 0.68±0.10 0.009396036   4
hsa-miR-16-1* 0.68±0.11 0.008889364 13q14.2
hsa-miR-3192 0.69±0.09 0.001444872 20
hsa-miR-4701-5p 0.70±0.13 0.004496297 12
hsa-miR-4758-3p 0.72±0.05 0.003096462 20
hsa-miR-492 0.72±0.10 0.003373891 12q22
hsa-miR-4705 0.72±0.11 0.002282486 13
hsa-miR-99b* 0.74±0.09 0.005430911 19q13.41
hsa-miR-4800-3p 0.75±0.12 0.008683947   4
hsa-miR-4665-3p 0.76±0.12 0.004807288   9
hsa-miR-4436a 0.76±0.05 0.001374976   2
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IHC (10%) (21). The incidence and mortality of IHC have 
increased over the previous 3 decades (20,22) as most patients 
with biliary malignancies have locally advanced or distal 
metastatic disease at the time of presentation (23).

Metformin (dimethylbiguanide) is one of the most commonly 
prescribed anti-hyperglycemic drugs for the treatment of type 2 
diabetes worldwide. The mechanism of action of metformin 
includes the stimulation of glucose uptake and an increase 
in fatty acid oxidation in the muscles and liver (5). The most 
common side effects of metformin are mainly gastrointestinal 
symptoms, including abdominal discomfort, a metallic taste, 
and mild anorexia (24). These symptoms are usually mild and 
reversible after dose reduction or discontinuation of the drug. 
Lactic acidosis is well known to be a serious metabolic compli-
cation that can occur because of metformin accumulation 
during treatment with metformin. However, the incidence of it 
in metformin users appears to be very low (25). Drug-related 
bone marrow suppression occurs in patients treated with other 
cell cycle and checkpoint inhibitors such as azathioprine, cyclo-
phosphamide and methotrexate. On the other hand, metformin 
has less side effects compared to these drugs.

These properties can result in inhibition of cancer cell 
growth, suppression of HER2 overexpression and inhibition 
of mTOR (26-28). Additionally, a recent study examining the 
risk factors for intrahepatic CCA development has emphasized 
the association between metformin use and a reduction in 
the incidence of this disease in patients with diabetes (29). 
This finding is biologically plausible as the mTOR signaling 
pathway, which is a pharmacological target of metformin, is 
part of the CCA oncogenic network (30). Thus, metformin 
use may be chemopreventive, indicating the need for prospec-
tive studies, especially if a high-risk group can be identified 
(a genetically high-risk population with primary sclerosing 
cholangitis) (30).

Metformin has also been demonstrated to block cancer 
cell proliferation (5,10-13) and reduce the risk of esophageal, 
stomach, colon, pancreatic and liver cancer, as well as improve 
cancer prognosis in patients with type 2 diabetes (31).

Metformin has been previously demonstrated to inhibit 
cell proliferation and enhance the chemosensitivity of CCA 
cell lines (32). However, the antitumor effect of metformin 
and the association of microRNAs on CCA have remained 

Figure 7. Hierarchical clustering of tumor samples from a xenograft animal model with and without metformin. Tumorous tissues were clustered according 
to the expression profiles of 46 differentially expressed miRNAs between tumorous tissues with and without metformin treatment. The analyzed samples are 
shown in the columns, and the miRNAs are presented in the rows. The miRNA clustering color scale shown at the top indicates the relative expression levels 
of miRNAs, and red and blue represent high and low expression levels, respectively.
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unknown. Here, we demonstrated that metformin is not only a 
potent inhibitor of human CCA cell growth but also inhibited 
tumorigenesis in a xenograft model.

Specific cyclin/Cdk complexes are activated at different 
intervals during the cell cycle. Complexes of Cdk4 and Cdk6 
with cyclin D1 are required for G1 phase progression, whereas 
complexes of Cdk2 with cyclin E are required for G1 to S tran-
sition (33). Metformin has been demonstrated to downregulate 
cyclin D1 in various cancer cell lines, including stomach (11), 
colon (10), liver (13), breast (9) and prostate (5) cancer lines. 
The findings presented here indicate that these major cell cycle 
regulators (cyclin D1, Cdk4, and phosphorylated Rb) may be 
intracellular targets of the metformin-mediated anti-prolifer-
ative effect in human CCA cell lines. Additionally, AMPK 
activation causes cell cycle arrest associated with the stabiliza-
tion of p53 and the cyclin-dependent kinase inhibitor p21wAF1 
and p27kip1 (34-36). Furthermore, CDK inhibitors, such as p21 
and p27, have been demonstrated to play an important role in 
the inhibitory effects of metformin in previous studies (37,38). 
In the present study, increased p-AMPKα levels in treated 
cells indicated AMPK pathway activation. However, we 
did not identify significant changes in p27kip1 protein in the 
HuCCT-1 cells.

In addition, flow cytometry indicated that metformin 
arrested CCA cells at the G0 to G1 transition in vitro. These 
data suggest that the antitumor effect of metformin may 
be related to the reduction of various cell cycle-related 
proteins, especially cyclin D1. The expression of various 
cell cycle-related molecules, including cyclin D1, Cdk4, 
Cdk6, cyclin E and Cdk2, are enhanced in various types of 
cancers (39,40). Therefore, the inhibition of these molecules, 
including cyclin D1, may be the present target for controlling 
tumor proliferation.

Metformin has been demonstrated to alter the phosphory-
lation of various proteins, including Akt, β-catenin, CREB, 
Chk2 (41) and c-Src (33), in various cell lines. using protein 
arrays, we determined that metformin reduced the expression 
levels of phosphorylated Axl, EphA10, ALK, and PYK in 
CCA cells. However, 20 screened angiogenesis molecules did 
not exhibit changes following metformin treatment in human 
CCA cell lines.

The miRNAs associated with the antitumor effects of 
metformin were assessed using miRNA expression arrays. 
miRNAs are small, endogenous, non-coding ssRNAs that 
are 21-30 nucleotides in length and modulate the expres-
sion of various target genes at the post-transcriptional and 
translational levels (42). In this study, cluster analyses clearly 
indicated that metformin treatment affected the extent of 
miRNA expression in the clustered cells. we identified 
46 miRNAs that were differentially expressed in clusters. 
These miRNAs are meaningful candidates to gauge the effec-
tiveness of metformin treatment and provide clues regarding 
the molecular basis of its anticancer effects, particularly those 
mediated by miRNAs. we found that members of the miR-302 
were upregulated in tumorous tissues treated with metformin. 
Human miR-302 cluster cording region is located on chro-
some 4 and contains nine different miRNAs (43). miR-302 is 
specifically expressed in human embryonic stem cells, and is 
involved in the regulation of cell cycle genes (44). miR-302 
inhibited the proliferation and tumorigenicity of endometrial 

cancer cells by inhibiting the gene expression of cyclin D1 and 
CDK1 (45). Additionally, Jiang et al reported that six miRNAs 
(mir124, 182, 27b, let7b, 221 and 181a), which could directly 
target cell cycle-regulating genes, was altered by metformin in 
in vitro and in vivo studies in human CCA (46).

In conclusion, our findings indicate that metformin inhibits 
human CCA cell proliferation and tumor growth, potentially 
via the suppression of cell cycle-related molecules through 
miRNA alterations.
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