
Abstract. Background/Aim: Pancreatic neuroendocrine
tumors (pNETs) are rare pancreatic neoplasms, and
therapeutic options for pNETs are limited. Metformin is an
anti-hypoglycemic drug that appears to have anticancer
effects. However, little is known about the effect of metformin
on pNETs. In this study, we investigated the anti-proliferative
effect of metformin on a human pNET cell line. Materials
and Methods: The anti-proliferative properties of metformin
were evaluated in QGP-1 and NCI-H727 cells using a cell
counting kit-8 assay. Xenograft mouse models were used to
assess the tumor effect in vivo. Results: Metformin inhibited
the proliferation and anti-tumor growth of QGP-1 cells,
accompanied by their arrest during the cell cycle at the
G0/G1 phase. Immunohistochemical analysis of tumor tissues
revealed down-regulation of cyclin D1 and proliferating cell
nuclear antigen in the metformin-treated group. Additionally,
metformin induced apoptosis, and the expression of survivin
and claspin were decreased in metformin-treated QGP-1
cells according to the apoptosis array. Furthermore, the
angiogenic related protein TIMP-1 was down-regulated, and
its miRNA expression was altered by metformin in QGP-1
cells. Conclusion: Taken together, our study demonstrated
the therapeutic potential of metformin and provides
molecular mechanistic insights into its anti-tumoral effect on
pNETs. This study is the first one describing anti-tumoral
effects in pNETs.

Pancreatic neuroendocrine tumors (pNETs) are overall rare,
and represent less than 3% of primary pancreatic tumors (1,
2). The incidence of pNETs is increasing and approximately
50% of patients have advanced disease at diagnosis (3). Most
pNETs are sporadic, but they can be associated with
hereditary diseases, including multiple endocrine neoplasia
type 1, Von Hippel Lindau syndrome, neurofibromatosis type
1, and tuberous sclerosis (4). Therapeutic options for pNETs
include surgical resection, systemic chemotherapy, such as
somatostatin analogues, the mechanistic target of rapamycin
(mTOR) inhibitor everolimus, the multikinase inhibitor
sunitinib, and peptide receptor radiotherapy (5). Surgery is
the only curative modality for sporadic pNETs and the 5-year
survival rate is 32% for patients with advanced pNETs, thus,
the prognosis is poor (6). Accordingly, there is a need to
develop more effective treatments for pNETs.

Metformin is an anti-hypoglycemic drug that is widely
prescribed for the treatment of type 2 diabetes mellitus (7).
It has been associated with reduced incidence of several
types of cancer in patients with diabetes mellitus (8, 9).
Metformin exerts its anti-proliferative effects partly by
activating AMP-activated protein kinase that plays a key
regulatory role in maintaining cellular energy homeostasis.
Additionally, metformin induces cell cycle arrest and
apoptosis, and down-regulates growth factor receptors to
inhibit angiogenesis of various cancers (10, 11). According
to recent studies, metformin in combination with a
somatostatin analog and everolimus improve clinical
outcomes of pNETs, including progression-free survival (12).
However, the detailed mechanism of the antiproliferative
effects of metformin in pNETs remains unclear.

Cyclin D1 and cyclin-dependent kinase (Cdk) complexes
play a critical role in G1/S phase of cell cycle progression (13).
In particular, cyclin D1, a key regulator of G1/S transition in
the cell cycle, is dysregulated in a variety of human cancers
including certain endocrine tumors. Overexpression of cyclin
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D1 is frequently observed in pNETs compared with normal
pancreatic tissue (14). Hence, restoring cell cycle progression
may be an effective treatment strategy for pNETs. 

In this study, we evaluated the anti-tumor effect of
metformin in QGP-1 human pNET cells. The results revealed
that metformin inhibited the proliferation of QGP-1 cells and
induced cell cycle arrest, apoptosis, angiogenesis, and
microRNA expression. Furthermore, metformin reduced the
tumor burden in a QGP-1 xenografted animal model.  

Materials and Methods
Drugs, chemicals and reagents. Metformin was obtained from
Astellas Pharma (Tokyo, Japan). RPMI-1640 was obtained from
Gibco BRL Life Technologies (Grand Island, NY, USA). Trypan Blue
was purchased from Sigma-Aldrich (St Louis, MO, USA). Fetal
Bovine serum (FBS) was obtained from Wako Pure Chemical
Industries (Osaka, Japan). Penicillin-streptomycin was obtained from
Invitrogen (Tokyo, Japan). The cell counting kit-8 (CCK-8) was
obtained from Dojindo Laboratories (Kumamoto, Japan). The Cell
Cycle Phase Determination Kit was obtained from Cayman Chemical
(MI, USA). The annexin V-FITC Early Apoptosis Detection Kit was
obtained from Cell Signaling Technology (Boston, MA, USA). The
protease inhibitor cocktail was obtained from iNtRON Biotechnology
(Sungnam, Republic of Korea). The Proteome Profiler Human
Apoptosis and Angiogenesis Antibody Array Kits were obtained from
R&D Systems (Minneapolis, MN, USA). Primary antibodies against
Cdk4, Cdk6, retinoblastoma protein (Rb) were obtained from Santa
Cruz Biotechnology (San Diego, CA, USA). Cyclin D1 was obtained
from Thermo Fisher Scientific (Waltham, MA, USA). The antibody
against β-actin was obtained from Sigma-Aldrich (St. Louis, MO,
USA). Phosphorylated Rb was obtained from BD Pharmingen (San
Diego, CA, USA). 

Goat anti-mouse IgG-horseradish peroxidase (HRP) secondary
antibodies, and goat anti-rabbit IgG- HRP were obtained from GE
Healthcare (Chalfont, UK). 

Cell culture. The human pancreatic neuroendocrine tumor (NET)
cell line QGP-1 was provided by the Japanese Cancer Research
Resources Bank. The typical bronchial carcinoid cell line NCI-H727
was obtained from the ATCC (Manassas, VA, USA). QGP-1 and
NCI-H727 cells were maintained at 37˚C with 5% CO2 in RPMI-
1640 medium supplemented with 10% fetal bovine serum, 20 U/ml
penicillin, and 100 μg/ml streptomycin.

Cell proliferation assay. The cell proliferation assay was performed
as described previously (15). Briefly, cell proliferation assays were
conducted using a cell counting kit-8 (CCK-8) according to the
manufacturer’s instructions. And, these assays were conducted in
QGP-1 and NCI-H727 cell lines. Then, 5.0x103cells of each
experiment group were equally seeded on 96-well plates and were
treated as indicated for 72 h before cell proliferation assay. The
absorbance was measured at 450 nm in each well using an
automated microplate reader. 

Cell cycle and apoptosis analyses. Cell cycle and apoptosis analysis
was performed as described in our previous study (15). Briefly,
QGP-1 cells were collected and seeded into 100-mm culture dishes
at 1.0×106 per dish, then maintained for 24 h. Next, cells were

treated with 5 mM metfromin for 24-72 h. Cell cycle and apoptosis
were determined by flow cytometry using Cytomics FC 500 flow
cytometer (Beckman Coulter, Indianapolis, IN, USA), according to
the manufacture’s protocol. The percentages of cells were analyzed
using Kaluza software (Beckman Coulter, Indianapolis, IN, USA).  

Western blotting. Gel electrophoresis and western blotting were
performed in accordance with our previously described methods
(15). Briefly, proteins were subjected to sodium dodecyl sulfate
polyacrylamide gel electrophoresis and then transferred to
nitrocellulose membranes.

After blocking in 5% dry skim milk in 0.05% Tween-20/TBS
buffer, the membranes were incubated with primary antibodies,
followed by peroxidase-conjugated secondary antibodies in 5% dry
skim milk in 0.05% Tween-20/TBS buffer.

Analysis of apoptosis and angiogenesis related protein profiles using
an antibody array. QGP-1 cells were collected and seeded into 100-
mm culture dishes at 1.0×106 per dish, then maintained for 24 h.
Subsequently, the cells were treated with 5m M metformin for 48 h.
The cells were lysed in PRO-PREP (iNtRON Biotechnology). The
membrane provided was blocked in blocking solution reagent and
treated overnight with cell lysates protein. The membrane was washed
and subsequently incubated with detection antibody cocktail and
streptavidin horseradish peroxidase-conjugated. Chemiluminescent
reagents were added to the membrane and then exposed to X-ray film
to detect the protein expression levels in treated cells compared to
untreated cells. 

MiRNA array. MiRNA array analysis was performed as described
in our previous study (15). 

Briefly, total RNA was isolated using a miRNeasy Mini Kit
(Qiagen, Hilden, Germany) from QGP-1 cells according to the
manufacturer’s instructions. MiRNA expression analysis was
performed using the a miRCURYHy3/Hy5 Power Labeling Kit and
human miRNA Oligo chip (v. 21.0; Toray Industries, Tokyo, Japan).
The arrays were scanned in a 3D-Gene Scanner 3000 (Toray
Industries), and these fluorescence images were analyzed using the
3D-Gene extraction version 1.2 software (Toray Industries). 

Xenografted tumor model. All animals were treated in accordance
with the guidelines of the Kagawa University Committee on
Experimental Animals. Kagawa University Animal Care Committee
approved our animal protocols including animal ethics. Six-week-
old BALB/c-nu/nu mice (n=24) were obtained from Japan SLC
(Shizuoka, Japan) and housed under barrier conditions. A standard
sterilized laboratory diet and water were available ad libitum. The
mice were subcutaneously inoculated with QGP-1 cells (1.0×106
/animal) in their flanks. After approximately 2 weeks, when tumors
reached a maximal diameter of >3 mm, 24 mice were randomly
assigned into three groups. Mice were administrated PBS only
(control) (n=8), 1 mg/day metformin (n=8), or 2 mg/day metformin
(n=8) intraperitoneally (i.p.). The mice were monitored for body
weight and tumor volume every 3 days. Tumor volumes were
calculated using the formula: V=length×width2/2, as reported
previously (16). The animals were sacrificed on day 22 following
the beginning of each treatment.

Immunohistochemistry. We prepared 5 μm-thick sections from
formalin-fixed, paraffin-embedded tissue blocks. To retrieve
antigens, the sections were boiled in 10 mmol/l citrate buffer (pH

ANTICANCER RESEARCH 40: 121-132 (2020)

122



6.0) using a microwave oven (MR-M201 Microwave Processor;
Hitachi, Tokyo, Japan) at 500 W for 5 min. The sections were then
dewaxed in xylene, rehydrated in graded alcohol solutions, and then
mixed with a solution containing 0.5% hydrogen peroxidase to block
endogenous peroxidase activity. After washing with phosphate-
buffered saline, the sections were immunostained. Expression of
PCNA and cyclin D1 were determined by incubation with a mouse
mAb (1:200 dilution) and rabbit pAb (1:50 dilution), respectively,
overnight. Then, the sections were incubated for 30 min with
appropriate peroxidase-conjugated secondary antibodies (PK-6102,
PK-6101, Vectastain Elite ABC kit, Vector Laboratories, CA, USA).

The standard avidin-biotin-peroxidase complex method
(Funakosi Chemical Co., Tokyo, Japan) with diaminobenzidine
(Sigma Chemical Co., Tokyo, Japan) as the substrate was employed
for detection. Sections were then counterstained by Meyer’s
hematoxylin. Samples treated with phosphate buffer served as the
negative control. Sections were examined microscopically for
specific staining, and nuclei with a brown color regardless of

staining intensity were regarded as positive. PCNA and cyclin D1
positivity was calculated for both at ×40 magnification by dividing
the number of positive cells by the total number of cells counted in
five random fields and expressed as a percentage. Images were
obtained with a digital image capture system (Olympus, Japan).

Statistical analysis. All statistical analyses were performed using
GraphPad Prism 6 software (GraphPad Software, La Jolla, CA,
USA). Data were analyzed using the unpaired Student’s t-test and
p<0.05 was considered to be statically significant.

Results

In vitro metformin treatment inhibits human NET cell growth
by inducing cell cycle arrest at G0/G1 phase. Two human
pancreatic neuroendocrine tumor (NET) cell lines, QGP-1 and
NCI-H727, were treated with various concentrations of
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Figure 1. (A) After 24 h, metformin (1, 3, or 5 mmol/l) was added to the culture medium. The results are expressed as the percentage of viable cells compared
to the control (0 mmol/l). According to the Student’s t-test, all treatments were significantly different from the control. (*p<0.05, **p<0.01, and ***p<0.001,
vs control). (B) Metformin inhibits the proliferation of neuroendocrine tumor cells. QGP-1 and NCI-H727 cells were treated with 0, 1, 3, or 5 mM metformin
for 0, 24, 48, and 72 h. Cell viability was assessed by CCK-8 assays. Data points represent the mean cell number in three independent cultures, and error
bars represent standard errors. For each cell line, the conditions at 72 h were significantly different compared with the control (0 mmol/l) (p<0.01).



metformin (0, 1, 3, or 5 mM) for consecutive days. Metformin
reduced the proliferation of QGP-1 and NCI-H727 cells at 24
h of treatment (Figure 1A and B). These results demonstrated
that metformin inhibited cell proliferation of NET cell lines in
a dose-dependent manner.

We further investigated the effects of metformin on the cell
cycle of QGP-1 cells by flow cytometric analysis (Figure 2A).
When QGP-1 cells were incubated with 5 mM metformin, the
number of cells in proliferative S and G2/M fraction was
decreased and those in non-proliferative G0/G1 fraction
increased (Figure 2B). Furthermore, the expression level of
cyclin D1 was decreased in QGP-1 cells, while expression of
Cdk4 and Cdk6, which are the catalytic units of cyclin D1,
was unchanged in metformin-treated QGP-1 cells (Figure 3).
For confirmation, we detected a reduction of phosphorylated
Rb (pRb) at 72 h after the addition of metformin.

These results indicated that the growth of QGP-1
pancreatic neuroendocrine tumor cells was suppressed after
metformin treatment by impairing cell cycle progression.
Metformin induces apoptosis of QGP-1 cells by altering
apoptosis-related protein expression. To investigate how
metformin influences QGP-1 cell growth, we analyzed
apoptosis. The apoptotic effects of 5 mM metformin were
measured by flow cytometric analysis of annexin V-FITC/PI
staining. As shown in Figure 4A, metformin induced a
dramatic change in the proportion of apoptotic QGP-1 cells
at 24 h following treatment (Figure 4A and B). 

Additionally, we further investigated the modulation of
upstream pro- and anti-apoptotic proteins by human
apoptosis antibody array study, which can detect a range of
anti and pro-apoptotic markers in the presence or absence of
metformin (Figure 5A). Metformin decreased the expression
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Figure 2. Metformin induces cell cycle arrest at G0/G1 in QGP-1 cells. (A) Representative results showing the distribution of QGP-1 cells in G0/G1,
S, and G2/M phases following treatment with metformin (5 mM) or without at 24 and 48 h. (B) Histograms showing the percentage of QGP-1 cells
in G0/G1, S, and G2/M phases. 



of survivin and claspin in QGP-1 cells (Figure 5B).
Densitometry showed that the intensities of survivin and
claspin in metformin-treated QGP-1cells were 25% and
22.5%, respectively, of those in untreated QGP-1 cells
(Figure 5C). 

These results revealed that metformin inhibited the
proliferation of QGP-1 pNET cells by decreasing anti-
apoptosis-inducing proteins. 

Association between metformin and angiogenesis of QGP-1
pNET cells. To identify angiogenic factors affected by
metformin, a human angiogenesis array kit was applied to
QGP-1 cells (Figure 6A). A markedly decreased level of
TIMP-1 was observed in metformin-treated QGP-1 cells
compared to untreated cells (Figure 6B). Quantitative results
are shown in Figures 6C.

MiRNA expression signatures are different in metformin-
treated and untreated QGP-1 cells. Heat maps generated by

miRNA microarray analysis revealed expression of several
miRNAs that are dysregulated in 5 mM metformin-treated
QGP-1 cells (Figure 7). After normalization and removing
miRNAs with missing values, 241 miRNAs were used to
perform hierarchical clustering. Finally, 50 significantly
differentially expressed miRNAs were identified, 33 of which
were significantly up-regulated and the remaining 17 were
down-regulated (Table I).

Anti-tumor effect metformin in vivo. We next investigated the
anti-tumor effect of metformin in vivo. Xenografted mice were
administrated metformin (1 or 2 mg/day) or PBS only
intraperitoneally after subcutaneous implantation of QGP-1 cells. 

Metformin was found to effectively suppress tumor growth
of QGP-1 xenografts. The tumor size was significantly lower
in metformin-treated mice compared to the control (Figure 8A
and B). Additionally, we analyzed protein expression by
immunohistochemistry to determine whether metformin also
affected cell cycle regulatory proteins in vivo. Metformin
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Figure 3. Western blot showing expression of cyclin D1, Cdk4, Cdk6, phosphorylated Rb (pRb), and Rb in QGP-1 cells at 24, 48, and 72 h after
addition of 5 mM metformin. Cyclin D1 expression was decreased by 5 mM metformin treatment (+) compared to the control (–). 
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Figure 5. Metformin induces apoptosis of QGP-1 cells. (A) Analysis of apoptosis in metformin-treated QGP-1 cells revealed induction of apoptosis
by metformin. (B) Apoptosis array image of 35 apoptosis-related proteins. (C) Relative ratios of survivin and claspin spots of metformin-treated to
untreated cells were 25% and 22.5%, respectively (*p<0.05, vs control).

Figure 4. Metformin induces apoptosis. (A) Early apoptotic changes evoked by 5 mM metformin at 24 h were assessed by flow cytometry. Annexin-
V positive and PI-negative cells were regarded as early apoptotic (enclosed areas in bold squares). (B) Labeling index of annexin-V-positive cells.
The proportion of annexin-V-positive, metformin-treated cells was higher compared to that of untreated cells (control) (*p<0.05, vs control).



decreased the expression level of cyclin D1 (Figure 9A) and
reduced the expression of PCNA compared with controls
(Figure 9B). In the metformin-treated group, expression of
cyclin D1 and PCNA was higher compared to the control
group. The labeling index of metformin-treated cell was also
higher compared to the control.

Metformin treatment had no significant effect on the body
weight of animals during the course of the treatments.

Discussion

In the present study, we focused on the anti-tumor effects of
metformin in pancreatic neuroendocrine tumors. The present
findings are significant because we investigated the anti-
tumor effect of metformin on pNET growth both in vitro and
in vivo. Metformin induced cell cycle arrest at G0/G1 phase
through modulation of the cell cycle-regulating protein
cyclin D1 in QGP-1 pNET cells. These results are consistent
with findings reported in a previous study of metformin
effects on various cancer cells (17). More importantly, the
anti-proliferative effect of metformin on pNETs was

validated in an animal model. To the best of our knowledge,
this is the first study to show that metformin inhibits pNET
growth by inducing a cell cycle arrest in vivo.

Metformin (dimethyl-biguanide) is one of the most widely
used anti-hyperglycemic drugs and insulin sensitizers, which
inhibits hepatic glucose production and enhances peripheral
glucose uptake (11). It has been associated with reduced
incidence of several types of cancer in patients with type 2
diabetes (8). Among the postulated mechanisms for such a
benefit are: i) inhibition of cancer cell growth, ii)
suppression of HER2 overexpression, and iii) inhibition of
mTOR (18-20). Metformin has also been shown to inhibit
cancer cell proliferation (11, 15, 21), and reduce the risk of
cancer and improve cancer prognoses in type 2 diabetes
patients (22). Furthermore, metformin has been shown to
inhibit cancer cell proliferation in vitro (17). 

The cell cycle is divided in two phases: i) interphase (G0)
and ii) M phase (G1, S, and G2). Cyclin D1 and Cdks are
important cell cycle regulatory proteins that play a positive
role during the crucial restriction point of G1/S transition (23,
24). PCNA is a DNA clamp that acts as a processivity for
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Figure 6. Effects of metformin on angiogenesis of QGP-1 cells. (A) Angiogenesis array image of 55 angiogenesis-related cytokines. (B) Human-
specific angiogenesis antibody array membranes were incubated with or without metformin in QGP-1 cells. (C) Relative levels of TIMP-1 in
metformin-treated versus untreated QGP-1 cells.



DNA polymerase δ in eukaryotic cells, and is essential for
replication (25). Our in vitro experiments verified that
metformin induces cell cycle arrest at G0/G1 phase, which was
accompanied by the down-regulation of cyclin D1. We found
that metformin induces the arrest of proliferative cells and,
indeed, metformin down-regulated the expression of cyclin D1
and PCNA in vitro and in vivo. These results indicate that
metformin may reduce the expression of cell cycle-related
proteins and induce cell cycle arrest in pNET cells. 

Metformin has been shown to inhibit cell proliferation by
inducing apoptosis in various cancer cell lines, such as
prostate (26), lung (27), and breast (28) cancer lines. We also
observed that metformin induced QGP-1 cell apoptosis.

Additionally, survivin and claspin expression was decreased
in metformin-treated QGP-1 cells. Survivin is an inhibitor of
apoptosis and is overexpressed in pancreatic ductal
carcinoma (29, 30). In addition, high tissue and serum
expression of survivin is a poor prognostic marker in
pancreatic ductal carcinoma (31). Claspin is also required for
efficient DNA replication during normal S phase and is
highly expressed in more aggressive cancers (32, 33).
Collectively, the present data suggested that metformin
induced apoptosis and inhibited QGP-1 cell proliferation by
suppressing the expression of both survivin and claspin.

The tumor microenvironment is the product of crosstalk
between different cell types, and it plays a critical role in
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Figure 7. Hierarchical clustering of QGP-1 cells cultured with or without metformin. The analyzed samples are shown in the columns, and the miRNAs
are presented in the rows. The miRNA clustering color scale presented at the top indicates the relative miRNA expression levels with red and blue
representing high and low expression levels, respectively.



promoting the initiation and progression of malignancy (34).
Using an angiogenesis antibody array, we found that the
expression level of TIMP-1 was reduced in metformin-treated
QGP-1 cells. TIMP-1 is an endogenous inhibitor of matrix
metalloproteinases, which plays a key regulatory role in
tumor progression (35). Urinal TIMP-1 may have diagnostic

value to distinguish between pancreatic NETs and
adenocarcinoma (36). Moreover, high TIMP-1 expression has
been reported to be indicative of a poor prognosis in
pancreatic and ampullary malignancies (37). Metformin
reduces angiogenesis and promotes necrosis in esophageal
cancer xenograft models through up-regulation of p53 and

Yamana et al: Metformin Induces G0/G1 Cell Cycle Arrest and Apoptosis in Neuroendocrine Tumors

129

Figure 8. Metformin inhibits the growth of QGP-1 cell xenografts in nude mice. QGP-1 cells were subcutaneously implanted into the flanks of nude
mice. When the tumors became palpable, 0, 1 or 2 mg metformin was intraperitoneally injected five times per week for 22 days. (A) Photographs
showing the representative xenograft tumors on metformin-treated or vehicle-treated nude mice. (B) Tumor growth curves of control and metformin
groups. Tumors were significantly smaller in metformin-treated mice compared to vehicle-treated mice. Each point represents the mean±standard
deviation of eight animals (*p<0.05 and **p<0.01, vs control). 

Figure 9. (A) Immunohistochemical staining of cyclin D1 in cancerous tissues from metformin-treated and control groups of xenografted mice.
Cyclin D1-positive cells (black arrows) were decreased in mice treated with metformin (1 or 2 mg). a: control, b: 1 mg/day metformin, c: 2 mg/day
metformin. (B) Cyclin D1-positive cells in metformin-treated mice were reduced compared to untreated mice. (C) Immunohistochemical staining of
PCNA in cancerous tissues from metformin-treated and control groups of xenografted mice. PCNA-positive cells (black arrows) were decreased in
mice treated with metformin (1 or 2 mg). a: control, b: 1 mg/day metformin, c: 2 mg/day metformin. (D) PCNA-positive cells in metformin-treated
mice were reduced compared with untreated mice (*p<0.05 and **p<0.01, vs. control).



p21CIP1 expression (38). Our results suggested that
metformin may have anti-cancer effects through a reduction
of TIMP-1 to affect angiogenesis.

MicroRNAs are endogenous mediators of gene expression
through their site-specific binding at the 3’ untranslated region
or other sites of mRNAs to either degrade their target or
inactivate protein synthesis. MiRNAs regulate many biological
processes, such as cancer cell proliferation, tumor growth,
differentiation, apoptosis, and energy metabolism (39). We
identified miRNAs associated with the anti-tumor effects of
metformin in QGP-1 cells using miRNA expression arrays.
Numerous microRNAs were significantly altered following
metformin treatment of QGP-1 cells. MiR-200a-3p was
significantly down-regulated in metformin-treated QGP-1 cells.
The miR-200 family is widely recognized as a tumor suppressor
through the regulation of epithelial-to-mesenchymal transition
in various cancer types (40). Up-regulation of the miR-200a-3p
family has been reported in esophageal cancer (41). Zang et al.,
have reported that miR-200a-3p promotes cell proliferation of
esophageal cancer by post-transcriptionally regulating CRMP1
(cytoplasmic collapsin response mediator protein 1) (42). Based
on previous studies, our data suggest that the altered miRNAs
may result from the antitumoral effects of metformin. 

In conclusion, our results revealed that metformin inhibits
human QGP-1 pancreatic NET cell proliferation by inducing
cell cycle arrest and apoptosis. In the near future, metformin
may be used as a first line drug for cancer patients with
diabetes.
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Table I. Statistical results and chromosomal locations of miRNAs in QGP-1 cells treated with or without metformin. Fold changes are metformin
treated/non-treated. Fold change (FC)>2.5, FC<0.4, p-Value<0.005.

miRNA                          Fold-change             p-Value         Chromosomal 
                                                                                               localization

Up-regulated                                                                                    
hsa-miR-1249-5p         3.714543712        3.37491E-08         22q13.31
hsa-miR-4428               3.657987938        2.58787E-07             1q43
hsa-miR-6131               3.508360895        2.89727E-08           5p15.2
hsa-miR-4446-3p         3.256090127        2.14624E-09           3q13.2
hsa-miR-4299               3.199431779        5.56611E-05          11p15.4
hsa-miR-3196               2.857469354        2.21328E-09         20q13.33
hsa-miR-4294               2.734436777        2.38375E-09         10q11.23
hsa-miR-6861-5p         2.702412862        7.87813E-08         12q24.13
hsa-miR-1290               2.669759159        6.08713E-05          1p36.13
hsa-miR-4741               2.663572769        1.33093E-08          18q11.2
hsa-miR-6771-5p         2.593949188        6.80969E-08

miRNA                          Fold change             p-Value         Chromosomal 
                                                                                               localization

Down-regulated                                                                               
hsa-miR-4521               0.046440459        6.78411E-12          17p13.1
hsa-miR-3177-3p         0.143700706        7.98764E-10          16p13.3
hsa-miR-200a-3p          0.242553967        2.49711E-08          1p36.33
hsa-miR-455-3p           0.244852948        2.76534E-08             9q32
hsa-miR-4448               0.254274393        1.68824E-09           3q27.1
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