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Diabetes mellitus (DM) and cancer are serious diseases, representing a great social
burden worldwide and their association has been studied over the years. Several risk
factors are common to both DM and cancer and results of epidemiological studies
suggest that DM is linked to cancer incidence. However, several types of cancer (e.g.
liver, pancreas, endometrial) are more frequent in type 2 DM patients while other
neoplasm’s (e.g. breast, colon, rectum, kidney or bladder) represent a smaller risk.
Several in vivo and in vitro studies indicate that some anti-diabetic drugs, like
insulin analogs, potentate tumor genesis. However, the results of the most of these
studies are still under discussion. Some authors suggest that insulin therapy may
increase risk for cancer, this phenomenon being mediated by IGF-IR signaling. A
mild increase of cancer risk and mortality in DM (mostly type 2) patients has also
been suggested. In this review we aim to summarize the current data concerning the
association between DM and cancer.
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authors consider that there is a mild increase

Introduction

The association between cancer and DM (mostly type 2) patients [1, 2].

of cancer risk and mortality in diabetic

has been the subject of debate for many years.
Both cancer and DM are serious diseases,
representing a great social burden worldwide.
Over the years, scientists conducted many
epidemiological studies of which results are
still under discussion. However most of the
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Several types of cancer like liver [3],
pancreas [4] or endometrial [5] are more
The

category of patients have a smaller risk of

frequent in diabetic patients. same

developing other cancers like breast [6], colon
[7], rectum [8], kidney [9] or bladder [10]. It
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was also observed that in diabetic men, the
incidence of prostate cancer is reduced [11].
The high incidence of hepato cellular
carcinoma in type 2 diabetic patients might be
by the
concentrations in the liver cells, due to the
portal circulation. It is already known that
these patients have insulin resistance and

explained increased  insulin

hyper insulinemia. The mechanism is not
present in type 1 DM which makes it
nonspecific. Therefore, it is possible that DM
related factors like steatosis, cirrhosis or
nonalcoholic fatty liver disease are involved in
liver carcinogenesis. The neoplastic process in
the liver might also be favored by wviral

infections with hepatitis B or C viruses [3, 12,

13].

The association between DM and
pancreatic cancer is complicate. It is known
that both hyperglycemia and DM are

consequences of pancreatic cancer. Therefore,
in the epidemiological studies were enrolled

only patients diagnosed with DM at least 5
years prior to pancreatic cancer diagnosis. The
biological mechanisms involved are not yet
much elucidated. One possible cause may also
be hyperinsulinemia. The mechanism is not
explained in diabetic patients treated with
insulin [14, 15].

Common risk factors

for diabetes and cancer

Most of the reported common risk factors
for DM and cancer are divided into two
classes: modifiable and unmodifiable (Figure 1).

Between the unmodifiable risk factors are:
age (both diabetes and cancer became more
frequent with age), sex (men are more exposed
to both cancer and diabetes than women), and
race (african americans are at higher risk for
developing cancer, and have higher risk of
DM than hispanics, non-hispanic whites,
native americans and asian americans) [8, 11].
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Figure 1. Common risk and pathogenic factors between diabetes and cancer.

The most common modifiable risk factors
are: overweight, obesity and weight change,
diet, alcohol consumption, tobacco smoking
and physical activity.
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Several studies have shown that obesity is
a common factor for diseases like DM and
cancer. The association between obesity and a
higher incidence of type 2 DM has also been
reported. It is also well known that weight loss
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decreases DM incidence. Similar to type 2
DM,
associated with overweight or obesity: breast,

there are several types of cancer
colo-rectal cancer, endometrial, liver, pancreas
and gallbladder. A diet based on fruits,
vegetables, hole graines and low in processed
meats and red meats may be protective against
both cancer and type 2 diabetes [16, 17, 18,
19].

Moderate alcohol consumption reduces
DM incidence but increases the risk of cancer
[20]. Tobacco smoking is also a risk factor for
many types of cancer and for DM [21].
risk of

developing type 2 DM, and is associated with

Physical activity reduces the
lower risk of developing cancer or improving
survival of patients with cancer.

The neoplastic process may be determined
like
hyperglycemia or chronic inflammation [1].

Insulin along with IGF-1 and IGF-2 are
ligands which belong to the IGF system. The

IGF family is a complex system involved in

by mechanisms hyperinsulinemia,

the processes of proliferation, apoptosis and
Besides the 3
ligands, this system has 3 receptors which are
associated with the ligands (IR, IGF-1R and
IGF-2R ) and 6 binding proteins ( IGFPB 1-6)
[22].

The insulin ligand is mostly involved in

transformation of the cells.

cellular metabolism and glucose regulation.
The endogenous insulin is produced by the -
pancreatic cells and after the synthesis, the
protein reaches the liver cells by portal
vessels. Here, most of insulin is retained and
degraded. Only 1/10 up to 1/3 of endogenous
insulin received by the liver will arrive to the
peripheral tissues [23].

Type 1 DM is characterized by the
autoimmune destruction of the B-pancreatic
cells, which leads to lack of endogenous
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secretion of the insulin, which, in turn, leads
to increased level of glucose in blood and
urine. In consequence, these patients need
exogenous insulin from the very beginning
[1].

Type 2 DM patients have hyperglycemia
which is associated with hypeinsulinemia
(caused by insulin resistance).

The 2 type DM patients are not dependent
on exogenous insulin in the first stage of the
disease. However, with the disease progresses,
the patients require a combination of multiple
oral agents and finally exogenous insulin
requires to regulate the level of the glucose
[1].

Epigenetic changes in the IGF receptors
family are not only involved in cancer
progression and staging but in metabolic
diseases also, including type 2 DM. The most
common symptoms associated with type 2
DM include insulin resistance and obesity and

the patients often develop  chronic
complications including neuropathy,
nephropathy and retinopathy [24]. Using

genetically alerted mice, it has been shown
that genetic changes in insulin receptor (IR) or
IGFIR are fallowed by impaired insulin
signaling and decreased insulin dependent
glucose transport [25]. Nikoshkov et al., 2011
[26], evaluated the epigenetic methylation in
the promoters of both IR and IGFIR genes in
diabetic db/db mice versus control mice [26].
Their main finding was that the methylation
level is increased in the /GFIR but not in the
IR promoter [26]. This increase was seen only
in the skeletal muscle and with a higher
frequency in the male db/db mice versus
females [26]. The sex related differences can
be explained by the fact that estrogen receptor
(ER) signaling can regulate /IGFIR gene
expression through the binging of ER-Spl
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complex to the /GFIR promoter. The authors
suggested that the binding of ER-Sp1 complex
to the IGFIR promoter in female mice, may
protect Spl binding sites from methylation
[26].

The insulin receptor (IR) is a tyrosine-
kinase receptor, mostly expressed in liver
IR has 2

increased

cells, muscles and adipocites.

IR-A and IR-B. An
expression of IR was observed in various
like:
miosarcomas [27].

1soformes:

neoplasms breast, thyroid or
Insulin binding by it’s receptor, normally
determines several metabolic effects (glucose
uptake and the inhibition of gluconeogenesis
in the liver) through the activation of PI-3
kinase pathway [23]. In hyperinsulinemic
subjects, these metabolic effects of insulin are
attenuated. IRS-1 phosphorylation to serine
312 leads to the inhibition of PI3 kinase
recruitement. In addition, high level of IRS-2
induces an increase in RAF-1 expression
which in turn leads to ERK overactivation.
Therefore, in contrast to the attenuation of the
metabolic effects, an overactivation of the
mitogenic effects of insulin is observed. in
hyperinsulinemic patients [28, 1].
Hyperinsulinemia also determines an
increase of estrogen bioavailability in men and
women and an increase of testosterone
bioavailability in women. Also, the androgen
synthesis in ovary and adrenal glands is
The

secreted sex

increased. elevated levels of

endogenously steroids are
associated with higher risk of postmenopausal
breast and endometrial cancer [17, 29].
Hyperglycemia is another potential
mediator of the neoplastic transformation.
Several studies have found many correlations
between glucose level and the neoplastic

transformation of the cells [30].
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A series of factors secreted by the adipose
tissue, such as: free fatty acids, cytokines,
adiponectin, leptin, tumor necrosis factor-
alpha or monocyte chemo attractant protein or
plasminogen activator inhibitor-1, might also
play a role in the malignant transformation,
neoplastic progression, insulin resistance and
DM [17, 31, 32].

It is also known that oxidative stress
determines a proinflammatory condition that
reduces the anti-oxidant capacity of the cells,
making them vulnerable to malignant
transformation. DM was demonstrated to
transformations that

determine metabolic

increase oxidative stress [33].

Diabetes therapy and cancer

Ninety percent of all diabetic patients are
diagnosed with type 2 DM. These patients are
mainly treated with oral medication, but, 40-
80% of them will receive insulin therapy
during their lifetime. The rest are patients with
type 1 DM, treated with insulin from the time
of diagnostic [34, 35].

The insulin used to treat diabetic patients
exists in several formulations like: human
insulin (short-acting and intermediate-acting)
or analogs of human insulin —synthetic insulin
(rapid-acting and long-acting). Both types of
insulin are administrated subcutaneous. The
difference between human and synthetic
insulin resides in their time of action (which is
longer in the case of synthetic insulin) and
their affinity to the IGF-1R, which seems to be
higher in the case of insulin analogs [36].
Several in vitro studies performed in the last
years, showed that some insulin analogs have
a mitogenic potency in breast cancer and
osteosarcoma. However, the current data is not
conclusive. Therefore, for patients with a very
high risk of cancer incidence more attention it
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may be needed when choosing between
various types of insulin [37-39].

Type 2 diabetic patients are treated for
years with oral drugs. There are 3 major types
of oral anti-diabetic drugs that are currently
available: biguanides, and
thiazolidinediones (TZD).

The biguanides are insulin sensitizers that

sulphonylureas

reduce the levels of circulating glucose and
insulin in patients with type 2 DM, presenting
hyperinsulinemia and insulin resistance. The
most used drug from this class is metformin.
Several in vitro and in vivo studies
demonstrate the antineoplastic activity of the
drug, but they cannot be used in patients with
renal insufficiency or liver disease [40, 41,
42].

The TZDs are peroxizome proliferator-
activated receptor (PPAR) gamma agonists
that activate PPAR-gamma receptors and
improve insulin sensitivity in the peripheral
tissues. They can be used in patients with
renal insufficiency. Some in vitro studies
indicate that TZDs have an anti-neoplastic
activity by activating 5"  adenosine
monophosphate — activated protein kinase
(AMPK). However, in vivo animal studies
indicate that the drugs can potentiate tumor
genesis. Thus, the results are controversial and
there is a need for further population studies to
elucidate the drug effects [43, 44].

Sulphonylureas are insulin secretagogues
along with the rapid-acting insulin secretion
compounds glinides. They stimulate the -
pancreatic cells to release insulin. Some
observational studies reported a higher risk of
cancer incidence and mortality in patients

treated with these drugs [45, 46].
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Cancer therapy and diabetes

Many of the patients diagnosed with
cancer have DM or pre-diabetes status. It is
already known that the modern anti-cancer
strategies include the inhibition of the IGF
The
mitogenic and the metabolic effects of the

system. inhibition influences the

system compounds. The IGF system can be

inhibited by:

— direct targeting of the IGF-1R — with
monoclonal antobodies and protein kinases
inhibitors;

— inhibition of IGF-1R signaling at the
enzymatic level.

The IGF-1R signaling occurs via several
pathways including: phosphatidylinositol 3-
kinase (PI3K ), AKT, mTOR, or cABL. All
the inhibitors of these proteins increase the
glucose levels, especially mTOR and cABL
Those

glycemia in 20% of the treated patients.

inhibitors. increse the levels of
Therefore, it is very important to monitorize
the levels of glycemia in all patients diagnosed
with cancer and treated with these agents [27,

47].

Conclusions

Many epidemiological publications, from
observational studies, have suggested that type
2 DM is also associate with increased risk of
cancer. This co-occurrence was found in
various cancers, including liver, pancreas,
endometrial, colorectal, breast and bladder.

There are also studies suggesting that
degree of hyperglycaemia, and treatment
modalities for this condition influence the risk
of cancer. However, the evidences are not
strong enough to conclude this link. To give
an answer to those questions, long-term

fallow-ups of hyperglycaemic treatments is
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required to ensure that such therapies are or
not associated with increased risk of cancer.
Understanding the mechanisms that link

DM and cancer has a great clinical
significance, given the fact that both are
serious diseases, with life threatening
complications. Because of the complex

biology and heterogeneity of both diseases,
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