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ABSTRACT
Metformin is a widely used first-line drug for treatment of type 2 diabetes mellitus. In recent years, it
has been reported that administration of metformin
can reduce carcinogenic risk and inhibit proliferation
of cancer cells including those from glioma and breast
cancer. The underlying mechanism is thought to involve increased LKB-1 phosphorylation induced by
metformin, followed by LKB-1 phosphorylation and
activation of AMP-activated protein kinase (AMPK),
which then inhibits the mammalian target of rapamycin (mTOR) pathway and results in inhibition of
cell proliferation. In endometrial cancer, metformin
causes cell cycle arrest in vitro, reduces hTERT mRNA,
inhibits the mTOR pathway via AMPK, and is involved in inhibition of phosphorylation of S6 ribosomal protein (S6RP). Metformin promotes expression of progesterone receptor by an action opposite to
that of insulin-like growth factor-2 (IGF-2) when used
in combination with medroxyprogesterone acetate.
This enhances the antitumor effect and this approach
may be applicable in a clinical setting.
Keywords: Metformin; Endometrial Cancer; Type 2
Diabetes Mellitus; Mammalian Target of Rapamycin
(mTOR); Progesterone Receptor (PR)

1. INTRODUCTION
Metformin is a biguanide drug used for treatment of type
2 diabetes mellitus. In recent years, long-term administration of metformin has been found to reduce carcinogenic risk for cancers derived from various tissues. Inhibition of cellular proliferation by metformin has been
reported for glioma, colon cancer, and breast cancer. Activation of AMPK and inhibition of mTOR are thought to
be key events in the anti-tumor effect of metformin and
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studies of these molecular mechanisms are ongoing.
Since endometrial cancer is commonly and intimately
related to obesity, type 2 diabetes, and insulin resistance,
the inherent action of metformin on metabolic regulation
may improve the prognosis of patients with this cancer,
and metformin may have direct antitumor effects at the
cellular level, similarly to those for other tumors. In this
review, the effects of metformin on various cancers are
discussed, with a focus on potential clinical application
in treatment of endometrial cancer.

2. METFORMIN TREATMENT FOR
TYPE 2 DIABETES
Metformin is a common orally available biguanide drug
that is used for treatment of type 2 diabetes. Metformin is
normally prescribed at the time of diagnosis of type 2
diabetes as the first-line drug, along with lifestyle guidance [1,2]. Its effects include inhibition of insulin-dependent gluconeogenesis in the liver, promotion of incorporation of glucose into peripheral cells through improvement of insulin sensitivity, and reduction of free
fatty acids in blood by inhibiting lipolysis [3-5]. Metformin also promotes consumption of glucose in the gastrointestinal tract and the resulting lactate is used for
gluconeogenesis in the liver, which may lead to an unfavorable side effect of hypoglycemia that is more serious
than that with other drugs used for type 2 diabetes [3].
Treatment with metformin alone reduces glucose in
fasting blood by about 20% and HbA1c is reduced by
about 1.5% [3,4,6,7]. Gastrointestinal symptoms, vitamin
B12 deficiency, and lactic acidosis occur as side effects.
The frequency of lactic acidosis (9/100,000 patient-years)
is significantly lower than that with phenformin (40 - 64/
100,000 patient-years) [8]. However, lactic acidosis occurs in 14% - 27% patients with a predisposition to this
condition, including those with unstable circulatory dynamics caused by shock or tissue ischemia; reduced renal
function (serum Cr ≥ 1.5 mg/dL (men), ≥1.4 mg/dL
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(women)); hepatic dysfunction, alcohol poisoning, and
heart failure [9-12]. However, it is difficult to predict the
risk for development of lactic acidosis based on these
predispositions, particularly in patients with boundary
predispositions such as compensated heart failure. Thus,
administration of metformin requires consideration of the
balance between the risk of occurrence of lactic acidosis
and the efficacy for treatment of type 2 diabetes.

3. METFORMIN AND CARCINOGENIC
RISK
Type 2 diabetes and insulin resistance have been reported to raise carcinogenic risks in the breast, colon,
prostate gland, and pancreas [13-17]. Various studies have
evaluated inhibition of carcinogenesis by metformin. Evans et al. examined 11,876 new type 2 diabetes patients
and found that carcinogenic events were reduced in those
who received metformin (odds ratio = 0.79) [18]. Bowker
et al. divided type 2 diabetes patients into three groups
treated with metformin, sulfonylurea, and insulin, respectively, and found that the mortality rate due to cancer in the metformin group was about 2/3 that in the sulfonylurea group [19]. In studies of about 4000 type 2
diabetes patients, Libby et al. found that the incidences
of cancer were 7.3% in those treated with metformin and
11.6% in those that received an alternative treatment,
with a significant difference between these groups [20,21].
These studies suggest that metformin reduces the carcinogenic risk in type 2 diabetes patients.

4. MECHANISM OF ACTION OF
METFORMIN IN CANCER CELLS
In addition to the effect on metabolic regulation described
above, metformin has a direct action that inhibits cell
proliferation through activation of AMP activated protein
kinase (AMPK) and resultant inhibition of mammalian
target of rapamycin (mTOR) and its effector. Activation
of AMPK requires LKB-1 protein, which is expressed by
the LKB-1 gene, a causal gene in Peutz-Jeghers syndrome. Insulin or IGF-1 binding to a receptor on the cell
membrane of tumor cells and signaling through IRS-1 and
Akt leads to mTOR activation. PTEN inhibits the signal
from IRS-1 to Akt. The mTOR pathway has a plurality
of downstream effectors, including S6RP, which has a
role in translational regulation of proteins related to cell
proliferation, and 4EBP/eiF4E, which is involved in cell
cycle control. Metformin administration results in activation of LKB-1 through phosphorylation of Thr-172 of
LKB-1. The activated LKB-1 phosphorylates AMPK, and
the activated AMPK phosphorylates tuberous sclerosis
complex 2 (TSC2). Since phosphorylated TSC2 inhibits
mTOR, activation of AMPK results in inhibition of mTOR.
AMPK also has a role in apoptosis regulation through
Copyright © 2012 SciRes.

p53/p261, and regulation of production of fatty acids
through ACC/FAS [22]. Thus, the antitumor effects of
metformin are thought to occur through inhibition of
mTOR via AMPK.

5. EFFECTS OF METFORMIN IN
VARIOUS CANCERS
At the cellular level, metformin inhibits proliferation of
glioma, colon cancer, breast cancer, and ovarian cancer.
Glioma, a neuroectodermal tumor, is the most malignant
among tumors of the central nervous system, partly due
to its high motility. In an in vitro experiment, metformin
inhibited metastasis of glioma cells, reduced the number
of glioma cells at low concentration, and completely inhibited proliferation of glioma cells at high concentration
(8 mM). The significant increase of G0/G1 phase cells
suggested that the inhibitive effect of metformin on proliferation is mainly due to cell cycle arrest. Activation of
JNK, a member of the AMPK family, by metformin also
caused emission of reactive oxygen species through depolarization of the mitochondrial membrane and emission of low-molecular substances such as cytochrome c,
which suggests that apoptosis was induced. However,
similar effects of inhibition of proliferation and induction
of apoptosis by metformin did not occur in astrocytes
[23].
Antitumor effects can also occur via inhibition of
AMPK. In PC12 phenochromocytoma with a dominant
negative AMPK, apoptosis can be induced by depletion
of glucose. In addition, Compound C competitively inhibits ATP binding to AMPK and induces apoptosis in
myeloma cells. Compound C also induces cell cycle arrest in the G2/M phase and is involved in apoptosis by
activation of caspase-3 and caspase-8 [24]. Metformin
and Compound C clearly have opposite effects on AMPK,
and in simultaneous administration of these two molecules the AMPK activation effect of metformin surpassed the inhibitory effect of Compound C [25]. Collectively, these results suggest that AMPK activity is a key
target in treatment of glioma, but the efficacy of metformin and Compound C through conflicting mechanisms indicates that the details of the antitumor effects
require further study.
Some colon cancers are p53-defective and resistant to
normal chemotherapy. p53 has a tumor inhibition effect,
but is also important in switching of the metabolic system in a starvation state. Thus, when glucose runs low,
AMPK is activated and then p53 is activated downstream,
leading to β-oxidization of fatty acids, extracellular incorporation of glucose, and promotion of autophagy. In
p53-defective cells, metabolic switching does not happen
in vivo and apoptosis is further induced by metformin,
whereas induction of apoptosis by metformin was not
OPEN ACCESS
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found in p53-positive cells [26].
Breast cancer is closely associated with type 2 diabetes, with an epidemiological study finding that type 2
diabetes raises the risk of breast cancer by 10% - 20%
[27]. In triple negative (TN) breast cancer, the estrogen
receptor (ER), progesterone receptor (PR), and HER2 are
not expressed. This form of breast cancer is often seen in
perimenopausal women with a high waist hip ratio and
BMI, and has characteristic overexpression of EGFR. TN
breast cancer is particularly sensitive to metformin [28],
with inhibition of proliferation of TN breast cancer cells
at the same concentration as that used in treatment of
type 2 diabetes. Reduction of the Ki67 index (a cell proliferation marker) by metformin occurs due to cell cycle
arrest in the G1 phase and exogenous and endogenous
induction of apoptosis through caspase-8 and caspase-9.
The effects of metformin in common subtypes of breast
cancer, such as luminal A, luminal B, and HER 2/ErbB2,
have also been examined. In addition to colony formation, growth of tumors was also inhibited, and both effects occurred through non-apoptotic mechanisms. These
effects are thought to be related to proteins such as cyclin
D1 and E2F1, which promote the transition from G1
phase to S phase. Changes of tyrosine kinase signals,
decreased expression of ErbB2, and activation of MAPK
by metformin were also noted, and these effects were
observed at the same concentration of metformin used
for treatment of type 2 diabetes [29].
High expression of insulin receptor and insulin-like
growth factor (IGF)-1 receptor, and signals by insulin
and IGF-1 are also thought to be related to the carcinogenic mechanism of breast cancer. For example, the breast
cancer cell line MCF-7 is responsive to insulin and IGF-1
[30]. To investigate whether the effect of metformin on
breast cancer occurs via AMPK or is based on other
mechanisms, metformin was administered after inhibition of siRNA for AMPK. Under these conditions, the
inhibitive effect of metformin on cell proliferation was
eliminated, indicating that the effect of metformin on
breast cancer occurs through AMPK [31]. Metformin
had an effect on most cell lines, but not on all, and its
effect on ER-negative cells was weaker than that on ERpositive cells.
In a study of the antitumor effects of metformin in 9
types of ovarian cancer cells, Ratta et al. found that cell
proliferation was clearly inhibited and that cell cycle
arrest associated with decreased expression of cyclin D1
and increased expression of p21 was induced. Increased
phosphorylation of AMPK and inhibition of phosphorylation of mTOR/S6RP (S6 ribosomal protein) also occurred, indicating that metformin has an antitumor effect
on ovarian cancer that is similar to those for glioma, colon cancer and breast cancer. In addition, AMPK was not
Copyright © 2012 SciRes.

activated by metformin treatment of mouse embryo fibroblasts (mefs), which have a deficiency of LKB1. This
shows that activation of AMPK by metformin is dependent on LKB1. Treatment of AMPKα (1/2)-deficient
and wild-type mefs with metformin resulted in similar
levels of inhibition of proliferation, which suggests that
metformin acts through AMPK and through pathways
that do not depend on AMPK [32].

6. ANTITUMOR EFFECTS OF
METFORMIN IN ENDOMETRIAL
CANCER
Obesity, diabetes mellitus, and insulin resistance are risk
factors for type 1 endometrial cancer, with an epidemiological study showing that the risk of this cancer is 6.25
times higher in obese subjects [33]. Hyperinsulinemia
and hyperandrogenemia are also risk factors for endometrial
cancer, and both are frequently observed in polycystic
ovary syndrome (PCOS), which itself is also considered
to be a risk factor for endometrial cancer. Metformin is
effective for treatment of anovulation in PCOS [34] and
may have an important role in prevention of endometrial
cancer. Leigh et al. examined the effects of metformin in
ECC-1 and Ishikawa cells, which are both endometrial
cancer cell lines [35-36]. A low concentration (about 1 mM)
caused cell cycle arrest in G1 phase in both cell lines,
while high concentrations (2 - 5 mM) induced apoptosis
by activation of caspase-3. These results show that metformin can inhibit proliferation of endometrial cancer
cells. Furthermore, metformin induced phosphorylation
of AMPK in a concentration-dependent manner, with
resulting inhibition of phosphorylation of S6RP downstream in the mTOR pathway. ECC-1 and Ishikawa are
both PTEN-positive cell lines, and thus these results
show that metformin inhibits the mTOR pathway via
AMPK in cells with normal PTEN, which are especially
common in type 2 endometrial cancer.
The effects of metformin on telomerase were also
examined [37]. Tumor cell proliferation requires maintenance of the telomere length by telomerase, and the
level of hTERT mRNA is used as a marker for the activity of telomerase and cell proliferation. The hTERT mRNA
level decreased in ECC-1 and Ishikawa cells after administration of metformin, which suggested that metformin
has an inhibitory effect on telomerase. However, it was
unclear whether the decrease in hTERT mRNA was
caused by the direct action of metformin or was associated with cell cycle arrest. An earlier study using rapamycin [38] was helpful in addressing this issue. In some
cell lines from endometrial, ovarian, and cervical cancer,
rapamycin causes G1 arrest, inhibition of proliferation,
and decreased hTERT mRNA. However, other cell lines
OPEN ACCESS
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showed resistance to rapamycin in that G1 arrest and
inhibition of proliferation did not occur, but the hTERT
mRNA level was still decreased, which indicates that a
decrease of hTERT mRNA can occur independently of
G1 arrest [38].
Xie et al. examined the synergistic effects of metformin
and hormonal therapy on endometrial cancer [39]. Progesterone has been used in treatment of endometrial
cancer for many years, but often has insufficient efficacy,
mainly due to downregulation of the progesterone receptor (PR). In breast cancer, IGF-1 inhibits transcription
of PR, and combined therapies of metformin and oral
contraceptives improve progesterone resistance in atypical endometrial hyperplasia. Therefore, the effects of
metformin on interactions between IGF and PR and in
combination with medroxyprogesterone acetate (MPA)
were examined in Ishikawa and HEC-1B cells. IGF-1/2
inhibited expression of PR A/B, while metformin clearly
promoted this expression. In addition, IGF-2 promoted
phosphorylation of Akt and p70S6K (a kinase of S6RP),
while metformin promoted phosphorylation of AMPK
and inhibited phosphorylation of p70S6K. Metformin
also enhanced the inhibitory effect of MPA on proliferation in both cell lines. These results suggest that metformin can enhance the efficacy of MPA therapy in endometrial cancer by promoting expression of PR and
phosphorylation of AMPK and inhibiting the associated
mTOR pathway.

7. PROBLEMS WITH USE OF
METFORMIN AS AN ANTITUMOR
DRUG
Evaluation of studies on antitumor effects of metformin
require careful consideration of the administered concentration. In vitro, 0.01 to 5 mM metformin is commonly
used, whereas the upper limit of the dose per day in
treatment of type 2 diabetes is 2250 mg/day, which corresponds to a blood level of 20 µM [40]. Therefore, the
concentration at which metformin shows antitumor effects is well above the concentration range in which it
can be used safely in vivo. Thus, managing side effects
may be problematic in clinical use of metformin as an
antitumor agent. However, this problem requires further
study, since in experiments in vitro the cancer cell lines
are exposed to a super-nutrient state and receive excessive growth signals compared with cells in vivo. It is also
known that the levels of metformin that accumulate in
tissues are several times higher than that in blood, and
thus metformin acts at a much higher level in target organs [41]. Furthermore, the efficacy of metformin for TN
breast cancer has been shown to occur in the concentration range used for treatment of type 2 diabetes, as described above [28]. Potential therapy also requires exCopyright © 2012 SciRes.

amination from a pharmacogenomics perspective, since
the uptake and efflux of metformin is dependent on organic cation transporter 1 (OCT1) and multidrug and
toxin extrusion transporter (MATE). OCT1 is polymorphic and differences in metformin uptake due to genetic
variability of transporters can influence the clinical effect
[42,43].

8. CONCLUSION
Metformin is a first-line drug in treatment of type 2 diabetes that is widely used, easy to take orally, and has few
side effects. Administration of metformin also reduces
the risk of carcinogenesis, has preventive effects on several types of cancer, and inhibits proliferation of cancer
cells. The main mechanism of action of metformin is
thought to involve increased LKB-1 phosphorylation,
which in turn leads to phosphorylation and activation of
AMPK, which then inhibits the mTOR pathway. In endometrial cancer, metformin shows in vitro effects of cell
cycle arrest; decreased hTERT mRNA levels; inhibition
of phosphorylation of S6PR, a downstream effector in
the mTOR pathway, by AMPK; promotion of PR expression in opposition to IGF-2; and enhancement of the
antitumor effects of MPA in combination therapy. These
effects suggest that clinical use of metformin as an anticancer agent is possible. However, almost all of the effects have only been shown in vitro, and many occur at a
metformin concentration that is much higher than that
normally used for type 2 diabetes. Therefore, side effects
may be problematic in clinical use of metformin as an
antitumor agent. Clarification of the molecular mechanisms underlying the antitumor effects of metformin and
analysis of in vivo effects on gene expression are required for further exploration of the use of this drug as an
antitumor agent.
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