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Metformin as Cancer Preventative and Therapeutic Agent

ilayda Uziimci'®, Burak Akverdi'®, Elif Unaldi'®, Oytun Erbas'

Metformin (dimethylbiguanide) is an anti-diabetic
drug that serves to keep blood sugar levels under
control. Metformin, which is on the World Health
Organization’s list of essential medicines, belongs
to the biguanide class and has similar effects to
sulfonylureas, thiazolidinediones, and insulin in
lowering blood sugar levels." In contrast to other
antihyperglycemic drug classes, metformin is the
first-line drug for patients with type 2 diabetes
mellitus (T2DM), whether as monotherapy or in
combination.” In addition, the use of metformin is
not limited to T2DM alone; it is also used in various
diseases such as polycystic ovary syndrome, and non-
alcoholic fatty liver disease. While it has tolerable
side effects including nausea, diarrhea, and gas issues
in first-time patients, these side effects fade with time,
which has encouraged people to use it.”! Eventually,
the discovery of anticancer effects has led metformin
to a brand new area of use such as ‘oncology’.®
Targeting the energy metabolism of cancer cells,
which is one of the important issues in oncology
in recent years, has led to intensive research and
studies in this area with metformin.®'® The anticancer
properties of metformin and its present role in cancer
treatment were discussed in this review.
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ABSTRACT

Metformin is a biguanide drug that is commonly used
to treat type 2 diabetes mellitus (T2DM). According to a
meta-analysis, T2DM patients have a much higher risk of
developing cancer than healthy people. Long-term trials
in T2DM patients treated with metformin have revealed a
reduction in cancer incidence. Moreover, metformin use
in type 2 diabetic cancer patients was also associated with
decreases in cancer-related recurrence, metastasis, and also
mortality. Metformin has been shown in vivo and in vitro
experiments to inhibit tumor proliferation, induce apoptosis,
and stimulate autophagy in tumor cells. All these studies
have been directed to the use of metformin as an anticancer
agent in cancer treatment, with or without T2DM, since it
confirms that metformin has an anti-tumor effect. In this
review, the anticancer effects of metformin and its current
place in cancer treatment were discussed.
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METFORMIN AS AN ANTI-CANCER AGENT

The antihyperglycemic effect of metformin on
cells is very complex and still not fully explained.
Primarily, it shows its effect by suppressing glucose
production in the liver. It reduces insulin resistance in
peripheral tissues and increases glucose utilization in
skeletal muscle."'? Metformin’s anticancer role can
be explained by the amount of insulin in the blood.
Metformin decreases the plasma insulin/insulin-like
growth factor 1 (IGF-1) level by increasing the glucose
uptake of skeletal muscle cells. Therefore, the growth
of neoplastic or pre-neoplastic cells is inhibited.!"

Inthe mechanism at theintracellular level, It mainly
provides its effect by activation of AMP-activated
protein kinase (AMPK). This activation occurs through
liver kinase B1 (LKB1). AMPK is an energy sensor and
regulator in cellular power plants that senses the
adenosine monophosphate/triphosphate balance.
This protein controls the amount of energy in the cell
and decideswhetherfatsand carbohydrates are stored
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or spent in order to produce energy. In the absence of
food, AMPK inhibits energy-consuming mechanisms
and activates energy-generating mechanisms. One of
the main growth pathways controlled by AMPK is the
mammalian target of rapamycin (mTOR). The mTOR
controls cell growth and angiogenesis by regulating
growth factors. The escape of cancer cells from
proliferation and apoptosis is related to mTOR.!"®

The effect of AMPK on cancer cells has also been
researched, given these energy pathways and their
role in cell division. Wheaton et al."” found that when
metformin was applied to cancer cells in a laboratory
environment, programmed cell death happened.m It
follows that the AMPK protein can induce apoptosis
in cancer cells by cutting off their energy.

Retrospective, long-term field trials, and analyses
showed significantly lower cancer prevalence in
patients with T2DM who had a high risk of developing
cancer while taking metformin.%2¢

Metformin’s anti-tumoral activity has also been
associated with an increase in cancer patients’ life
expectancy. As a result of these studies, it has been
determined that metformin is an effective agent,
especially in colorectal, breast, gynecological, and
lung cancer, and significantly prolongs the life span
of cancer patients.®2"

METFORMIN AND COLORECTAL CANCER

Colorectal cancer (CRC) occurs in the large
intestine’s colon or rectum. While colon cancer can
affect someone at any age, the majority of patients are
in their fifties or older. Those with a family history of
colon cancer, polyps, or inflammatory bowel disease
are at a higher risk. This cancer is caused by polyps
of the adenoma type, which are most commonly
found in the intestinal condition’s treatment, even
40% of patients diagnosed in the early stages of the
disease suffer cancer recurrence.???¥ This has led to
the search for effective anti-tumoral options during
or after cancer treatment.

In the first report published in 2004, the
relationship between CRC and T2DM treatment was
considered. In this research, an increased incidence of
CRC was found in patients using chronic insulin, while
metformin was not seen as an agent that increases
the incidence of CRC.*! In a 2008 study, Zakikhani
et al.?? discovered that metformin, depending on its
intracellular concentration, inhibits the proliferation of
human colon cancer cell line HT-29 cells. By activating
the energy pathway AMPK, it inhibits HT-29 cells.
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Another in vitro study tested the proliferation of
SW-480 cells, which is in the colorectal cancer line,
treated with different metformin concentrations. As
a result, metformin was observed that SW-480 cells
decreased depending on the dose and time. It was
observed that metformin mainly inhibits the growth
of SW-480 cells by blocking the GO/G1 cell cycle and
decreasing cyclin D1 expression.?”

In recent in vivo and in vitro studies, it has been
observed that metformin supports apoptotic and
autophagic cell death by suppressing the activation
of nuclear factor E2-associated factor 2 (NRF2) and
nuclear factor kappa B (NF-kB) in HT29 cells. It is also
thought that metformin influences the methylation
status of the tumor suppressor gene Ras-association
domain family protein1 isoform A (RASSF1A), which
inhibits apoptosis and cell migration.[28 29

Ultimately, the anticancer effects of metformin
were supported by data from two large-scale,
population-based, case-control trials on the etiology
of colorectal and breast cancer performed in Northern
Israel in 1998. Metformin usage before a cancer
diagnosis has been associated with a decreased
incidence of colorectal and breast cancer.”

METFORMIN AND BREAST CANCER

Breast cancer starts in the cells of the breast.
According to statistics from 2021, it is the cancer type
with the largest global prevalence and one out of
every eight women will develop breast cancer at any
time in life. It is the world’s second most common
cause of cancer mortality in women, and, like other
cancers, early detection is critical for treatment.’233"
Beginning to study breast cancer at the molecular
level has enabled the mutations in the relevant genes
to find different energy pathways. It has been made
possible by linking metformin with breast cancer
treatment through these energy pathways.

In both in vitro and in vivo tumor models,
metformin has been shown to suppress the growth of
cancer cells, including breast cancer lines. Metformin
reduces the prevalence of breast cancer in diabetic
patients and cancer-related death, as well as increases
the response to neoadjuvant chemotherapy and
radiotherapy in breast cancer patients, according to
population and retrospective research.2 3

Metformin’s anticancer activity on breast
tumor cells is also demonstrated by AMPK
activation. AMPK prevents lipid and sterol
biosynthesis by phosphorylating enzymes including
acetyl-CoA carboxylase (ACC), fatty acid synthase
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(FAS), and 3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase.?¥ Patients with hormone
receptor-positive breast cancer are more likely to
benefit from this situation. According to a study of
5464 people, metformin usage significantly increased
overall survival in hormone-positive breast cancer
patients (65%).5!

Insulin/IGF-1, also known as a cell division
stimulator independent of AMPK, is often found
in high concentrations in cancer cells, including
breast cancer. Metformin has also been shown in
experiments to suppress IGF1 and, as a result, to
inhibit the development of neoplastic cells.3537)

Metformin has been shown to induce cell cycle
progression in breast cancer cell lines in hormone
receptor-negative patients with an aggressive
prognosis, i.e. triple-negative breast cancer (TNBC).E8
It has been determined that metformin specifically
reduces the expression of key glucose transporters in
TNBC such as glucose transporter 1 (GLUT1).1!

In population-based and large research, the
elucidation of these molecular pathways, as well
as the anti-tumor effects of metformin, has been
recognized. A population-based study was linked
with an increased prevalence of breast cancer in
T2DM patients in a major analysis of 44.541 people
performed in 2021 by Park et al.*?, indicating that
long-term use of metformin in hormone receptor
status would decrease the risk of breast cancer
progressing with T2DM.

METFORMIN AND GYNECOLOGICAL
CANCERS

Gynecological cancers constitute one-fifth of solid
cancers seen in women. It is the general name given
to cancers in the cervix, ovary, uterus, fallopian tubes,
vagina, endometrium, or vulva. Endometrial cancer,
ovarian cancer, and cervical cancer are the three most
common gynecological cancers in women.*"

Metformin is a gynecological medication used
to treat polycystic ovary syndrome (PCOS). PCOS
is a disorder in which a woman’s ovaries produce
a large number of cysts, causing hormonal
imbalance.”? In addition to PCOS, the development
of insulin resistance is also closely related to the
development of T2DM and gynecological cancers.!

Metformin’s action in the treatment of endometrial
cancer is primarily based on cellular AMPK activation,
followed by inhibition of multiple metabolic pathways
such as ACC, mTOR, and Insulin/IGF-1. These lead to
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decreased protein and fatty acid synthesis in tumor
cells, slow cell cycle progression, and ultimately
apoptosis and autophagy, both of which have been
linked to gynecological cancers.”**

Forkhead Box O3 (FOXO3) is a transcription
factor that regulates many expressions such as
deoxyribonucleic acid (DNA) repair, apoptosis, energy
metabolism, and regulation of cell cycle progression.
p53 is a tumor suppressor that plays important
role in apoptosis, cellular aging, and autophagy.”!
The transport of FOXO3 into the nucleus with p53
increased after low-dose metformin treatment of
OVCA429 ovarian cancer cells. In accordance with
research, the cell cycle was stopped, and the
expression of some stem cell biomarkers such as CD44
was reduced.”® Patients with atypical endometrial
hyperplasia, a premalignant lesion, are linked with the
transfer of patients to normal endometrial histology
due to the use of metformin, as well as a decrease
in biomarkers involved in tumor progression,
according to a study published by Meireles et al.*”
This observation has led to the idea that metformin
could cause cancer cells to be reprogrammed into
noncancerous tissues.

Metformin has also been associated with enhanced
chemotherapy responses in gynecological cancers. It
worksin conjunction with chemotherapyto selectively
kill cancer stem cells, according to a report performed
in the laboratory environment.*® Metformin has
been shown to reduce the risk of endometrial cancer
in a population-based analysis. Metformin increases
recurrence-free and overall survival in diabetic
patients with endometrial cancer, according to
studies.””

Metformin emphasized that is a possible
antitumor agent in preventing gynecological cancers,
particularly cervical cancers, in a very broad data
scan and meta-analysis of 1.7 million patients by Wen
et al.bv

METFORMIN AND LUNG CANCER

Lung cancer is a tumor that grows as cells in the
lungs become cancerous. While there are several
histological subtypes of lung cancer, the two most
common groups are small cell lung cancer (SCLC)
and non-small cell lung cancer (NSCLC), and the
therapeutic course is determined by this classification.
The anti-cancer effects of metformin, which is used
as a diabetic agent, as in other cancers are mainly
explained by its activation of AMPK, the inhibition
of mTOR hyperactivity, and its effect by reducing the
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amount of Insulin/IGF-1 that induces mitogenesis.”®

Metformin’s anti-cancer properties have also
been confirmed in vitro studies of lung cancer cells.
Metformin treatment of A549, RERF-LC-A1, IA-5, and
WA-hT cells, which are in the lung cancer tissue
line, resulted in cell apoptosis and decreased colony
development. GO/G1 induced cell arrest in certain
tumor cells.P52

Metformin’s anti-tumor properties in the lungs
have been shown in vitro. According to a rat study,
metformin prevents the growth of tumors with
positive for the KRAS mutation lung cancer cells and
it does this by reducing the mTOR signal.®® In another
study, using metformin and kinase inhibitors for a
while in rats injected with A549 cells was linked to
better treatment response and a reduction in tumor
size.b4

Clinical trials have promoted that metformin
has anti-tumor properties. Yao et al.’™ checked the
connection between diabetes and lung cancer and
found that patients taking metformin had a lower risk
of lung cancer. In other clinical trials of metformin, it
was found that when used with chemotherapeutic
agents or inhibitors used in lung cancer, better
treatment response and fewer side effects were
obtained. This was supported by Sayed et al.”®
analyses of non-small cell lung cancers in the fourth
stage.

Metformin added to epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitors (TKls), which
is the current therapy for EGFR mutation-positive non-
small cell lung cancer, has been found that extend
survival and slow cancer progression as molecular
lower levels are decreased.®”

METFORMIN AND OTHER TYPES OF
CANCERS

The enlightenment of metformin’s energy
pathways and the observation of its anti-cancer
effects, together with the accumulated analysis,
have created a curiosity in many types of cancer.
In addition to colorectal, lung, gynecological, and
breast cancers, metformin also has anti-cancer effects
in the pancreas, gastric, esophagus, and other types
of cancers.k®

Chronic pancreatitis is a contemporary cause of
pancreatic cancer development. In rats with chronic
pancreatitis, metformin was reported to reduce the
development of pancreatic cancer, inhibit tumor
formation, and prevent the formation of pancreatic
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ductal adenocarcinoma (PDAC).5 Metformin
decreased fibrosis and metaplasia caused by
chronic pancreatitis in genetically modified mice
PDAC models, according to this study. Furthermore,
metformin lowered tumor burden and increased
overall survival.

A study investigating the effects of metformin on
gastric cancer confirmed its antitumor effects. Gastric
cancer stem cells such as MK45, AGS, and MKN74
obtained from the cancer cell line were examined
in vitro, and in in vivo mouse models, tumor cells
derived from the patient were examined in different
dimensions. The study’s findings have resulted in a
decrease in cancer stem cell proliferation, stagnation
in the cell cycle, and a delay in tumor growth.©%

In research on the effect of metformin on
esophageal cancers, significant improvements
were seen in esophageal squamous cell carcinoma
(ESCQ) resistant to chemotherapy and radiotherapy,
escaping apoptosis. In an in vitro study, treatment with
metformin was associated with a higher response to
chemotherapy and radiotherapy.®"

The increasing incidence of cancer in the world
and the inadequacy of available treatments have
led to the search for effective solutions to cancer.
One of these ways is to illuminate the tumor energy
pathways. Meta-analyses and systematic reviews
have shown that metformin is both an inexpensive
and easily available agent and may be effective
against some types of cancer.B4475%

Metformin studies, which started with the
increased incidence of cancer in T2DM patients®,
showed the beneficial effects of metformin against
cancer, and its effects on the mechanism at the cellular
and systemic levels were shown. This situation, which
is supported by in vivo and in vitro studies, can be
given as an example of the indispensable anti-cancer
effects of halting the reproduction of cells in the
tumoral line, inducing apoptosis, as in colorectal
cancer?”’and lung cancers.b"52

Decreased cancer rates in individuals using
metformin, supported by extensive retrospective
studies and field analyses, again supported the
anti-cancer effect, and increased chemo-radiotherapy
response in those using metformin in studies
conducted with cancer patients made this situation
effectively.233248

In view of all these situations, the issue of adding
metformin to adjuvant or non-adjuvant therapy in
patients with a high risk of developing diabetic or
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non-diabetic cancer and in patients diagnosed with
cancer may come up and should be evaluated.

In conclusion, metformin is a therapeutic agent
that is mostly used in T2DM. Recent findings and
observations of anti-cancer properties in many
types of cancer have made this agent a valuable
study subject. Particularly, in studies conducted
by elucidating the energy pathways of cancer cells
today, AMPK activation and inhibition of mTOR signal
at the cellular level; autophagy, and apoptosis in
tumor cells supported the anti-tumor effects of
metformin. Inhibiting molecules that mediate cell
migration as in colorectal cancers, positive effects
on lipid and steroid metabolism in breast cancers,
activation of important tumor suppressors such as
p53 in gynecological cancers, and targeting cells
in the lung and other cancer cell lines, are the
tremendous effects of metformin on human cancers.
The advantages of metformin on many tumors have
been demonstrated in clinical trials, as well as the
high response is given with medicines such as other
combined chemotherapy. All this information could
make metformin a potential new cancer target.
Metformin has the potential to be a therapeutic
option for many types of cancer; however, further
clinical research is needed.
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