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Abstract 

Background/Aims: Metformin has been found to have antineoplastic activity in some cancer cells. This 
study was performed to determine whether metformin inhibits the proliferation of bile duct cancer cells 
by inducing apoptosis and its effects on the expression of gene-related proteins involved in cancer 
growth.  
Methods: Human extrahepatic bile duct cancer cells (SNU-245 and SNU-1196) were cultured. 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assays were performed to determine the 
effect of metformin on the cell proliferation. Apoptosis was measured by a cell death detection 
enzyme-linked immunosorbent assay and a caspase-3 activity assay. Expression levels of various proteins, 
with or without specific small interfering ribonucleic acid-induced gene disruption, were measured by 
Western blot analysis. The migratory activity of the cancer cells was evaluated by wound healing assay.  
Results: Metformin suppressed cell proliferation in bile duct cancer cells by inducing apoptosis. 
Metformin inhibited mammalian target of rapamycin (mTOR) by activation of tuberous sclerosis complex 
2 (TSC-2) through phosphorylation of adenosine monophosphate-activated protein kinase at 
threonine-172 (AMPKThr172). Hyperglycemia impaired metformin-induced AMPKThr172 activation and 
enhanced phosphorylation of AMPK at serine-485 (AMPKSer485). Metformin blocked the inhibitory effect 
of insulin-like growth factor 1 receptor (IGF-1R)/insulin receptor substrate 1 (IRS-1) pathway on TSC-2, 
and hyperglycemia impaired metformin-induced inhibition of IGF-1R/IRS-1 pathway and modulated the 
invasiveness of bile duct cancer cells; however, this effect was impaired by hyperglycemia.  
Conclusions: Metformin has antineoplastic effects in bile duct cancer, and hyperglycemic environment 
interrupts the effect of metformin. In addition, AMPK and IGF-1R play a key role in the proliferation of 
bile duct cancer cells. 
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Introduction 
Cholangiocarcinoma is the most common 

malignant tumor of the extrahepatic biliary system, 
and the second most common intrahepatic malignant 
tumor following hepatocellular carcinoma, The 5-year 

survival rate is less than 20% because the late devel-
opment of symptoms results in delayed diagnosis. 
Non-surgical treatments such as chemotherapy and 
radiotherapy can be considered when operation is 
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difficult. However, these treatments are largely 
ineffective [1, 2]. 

Although various bile duct diseases (primary 
sclerosing cholangitis, choledochal cysts, cholelithia-
sis, clonorchiasis infection) and chronic liver diseases 
(chronic hepatitis B and C, liver cirrhosis) are 
documented as the risk factors for intrahepatic or 
extrahepatic cholangiocarcinoma, it is unclear 
whether diabetes and obesity are associated with 
cholangiocarcinoma [3-8]. However, recent some 
studies have provided the strong evidence that 
metabolic syndrome is associated with development 
of cholangiocarcinoma. An epidemiologic study 
based on the large-scale data revealed that the 
incidence of intrahepatic cholangiocarcinoma (ICC) 
was increased in elderly people (over 65 years of age) 
with metabolic syndrome [9]. The use of metformin in 
patients with type 2 diabetes mellitus has been shown 
to reduce the incidence of various cancers, including 
liver cancer [10-15]. Statin, another metabolic 
syndrome treatment agent, has been known to reduce 
the risk of liver cancer [16, 17], and previous our study 
also found that statin inhibits the growth in bile duct 
cancer cells and induces apoptosis [18]. Another 
recent epidemiological study demonstrated that 
metformin therapy can reduce the risk of liver 
metastasis of ICC in diabetic patients by 60%, which 
suggest the possibility that metformin could be used 
in the treatment of biliary cancer [19]. 

 Molecular biologic mechanisms of the antitumor 
activity of metformin, which have been suggested in 
pancreatic cancer, involve phosphorylation of 
adenosine monophosphate-activated protein kinase at 
threonine-172 (AMPKThr172) through liver kinase B1 
(LKB1) signal pathway, which induces activation of 
tuberous sclerosis complex 2 (TSC-2) and subsequen-
tly inhibits mammalian target of rapamycin (mTOR) 
activity [15, 20]. In addition, metformin is known to 
inhibit insulin-like growth factor 1 receptor (IGF-1R) 
activation, thereby lowering the activity of insulin 
receptor substrate 1 (IRS-1), and blocking signal 
transmission through the phosphatidylinositol-4,5- 
bisphosphate 3-kinase (PI3K)/ protein kinase B (Akt) 
pathway. In hyperglycemic conditions, the activity of 
IGF-1R pathway is activated, inducing phosphoryla-
tion of Akt and AMP-activated protein kinase at 
serine-485 (AMPKSer485), inhibiting the activation of 
AMPKThr172, and blocking the growth inhibition effect 
of metformin [20]. 

In bile duct cancer, there is no research on how 
metformin actually inhibits cancer cell growth, 
induces apoptosis, or affects expression of gene- 
related proteins involved in cancer growth. 
Metformin has been widely used as a treatment for 
type 2 diabetes and its safety has been demonstrated, 

with the side effects of hypoglycemia being very mild. 
We performed this study to determine whether 
metformin inhibits the proliferation of bile duct 
cancer cells by inducing apoptosis, and its effects on 
the expression of gene-related proteins involved in 
cancer growth, and to identify how metformin affect 
molecular mechanisms involved in the inhibition of 
cancer cell growth. 

Materials and Methods 
Materials  

Roswell Park Memorial Institute (RPMI) 1640 
medium (2.0 g/L, 10 mM glucose), Low fasting 
glucose (FG) (1.0 g/L, 5 mM) or high glucose (HG) 
(4.5 g/L, 25 mM) Dulbeccos’s modified eagle medium 
(DMEM), fetal bovine serum (FBS), trypsin/ethylene-
diaminetetraacetic acid (EDTA), and penicillin/ 
streptomycin were obtained from Gibco (Grand 
Island, NY, USA). Metformin was obtained from 
Cayman (Ann Arbor, MI, USA), and used following 
dissolution in phosphate buffered solution (PBS). 
Dimethyl sulfoxide (DMSO) and 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
were obtained from Sigma Chemicals (St. Louis, MO, 
USA). Bax, Bcl-2, TSC-2, mTOR, phospho-AMPKThr172, 
phospho-AMPKSer485, AMPK, phospho-Akt, Akt, and 
β-actin antibodies were obtained from Cell Signaling 
(Danvers, MA, USA). The Pro-IGF-1R and IRS-1 
antibodies and goat anti-rabbit IgG-horseradish 
peroxidase (HRP) were obtained from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). The Luminate 
Forte Western HRP western Blotting Detection kit was 
obtained from Millipore (Danvers, MA, USA).  

Cell culture 
Bile duct cancer cells (SNU-245, harvested from 

well-differentiated common bile duct cancer without 
major gene mutations; SNU-1196, harvested from 
hilar cancer, moderate-differentiated, with gene 
mutations in p15, p16, and p53) were purchased from 
the Korean Cell Line Bank (KCLB). KCLB 
authenticated the absence of mycoplasma or bacteria 
contamination and the cell line short tandem repeat 
(STR) profile [21]. Cells were cultured in RPMI 1640 
media supplemented with 10% FBS, 2 mM glutamine, 
100 μg/mL streptomycin, and 100 IU/mL penicillin 
and for regular culture. FG (5 mM) or HG (25 mM) 
DMEM was switched for the indicated experiments. 
FG corresponds to normal fasting blood sugar level 
(100 mg/dL), and HG corresponds to 450 mg/dL 
which is approximately 2 or 3 times higher than 
normal human post-prandial blood glucose level. The 
cell viability test examined the effect of metformin on 
cell proliferation under HG or FG condition in 
SNU-245 and SNU-1196 cells. The medium was 
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changed twice per week, and the cells were 
maintained in 37°C incubator with 5% CO2. The cells 
were subcultured when confluent (every 5-7 days) 
using trypsin (2.5 g/L) and EDTA (1 g/L).  

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra
zolium bromide (MTT) assays  

Cell proliferation was measured using the MTT 
assay. Cells were seeded at a density of 5 × 104 cells/ 
mL in a 96-well plate. After incubation for 24 h, cells 
were treated with various concentrations of metfor-
min in serum-free medium for 24 or 48 h. MTT (0.5 
mg/mL) was added to each well and incubated for an 
additional 4 h at 37°C. After the medium was remo-
ved, 100 μL DMSO was added to each well. The plate 
was gently shaken for 10 min, and the color intensity 
(proportional to the number of live cells) was evalua-
ted with a DTX 880 Multimode Detector (Beckman 
Coulter, Brea, CA, USA) at 570 nm wavelength.  

Cell apoptosis assay 
Cell apoptosis was assessed by the detection of 

mono-oligonucleosomes (histone-associated deoxyri-
bonucleic acid (DNA) fragments) using the Cell Death 
Detection enzyme-linked immunosorbent assay 
(ELISA) Plus kit (Roche Applied Science, Mannheim, 
Germany), according to the manufacturer’s instruc-
tions. Cells were seeded in a 96-well plate at a density 
of 1 × 104 cells/well and incubated for 24 h. Cells were 
treated with various concentrations of metformin for 
24 or 48 h. After the medium was removed, cells were 
treated with 100 μL lysis buffer, which was included 
in the kit, for 30 min and centrifuged at 200 × g at 4°C 
for 10 min. The supernatant (cell lysate solutions) was 
placed in the wells of a streptavidin-coated plate 
supplied by the manufacturer. A mixture of anti- 
histone-biotin and anti-DNA-peroxidase antibodies 
was added to the cell lysate and incubated for 2 h. 
After washing, 100 μL 2,2′-azinobis-3-ethyl-benzothi-
azoline-6-sulfonic acid (ABST) substrate was added to 
each well for 20 min. Absorbance at 405 nm was 
measured with a DTX 880 Multimode Detector. 

Caspase-3 activity assay 
A Caspase-3 Activity Assay kit (BioVision, 

Mountain View, CA, USA) was used to measure 
caspase-3 activity according to the manufacturer’s 
instructions. Cells were plated on 60 mm dishes at a 
density of 2 × 106 cells/mL and treated with various 
concentrations of metformin for 24 or 48 h. Cells were 
washed with PBS and harvested with lysis buffer, 
which was included in the kit. Cells were incubated 
on ice for 10 min. Cell lysates were then centrifuged at 
4°C and 12,000 × g, and the supernatant was then 
transferred to a new tube and stored on ice. Protein 

content was analyzed using the Bradford assay 
(Sigma, St Louis, MO, USA). Assays were performed 
in 96-well plates containing 90 μg of protein in 50 μL 
lysis buffer, followed by the addition of 5 µL 4 mM 
N-Acetyl-Asp-Glu-Val-Asp p-nitroanilide (DEVD- 
pNA). The samples were incubated at 37°C for 2 h. 
Absorbance was measured at 405 nm using a DTX 880 
Multimode Detector. 

Western blotting 
Cells were washed with PBS and harvested with 

lysis buffer (50 mM Tris, pH 7.5, 150 mM NaCl, 1 mM 
EDTA, 1% Triton X-100, 1% sodium deoxycholate, 
0.1% sodium dodecyl sulfate [SDS], 1 μM phenyl-
methylsulfonyl fluoride [PMSF], 5 g/mL aprotinin, 5 
g/mL leupeptin). Protein content was analyzed by 
Bradford assay. SDS-polyacrylamide gel electroph-
oresis (PAGE) was performed with a 4% stacking gel 
and a 10% resolving gel, followed by transfer to PVDF 
membranes (GE Healthcare, Herrcules, CA, USA). 
The membranes were blocked for 1 h at room 
temperature in blocking solution (5% skim milk in 
Tris-buffer with Tween-20 [TBS-T]: 200 mM Tris, 500 
mM NaCl, pH 7.5, 0.05% v/v Tween-20) and 
incubated overnight at 4°C in 5% bovine serum 
albumin (BSA) in TBS-T with antibodies targeting 
Bax, Bcl-2, TSC-2, mTOR, phospho-AMPKThr172, 
phospho-AMPKSer485, AMPK, phospho-Akt, AKt or 
β-actin, and 5% skim milk in TBS-T with antibodies 
targeting Pro-IGF-1R and IRS-1. The membranes were 
washed with TBS-T and incubated with goat 
anti-rabbit IgG-HRP for 1 h at room temperature. The 
membranes were then washed again, incubated with 
Luminate Forte Western HRP western Blotting 
Detection kit (Millipore) for 5 min, and autoradio-
graphy was performed. The signal intensities for 
specific bands were quantified using Image J density 
analysis software (Version 1.51k, National Institutes 
of Health, Bethesda, MD, USA).  

SiRNA transfection assay 
SNU-245 and SNU-1196 cells were plated in 

6-well plates at a density of 1 × 105 cells/well and 
allowed to attach overnight in a 37°C 5% CO2 
incubator. Cells were grown to 60-80% confluency 
then treated with 60 pmols of either IGR-1R (sc-29358, 
Santa Cruz Biotechnology), AMPKα1 (sc-29673, Santa 
Cruz Biotechnology), AMPKα1/2 (sc-45312, Santa 
Cruz Biotechnology) or scrambled (sc-Santa cruz 
Biotechnology) siRNA in the supplied transfection 
media and incubated for 4 hours at 37°C in a 5% CO2 
incubator. Afterwards, cells were incubated in a 
serum free media (5 mM or 25 mM glucose) 
containing 1% FBS and then treated with either 
metformin (5 or 10mM) for 24 hour. Cellular fractions 
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were stored at -20°C until assayed. 

Wound healing assay 
SNU-245 cell were seeded into 6-well plate 

(Costar, Corning, Inc., Acton, MA) and grown until 
80%~90% confluency. After 24hr of serum depriva-
tion, a wound was produced at the center of the 
monolayer by gently scraping cells with a sterile 
plastic 200 μL pipette tip. The incubation medium was 
then removed and cells were washed with PBS, and 
then incubated with metformin. The wounded cell 
cultures were then incubated at 37℃ in a humidified 
and equilibrated (5% v/v CO2). Cells that migrated 
into the wounded area or protruded from the wound 
were visualized and photographed with an inverted 
microscope at the indicated times.  

Statistical analyses 
The results of each experiment are expressed as 

the mean ± standard deviation (SD) of duplicate 
cultures, and all results are representative of at least 
three separate experiments. One-way analysis of 
variance (ANOVA) for three or more unpaired groups 

or Student's t-test for two unpaired groups was used, 
and a P- value less than 0.05 was considered 
statistically significant. 

Results 
Metformin suppresses proliferation of bile duct 
cancer cells by inducing apoptosis 

Metformin-induced inhibition of proliferation of 
bile duct cancer cell was measured using MTT assay 
after 24 h incubation. Metformin treatment dose- 
dependently suppressed bile duct cancer cell prolifer-
ation in both SNU-245 and SNU-1196 cell lines (Figure 
1A-B). Bile duct cancer cells that did not harbor major 
mutations (SNU-245) were found to be more effect-
ively suppressed by metformin treatment compared 
with cells containing several mutations in cancer- 
associated genes (SNU-1196) as well (Figure 1A-B). 
Both SNU-245 and SNU-1196 cells treated with 
metformin in HG condition showed higher cell 
viability compared to the cells in normal FG condition 
(Figure 1C-F). 

 
 

 
Figure 1. Metformin suppresses proliferation in a dose-dependent manner, and HG condition reduces metformin-induecd growth suppression 
in SNU-245 and SNU-1196 cells. Cells were treated with indicated concentrations of metformin in RPMI media (10 mM glucose) (A, B) or in DMEM (5 mM or 
25 mM glucose) (C, D, E, F) with 10% FBS for 24 h. The cell survival was evaluated by MTT assay. The data are expressed as the means ± SD. A, B) *P < 0.001, 

compared to untreated control cells and the cells treated with the lower concentrations of metformin; †P < 0.001, compared to SNU-1196 cells treated with the same 
concentrations of metformin. C, D, E, F) *P < 0.001, compared to the cells treated with the same concentrations of metformin in FG condition (5 mM). 
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The effect of metformin on apoptosis was 
evaluated by Cell Death Detection ELISA and 
caspase-3 activity assays. Metformin significantly and 
dose-dependently induced apoptosis of bile duct 
cancer cells at doses greater than 10 mM (Figure 
2A-B). Caspase-3 activity, which plays a central role in 
the execution-phase of cell apoptosis, was also 
significantly and dose-dependently increased by 
metformin (Figure 2C-D). Additionally, the 
metformin-induced apoptotic effect was significantly 
prominent in SNU-245 cells compared with SNU-1196 
cells (Figure 2A-D).  

We also analyzed expression of the Bcl-2-like 
protein 4 (Bax, proapoptotic protein) and the B-cell 
lymphoma 2 (Bcl-2, antiapoptotic protein) by Western 
blot. Metformin significantly enhanced the expression 
of Bax and down-regulated the expression of Bcl-2 
(Figure 2E), as compared to control cells, in both cell 
lines. These results indicate that metformin induces 
apoptosis and modulates proteins directly involved in 
bile duct cancer cell apoptosis. 

Metformin inhibits mTOR by activation of 
AMPKThr172/TSC-2 pathway, and 
hyperglycemia impairs metformin-induced 
AMPKThr172 activation and enhances 
phosphorylation of AMPKSer485 in bile duct 
cancer cells 

 To evaluate whether metformin affects 
phosphorylation of AMPKThr172 and AMPKSer485 which 
are known to be directly related to TSC-2 activation or 
suppression, and to determine whether the reduced 

efficacy of metformin in hyperglycemic condition is 
related to altered AMPK activation, metformin- 
stimulated AMPK phosphorylation was evaluated in 
SNU-245 and SNU-1196 cells in either FG or HG 
conditions. 

In FG condition, metformin induced AMPKThr172 

phosphorylation in a dose-dependent manner and did 
not significantly affect AMPKSer485 phosphorylation 
(Figure 3A-B). Additionally, metformin induced 
TSC-2 activation and inhibited mTOR activity in both 
bile duct cancer cell lines in this condition (Figure 
3C-D). However, exposure to hyperglycemic condi-
tions inhibited the metformin-stimulated increase of 
phosphorylated AMPKThr172 and TSC-2, whereas 
AMPKSer485 phosphorylation was significantly increa-
sed, impairing metformin-induced mTOR inhibition 
in both SNU-245 and SNU-1196 cell lines (Figure 3A 
-D).  

Expression of TSC-2 and mTOR were evaluated 
following small interfering ribonucleic acid (siRNA)- 
transfection against AMPKα (involved in phosphor-
ylation at threonine-172) or AMPKα1 (involved in 
phosphorylation at serine-485) to clarify the role of 
AMPKThr172 and AMPKSer485 depending on the glucose 
level on the activities of TSC-2 and mTOR. The 
AMPKα silencer inhibited the metformin-induced 
TSC-2 activation and mTOR inactivation in FG 
condition, and the AMPKα1 silencer maintained 
metformin-induced TSC-2 activation and mTOR 
inactivation in HG condition in both SNU-245 and 
SNU-1196 cell lines (Figure 4).  

 

 
Figure 2. Metformin induces apoptosis in a dose-dependent manner, and up-regulates Bax expression and down-regulates Bcl-2 expression in 
SNU-245 and SNU-1196 cells. Cells were treated with indicated concentrations of metformin in RPMI media for 48 h. The data are expressed as the means ± SD. 
(A, B) Apoptosis (%) means relative percentage compared to untreated control (100%). (C, D) Caspase-3 activity (%) means relative activity compared to untreated 
control (100%). *P < 0.001, compared to untreated control cells and the cells treated with the lower concentrations of metformin; †P < 0.001, compared to 
SNU-1196 cells treated with the same concentrations of metformin. (E) Expression levels were analyzed by Western blotting. All results are representative of at least 
three separate experiments. *P < 0.01, compared to untreated control cells; **P < 0.001, compared to untreated control cells and the cells treated with the lower 
concentrations of metformin. 
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Figure 3. Metformin induces phosphorylation of AMPKThr172 and suppresses the inhibitory effects of IGF-1R/IRS-1/Akt on TSC-2. However, 
hyperglycemia impairs these effects in SNU-245 and SNU-1196 cells. Cells were treated with metformin in DMEM (5 mM or 25 mM glucose) with 1% FBS 
for 24 h. Expression levels were analyzed by Western blotting. All results are representative of at least three separate experiments. *P < 0.01, compared to untreated 
control cells; pAMPK, phosphoAMPK. 

 
Metformin blocks inhibitory effects of 
IGF-1R/IRS-1/Akt pathway on TSC2, and 
hyperglycemia impairs metformin-induced 
inhibition of the pathway in bile duct cancer 
cells 

We evaluated the effects of metformin on 
IGF-1R, IRS-1, and Akt which is another pathway 
regulating TSC-2 and mTOR associated with tumor 
cell growth in either FG or HG condition. Metformin 
potently inhibited the activation of the IGF-1R (the 
IGF-1R is composed of two alpha subunits and two 

beta subunits), subsequently suppressing IRS-1 and 
Akt signalling, consequently, activating TSC-2 and 
suppressing mTOR in both SNU-245  and SNU-1196 
cell lines at FG levels. However, in HG condition, 
metformin-induced inhibitory effects on IGF-1R and 
IRS-1 were abrogated. As a result, no inhibition of 
mTOR activity by metformin was observed (Figure 
3C-D). 

Expression of TSC-2 and mTOR were evaluated 
following siRNA transfection of IGF-1R to clarify the 
role of the IGF-1R/IRS-1 pathway on modulation of 
TSC-2 and mTOR. IGF-1R silencing induced TSC-2 
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activation and mTOR inactivation without metformin 
treatment in FG levels. However, IGF-1R silencing 
maintained metformin-induced TSC-2 activation and 
mTOR inactivation in HG conditions, which suggests 
that IGF-1R is another crucial pathway in modulating 
bile duct cancer cell proliferations in both low and 
hyperglycemic conditions (Figure 5). 

 

 
Figure 4. AMPKThr172 and AMPKSer485 have a crucial role in 
modulating TSC-2 and mTOR expression in SNU-245 and 
SNU-1196 cells. Cells were treated with AMPKα1/2, AMPKα1 or scrambled 
siRNA in the supplied transfection media and incubated for 4 h. Afterwards, 
Cells were treated with metformin in either FG or HG media with 1% FBS for 
24 h. Expression levels were analyzed by Western blotting. All results are 
representative of at least three separate experiments. The AMPKα siRNA 
inhibited the metformin-induced TSC-2 activation and mTOR inactivation in FG 
condition, and the AMPKα1 siRNA maintained metformin-induced TSC-2 
activation and mTOR inactivation in HG condition in both SNU-245 and 
SNU-1196 cell lines. 

 

 
Figure 5. IGF-1R silencing maintains metformin-induced TSC2 
activation and mTOR inactivation in hyperglycemic conditions 
in SNU-245 and SNU-1196 cell. Cells were treated with either siRNA 
against IGR-1R or scrambled siRNA and incubated for 4 h. Afterwards, cells 
were treated with metformin in either 5 mM or 25 mM glucose-containing 
DMEM with 1% FBS for 24 h. Expression levels were analyzed by Western 
blotting. All results are representative of at least three separate experiments. 
IGF-1R silencing induced TSC-2 activation and mTOR inactivation without 
metformin treatment in FG conditions. However, IGF-1R silencing maintained 
metformin-induced TSC-2 activation and mTOR inactivation in HG conditions. 

Metformin suppresses invasiveness of bile duct 
cancer cells, and the effect is impaired by 
hyperglycemia.  

 Wound healing assays weres performed to 
evaluate functional effect of metformin on 
invasiveness and migration of bile duct cancer cells in 
either normal or hypergylcemic conditions. In normal 
glucose levels, metformin inhibited growth of the 
cancer cells in a dose-dependent manner. However, at 
high glucose levels, this effect was markedly 
attenuated (Figure 6). This suggests that metformin 
inhibits growth and migration of bile duct cancer 
cells, although, this effects were impaired under 
hyperglycemic conditions.  

Discussion 
 The incidence of metabolic disorders, such as 

obesity and diabetes mellitus, has been increasing as a 
result of the spread of the westernized lifestyle and 
changes in diet. These conditions are known to be 
associated with an increased risk of developing cancer 
and poor prognosis [22-24]. Altered levels of 
circulating factors including insulin, IGF-1, leptin, 
adiponectin, and interleukin-6 (IL-6) have been 
suggested to be strongly implicated [25]. 

 Metformin is the drug of choice for the 
treatment of type 2 diabetes mellitus to improve 
hyperglycemia and insulin resistance, whose primary 
action is to inhibit hepatic glucose production through 
an LKB1/AMPK–mediated pathway [26]. Some 
studies using renal cells or podocytes have shown that 
hyperglycemia causes renal cell proliferation due to 
enhanced mTOR activity and inactivation of AMPK, 
and treatment of metformin stimulates AMPK 
phosphorylation and subsequently reduces the 
expression of mTOR. The authors concluded that 
metformin increases autophagy and prevents the 
renal cells from undergoing fibrosis, hypertrophy, 
and apoptosis [15, 27, 28]. Moreover, metformin is 
easily accessible with a good safety profile in clinical 
practice, and is well tolerated in patients with normal 
glycemic levels [29]. Long-term use of metformin has 
been reported to reduce various cancer risks in many 
epidemiologic studies in diabetic patients [10-14]. A 
meta-analysis study demonstrated that a 31% 
reduction in overall relative risk was noted in patients 
taking metformin compared with other antidiabetic 
drugs, and an inverse association was found to be 
significant for pancreatic and hepatocellular cancer 
[30]. Although the connections between metabolic 
syndromes and cholangiocarcinoma have remained 
inconclusive for years [4-6], a recent study using 
combined surveillance, epidemiology and Medicare 
data concluded that metabolic syndrome is associated 
with an increased risk of ICC in a population over 65 
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years of age [9]. Another case-control study proposed 
that diabetes and smoking are independent risk 
factors for ICC, and treatment with metformin is 
significantly associated with a 60% reduction in ICC 
risk in diabetic patients [19]. 

In pancreatic cancer, metformin has been shown 
to inhibit the growth of human cancer cells in a 
xenograft mouse model through a mechanism of 
disrupted cross-talk between the insulin receptor and 
a G-protein–coupled receptor [31, 32]. The known 
mechanism of antineoplastic activity of metformin is 
mainly mediated via the activation of the LKB1- 
AMPK signaling pathway, which, in turn, suppresses 
the Akt/mTOR pathway [33]. Additionally, 
metformin exerts its antitumor activity by regulating 
lipid metabolism, endothelial function, and immune 
functions [34-36]. Another suggested mechanism of 
the antitumor effect of metformin involves 
AMPKThr172 activation and inhibition of the IGF-1 
signaling pathways. Hyperglycemic conditions 
potentiate IGF-1 responses, resulting in activation of 
an altered AMPK profile and impairment of 
metformin-induced inhibition of the growth 
promoting signals in pancreatic cancer cells [20].  

In the case of cholangiocarcinoma, there has 

been only one in vitro study demonstrating that 
metformin exhibited a dose- and time-dependent 
antiproliferation effect on ICC cell lines, by 
mechanisms including apoptosis induction and cell 
cycle arrest, and mainly targeted the AMPK/mTOR 
pathway [37]. Our current study also showed similar 
results, providing additional evidence that metformin 
inhibits the proliferation of cholangiocarcinoma cells. 
However, in some respects, our study is different 
from the previous study as follows. 1) Metformin was, 
for the first time, found to have anticancer activity 
also in extrahepatic bile duct cancer cells. 2) Bile duct 
cancer cells with mutations in cancer-related genes 
were resistant to the inhibitory effects of metformin 
on proliferation compared to cells without mutations 
in these genes. 3) Metformin inhibited bile duct cancer 
cell proliferation by inhibiting the IGF-1R/IRS-1 
pathway as well as AMPK/mTOR pathway in bile 
duct cancer cells. 4) The inhibitory effect of metformin 
on bile duct cancer cell proliferation was attenuated in 
high glucose conditions. 5) The antineoplastic effect of 
metformin in the bile duct cancer cell was demonst-
rated by invasiveness studies through the wound 
healing assays as well as the molecular studies. 

 

 
Figure 6. Metformin weakens invasiveness of bile duct cancer cells, and the effect is impaired by hyperglycemia. SNU 245 cell were grown until 
80%~90% confluency. A wound was produced at the center of the monolayer by gently scraping cells with a sterile pipette tip. The cells were incubated with 
metformin in either 5 mM or 25 mM glucose-containing DMEM with 1% FBS. The wound were visualized and photographed under the inverted microscope (x100 
magnification) at indicated time. All results are representative of at least three separate experiments. In FG levels, metformin inhibited growth of the cancer cells in 
a dose-dependent manner. However, at HG levels, this effect was markedly attenuated. 
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In normal cells including podocytes and 
cardiomyocytes, metformin has cytoprotective effects 
by preventing apoptosis under several pathological 
conditions, such as hyperglycemia, ischemia and 
hypoxia. This antiapoptotic action is suggested to be 
mainly mediated by activated Akt which is regarded 
as an additional indicator for cell viability [28, 38, 39]. 
In comparison, metformin treatment in malignant 
cells has been suggested to have apoptotic and 
antineoplastic effects by activating AMPKThr172 with 
subsequent downstream inhibition of the growth 
promoting PI3K/Akt/mTOR pathway [20, 40, 41]. 
Some studies have suggested that Akt-induced 
phosphorylation of AMPKSer485 can inhibit AMPKThr172 
activation, reducing the effects of metformin [41, 42]. 
Other studies have reported that the antineoplastic 
effect of metformin was not observed in high glucose 
conditions in pancreas, lung, and colon carcinoma 
cells [20, 43]. Similarly, we found that the growth 
inhibitory effects of metformin are associated with the 
activation of AMPKThr172 in extrahepatic bile duct 
cancer cells. In hyperglycemic conditions, we obser-
ved that the efficacy of metformin on antiproliferative 
and proapoptotic activity was reduced. The 
experiment for expressional change of TSC-2 and 
mTOR following siRNA transfection to knock down 
gene and protein expression of AMPK (involved in 
phosphorylation at threonine-172) or AMPK1 
(involved in phosphorylation at serinet-485), the 
AMPK silencer inhibited the metformin-induced 
TSC-2 activation and mTOR inactivation in FG levels 
and the AMPK1 silencer maintained metformin- 
induced TSC-2 activation and mTOR inactivation in 
HG conditions, which suggests that AMPKThr172 and 
AMPKSer485, depending on the glucose level, have a 
crucial role in modulating bile duct cancer cell 
proliferations. 

Increased IGF-1 induced by hyperinsulinemia 
has been suggested to have critical role in the link 
between type 2 diabetes and cancer [44]. Activation of 
the IGF-1R causes sequential activation IRS-1, which 
in turn activates the PI3K/Akt pathway, resulting in 
activation of mTOR, which is involved in protein 
synthesis and cell growth [45]. In a study using 
pancreatic cancer cells, metformin inhibited IGF-1R 
phosphorylation at normal glucose levels, causing a 
down-stream suppression of IGF-1 stimulated Akt 
phosphorylation. In high glucose conditions, IGF-1- 
induced Akt and AMPKSer485 phosphorylation 
appeared to correlate with a further reduction of the 
already-impaired AMPKThr172 phosphorylation by 
metformin. [20]. Our study also showed that IGF-1R 
silencing induced TSC-2 activation and mTOR 
inactivation without metformin treatment in FG level, 
but induced constant TSC-2 activation and mTOR 

inactivation in hyperglycemic condition. We conclu-
ded that IGF-1R pathway is another crucial pathway 
in modulating bile duct cancer cell proliferations in 
both normal fasting and hyperglycemic conditions. 

In a meta-analysis study to investigate the 
association between metformin and overall survival 
in patients with pancreatic cancer and concurrent type 
2 diabetes, a borderline significant relative survival 
benefit was found in metformin-treated patients 
compared with non-metformin treated patients [46]. 
Disappointingly, in phase 2 studies of metastatic or 
advanced pancreatic cancer to determine whether 
metformin has an actual anticancer effect or a 
synergistic effect when used with existing anticancer 
agents, addition of metformin at the dose commonly 
used by diabetes patients did not improve outcome 
[47, 48]. However, since all of the patients had 
metastatic or advanced cancer, and metformin was 
used at the general dose in the treatment of diabetes, 
metformin dose might be not sufficient to produce 
anticancer effects. Additionally, it should be 
considered that tumor cells express a variety of 
cell-surface transport proteins which allow metformin 
to get into the cells [49]. To date, there has been no 
clinical phase 2 or 3 study regarding the antitumor 
effect of metformin in bile duct cancer. In 
consideration of the limitations in the phase 2 studies 
of pancreatic cancers, we anticipate well-designed 
future studies with prospective, controlled, clinical 
trials to reveal the actual effects of metformin on the 
anticancer effect in bile duct cancer. 

In this study, antiproliferative actions by 
metformin-induced apoptosis were documented in 
extrahepatic bile duct cancer cells harboring wild-type 
and mutant copies of cancer-related genes for the first 
time. In addition, we demonstrated that metformin 
suppresses the proliferation of bile duct cancer cells as 
a result of inhibiting mTOR induced by AMPK- 
Thr172 activation and IGF-1R inhibition. We also 
demonstrated that hyperglycemic conditions impair 
AMPKThr172 activation, evoke AMPKSer485 phosphoryl-
ation, and reduce the efficacy of metformin. 
Importantly, we confirmed that metformin attenuate 
the invasiveness of bile duct cancer cells. This study 
shows that metformin may be an anticancer agent in 
bile duct cancer alone or in combination with other 
anticancer agents. In addition, the bile duct cancer 
cells were found to be more resistant to growth- 
inhibiting agents such as metformin in a 
hyperglycemic environment. Accordingly, if patients 
with a high risk of bile duct cancer develop diabetes, 
choosing a treatment which includes metformin is 
recommended to reduce the risk of developing bile 
duct cancer. In addition, AMPK and IGF-1R play a 
key role in the proliferation of bile duct cancer cells 
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and, thus, they are expected to be important targets 
for future development of chemotherapeutic agents of 
bile duct cancer. 
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