682

=S VA

Therapeutic potential of the
antidiabetic drug metformin

1n. small bowel adenocarcinoma

PR SN R T

IR ERAIEE A

T KA



INTERNATIONAL JOURNAL OF ONCOLOGY 50: 2145-2153, 2017

Therapeutic potential of the antidiabetic drug metformin
in small bowel adenocarcinoma

TAIGA CHIYO!, KIYOHITO KATO!, HISAKAZU IWAMA?, SHINTARO FUJIHARA', XOJI FUNITA',
TOMOKO TADOKORO!, KYOKO OHURA!, ERI SAMUKAWA!, YOSHIMI YAMANA!, NOBUYA KOBAYASHI',
TAE MATSUNAGA!, NORIKO NISHIYAMA!, MAKI AYAKI!, TATSUO YACHIDA', ASAHIRO MORISHITA!,
HIDEKI KOBARA', HIROHITO MORI! and TSUTOMU MASAKI

]Departmcnt of Gastroenterology and Neurology, and 2Life Science Research Center,
Faculty of Medicine, Kagawa University, Kita-gun, Kagawa 761-0793, Japan

Received Octaber 5,2016; Accepted March 15,2017

DOL: 10.3892/ijo.2017.3971

Abstract. Small bowel adenocarcinoma (SBAC) accounts for
3% of all gastrointestinal tract tumors and approximately 0.5%
of all cancer cases. Recent studies have indicated that the use
of metformin, one of the most commonly prescribed antidia-
betic drugs, is associated with a better prognosis for certain
malignant diseases. However, there have been no reports on the
effect of metformin in SBAC. In the present study, we evalu-
ated the effect of metformin on human SBAC cell proliferation
in vitro and in vivo and identified the microRNAs (miRNAs)
associated with its antitumor effects. Metformin inhibited the
proliferation of HuTu8Q cells in a time- and dose-dependent
manner, Importantly, metformin reduced the expression of
cyclin D1, cyclin E, cyclin-dependent kinase 4, and phos-
phorylated retinoblastoma protein, which resulted in cell cycle
arrest at the GO/GI phase. This arrest was accompanied by
activation of AMPKo and inhibition of mammalian target of
rapamycin and p70s6k. Additionally, metformin reduced the
levels of phosphorylated epidermal growth factor receptor
and ROR?2 as well as markedly altered miRNA expression in
HuTu80 cells. Metformin also inhibited tumor growth in vivo
ina xenograff mouse model. Our data suggest that metformin
might have therapeutic potential in SBAC.

Introduction
Small bowel adenocarcinoma (SBAC) accounts for 3% of

all gastrointestinal tract tumors and approximately 0.5% of
all cancers. There are approximately 10,090 new cases and
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1,330 deaths from SBAC annually in the USA {1). A diagnosis
of SBAC is often difficult because of its rarity and the non-
specificity of the preseniing signs and symptoms. Therefore,
the disease tends to remdin undiagnosed until it reaches an
advanced stage, which is associated with a poor prognosis,
The majority of patients with SBAC are in stage III or IV
at diagnosis (26 and 32% of patients, respectively), and the
S-year disease-specific survival of stage I1I and IV patients
is 35 and 4%, respectively (2). Unfortunately, there is-no
standard chemotherapy for advanced-stage SBAC because of
the absence of raridomized trials comparing different chemo-
therapy regimens. Therefore, novel therapeutic approaches:
are needed for advanced SBAC to overcome and improve the
prognosis of SBAC patients.

Metformin is an oral biguanide drug; it is one of the most
commonly prescribed antidiabetic drugs and was introduced
into clinical practice in the 1930s for the treatment of type 2
diabetes (3). Metformin reduces blood glucose levels by
inhibiting hepatic gluconeogenesis. Previously, retrospective
epidemiologic studies reported that the use of metformin
decreases cancer incidence (4,5). Additionally, it reduces
the risk of all cancers and contributes to lower cancer
mortality (6-9) among patients with concurrent diabetes and
cancer. Moreover, basic studies in vifre and in vivo have
suggested the antitumor effects of metformin in various
cancerous cells, such as those of prostate, breast, colon,
stornach, esophagus, pancreas and liver (10-17). The antitumor
effect of metformin is due to several mechanisms, including.
activation of the LKBI/AMPK pathway (12,18), induction of
cell cycle arrest (10-14) and apoptosis (16), inhibition of the
unfolded protein response, inhibition of protein synthesis,
reduction in circulating insulin levels, activation of the immune
system and eradication of cancer stem cells (18). In particular,
the activation of the LKBI/AMPK pathway leads to the
inhibition of mammalian target of rapamycin {mTOR), which
decreases protein synthesis in cancer cells (18), Furthermore,
metformin has been shown to affect microRNA (miRNA)
expression in certain cancers; these miRNAg can function
as either oncogenes or tumor suppressers (19). However, the
therapeutic potential of metformin in cancer cell proliferation
and tumor growth of SBAC is not well known.
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In the present study, we demonstrated the antitumor effects
of metformin in a human SBAC cell line and found that these
effects were associated with cell cycle arrest by reducing cell
cycle-related molecules. Moreover, we evaluated the expres-
sion of miRNAs related to the antitumor effect of metformin.
These results suggest that metformin may provide a novel
therapeutic approach for SBAC.

Maierials and methods

Cell lines, reagents and antibodies. The human SBAC cell
line HuTu80 was purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). The cells were
cultured in Dulbecco's modified Eagle's medium (DMEM;
Gibco-Invitrogen, Carlsbad, CA, USA) supplemented with
10% fetal bovine serum (FBS) (533-69545; Wako, Osaka,
Japan), and penicillin/streptomycin (100 mg/1; Invitrogen,
Tokyo, Japan) in a 5% CO, atmosphere at 37°C.

Metformin (1,1-dimethylbiguanide monchydrochloride)
was purchased from Astellas Pharma, Inc. (Tokyo, Japan).
Cell Counting kit (CCK)-8 was purchased from Dojinde
Laboratories (Kumamoto, Japan).

The following antibodies were used: 3-actin (Sigma-
Aldrich, St. Lonis, MO, USA; A5441); cyclin D1 (RB-9041),
cyclin E (MS-870-pl) (Thermo Fisher Scientific, Waltham,
MA, USA); Cdk2 (sc-163), Cdk4 (sc-749), Cdké (sc-177), reti-
noblastoma protein (Rb) (sc-50) (Santa Cruz Biotechnology,
Santa Cruz, CA, USA); phosphorylated retinoblastoma
protein (pRb) (BD Biosciences, San Jose, CA, USA; 553385);
AMPKq (#5832), phosphorylated AMPKa Thr172 (#2535),
‘mTOR (#2983), phosphorylated mTOR Ser2448 (#5536),
p70s6k (#2708), phosphorylated p70s6k Thr3g89 (#9205) (Cell
Signaling Technology, Danvers, MA, USA); and secondary
horseradish peroxidase-linked anti-mouse and anti-rabbit
IgG antibodies (Cell Signaling Technology; used at 1:2,000).
Chemiluminescence reagents for western blot imaging were
purchased from Perkin-Elmer Inc. (Waltham, MA, USA).

Cell proliferation assay. Cell proliferation assays were
performed using CCK-8 according to the manufacturer's
instructions. Cells (5,000/well) were seeded into each well of
a 96-well plate with 100 x] of DMEM supplemented with 10%
FBS. After 24 h, the cells were treated with 0, 1, 5 or 10 mM
metformin and then cultured for 24-72 h. CCK-8 reagent (10 j1)
was added to each well, and the cells were incubated for 3 h.
The absorbance was measured for each well at a wavelength of
450 nm using an automicroplate reader,

Flow cytometric analysis. To evaluate the mechanism of
growth inhibition by metformin, cell cycle profiles were
analyzed after treatment with metformin. HuTu80 cells
(1.0x10° cells in a 100-mm dish) were treated with or without
10 mM metformin for 24-72 h. The cell cycle distribution
was analyzed by measuring the amount of propidium iodide
(PI}-labeled DNA in ethanol-fixed cells.

The fixed cells were washed with phosphate-buffered
saline (PBS) and stored at -20°C until flow cytometric analysis
was performed. On the day of analysis, cells were washed
and centrifuged using cold PBS, suspended in 100 1 of PBS
and 10 gl of RNase A solution (250 pg/ml) and incubated for
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30 min at 37°C. Then, 110 ul of PI stain (100 pig/ml) was added
to each tube, and the tubes were incubated at 4°C for at least
30 min prior to analysis, Flow cytometry was performed by a
Cytomics FC 500 flow cytometer (Beckman Coulter, Bres, CA,
USA) with an argon laser (488 nm). The percentages of cells
in different phases of the cell cycle were analyzed by FlowJo
software (Tree Star, Inc., Ashland, OR, USA). All experiments
were performed in triplicate to assess the consistency of the
response.

Gel electrophoresis and western blot analysis. HiTu80 cells
treated (or not) with 10 mM metformin were cultured for
24-72 h. The cells were lysed in lysis buffer (PRO-PREP;
Intron Biotechnology, Inc., Seongnam, Korea). The cell
lysate was centrifuged at 13,000 x g at 4°C for 5 min, and
the remnant was removed. The protein concenirations were
anzlyzed by a NanoDrop 2000 fluorospectrometer (Thermo
Fisher Scientific). After adding 2X SDS sample buffer, the
samples were heated to 95-100°C for 5 min and then cooled
on ice. The samples were electrophoresed using 10% sodium
dodecyl sulfate-polyacrylamide gels (SDS-PAGE) (20), and
the proteins were transferred to nitrocellulose membranes.
The membranes were incubated with primary antibodies after
blocking. Then, the membranes were incubated with horse-
radish peroxidase-conjugated secondary antibodies (21). The
immunoreactive proteins were visualized with an enhanced
chemiluminescence detection system (Perkin-Elmer Co.,
Waltham, MA, USA) on X-ray film. All experiments were
repeated three times, :

Xenograft model analysis. Animal experiments were
performed according to the guidelines of the Commitiee on
Experimental Animals of Kagawa University (Kagawa, Japan).
Male athymic mice (BALB/c-nu/nu; 6 weeks old; 20-25 g) were
purchased from Japan SLC (Shizuoka, Japan). The mice were
maintained under specific pathogen-free conditions using a
laminar airflow rack. The animals had continuous free access
to sterilized food (gamma-ray-irradiated food, CL-2; Clea
Japan, Inc., Tokyo, Japan) and autoclaved water. A total of 16
mice were subcutaneously inoculated with HuTu80 cells (5x10°
cells/animal) in the flank. Five days later, the xenografts were
identifiable as 2 3-mm (naxinmum) diameter mass; the mice
were randomly subdivided into two groups of 8 mice. Then,
1 mg/body per day metformin was injected 5 times a week
intraperitoneally (i.p.) for 2 weeks in the metformin-treated
group. The control group was administered PBS alone for 2
weeks. After the initiation of the metformin administration,
tumor growth was monitored daily by the same investigators
(T. Chiyo and T. Masaki). Tumor size was measured twice per
week by measuring the two largest perpendicular dimensions.
The tumor volume was calculated as follows: Tomor volume
(mm?) = ftumor length (mm) x tumor width (mm) /2 (22). All
mice were sacrificed on day 15 after treatment. All animals
were alive until this time.

Antibody arrays of phosphorylated receptor tyrosine kinases
(p-RTKs). Homan p-RTKs were assayed using Human
Phosphe-RTK array kit (R&D Systems, Minneapolis, MN,
TUSA) according to the manufacturer's protocol. HuTu80 cells
(1.0x10° cells in a 100-mm dish) were treated with or without
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Figure 1. Metformin inhibits HuTuB0 cell proliferation. (A) FHuTu80 cells (5,000/well) were sceded in 96-well plates. After 24 h, the culture medium was
replaced with fresh culture medium containing 0, 1, 5 or 10 mM metformin. Cell viability was assayed after 48 h. The results show that 5 and 10 mM metformin
significantly inhibited cell proliferation (Student's t-test, "*P<0.01 n=8, error bars represent the SD). (B) Cell viabilily was assayed daily from 0 to 72 h. The
viability of metformin-treated cells differed significantly in  time- and dose-dependent manner from the contro! cells ("*P<0.01, by two-way ANOVA),

5 mM metformin for 48 h. P-RTK array membranés were
blocked with 5% BSA/TBS (0.01 M Tris-HCI, pH 7.6} for

1 h. The membranes were then incubated with 2 ml of lysate

prepared from cell lines after normalization with equal amounts
of protein. After extensive washing with TBS including 0.1%
v/v Tween-20 (3 washings of 10 min each) and TBS alone
(2 washings of 10 min each) io 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 including 0.1% Tween-20.
Finally, the membranes were exposed to X-ray film using a
chemiluminescence detection system (Perkin-Elmer).

Antibody array for angiogenesis. The RayBio Human
Angiogenesis Antibody Array Cl (RayBiotech Inc., Norcross,
GA, USA) was used according to the manufacturer’s protocol.
HuTu80 cells (1.0x10% cells in a 100-mm dish) were treated with
or without 5 mM metformin for 48 h. Each array membrane
was exposed to X-ray film using a chemiluminescence detec-
tion system (Perkin-Elmer),

Analysis of miRNA microarray. Total RNA was extracted
from HuTu80 cells (1.0x10° cells in a 100-mm dish) treated
with or without 10 mM metformin for 48 h using the
miRNeasy Mini kit (Qiagen, Hilden, Germany) according
to the manufacturer's instructions. RNA samples typically
showed 60040 ratios between 1.9 and 2.1, using an Agilent
2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA,
USA). After RNA measurement with an RNA 6000 Nano
kit (Agilent Technologies), the samples were labeled using a
miRCURY Hy3/HyS Power labeling kit and were hybridized
to a human miRNA Qligo chip (v.21.0; Toray Industries, Inc,,
Tokyo, Japan), The chips were scanned with the 3D-Gene
Scanner 3000 (Toray Industries). 3D-Gene extraction version
1.2 software (Toray Industries) was used to read the raw inten-
sity of the image. The changes in miRNA expression between
metformin-treated and control samples were analyzed with
GeneSpringGX v 10.0 (Agilent Technologies). Quantile
normalization was performed on the raw data that were above
the background level. Differentially expressed miRNAs
were determined by the Mann-Whitney U test. The false
discovery rate was computed with the Benjamini-Hochberg

procedure for multiple testing (23). Hierarchical clustering
was performed using the furthest neighbor method with the
absolute uncentered Pearson's correlation coefficient as a
metric. We produced a heat map with the relative expression
intensity for each miRNA, in which the base-2 logarithm of
the intensity was median-centered for each row.

Statistical analyses. All statistical analyses were performed
by GraphPad Prism 7.0 (GraphPad Software, Inc., La Jolla,
CA, USA). Comparisons between the treatment and control
groups were performed by two-tailed paired or unpaired
Student's t-tests. Two-way ANOVA was also used to compare
tumor size in mice after different treatments. In all analyses, a
P<0.05 was considered significant.

Results

Metformin [nhibits the proliferation of human SBAC cells in
vitro, To evaluate the effect of metformin on the prolifera-
tion of human SBAC cells, HuTu8Q cells were grown in 10%
EFBS and treated with 0, 1, 5 or 10 mM metformin for 72 h.
Metformin treatment led to inhibition of cell proliferation in a
time- and dose-dependent manner (Fig. 1).

Metformin induced cell cycle arrest in the GO/G1 phase

-and regulates cell cycle-related proteins in SBAC cells. To

examine whether the growth inhibition was due to cell cycle
change, we analyzed the cell cycle profiles of HuTu80 cells
24-72 h after treatment with or without 10 mM metformin by
flow cytometry. Metforinin treatment increased the proportion
of cells in the GO/G1 phase in treated cells compared with the
control cells (71.8 vs. 49.4% after 24 h, 67.3 vs. 46.1% after
48 h, 69.1 vs. 49.9% after 72 h) (Fig. 2). The proportion of cells
in S phase and G2/M phase decreased accordingly.

The effects of metformin on the expression of cell cycle
regulatory proteins were evaluated by western blotting.
HuTu80 cells were treated with or without 10 mM metformin
for 24-72 h. We found notably lower levels of cyelin D1,
cyclin E, Cdk4 and pRb in cells freated with metformin
(Fig. 3), which suggested that metformin suspended the transi-
tion from GO/GI phase to S phase by modulating cyclin D1,
cyclin E, Cdk4 and pRb.
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Figure 2. Metformin blocks cell cycle progression at the GO/GI phase. (A) Flow cytometric analysis of proliferating HuTu80 cells, 24, 48 and 72 h after
administration of 10 mM metformin (Met). (B) Metformin increased the proportion of cells in the GO/G1 phase in the treated cells (Student's t-test, “'P<0.01
n=3, error bars represent the SD). The proportion of cells in S phase and G2/M phase decreased accordingly.

Additionally, p-AMPKa increased after a 24-h treatment
with 10 mM metformin compared with the control, revealing
the activation of the AMPK pathway. p-mTOR and p-p70s6k,
which are downstream of AMPKa., were also decreased in
metformin-treated cells without substantial differences in
the total protein levels of AMPKa, mTOR or p70s6k (Fig. 3).
These results suggest that metformin decreases the expression
level of cell cycle-related proteins and the phosphorylation
of key cell cycle regulatory proteins via the AMPKa/mTOR
pathway leading to GO/G1 arrest in human SBAC cells.

Metformin affected p-RTKs in vitro. We performed a p-RTK
array to identify key RTKs associated with the antitumor
effect of metformin. The antibody array (Fig. 4A) enabled 49

of the expressed and activated RTKSs to be screened in HuTu80
cells. We also performed the array using 10 mM metformin .
for 48 h; however, most of the phospho-RTKs were strongly
inhibited, and we could not conduct an evaluation. Therefore,
we performed the array in the presence and absence of 5 mM
metformin for 48 h. Metformin reduced the expression of
phosphorylated epidermal growth factor receptor (EGFR),
ROR2 (Fig. 4B). Densitometry showed that the ratios of the
EGFR and ROR2 of metformin-treated to untreated cells were
57 and 75%, respectively (Fig. 4C).

Metformin did not affect angiogenesis-rélared molecules
in vitro. We performed an angiogenesis array (Fig. 5A) to
identify the key angiogenesis-related molecules associated
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Figure 3. Metformin reduces cell cycle regulatory proteins and activates the AMPKu pathway. (A) Western blot analysis of cyclin D1, cyclin E, Cdk2, Cdk4,
Cdk6, Rb, pRb in HuTu80 cells treated with 10 mM metformin for 24-72 h. The expression level of cyelin DI, cyclin E, Cdk4 and pRb decreased in treated
cells. (B) Metformin increased p-AMPKa. after a 24-h treatment with 10 mM metformin. p-mTOR and p-p70s6k, downstream of AMPK, decreased accord-
ingly in treated cells. There were no substantial differences in total AMPK, mTOR or p70s6k expression between metformin-treated cells and the control cells.
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Figure 4. Metformin reduces the expression of phosphorylated EGFR and ROR2. (A) The template indicates locations of tyrosine kinase antibodies spotted
onto a human phospho-RTK array. (B) Representative expression of various phosphorylated tyrosine kinase receptors in HuTu80 cells with or without 5 mM
metformin for 48 h. (C) The densitometric ratios of the EGFR, and ROR2 spots were 57 and 75%, respectively (the ratio of metformin-treated cells to control

cells).

with the antitumor effects of metformin on HuTu80. The 20
screened angiogenesis molecules showed no change after
5-mM metformin treatment for 48 h compared with the control
(Fig. 5B).

Metformin inhibits SBAC proliferation in vivo. To evaluate the
antitumor effect in vivo, each nude mouse was subcutaneously
inoculated with HuTu80 cells (5x10° cells/animal) in the flank
region, followed by an i.p. injection. All animals survived the
experimental period. Additionally, metformin did not affect
body weight (data not shown), and the mice did not exhibit
signs of behavioral alterations or suffering. Metformin (1 mg/
body/day) significantly reduced tumor growth by 72% relative
to the PBS-injected control (Fig. 6).

Effects of metformin on miRNA expression. We analyzed the
levels of expression of 2555 miRNA probes in HuTu80 cells
with or without metformin treatment with a custom micro-
array platform. Unsupervised hierarchical clustering analysis
showed that the treated cells clustered separately from the
control cells (Fig. 7). We identified 17 miRNAs that were
significantly upregulated and 33 downregulated miRNAs in
treated cells, compared with the control (Table I).

Discussion
The present study revealed that metformin inhibited cell

proliferation and tumor growth of human SBAC in vitro and
in vivo. Previous studies have shown that metformin induces
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smaller in the metformin-treated group than in the control group. Each point
represents the mean + standard deviation'of 8 mice (*P<0.01, by two-way
ANOVA).

cell cycle arrest via modulating cell cycle regulatory proteins
in various cancer cell lines (10-14,17). Cell cycle dysregula-
tion is a feature of tumor cells, and cell cycle arrest is a major
indicator of antitumor activity (24). Specific cyclin/Cdk
complexes are activated at different intervals during the cell
cycle. Complexes of Cdk4/6 and cyclin D1 are required for
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Figure 7. Hierarchical clustering of HuTu80 cells with or without metformin.
HuTu80 cells were clustered according to the expression profiles of 50
miRNAs differentially expressed by HuTu80 cells with or without metformin.
The analyzed samples are shown in the columns, and the miRNAs are shown
in the rows, The miRNA clustering color scale shown at the top indicates the
relative expression levels of miRNAs; with red and blue representing high
and low expression levels, respectively.

G1 phase progression. Complexes of Cdk2 and cyclin E are
required for G1 to S phase transition (25). In the present study,
flow cytometry showed that metformin induced cell cycle
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Table I. Statistical resulls and chromosomal location of
miRNAs in HuTu80 cells treated with or without metformin.

Fold change

(treated/ Chromosomal

miRNA non-treated) P-value localization
Upregulated )
hsa-miR-1915-3p 212 0041 10
hsa-miR-4745-5p 1.98 0.0411 1
hsa-miR-3619-3p 1.77 0.0411 22
hsa-miR-128-2-5p 1.77 0.0022 3
hsa-miR-4467 1.76 0.0087 N/
hsa-miR-12733g g-3p 1.73 0.0061 1
hsa-miR-3653-3p 167 00260 22
hsa-miR-7107-5p 1.58 0.0450 12
hsa-miR-30¢-1-3p 1.51 0.0260 I
hsa-miR-674%-5p 149 0.0411 11
hsa-miR-6805-5p 1.41 0.0303 19
hsa-miR-6775-3p 1.37 0.0260 16
hsa-miR-485-3p 1.34 0.0260 14
hsa-miR-7114-3p 1.32 00152 9
hsa-miR-6879-3p 127 00152 11
hsa-miR-6877-3p 1.25 0.0367 9
hsa-miR-6825-3p 124 0.0411 3
Downregulated

hsa-miR-18b-5p 0.23 00022 X
hsa-miR-18a-5p 0.30 00200 13
hsa-miR-302a-3p 0.34 00152 4
hsa-miR-181b-3p 036 0.0048 l
hsa-miR-19a-3p 037 0.0152 13
hsa-miR-1303 043 0.0043 5
hsa-miR-17-3p 045 0.0050 13
hsa-miR-181a-3p 047 0.0043 1
hsa-miR-5100 049 0.0049 10
hsa-miR-188-3p 049 0.0087 X
hsa-let-7e-3p 0.50 0.0022 21
hsa-miR-106b-5p 0.53 0.0063 7
hsa-let-7f-1-3p 0.55 0.0087 9
hsa-miR-25-5p 0.55 0.0022 7
hsa-miR-216a-5p 0.59 00152 2
hsa-miR-21-3p 0.59 0.0022 17
hsa-miR-217 0.61 0.0411 2
hsa-miR-183-3p 0.62 0.0411 7
hsa-miR-67635-3p 0.63 0.0303 14
hsa-miR-4448 0.64 0.0043 3
hsa-miR-25-3p 0.66 0.0129 7
hsa-miR-6887-5p 0.67 00152 19
hsa-miR-500b-3p 0.67 00411 X
hsa-miR-7847-3p 0.68 00152 )
hsa-miR-324-3p 0.73 0.0411 17
hsa-miR-6791-3p 0.74 0.0446 19
hsa-miR-1972 0.74 0.0129 16
hsa-miR-1471 0.76 0.0087 2
hsa-miR-6754-5p 0.78 0.0303 11
hsa-miR-4429 0.80 0.0303 2
hsa-miR-483-5p 0.80 0.0260 11
hsa-miR-6086 081 00411 X
hsa-miR-6762-3p 0.83 0.0087 12
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arrest at the GO/G1 phase in SBAC. Additionally, cyclin D1,
Cdk4, cyclin E and pRb, which are major cell cycle regulatory
proteins, are markedly attenuated in treated cells. Therefore,
this finding suggests that these proteins could be intracellular
targets of the metformin-mediated anti-proliferative effect by

inducing GO/GI cycle arrest in SBAC cells. '

AMPK is a well-known downstream target of metformin,
and metformin inhibits cancer cell preliferation by activating
AMPK (26). The antitumor effect of metformin is related
to the activation of AMPK (12,26-30), apoptosis (16,31)-and
angiogenesis (32) in various cancer cells, Previous studies
demonstrated that metformin displays AMPK-dependent or
-independent effects, atJeast partially, on cancer cell prolifera-
tion (27-30,33). More recently, metformin was shown to induce
cyclin DI degradation via an AMPK/GSK3} signaling axis
that involved the ubiquitin/proteasome pathway in ovarian
cancer cells (29). Our results showed that treatment with
metformin increased the expression of p-AMPK (Thrl172) and
reduced the expression of p-p70s6k (Thr389), which confirms
the ability of metformin to activate AMPK and inactivate
mTOR. These results indicate that metformin may reduce the
expression of cell cycle-related proteins and induce cell cycle
arrest via an AMPKo/mTOR/p70s6k axis,

In addition to its effect on the cell cycle, metformin can
interfere with some receptors because metformin decreases
the levels of EGFR oncoprotein in various cancer cells
(10,11,13,31), EGFR plays a key role in cancer cell prolifera-
tion and cell cycle progression (34-36). In the present study,
we found that metformin reduced phosphorylaied EGFR and
ROR?2 in SBAC cells, This is the first report to show that
metformin inhibited ROR2 activation. ROR2 corrélates with a
poor prognosis in various cancer types (37-39), cell migration/
invasion and metastasis (40-42); therefore, it has potential as a
novel drug target in cancer therapy.

Using an angiogenesis antibody array, metformin was
previously shown to inhibit angiogenesis by reducing angio-
genesis-related molecules (11,12), On the other hand, the 20
screened angiogenesis molecules did not exhibit differences
in metformin-treated or non-treated SBAC cells. These data
suggest that metformin may not affect tumor angiogenesis by
reducing various angiogenesis-related molecules in SBAC.

miRNAs are small, endogenous, non-coding siRINAs that
are 21-30 nucleotides in length and that modulate the expres-
sion of various target genes at the post-transcriptional and
translational levels (43). We assessed the miRNAs associated
with the antitumor effects of metformin in SBAC cells using
miRNA expression arrays. The cluster analysis indicated that
the metformin treatment affected the expression of numerous
miRNAs. We identified 50 miRNAs differentially expressed
(17 upregulated and 33 downregulated) in the cluster. These
changes in miRNA expression may provide clues to the
molecular basis of the antitumor effect of metformin.

Our data revealed that miR-1915 exhibited the highest
upregulation in HuTu80 cells treated with metformin,
miR-1915 targets the anti-apoptotic protein Bel-2 and modu-
lates multidrug resistance in colorectal cancer cells (44).

. miR-1915 is a p33-responsive miRNA, and it negatively

regulates Bcl-2 expression at the post-translational level (45).
Additionally, miR-1915 was shown to inhibit Bcl-2 expres-
sion and sensitize cancerous cells to anticancer drugs (44) we
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investigated the possible role of microRNAs in the develop-
ment of multidrug resistance (MDR). Metformin has also
been shown to significantly downregulate miR-21 in HuTuB)
cells, and downregulation of miR-21 has been shown to restore
the PTEN/Akt axis in colon cancer cells and inhibit their
growth (46). Therefore, these changes in miRNA expression
may contribute to suppressed cancer proliferation.

There are several limitations in the present study.
First, we conducted the in vitre study with higher doses
of metformin than those that are used in human treatment
(6-30 ymol/1); however, these doses are similar to those used
in previous studies on prostate (14), colon cancer (17) and
melanoma (16). The cell culture was conducted in hypergly-
cemic conditions with 10% FBS. The high concentration of
nutrition may lead to strong growth stimulation and high-
dose requirements for metformin. However, we confirmed
the antitumor effect in the in vive study, in which the use
of metformin, 1 mg (40-50 mg/kg) was almost equivalent to
the dose used in human treatments. Second, we used only a
single cell line in this study because no other human SBAC
cell lines were available. Instead, we obtained the human
ileocecal adenocarcinoma cell line HCT-8 and performed
the cell proliferation assay with this cell line. The cells were
treated with the same concentrations of metformin (0, 1, 5
or 10 mM) as the HuTu80 cells and were cultured for 48 h.
The proliferation of HCT-8 cells was also inhibited with
metformin in a time- and dose-dependent manner (data not
shown).

In conclusion, our results indicate that metformin inhibits
SBAC cell proliferation by suppressing cell cycle-related
molecules, activating AMPK and inhibiting mTOR and p70s6k
signaling, and altering the production of miRNAs. Therefore,
metformin may become a novel therapeutic agent for SBAC
treatment, providing synergistic effects based on different
mechanisms of action.
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