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Abstract 

Gallbladder cancer (GBC) is the most common biliary tract cancer with poor prognosis 

and wide variation in incidence rates worldwide, being very high in some countries in 

Latin America and Asia. Treatment of type 2 diabetes with metformin causes a 

reduction in the incidence of cancer. Till date, there are no reports on the anti-tumor 

effects of metformin in gall bladder cancer. Therefore, this study evaluated the effects of 

metformin on the proliferation of human gallbladder adenocarcinoma cells in vitro and 

in vivo, as well as explored the microRNAs associated with the anti-tumor effects of 

metformin. Metformin inhibited the proliferation in gallbladder adenocarcinoma cell 

lines NOZ, TGBC14TKB, and TGBC24TKB, and blocked the G0 to G1 transition in 

the cell cycle. This was accompanied by strong reduction in the expression of G1 

cyclins, especially cyclin D1 and its catalytic subunits including cyclin-dependent 

kinase (Cdk) 4, and in retinoblastoma protein phosphorylation (p-Rb). In addition, 

metformin reduced the phosphorylation of receptor tyrosine kinases (RTK), especially 

Tie-2, ALK, PYK, EphA4, and EphA10, as well as angiogenesis-related proteins, 

including RANTES, TGF-β, and TIMP-1. Moreover, metformin also markedly altered 
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microRNA expression profile leading to an anti-tumor effect. Treatment of athymic 

nude mice bearing xenograft tumors with metformin inhibited tumor growth. These 

results suggest that metformin may be used clinically for the treatment of gallbladder 

adenocarcinoma. 

 

Keywords: gallbladder cancer; metformin; cell cycle; microRNAs 
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Introduction 

Gallbladder cancer (GBC) is the fifth most common neoplasm of digestive and 

biliary tract, and is the most common biliary tract malignancy [1-3]. The global 

incidence rates of GBC vary widely, being low in several European countries and the 

United States, relatively high in some central and eastern European countries, and very 

high in some countries in Latin America and Asia [4]. The prognosis for GBC is poor 

and the overall 5-year survival rate is less than 5 % [5]. In addition, the rate of GBC 

occurring in conjugation with diabetes is high [6, 7]. Thus, if an anti-diabetic drug is 

effective for both gallbladder cancer and diabetes, use of such a drug provides double 

benefits to the patient. 

Metformin is an oral anti-hyperglycemic agent of the biguanide family, and the most 

commonly prescribed medication for the treatment of type-2 diabetes mellitus (DM) [8]. 

According to epidemiological studies, DM is a risk factor for biliary tract malignancies, 

including intrahepatic and extrahepatic cholangiocarcinoma (CCA), and GBC [6, 7]. In 

previous investigations, metformin has been shown to inhibit cell proliferation in 

various cancer types, including prostate cancer [9], breast cancer [10], pancreas cancer 
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[11], gastric cancer [12], esophageal cancer [13], and hepatocellular carcinoma [14, 15]. 

Recently, metformin has been shown to exhibit therapeutic potential against biliary tract 

malignancies [16].  

Metformin exhibits antitumor effects including activation of 5’-AMP-activated 

protein kinase (AMPK) [17]. Metformin-induced activation of AMPK has been 

correlated with cell cycle arrest, apoptosis, and inhibition of protein synthesis [18]. We 

reported that metformin causes G0/G1 cell cycle arrest via downregulation of cyclin D1 

[12-16]. CyclinD1 is a key regulator of G0/G1 arrest, and its overexpression is 

correlated with poor prognosis and chemoresistance in biliary tract malignancies [19-21]. 

Therefore, arrest of cell cycle progression might be an effective strategy for treatment of 

GBC. Recent studies have shown that metformin inhibits cell proliferation and tumor 

growth in human CCA through G0/G1 arrest by decreasing the protein levels of cyclins 

and cyclin dependent kinases (Cdk). However, the anti-tumor effect of metformin and 

its mechanism of action in CCA are currently unclear. 

This study aimed to evaluate the mechanism of metformin`s antitumor effect on 

gallbladder adenocarcinoma cell line and its effect on miRNA expression profile. 
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Materials and Methods 

Regents and antibodies 

Metformin (1,1-dimethylbiguanide monohydrochloride) was purchased from 

Astellas Pharma Inc. (Tokyo, Japan). Cell counting kit (CCK-8) was purchased from 

Dojindo Laboratories (Kumamoto, Japan), and all other chemicals were obtained from 

Sigma Chemical (Tokyo, Japan). 

The primary antibodies used for western blot analyses were obtained from the 

following sources: antibodies against cyclin D1 and cyclin E were obtained from 

Thermo Fisher Scientific (Walthman, MA, USA); antibodies against Cdk4 were 

obtained from Cell Signaling Technology (Denvers, MA, USA); antibodies against 

Cdk2, Cdk6, and retinoblastoma proteins (Rb) were obtained from Santa Cruz 

Biotechnology (Santa Cruz, CA, USA); antibodies against phosphorylated 

retinoblastoma proteins (phospho-Rb) were obtained from BD Pharmingen (San Diego, 

CA, USA).  

Secondary antibodies included horseradish peroxidase (HRP)-linked anti-mouse and 
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anti-rabbit IgG antibodies (Cell Signaling Technology, USA). 

 

Cell culture and cell proliferation assay 

The human GBC cell line NOZ was obtained from the Japanese Collection of 

Research Bioresources (Osaka, Japan). The GBC cell lines TGBC14TKB and 

TGBC24TKB were obtained from Riken Cell Bank (Tsukuba, Japan). NOZ was 

cultured in Williams’ medium E (Gibco Invitrogen, Carlsbad, CA) supplemented with 

10 % fetal bovine serum (FBS) and penicillin-streptomycin 100 mg/L (Invitrogen). 

TGBC14TKB and TGBC24TKB were cultured in Dulbecco’s modified Eagle’s medium 

(Gibco, Tokyo, Japan) supplemented with 10 % fetal bovine serum (FBS) and 

penicillin-streptomycin 100 mg/L (Invitrogen) at 37 °C in a humidified atmosphere 

containing 5 % CO2. 

Cell proliferation assay was performed using the CCK-8 cell counting kit, according 

to the manufacturer’s instructions. Briefly, 5 × 103 cells were seeded into each well of a 

96-well plate and cultured in 100 μL of 10 % FBS containing the each medium for 24 h. 

Subsequently, the seeded cells were cultured with metformin (1, 5, and 10 mmol/L) or 
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without metformin for 72 h. CCK-8 reagent (10 μL) was added to each well, and the 

plates were then incubated at 37 °C for 3 h. The absorbance of each well was measured 

at 450 nm using a microplate reader. 

 

Flow cytometric analysis 

In order to elucidate the mechanism of antitumor effects of metformin, its influence 

on the cell cycle was examined using flow cytometric analysis. NOZ cells (1.0 ×106 

cells in a 100 mm diameter dish) were cultured with 10 mmol/L metformin or without 

metformin for 24 h. Treated cells were washed with PBS and then stored at −20 °C. On 

the day of analysis, the cells were washed with cold PBS, suspended in a mixture of 100 

μL PBS and 10 μL RNaseA (250 μg/mL), and incubated for 30 min at 37°C. Then, 110 

μL propidium iodide (PI) staining solution (100 μg/ml) was added to each tube, and the 

cells were incubated at 4 °C for more than 30 min before analysis. Flow cytometry was 

performed using a Cytomics FC 500 flow cytometer (Beckman Coulter, Indianapolis, 

IN, USA) with an argon laser (488 nm). The percentages of cells in different phases of 

the cell cycle were evaluated by FlowJo software (TreeStar, Ashland, OR, USA). All 
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experiments were performed in triplicates to ensure consistency of the results. 

 

Gel electrophoresis and Western blotting 

NOZ cells (1.0 ×106/dish) were seeded in 100 mm culture dishes and cultured for 24 

h. The cells were further cultured either with 10 mmol/L metformin or without 

metformin for 24-72 h. The treated cells were lysed using PROPREP protein extraction 

solution (complete protease inhibitor mixture; iNtRON Biotechnology, Sungnam, 

Korea) on ice for 20 min. The cell lysates were then centrifuged at 13000 ×g at 4 °C for 

5 min, and the supernatants containing soluble cellular proteins were collected and 

stored at −80 °C until further use. Protein concentrations were measured using a 

Nanodrop 2000 spectrofluorometer (Thermo Scientific Corporation, USA). Aliquots of 

protein were prepared in sample buffer and separated on 10 % Tris-glycine gradient gels 

by SDS-PAGE [22], followed by transfer to nitrocellulose membranes. After blocking, 

the membranes were incubated with primary antibodies, and then with HRP-conjugated 

secondary antibodies [23]. Immune reaction proteins were visualized on X-ray film with 

enhanced chemiluminescence detection system (Perkin Elmer Co., Waltham, MA). 
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Antibody arrays of phosphorylated receptor tyrosine kinase (p-RTK) 

NOZ cells were cultured either with 10 mmol/L metformin or without metformin for 

48 h. The cells were collected and lysed in PROPREP protein extraction solution. 

Human p-RTK was assayed using the Human p-RTK Array Kit (R&D systems, 

Minneapolis, MN, USA) according to the manufacturer’s instructions. The densities of 

the immunoreactive bands obtained in this array were analyzed by densitometric 

scanning (TIc scanner, Shimizu Co, Ltd., Kyoto, Japan). 

 

Angiogenic profile analysis using an antibody array 

The RayBio Human Angiogenesis Antibody Array (RayBiotech Inc., GA, USA) was 

used according to the manufacturer’s protocol. This method is a dot-based assay 

enabling the detection and comparison of 20 angiogenesis-specific cytokines. The 

densities of the immunoreactive spots obtained on this array were evaluated by 

densitometric scanning (TIc scanner, Shimizu Co, Ltd., Kyoto, Japan). 
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Analysis of miRNA arrays 

The cancer cell lines were processed for total RNA extraction with the miRNeasy 

Mini Kit (Qiagen) according to the manufacturer`s instructions. The used samples 

typically showed A260/280 ratios between 1.9 and 2.1, using an Agilent 2100 Bioanalyzer 

(Agilent Technologies, Santa Clara, CA, USA). 

After evaluation of RNA concentration with an RNA 6000 Nano kit (Agilent 

Technologies), the samples were labeled using an miRCURYHy3/Hy5 Power Labeling 

Kit and were hybridized to a human miRNA Oligo chip (v.21.0; Toray Industries, Tokyo, 

Japan). The chips were then scanned with a 3-D Gene Scanner 3000 (Toray Industries), 

and the results were analyzed using 3D-Gene extraction software version 1.2 (Toray 

Industries). Differences in miRNA expression between samples treated and not-treated 

with metformin were measured by analyzing the raw data using GeneSpringGX v10.0 

(Agilent Technologies). First, the samples were normalized to 28S rRNA values, and 

then, the baseline was corrected to the median of all samples. 

Replicate data was consolidated into 2 groups: from metformin-treated cells and 

cells not-treated with metformin, and organized using the hierarchical clustering and 
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ANOVA functions in GeneSpring software. Hierarchical clustering was performed 

using the “use clustering” function (condition tree) and Euclidean correlation as a 

distance metric. Two-way ANOVA and asymptotic P value computation without any 

error correction on the samples was performed to determine the miRNAs that varied 

most prominently across the groups. The p value cutoff was set to 0.05. Only > 50 % 

changes for at least one of the time points for each sample were considered significant. 

All the analyzed data were scaled by global normalization. The statistical significance 

of differentially expressed miRNAs was analyzed by Student’s t-test. 

 

Xenograft model analysis 

Animal experiments were performed according to the guidelines of the Committee on 

Experimental Animals at Kagawa University, Kagawa, Japan. We purchased 27 male 

athymic mice (BALB/c-nu/nu; 7 weeks old; 20–25 g) from Japan SLC Inc. Athymic 

mice were kept under pathogen-free conditions in a laminar airflow rack and were 

placed in an environment where they could consume sterile food (γ-ray-irradiated food, 

CL-2; CLEA Japan Inc.) or autoclaved water at any time. Each mice were 
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subcutaneously inoculated with NOZ cells (5 × 106 cells per animal) in the flank. After 

one week, the xenografts became visible with a maximum diameter of 5 mm or more. 

The animals were randomly assigned to three groups with six animals per group. These 

groups were injected intraperitoneally (i.p.) with 1 mg metformin, 2 mg metformin, or 

control (PBS only), respectively, five times a week. Tumor growth was monitored daily 

by the same investigators (T. Yamashita and T. Masaki), and tumor size was measured 

weekly using the two greatest perpendicular dimensions. Tumor volume (mm3) was 

calculated as [tumor length (mm) × tumor width (mm)2]/2 [24]. All animals survived 

until day 24 of treatment, at which point they were sacrificed. Inter-group differences in 

tumor growth were analyzed by one-way ANOVA. 

 

Statistical analysis 

Each experiment was performed at least three times. Data was reported as mean ± 

SD. The statistical significance of the differences was analyzed using Student’s t-test. P 

value < 0.05 was considered as statistically significant. All statistical analyses were 

performed using JMP 9.0 software (SAS Institute, Cary, NC).  
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Results 

Metformin inhibits the proliferation of human gallbladder cancer cells 

To evaluate the antitumor effect of metformin on the growth of human gallbladder 

cancer cells in vitro, we first examined the effects of metformin on the proliferation of 

three gallbladder cancer cell lines, NOZ, TGBC14TKB, and TGBC24TKB. Cells were 

grown in 10 % FBS and treated with either metformin (1, 5, or 10 mmol/L) or control 

(without metformin) for 72 h. As shown in Fig. 1, metformin (1, 5, and 10 mmol/L) 

caused a dose- and time-dependent decrease in the proliferation of all three cell lines. In 

summary, the results demonstrated that metformin inhibited gall bladder cancer cell 

proliferation. 

 

Effects of metformin on cell-cycle regulatory proteins in NOZ cells 

In order to investigate the cause of suppression of growth of NOZ cells due to 

metformin, cell-cycle related proteins were examined by flow cytometry. Fig. 2A 

depicts the typical flow cytometric histogram. 

We treated proliferating NOZ cells with 10 mmol/L metformin for different durations. 
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Seventy two hours after the addition of 10 mmol/L metformin, a higher number of cells 

(50.6 %) were arrested in the G0-G1 phase in the metformin treated group compared 

with 36.3 % cells in the control group (Fig. 2A). This was accompanied by reduction in 

the percentages of cells in the S- and G2-M phases. These data suggested that 

metformin induces G0/G1 arrest in cancer cells. 

Furthermore, we investigated the effects of metformin on cell-cycle related proteins 

using western blotting. Cells were treated without or with 10 mmol/L metformin for 

24–72 h. The most prominent metformin-related change was the loss of cyclin D1, an 

important protein involved in the transition from G0-G1 phase, which showed a 

time-dependent decrease in metformin treatment (Fig. 2B). Cdk4 expression was 

reduced at 72 h after treatment with metformin. However, cyclin E and Cdk6 levels 

were unchanged. 

The substrate of cyclin D1/Cdk4 and cyclin D1/Cdk6 is Rb. Phosphorylated Rb was 

found to be progressively decreased in metformin-treated cells, but no effect on total Rb 

was observed, suggesting that the kinase activity of cyclin D1/Cdk4 and cyclin 

D1/Cdk6 was decreased. 
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Effects of metformin on p-RTKs in vitro 

The antitumor effects of metformin on RTK were investigated using RTK array 

system. Using an antibody array (Fig. 3A) facilitated the screening of 49 activated 

RTKs in NOZ cells in the presence and absence of metformin. Metformin reduced the 

levels of phosphorylated Tie-2, PYK, ALK, EGFR, EphA4, and EphA10 in vitro (Fig. 

3B). The densitometric ratios of Tie-2, PYK, ALK, EGFR, EphA4, and EphA10 spots in 

metformin-treated cells to those in untreated cells were 31.8 %, 32.1 %, 8.4 %, 72.1 %, 

1.3 %, and 14.6 %, respectively (Fig. 3C).  

 

Effects of metformin on angiogenesis in vitro 

To investigate the effects of metformin on angiogenesis related molecules on NOZ 

cells, we used angiogenesis array system (Fig. 4A). Of the 20 angiogenesis molecules 

screened, the expressions of RANTES, TGF-beta, and TIMP were reduced by 

metformin treatment in vitro (Fig. 4B). The densitometric ratios of RANTES, TGF-beta, 

and TIMP spots in metformin-treated cells to untreated cells were 0.21 times, 20 times 

and 0.37 times, respectively (Fig. 4C). 
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Effects of metformin on miRNA expression profile 

Using a custom microarray platform, we analyzed the expression levels of 2555 

miRNAs in cell lines and tumor tissues in the presence and absence of metformin. 

Treatment of NOZ cells with 10 mmol/L metformin for 48 h significantly upregulated 

12 miRNAs and significantly downregulated 23 miRNAs (Table 1).  

Unsupervised hierarchical clustering analysis showed that cells treated in vitro with 

metformin were clustered together and separately from untreated cells (Fig. 5).  

 

Metformin inhibits in vivo tumor growth  

To determine whether metformin could affect tumor growth in vivo, nude mice were 

subcutaneously injected with NOZ cells, followed by i.p. injection of metformin. Based 

on the integrated tumor growth curves, treatment with 1 mg and 2 mg doses of 

metformin substantially inhibited tumor growth by 75 % and 64 % (Fig. 6A and B), 

respectively, compared with untreated control mice. The tumor volumes in 1 mg-treated 

and 2 mg-treated groups were significantly smaller than those in the control group (*P < 

0.01). 
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Throughout this study, metformin showed no apparent side effects on these mice 

and did not affect their weight. All animals survived throughout the experiment. 

 

Discussion 

Metformin is one of the most commonly used antidiabetic drugs. The mechanism of 

action of metformin has been reported to be stimulation of glucose uptake in muscle and 

liver, increase of oxidation of fatty acid etc. [25]. It has also been shown to inhibit 

cancer cell proliferation [9-14] in various cancers, including the prostate cancer [9], 

breast cancer [10], stomach cancer [12], esophagus cancer [13], and liver cancer [14]. 

GBC is more common in Latin America and Asia than in Europe and the United 

States, it has poor prognosis, and its incidence is high in diabetic patients. Therefore, it 

would be very useful if the antitumor effects of metformin on gallbladder cancer could 

be elucidated. 

The present findings are significant because 1) we demonstrated, for the first time, 

that metformin has an anti-tumor effect on GBC cells in vitro and in vivo; 2) it induces 

G0/G1 cell cycle arrest associated with modulation of cell cycle-regulatory protein 
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expression in vitro; and 3) it markedly suppresses the growth of subcutaneous GBC 

cells in athymic nude mice in vivo. 

The expression of various cell-cycle-related molecules including cyclin D1 has been 

reported to be upregulated in various cancers [27-30]. In various cancer cells, metformin 

has been shown to downregulate cyclin D1 [9-14]. Therefore, inhibiting the expression 

of cell cycle-associated molecules, including cyclin D1, may lead to regulation of tumor 

growth. Complexes of Cdk4 and Cdk6 with cyclin D1 are necessary for G1 phase 

progression of the cell cycle, and further complexes of Cdk2 with cyclin E are required 

for the transition from G1 phase to S phase [31, 32]. In the present study, metformin 

inhibited GBC cell cycle progression in the G0/G1 phase which correlated with a 

marked decrease in cyclin D1 expression. In addition, it was shown by flow cytometry, 

that metformin inhibits the transition from G0 to G1 phase in GBC cells in vitro. 

Therefore, major cell-cycle regulators (cyclin D1, Cdk4, and phosphorylated Rb) may 

be the intracellular targets of metformin resulting in an anti-proliferative effect in 

human GBC cell lines.  

Our in vitro study was conducted using a higher dose of metformin than that used for 
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clinical treatment (6–30 μmol/L). Similar high doses have also been used in past reports 

[9, 10, 11]. However, cells in culture are grown under hyperglycemic conditions (high 

concentrations of glucose along with 5 % to 10 % FBS), resulting in excessive growth 

stimulation. This may explain why the anti-tumor effects of metformin in cell culture 

systems require higher doses than those used in patients with diabetes. 

Previous studies have shown that metformin activates the AMPK pathway and 

inhibits p70S6K and mTOR phosphorylation in various cancers cells [25]. However, 

Ben Sahra et al. showed that the anti-proliferative effect of metformin is mediated via 

the mTOR pathway independent of AMPK [9]. In the present study, we did not observe 

significant changes in AMPKα and mTOR expression following metformin treatment in 

NOZ cells (data not shown). This discrepancy may be due to differences in the 

properties of various types of cancer cells. 

Metformin has been found to alter the phosphorylation levels of RTKs, including 

EGFR and IGF1-R, in various cell lines [33]. In this study, we found that metformin 

reduced Tie-2, PYK, ALK, EGFR, EphA4, and EphA10 levels in GBC cells using 

protein arrays. In GBC, PTEN and TSC1 are frequently inactivated, whereas EGFR 
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family genes (EGFR, ERBB2, and ERBB3) are activated. The EGFR pathway is 

important in controlling cell cycle events. For example, EGFR activation was found to 

induce the expression of cyclin D1, a protein important for cell-cycle progression [34]. 

However, EphA4 [35], EphA10 [36], Tie-2 [37], PYK [38], and ALK [39] are frequently 

overexpressed in various human malignancies [33]. Thus, metformin may partially 

inhibit cell cycle related proteins via these tyrosine kinase signaling pathways in GBC 

cells. 

The microenvironment also plays a key role in GBC pathogenesis by promoting 

tumor angiogenesis, invasion, and metastasis [40]. Using angiogenesis-related protein 

arrays, we demonstrated that metformin also reduced the levels of angiogenesis-related 

proteins such as RANTES [41], TGF-β [42], and TIMP-1 [43] in NOZ cells. RANTES, 

TGF-β, and TIMP-1 are associated with several malignancies, suggesting that reducing 

their expression is beneficial in patients with positive responses to chemotherapy, 

resulting in a lower risk of postoperative early recurrence [44, 45]. These results 

suggested that the antitumor effect of metformin may be due, at least in part, to the 

downregulation of angiogenesis-related molecules. 
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miRNAs associated with the anti-tumor effects of metformin were assessed using 

miRNA expression arrays. Cluster analyses clearly showed that metformin treatment 

affected the miRNA expression profile. We identified 35 miRNAs that were 

differentially expressed in the cluster. These miRNAs were potential candidates for 

assessing the efficacy of metformin treatment and may serve clues to the molecular 

basis of the anti-cancer effects of metformin, particularly those mediated by miRNAs. 

miR-675-5p was reported as a functional target of the orphan G protein-coupled 

receptor 55 (GPR55), and has been shown to downregulate cyclinD1 and other 

molecules in non-small cell lung cancer [34]. It has also been reported that miR-675-5p 

is downregulated in adrenocortical cancer patients and metastatic prostate cancer cells 

[43-45]. The expression of miR-675-5p in patients with non-small cell lung cancer was 

negatively correlated with TNM stage and lymph node metastasis [43]. In the present 

study, metformin was found to upregulate miR-675-5p in NOZ cells, suggesting that 

miR-675-5p might be associated with the anti-tumor effect of metformin in GBC cells.  

In conclusion, our results revealed that metformin inhibited human GBC cell 

proliferation and tumor growth, perhaps by suppressing cell-cycle-related molecules via 
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changes in miRNA expression profile. In the near future, the combination of metformin 

and standard chemotherapy drugs in many cancer types may be used to be synergistic 

effects to combat therapeutic resistance. 
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Figure legends 

Figure 1. Metformin inhibits the proliferation of cultured GBC cells. NOZ, 

TGBC14TKB, and TGBC24TKB cells were seeded in 96-well plates. Metformin (1, 5, 

and 10 mmol/L) or vehicle was added to the culture medium; cells were subjected to the 

CCK assay at 24–72 h after metformin treatment. Cell viability was assayed daily from 

0 to 72 h; viability of metformin-treated cells at each time point differed significantly 

from the control cells (P* < 0.05).  
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Figure 2. (A) Flow cytometric analysis of proliferating NOZ cells at 24 h after addition 

of 10 mmol/L metformin (Met). Metformin blocked the cell cycle at G0/G1. Results are 

representative of three independent experiments. (B) Expressions of cyclin D1, Cdk4, 

Cdk6, cyclin E, phosphorylated Rb (pRb), and Rb in NOZ cells at 24, 48, and 72 h after 

the addition of 10 mmol/L metformin. Protein expression was assayed by western 

blotting.  

 

Figure 3. (A) Template showing the location of tyrosine kinase antibodies spotted onto a 

human phospho-RTK array. (B) Representative expression of various phosphorylated 

tyrosine kinase receptors in NOZ cells treated with or without metformin. (C) The 

densitometric of ratios p-Tie, p-PYK, p-ALK, p-EGFR, p-EphA4, and p-EphA10 spots 

of metformin-treated to untreated cells were 31.8 %, 32.1 %, 8.4 %, 72.1 %,1.3 %, and 

14.6%, respectively. 

 

Figure 4. (A) Template showing the location of angiogenesis related proteins spotted 

onto a human angiogenesis array. (B) Representative expression of various 
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angiogenesis-related proteins in NOZ cells treated with or without metformin. (C) The 

densitometric ratios of RANTES, TGF-β, and TIMP spots of the metformin-treated cells 

to untreated cells were 0.21 times,, 20 times and 0.37 times, respectively (Fig. 4C). 

, respectively. 

 

Figure 5. Hierarchical clustering of NOZ cells with and without metformin treatment. 

NOZ cells were clustered according to the expression profiles of 35 miRNAs 

differentially expressed in NOZ cells with and without metformin treatment. The 

analyzed samples are shown in columns and the miRNAs are presented in rows. The 

miRNA clustering color scale shown at the top depicts relative expression levels of the 

miRNAs, with red and blue representing high and low expression levels, respectively. 

  

Figure 6. In vivo anti-tumor effects of metformin on established gall bladder cancer 

xenografts in nude mice. NOZ cells were implanted subcutaneously into the flanks of 

nude mice. When tumors became palpable, 0 or 2 mg metformin was injected 

intraperitoneally for 23 days, 5 times per week. (A) Representative images of gross 
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NOZ tumors from nude mice treated with vehicle (i) or 2 mg metformin (ii). (B) Tumor 

growth curves in control and metformin groups. Tumor volume (mm3) was calculated as 

(tumor length (mm) × tumor width (mm) 2)/2. Tumors were significantly smaller in 

metformin-treated than in vehicle-treated mice. Each point represents the mean ± 

standard deviation of six animals. *P = 0.01 by two-way ANOVA 

 

 

Table 1. Statistical results and chromosomal locations of miRNAs in NOZ cells treated 

with or without metformin. 
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