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ABSTRACT: Metformin, an AMPK activator, acts as an oral hypoglycaemic
agent. It reduces the risk of cancer during the treatment of diabetes and diabetes
associated cancers. The effect of metformin on different type of cancers is
explained on the pathway of AMPK activation involving hepatic fatty acid

oxidation, inhibition of triglyceride and cholesterol synthesis and also
modulation of insulin secretion. There is evidence of reduced risk on cancer
incidence and mortality in diabetic patients 13. The inverse association was
significant for pancreatic and hepatocellular cancer and non-significant for
colon, breast and prostate cancer. Metformin associated with a decreased risk of
cancer incidence compared with other treatment among diabetic patients. The
main process for reducing cancer risk in diabetic patients is the lowering of the
uptake and utilisation of nutrients into the biomass needed to produce a new cell
from an active proliferating cell. Many observational studies in favour of
Metformin as an antineoplatic agent reported but the confirmed report may be
forwarded in the near future.
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INTRODUCTION: AMPK (5 AMP-activated
protein kinase or Adenosine monophosphate

Again AMPK acts as a metabolic master and
switch regulator of several intracellular system

activated protein kinase) is a functional enzyme
having three protein subunit which is conserved
from yeast to human. It plays an important role in
cellular energy homeostasis. It expresses in a
number of tissues including liver, brain, skeletal
muscle. AMPK activation has a role in the
stimulation of hepatic fatty acid oxidation,
ketogenesis, inhibition of triglyceride and
cholesterol  synthesis, lipogenesis, adenocyte
lipolysis, stimulation of skeletal muscle, fatty acid
oxidation and muscular glucose uptake and
modulation of insulin secretion by the pancreatic
beta cell .
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including the cellular uptake of glucose, beta
oxidation of fatty acid, biogenesis of glucose
transporter-4(GLUT-4). During the physical
exercise, AMPK activity increases in the muscle
cell, and experiences metabolic stress. The
biguanides - metformin acts by stimulating AMPK
which leads to reduced glucose production in liver
and reduced insulin resistance in muscle. It causes
weight loss, reduced appetite > 3. The clinical
significance of the AMPK activation are many but
a few are worth mentioning- Physical exercise and
improved insulin sensitivity 2.

AMPK activators: >3
a) Physiological conditions: Exercises, Fasting,
Calorie restriction

b) Pharmacological agents: Metformin, TZD
(thiazolidinediones), AICAR (5- aminomidiozole-4
carboxamideriboside), GLP (Glucagon like peptide
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| receptor agonists), DPP- 4(dipeptidyl peptidase),
A-769662 (thionopyridone), salicylate

c) Hormones:
(interleukin)

Adiponectin, Leptin, IL6

d) Natural compounds:
Resveratrol, Berberine.

Rooibos (aspalathus),

Diagram: Role of AMPK in control of whole body
energy metabolism.
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FIG. 1: ROLE OF AMPK IN CONTROL OF WHOLE
BODY ENERGY METABOLISM

Metformin asantidiabetes and anticancer:
Interest in the potential relevance of biguanides to
neoplastic diseases was stimulated by a report
describing reduced cancer burden in diabetic
patients treated with metformin as compared with
other diabetic therapies. Biguanides were shown to
have cell autonomous antineoplastic activity in
many in vitro models. During the last 5 years
interest in this field has grown exponentially and
has been reviewed extremely * °. Emphasis will be
on the pivotal studies on the most recent studies
and current controversies. Investigation of potential
indications of metformin in oncology is appealing
because the drug is inexpensive, relatively safe,
seems to involve at least in part, modulation of
energy metabolism which is a cancer research
theme that is attracting increasingly interest. There
IS interest in possible “Anti aging or Calorie
restriction mimetic” of metabolism, which may
involve mechanism so relevant to antineoplastic
effect®’,

Effect of metformin on cancers: The study of the
link between AMPK, LKB1 and cancer show a
significantly lower incidence of cancer compared
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with other medications. There is an overall risk
reduction of cancer (30%) particularly of liver and
colon. Studies in animal models support the idea
that biguanides and other AMPK activators can be
used to protect against tumor development and
even to treat the tumor once they have arisen. % °.
The delay in tumorigenesis is caused by AMPK
activation rather than AMPK independent “off
target effects” The same is shown with phenformin
with the mechanism of AMPK independent
effects& also with tumor markers of necrosis
apoptosis *°.

The action of metformin and phenformin is
confirmed by immunohistochemistry that AMPK
activation in lung tumors. AMPK activation is
greater with phenformin than metformin possibily
due to greater membrane permeability) that is why
phenformin is used in the analysis of survival.
Phenformin is cytotoxic and causes necrosis,
apoptosis of tumor cells (absence of functional
LKB1-AMPK pathway) more sensitive to ATP
depleting effects of the drugs 8. The same is
reconfirmed with further animal studies *°. AMPK
appears to be a tumor suppressor that protects
against initial tumor development. Therefore, it is
easy to treat cancer if the AMPK pathway is lost.

Effect of metformin on whole organism level:
Metformin action in metabolic tissues that control
blood glucose without considering on other organs
relevant to oncology- prostate, breast, lung or
tumors arising from them ***2. Hyperinsulinaemia
as an adverse prognostic factor or risk factor for
several common cancers —breast,*> ** colon,* 1°
prostate 8 that metformin slow down the growth
of the tumor that are insulin responsive by lowering
insulin level. Changes to hormone, cytokines which
influences tumor growth is influenced by
metformin, as comparison metformin represent
more effective pharmacologic strategy than
somatostatin analogue in breast cancer adjunct
therapy- correlated with any antioneoplastic
activity.

Or androgen deprivation therapy for metastatic
prostate cancer for hyperinsulinaemia or metformin
plus androgen deprivation —benefit for prostate
cancer. Metformin is also acting as an inhihibitor of
mToR *° up regulation of gluconeogenesis.
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Epidemiological studies: Metformin has been
associated with decreased cancer risk in diabetic
patients. There is evidence of reduced risk on
cancer incidence and mortality in diabetic patients
3 The inverse association was significant for
pancreatic and hepatocellular cancer and
nonsignificant for colon, breast and prostate cancer.
Metformin associated with a decreased risk of
cancer incidence compared withother treatment
among diabetic patients. On analysis, metformin is
associated with 31% statically significant decrease
in cancer risk compared with other diabetic
treatment and also specific major cancer Kkillers
such as colon ?°, pancreatic 2!, Hepatocellular %*
2 preast 2*, prostate ® that diabetes or elevated
insulin and glucose levels play an important role in
the development of these tumors and also large risk
reduction (60-80%) on colon and pancreatic cancer.
Metformin has reversed the effects of the high
energy diet on the growth of the colon cancer cell.
The report of the National Cancer Institute (Canada
and USA) about the efficacy of metformin in
reducing breast cancer recurrence is promising.

A large number of observational studies reporting
significant reductions in the incidence of or
mortality from cancer associated with metformin
use are afflicted with time related biases such as
immortal time bias, time window bias and time lag
bias. The effect of metformin on carcinogenesis is
related to established tumors. The report which is
confirmed by the National Cancer institute of
Canada serves as a weak evidence %.

Clinical trials of metformin as anticancer:
Metformin  effects on breast cancer cell
proliferation in nondiabeticwomen®®. The decline in
tumor cell proliferation is estimated with Ki67
staining. Metformin induced AMPK activation and
can increase VEGF secretion metabolically with
favouring survival 2 2’ Metformin effects BMI,
insulin resistance, breast cancer. AMPK activation
by metformin increases glucose uptake and inhibit
proliferation of insulin response cancers in glucose
uptake.

Mechanism of action: Metformin has shown to
interfere with carcinogenesis through direct and
indirect mechanism. Hyperinsulinaemia increases
cancer risk in healthy person, obesity cancer risk
association in many organ sites- colon, breast (post
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menopausal), gall bladder, pancreas, kidney,
esophagus, endometrium. High glycaemic level is
also a risk factor for several cancers.

Metformin decreases growth of cancer cells in vitro
and in vivo with increasing the activity of AMPK
pathway; a central cellular key energy sensor
allowing cell division which highly energy
consuming process. Once the AMPK is activated
there is suppression of many metabolic process
which is highly dependent on sufficient ATP
supply(gluconeogenesis, protein and fatty acid
synthesis, cholesterol biosynthesis) and promote
catabolic process (glycolysis fatty acid oxidation)
6 The main process for reducing cancer risk in
diabetic patients is the lowering of the uptake and
utilisation of nutrients into the biomass needed to
%roduce a new cell from an active proliferating cell

Current investigations: The following key areas
are identified for investigations and confirmation
the effect of metforminas an antineoplastic agent.

1. Precise action of biguanides in mitochondria on
molecular basis ?’.

2. Antineoplastic activity of metformin which is
attributable to endocrine type effects — insulin
lowering effects which proposed to slow tumor
growth in hyperisulinaemia patients of insulin
sensitive cancers 2.

3. Antineoplastic activity of metformin which is
attributable to direct actions on target cells
secondary to effects of energy metabolism and
of many direct action shown in vitro which
g)gperate in vivo and do any activities clinically

4. Indications related to tissues known to have
relatively high metformin levels following oral
dosing. Any specific anatomical sites where
metformin may be considered for direct
mechanism - intestinal polyp prevention would
cellular targeting strategies or use of other
biguanides overcome any PKN which limits
antineoplastic activity of metformin (i e
relatively high levels in liver, GIT with
possibilities of hepatoma risk reduction in high
risk patients or colorectal cancer prevention. i.e
chemoprevetion with drug accumulation in
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10.

11.

CONCLUSION: The present

target tissues ** 3 ¥ Pphenformin which is

having lactic acidosis than metformin is not
safe as an antineoplastic agent with the
feasibility of administering biguanides by
nonconventional ~ routes to  investigate
therapeutic value of high dose transient
exposure.

With chemotherapy of single agentplus
metformin or with other biguanides produces—
chemosensitizing  effect  particularly  of
metformin %,

With glycolysis inhibitors or with steroid
synthesis inhibitors deserve for metformin
action as consider in both breast and prostate
cancers 1%,

With P13k inhibitors, metformin leads to
hyperglycaemia and hyperinsulinaemia >*.

With salicylates, metformin activate AMPK
directly —additive effects in the context of risk
reduction ¥'.

VEGEF inhibitors which act as AMPK activation
gg/ggrgizes metformin action in cancer growth

Biguanides act as predictive biomarkers of
tumors and also showing LKB1 (liver kinase
B1) status>>*¢%,

Use of metformin in post surgical adjuvant
cancer treatment along with palliative treatment
of metastatic cancers *'.

review of the

properties of metformin as an antineoplastic may
attract many investigators for a new anticancer
agent because the present article quotes many
methods and findings of renown investigators and

scientists.
comments of

The review also highlighted the

the reputed scientific forums.

Therefore, there will be a further search in depth by
the oncologist.
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