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INTRODUCTION
Metabolic syndrome is a major atherogenic syndrome in our population. Its
prevalence has been significantly increasing during the last decades. It is currently
estimated to be approximately 25% - 43% in developed western countries. [1] The
lower prevalence is found when NCEP ATP III criteria were used, the higher
prevalence is seen when IDF criteria were used as the incidence rate may vary
according to the criteria for metabolic syndrome definition used. The latest definition
is based on the consensus among several medical societies from 2009. [2]
It has been known for many years that this syndrome is very closely related to
the accelerated atherosclerosis that leads to the increased cardiovascular morbidity
and mortality. Patients with metabolic syndrome survive longer these days due to the
successful treatment of the individual components of the metabolic syndrome. But
due to the longer life expectancy these patients are in higher risk for other diseases,
particularly cancer development. The association between diabetes mellitus and
cancer was reported more than one hundred years ago.[3] Population studies have
shown increased evidence of this association. One of the largest epidemiology
prospective studies was conducted by L. Garfinkel for 12 years. Mortality ratios were
computed in relation to overweight, cancer, and other diseases. The study included
750 000 persons. Each person was given a weight index. Death rates for overweight
and underweight persons were compared with rates for persons of average weight.
Men who were 40% or more overweight had a mortality ratio for cancer of 1.33.
Women under similar conditions had the mortality ratio for cancer of 1.55. Overweight
men had significantly higher mortality ratios for colorectal and prostate cancer;
overweight women had much higher rates for cancer of the endometrium, gall
bladder, and cervix; and also significantly higher rates for ovary and breast cancer.[4]
Later, prospectively studied population of more than 900,000 U.S. adults (404,576
men and 495,477 women) who were free of cancer at enrollment in 1982, there were
57,145 deaths from cancer during 16 years of follow-up. We examined the relation in
men and women between the body-mass index in 1982 and the risk of death from all
cancers and from cancers at individual sites, while controlling for other risk factors in
multivariate proportional-hazards models. [5]
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TABLE 1:
CANCER RISK IN RELATIONSHIP TO OVERWEIGHT (GARFINKEL L 1985)
Overweight
10 – 19 %

20 – 29 %

30 – 39 %

> 40 %

Colorectal ca

-

-

1.53

1.73

Prostate ca

-

1.37

1.33

1.29

1.36

1.85

2.30

5.42

Cervical ca

-

1.51

1.42

2.39

Ovarian ca

-

-

-

1.63

1.59

1.74

1.80

3.58

-

-

-

1.53

Male

Female
Endometrial ca

Gall bladder ca
Breast ca

It is certain that a crucial role played is by interactions between genetic factors
and risk factors of external environment. Undoubtedly, insulin resistance, central
obesity and impaired metabolism of adipose tissue play an important role in the
pathogenesis of metabolic syndrome, and there are other pathogenetic theories.
Obesity and its associated parameters that are related to the metabolic syndrome are
considered as a risk factor for different cancer types development based on its
molecular and metabolic effects of some biomarkers: insulin, insulin like growth factor
1 (IGF1), leptin and adiponectin. However the clear relationship between metabolic
syndrome and its consequent metabolic derangements and cancer development still
remains unexplained [6]

THE ROLE OF INDIVIDUAL BIOMARKERS IN CANCER
DEVELOPMENT
Insulin
Basic characteristic
The human insulin protein is composed of 51 amino acids with molecular
weight of 5.8 kDa. It is a dimer of an A-chain and a B chain, which are linked together
by disulfide bonds. It is produced by beta cells of the pancreas. Insulin is generated
by proteolytic cleavage from its precursor – proinsulin. Proinsulin splits into equimolar
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amounts of insulin and C-peptide. Cleavage into insulin and C-peptide takes place in
Golgi bodies and in immature secretory granules of beta cells. In response to
stimulation, beta cells release insulin and C-peptide in equimolar quantity into the
blood with small amounts of proinsulin. Insulin is secreted primarily in response to
elevated blood concentrations of glucose. Insulin is secreted in two phases. In the
early phase is released endogenous stock of ready insulin stored in beta cells
secretory granules. This phase takes 10 minutes from the time of the stimulus. The
late phase characterized by new insulin synthesis comes after 10 minutes and lasts
for at least 60 minutes. Its main function is to regulate energy metabolism, stimulate
cell proliferation and anabolic processes as a function of available energy. Effect of
insulin on cells goes through a specific insulin receptor (IR). Insulin has also afinity,
but lower, to the IGF1 receptor (IGF1R) and hybrid receptor composed of the IR and
IGF1R subunit. IR is member of tyrosine kinase family. This type of the receptor
phosphorylates tyrosine residues on the C-terminus of the receptor as well as
tyrosine residues in the insulin receptor substrate 1 (IRS1) protein. 7 Two types of
tissues are most strongly influenced by insulin, as far as the stimulation of glucose
uptake is concerned: muscle cells (myocytes) and fat cells (adipocytes).
Hypoglycemic effect of insulin is opposed by counter-regulatory hormones mainly
glucagone, catecholamines, cortisol and growth hormone.

Insulin - mechanism on carcinogenesis
Several studies implicated hyperinsulinism, a condition that prevails prior to
the onset of diabetes, part of metabolic syndrome, as candidate mediator in
carcinogenesis. High levels of insulin decrease the production of IGF1 binding
proteins and hence increase levels of free IGF1. Plasma insulin levels are elevated in
the obese compared with the non-obese due to a need for higher insulin
concentrations to carry out metabolic processes, regardless of the diabetic status.[8]
Insulin then can stimulate production of IGF1. Insulin and IGF1 may activate
several signaling pathways that may result in risk of cancer development. Insulin may
downregulate the production of insulin growth factor binding proteins, which bind
IGF1 and inactivate it. Finally, there is a significant link between insulin/IGF1 and the
ras activation pathway. The activation of ras, which is promoted by insulin, caused
ras transforming effects to the plasma membrane. [9]
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Further investigation of insulin's relationship with IGF1 system and insulin's
role in carcinogenesis has been very challenging in order to reveal clearly the
mechanism of carcinogenesis. The role of insulin and insulin resistance would be
also an interesting subject in cancer prevention and treatment use. The signaling
pathways influenced by IGF1 play the most important role in relationship insulin IGF1 - cancer.

Insulin and cancer
Insulin and breast cancer.
One study suggests that type 2 diabetes might be associated with up to 10 –
20% excess risk for breast cancer.[10] In next study was tested the group of 1600
women with breast cancer. Breast cancer women had a higher BMI and had
significantly higher plasma levels of IGF1 and C-peptide than controls. In one US
study breast carcinoma risk was found to be statistically significantly increased when
higher serum levels of C-peptide and IGF1 were observed. The results of this study
confirm the fact that insulin resistance with elevated insulin and IGF1 levels may
synergistically increase the risk of breast carcinoma. [11]

Insulin and endometrial cancer
Insulin resistance and hyperinsulinaemia represent a very significant risk
factor for endometrial cancer development due to the high serum levels. Insulin acts
directly within the endometrial tissue as mitogennic and anti-apoptotic growth factor.
A large cohort study concluded that diabetes is associated with a modestly increased
risk for endometrial cancer among women. In one prospective cohort of 93 676
postmenopausal women, insulin levels were positively associated with endometrial
adenocarcinoma. [12] Obesity is also associated with high levels of insulin, a known
mitogen. However, no prospective studies have directly assessed whether insulin is
associated with endometrial cancer.

Insulin and ovarian cancer
Supporting the theory confirmed on other cancer types it is possible to claim,
that elevated serum level of insulin will trigger the pathway cascade resulting in
overproduction of IGF1. This factor together with elevated serum level of insulin may
cause the higher risk for ovarian cancer development. Results from larger systematic
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clinical studies investigating the impact of elevated serum levels of insulin on ovarian
cancer have not been available yet.

Insulin and prostate cancer
The association between high glucose and reduced risk of prostate cancer has
been already discussed for many years. Some authors reported a protective effect of
diabetes on prostate cancer. However, the clinical implications of the protective effect
are very controversial.
In one multiethnic study with the group of 86 000 men, diabetics had
significantly lower risk of prostate cancer and significantly lower levels of PSA serum
levels compared to the healthy individual. [13] Another study observed time since
diabetes diagnosis significantly affected prostate cancer risk in a cohort of 72 000
men, with a positive association between cancer risk and being diagnosed with
diabetes longer than 4 years prior to prostate cancer and an inverse association for
men with diabetes less than 4 years. [14] This fits with the natural development of
type 2 diabetes. Elevated glucose levels leads to an initial insulin rise and then
eventually to insulin resistance. Diabetes mellitus develops consequently as the
second step followed by lowering of insulin levels due to damaged beta-cells in
pancreas. Since elevated insulin can be involved in growth of tumors, including
prostate tumors, low insulin levels, may be protective for prostate cancer. [15] The
prediction of protective effect of diabetes on prostate cancer remains unclear.
Diabetic men have lower PSA levels than healthy men. However, a detection bias
may exist in prostate cancer diagnostics and it may explain the decreased risk.
Diabetic men may not reach the PSA threshold for biopsy and thus have delayed
diagnosis. A nested case-control study from the Prostate Cancer Prevention Trial
(PCPT) examined men who underwent biopsy determined prostate cancer presence
or absence regardless of PSA and found decreased prostate cancer risk in diabetics.
Additionally, the same study showed a 28% reduced high-grade prostate cancer risk
in diabetics versus non-diabetics, which is unexpected if diabetic men truly suffered
from delayed diagnosis. Thus, the meaningfulness of lower PSA in diabetic men
remains unclear. [16]
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Insulin and colorectal cancer
Insulin acts experimentally as growth/mitogenic factor for many cancer types.
The closest relation was epidemiologically found for colorectal cancer. Elevated
serum levels of insulin result in IGF1 increase. Recent studies support the theory that
the synergic effect of elevated insulin and IGF1 play a crucial role in colorectal
carcinogenesis. [17, 18 ]

Insulin and pancreatic cancer
Glucose metabolism disorders are described in 70% of patients with
pancreatic cancer and significantly higher insulin resistance indexes are found
compared to the healthy population. Pancreas is the insulin producer. Based on the
currently performed clinical studies it is not clear whether elevated serum levels of
insulin are the potential risk factors of pancreatic cancer development or if
hyperinsulinemia followed by the diabetes mellitus development appears secondary
as a result of pancreas destruction caused by tumor progression. [19]

Insulin and thyroid gland cancer
Patients with insulin resistance and elevated serum levels of insulin have a
higher prevalence rate of thyroid gland nodules. 50% patients with well differentiated
thyroid cancer were found to have insulin resistance. It was higher when compared
with healthy population. When assuming obesity as an additional risk factor, insulin
resistance was found in 75% cases in a thyroid cancer group with BMI over 25 kg.m2. It is assumed that elevated serum levels and obesity are significant risk factors for
thyroid cancer development. [20, 21]

Clinical use of insulin for routine practice
Insulin or C-peptide (more stable fragment of proinsulin) assessment has been
currently used for routine diagnosis and monitoring of several diseases. Insulin and
C-peptide are very important tests for diagnosis of diabetes mellitus - insulin
deficiency state defined as a group of disorders characterized by hyperglycemia.
Other disorders using this laboratory assessment include metabolic syndrome,
polycystic ovary syndrome, thyrotoxicosis, Cushing syndrome and acromegaly.
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IGF1
Basic characteristic
Insulin-like growth factor 1 (IGF1) is a peptide having a low molecular weight
7649 Da. It consists of a single chain of 70 amino acids. IGF1 participates on growth
regulation, metabolism regulation, surviving and differentiation of the cells. They are
regulated by growth hormone (GH). IGF1 is synthesized in the liver by the endothelial
and Kupffer cells and the levels of IGF1 occur in other body fluids. Up to 95% of IGF
circulates in the blood bound to specific binding proteins. 22 The function of the
binding protein is to prolong the half-life of growth factors in the circulation. Half life of
free IGF1 in the blood is about 10 minutes. The half life of IGF1 in complex with
Insuline-like growth factor binding protein 3 (IGFBP3), which is the main bounding
protein in serum, is about 12 hours. IGF1 levels are age dependent. The highest
concentrations are found in children during puberty. In later years, their levels decline
by approximately 10 percent every 10 years. The lowest levels are found in elderly.
Their extrahepatic production and autocrine and paracrine mechanism has been
already described. IGF1 is produced locally in many other tissues such as kidney,
heart, lung, fat tissue and the tissues of various glands. IGF1 is also produced by
chondroblasts, fibroblasts, and osteoclasts. 23 Effect of IGF1 on cell goes through a
specific IGF1 receptor (IGF1R). IGF1 also binds to the insulin receptor (IR). IGF1 as
the heterologous ligand has a lower affinity to the IR than to the IGF1R (approx.100
times less). Further, IGF1 can bind to a hybrid receptor composed of the IR and
IGF1R subunit. IGF1R belongs to the group of tyrosine kinases receptors which
phosphorylate the substrate on tyrosine residues. Intact and functional IGF1R is
essential for cell surviving. 24

IGF1 - mechanism on carcinogenesis
A connection between metabolic syndrome, elevated IGF1 levels and
increased risk for cancer diseases has be explained bellow.
Some authors reported that increased levels of IGF1 are related to the Type 2
diabetes mellitus [25] and insulin resistance and hyperinsulinemia, and there is a
positive correlation between insulin levels and IGF1 levels. [26] But some authors
claim that increased risk for cancer diseases is found only when insulin levels are
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elevated independently from IGF1 levels, as it has been already mentioned in a part
dedicated to the insulin.
The higher levels of IGF1 are also demonstrated in the obese individuals
compared with the non-obese population. This occurs via the upregulation of growth
hormone receptors in the liver, which then bind with secreted growth hormone, the
main stimulus for IGF1 production. [27]
Both symptoms, diabetes mellitus type 2 and obesity belong to the parameters
of metabolic syndrome.
Based on knowledge of IGF1 effect on cells it is assumed that high IGF serum
levels increase the risk for cancer development. They also stimulate proliferation and
risk of malignant transformation. But high serum levels of IGFBP, particularly
dominant serum binding protein IGFBP3, should decrease the risk and inhibit the
cellular growth.
It is assumed that malignant transformation of the cells can occur
independently from serum levels of IGF1 in case of presence of functional IGF1R. It
is interesting that the potency of oncogenes to cause the malignant transformation is
dependent on their ability of IGF1R phosphorylation. Intact tyrosine kinase domain is
necessary for IGF1R functions – i.e. intensive anti-apoptotic and transformation
effect.[28]
Summarization above mentioned data provides three fundamental conditions
for signal transduction of IGF1 system into the cells: presence of functional receptors,
intact tyrosine kinase (TK) domain and phosphorylation of TK domain. If the ability to
receive signals remains, three extracellular risk factors start to play their role: local
extrahepatal IGF1 production, autocrine and paracrine IGF1 function and increased
IGF1 serum levels. Other two factors are intracellular and seem to be the most risky:
signal pathway mutations and gene mutations. With more sophisticated knowledge
about IGF1 system function, some hypotheses were evaluated in order to confirm the
theory of the relationship between IGF1 and some malignant diseases development.
First pilot prospective epidemiology studies did not confirm any relationship between
elevated IGF1serum levels and cancers. But some recent extent clinical studies
confirmed that high circulating IGF1 concentrations and low IGFBP3 serum levels are
related to increase risk for cancer diseases. Negative correlation between IGFBP3
levels and risk of cancer diseases corresponds to protective role of IGFBP3 (i. e. high
IGFBP3 concentration results in low free IGF1 levels). Some extent studies did not
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clearly confirm relationship between IGF1, its binding proteins and tumors. Autocrine
and paracrine role of IGF1 seems to be also important. Increased local production of
IGF1 were found at different cancer diseases and there was usually the positive
correlation with tumor progression. [29, 30] Regarding to the IGF1R expression,
some theories appear that increased expression suggest a worse prognosis of
cancer disease. But the prognostic role of IGF1R must be interpreted very carefully,
due to the inconsistent clinical studies results. [31]

IGF1 and cancer
IGF1 and breast cancer
If we compare components of signaling pthway IGF1 in breast cancer patients
and healthy women, we can see that many parts of the IGF1 axis shows changes in
the circulation of patients with cancer and in the tumor tissue itself. Recently, many
studies have been done, however, conclusions are somewhat controversial.
Some authors found a positive correlation between elevated levels of IGF1
and risk of breast cancer in premenopausal women. 32, 33 Cohort study conducted
in Australia, which included 423 cases of breast cancer and 1901 controls showed
that increased levels of IGF1 and IGFBP3 were positively associated with risk of
breast cancer in patients older than 50 years but not in younger women 34 . The
study The European Prospective Investigation into Cancer and Nutrition (EPIC),
which analyzed data from 1081 patients with breast cancer and 2,098 healthy
women, concluded that high levels of IGF1 and IGFBP3 are associated with a 40%
increased risk of breast cancer in older women than 50 years but not in younger
women 35.
Cohort study of people in different areas of Japan showed insignificant role
IGF1 in the risk of breast cancer. Higher levels of IGFBP3 decreased risk in
premenopausal women, postmenopausal women with no relation to the diagnosis
was not confirmed 36).
Chinese authors conducted a review of data from more than hundreds of
studies. Based on this assessment concluded that elevated serum levels of IGF1
positively correlated with an increased risk of breast cancer 37.
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American study with the group of women till 45 years of age examined the
dependency levels of IGF1, IGFBP1, IGFBP3, GH and risk of breast cancer, but no
statistically significant correlation were found 38.
Besides epidemiological data experimental evidence also affect the role of
IGF1 system in the etiology of breast cancer. Activation IGF1R protects breast
cancer cells from apoptosis. IGF1R gene is highly expressed in breast cancer cells.
The exact biological significance is not clear yet. Low incidence IGFIR was found in
benign lesions, and normal breast tissue compared to malignant tissue. However,
high expression of IGF1R were found in the well and moderately differentiated breast
carcinoma tissues, but much lower expression was found in poorly differentiated
carcinomas. Some authors believe that high expression of IGF1R shows worse
prognosis.
IGFIR expression was significantly higher in tumors with a genetic mutation
suppressor gene BRCA1 (breast cancer 1) compared with tumors without the
mutation 39, 40. Levels of some components of the IGF1 signaling pathway,
including IGF1R, were more frequently elevated in normal and tumor tissue in women
with a strong family history of breast cancer than women without such history.
Expression of IGF1 induced genes significantly correlates with tumor
aggressiveness. Tumor cells can be divided into two groups. In the group with higher
expression of IGF1-induced genes, survival was significantly shorter than that in the
group with lower expression 41. ER (estrogen receptor) positive clones of cells had
increased levels of IGF1R, ER negative clones had a reduced level. High levels of
IGF1R lead to recurrence of breast cancer after radiation and can also contribute to
the development of resistance to treatment with Herceptin (trastuzumab - monoclonal
antibody against HER2 receptor) 42.
Blocking IGF1R leads to a reduction in tumor cell proliferation in breast
cancer. Although early results from clinical studies that targeted the IGF1R showed
some evidence of response, larger randomized studies have not shown clear clinical
benefit of targeting this pathway in combination with conventional strategies. Despite
of the long time of investigation is still necessary to develop biomarkers to clearer
understanding of insulin receptor function. 43
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IGF1 and endometrial cancer
In endometrial cancer, a number of studies in which were measured circulating
levels of IGF1. Unfortunately, results are contradictory.
Earlier studies have described higher levels of IGF1 in women with
endometrial cancer after menopause. In a study with a relatively large set of 288
patients with endometrial cancer and 392 control women's ensemble was no
correlation between cancer risk and concentrations of IGF1. [44] In some studies
even found an inverse relationship IGF1 and the risk of endometrial cancer, which
means that patients with the highest levels of IGF1 have the lowest risk and vice
versa [45]. In accordance with a central role in IGF1R endometrial cancer were found
significantly increased expression of IGF1R and IGF1R mRNA in endometrial
carcinoma biopsies. [46]

IGF1 and ovarian cancer
Results of the studies of IGF1 serum levels and risk of ovarian cancer are not
completely clear. Some authors claim that elevated levels of IGF1 increase the risk of
ovarian cancer [47, 48], whereas higher levels of IGFBP3 slightly reduce this risk. A
turning point seems to be the age of about 55 years. Rating IGF1 levels in women
older than 55 years brought no change in risk depending on the levels of IGF1 and
IGFBP3. On the other hand, several retrospective studies, concentrations of IGF1
levels in women with malignant ovarian cancer is lower than in the control group.
In in vitro experiments, the clones of tumor cell lines of ovarian cancer was
demonstrated autocrine production of IGF1 and creation IGF1R. It was founded by
the autocrine growth loop. RNA analysis revealed the presence of the IGF1 and
IGF1R mRNA in 100% of freshly isolated tumor specimens. Blocking IGF1R leads to
reduced cell proliferation of ovarian cancer. [49]

IGF1 and prostate cancer
Data suggest that IGF1 signaling system plays an important role in the set and
progression of prostate cancer. High levels of circulating IGF1 increased risk of
prostate cancer [50, 51], while higher concentrations reduce the risk of IGFBP3
(Chen B., 2009). Another study showed that circulating levels of IGF1 were
significantly higher in patients with prostate cancer than in healthy men. [52] An
interesting finding is that the ratio IGF1/PSA had better predictive value regarding the
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prediction of risk of prostate cancer than the actual measurement of PSA or IGF1.
[53]
It should also be noted that IGF1 levels were predictors of advanced stage
prostate cancer, but not the early phase. [54]
On the other hand, some studies have failed to find a correlation between the
concentration of IGF1 levels and cancer risk. Even studies on a large cohort of
patients (727 cases of prostate cancer and 887 healthy controls) concluded that
there is no clear link between the level of IGF1 and prostate cancer. [55]
Studies on the mechanism of prostate cancer point to an important role of
autocrine production of IGF1. Prostate cancer induced by high doses of testosterone
in rats was supported by increased autocrine production of IGF1. Study 54 biopsies
of prostate found significant upregulation IGF1R protein levels and mRNA in primary
prostate cancer compared to benign prostatic tumor. The study focused on the
search for IGF1R in frozen tissue sections of prostate cancer found an increased
incidence of IGF1R in normal prostate tissue, the tissue of prostate cancer and
metastases, but did not find almost no IGF1R in prostate tissue, benign tumors. [56]

IGF1 and colorectal cancer
A number of studies is devoted to the relationship of circulating IGF and
colorectal adenomas.
Interesting results were achieved in monitoring levels of IGF1, depending on the
recurrence of colorectal adenomas. Serum levels of IGF1 were measured at the first
detection of adenomas in 299 men. IGF1 levels were significantly positively
associated with the presence of adenomas. In contrast to this finding, the
concentrations of IGF1 indirectly associated with repeated findings of colorectal
adenoma. The authors theorized that when the adenoma is removed, higher
concentrations of IGF1 reduces the likelihood of new lesions in the rectum [57]. Other
authors have shown that the increased risk of primary adenoma with high IGF1, risk
reduction at high IGFBP3. The recurrence of adenoma, however, the authors found
the longest recurrence intervals with high levels of IGF1 and IGFBP3 [58].
The authors of studies concerning the relationship of the risk of adenomas and
serum IGFBP3 and risk of adenomas and tissue expese IGFBP3 mRNA found no
significant relationship between serum levels of IGFBP3 and risk of adenoma, but
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found a negative correlation between lower tissue mRNA expression of IGFBP3 and
risk of adenomas. [59]
Studies on the expression of IGF1R as a basic element for the functioning of
signaling pathways IGFs yielded interesting findings. Earlier study reported increased
IGF1R expression during progression of colorectal adenoma and adenocarcinoma
metastasis through. IGF1R expression correlated with stage of disease. More recent
studies on this topic indicates that IGF1R is expressed at high levels in the early
stages of tumor aberrations. In advanced tumors with low differentiation were found
in low exrese IGF1R. [60] Other authors found no correlation between the expression
of IGF1R and long-term prognosis in a study of 86 metastatic colorectal cancer. [61]
Patients diagnosed with colorectal cancer, the same theoretical assumptions
about the risks in the development and subsequently the growth as adenomas.
Findings from available studies, however, showed no relationship between elevated
serum levels of IGF1 and the incidence of colorectal cancer. [62].
A separate chapter is patients with acromegaly. Increased GH production in
these patients also causes an increase in serum IGF1. Patients with acromegaly
occur increasingly adenomatous polyps of the colon. Patients with acromegaly are
two-fold increased risk of developing colon cancer. [63]
In patients treated with GH due to the mechanism of action of IGF1 considered
a possible increased risk of cancer intestinal mucosa. An increased risk for the
development of colon tumors in patients treated with GH was not significant. [64]

IGF1 and pancreatic cancer
In four american prospective cohort study was to evaluate 144 cases of
pancreatic cancer. Were evaluated serum levels of IGF1, but no relationship between
IGF1 increased risk of pancreatic cancer was found. [65] In the Finnish study, the
authors evaluated the relationship IGF1 for pancreatic cancer in male smokers [66].
Were evaluated 93 cases of adenocarcinoma in Finnish men - smokers aged 50-69
years. Serum levels of IGF1 were compared with levels in 400 randomly selected
controls. Serum levels of IGF1 or IGF1/IGFBP3 ratio was not significantly associated
with adenocarcinoma of the pancreas.
When studying IGF1R and its signaling pathway in relation to pancreatic
cancer were included in tissue culture cells, pancreatic cancer specific added IGF1R
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inhibitors. There was thus blocking signal transduction cascade PI3K/PKB. Both
inhibitors cause apoptosis in cancer cells. [67]

IGF1 and thyroid gland cancer
IGF1 levels were examined in connection with thyroid disorders. High serum
concentrations of IGF1 are associated with goiter, with nodes in the thyroid visible on
ultrasound and reduced TSH. The thyroid adenomas are described lower serum
IGF1 levels compared to healthy controls. [68]
Increased expression of IGF1R correlated with thyroid tumors with poor
prognosis. For IGF1R find obvious correlation between their expression and
differentiation of tumor cells. For good and moderately differentiated carcinomas
found significant expression of these receptors while anaplastic carcinomas have
expression is lacking. This phenomenon the authors explain that the anaplastic cells
is activated by a sufficient amount of growth-signaling pathways mediated IGF1R and
distance are no longer needed. [69]

Clinical use of IGF1 for routine practice
From a diagnostic point of view, IGF1 beneficial examination especially during
growth disorders. Unlike GH secretion which is pulse, its level in the serum at a
constant.

Leptin and adiponectin
Leptin and adiponectin are next two important players in the mechanism of the
development of cancer.
High serum leptin levels might be associated with cancer. Leptin stimulates
cell proliferation and reduce apoptosis via the same pathways like insulin and IGF1.
However, local leptin production and autocrine and paracrine effect is a better
predictor of carcinogenesis than circulating leptin levels. The next effect of leptin is
the mediation of cytokines in specific cells and up-regulating VEGF pathway for a
number of tumors. [70]
The mechanism of anti-carcinogenic effects of adiponectin has been unclear.
However, in vitro, recombinant adiponectin potently inhibited endothelial cell
proliferation and migration and induced caspase-mediated endothelial cell apoptosis
- 17 -

Reduced adiponectin levels lead to the development of insulin resistance and
compensatory, chronic hyperinsulinaemia. Increased insulin levels lead to reduced
liver and tissue synthesis of insulin-like growth factor binding proteins. This results in
increased levels of bioavailable IGF1. Insulin and IGF1 signal through the insulin and
IGF1 receptors promote cellular proliferation and inhibit apoptosis in many tissue
types. 71
The detailed description of cancer development mechanism would exceed
limitations of this article. Role of leptin and adiponectin in the selected tumors will be
described in details in the subsequent publication. But the schema presented bellow
is provided the complete relationship between all the mentioned biomarkers - insulin,
IGF1, leptin and adiponectin.

Relationship between individual biomarkers related to the cancer development
Biological effect of leptin, IGF1, insulin and adiponectin is mediated by the
receptors. Leptin, IGF1 and insulin activate two main prosurvival signal cascades.
Signal pathway PI3K (phosphatidylinositol-3-kinase)/PKB (proteinkinase B) and
signal pathway ERK (extracellular signal regulated kinases), which represents one of
the several MAP kinase pathways (MAPK mitogen activated protein kinases). [72]
IGF1 is a main activator of these pathways. Signal pathway PI3K/PKB is
integrated into many normal cellular processes related to the proliferation,
metabolism, growth and survival of cells. Abnormality of this pathway can result in
different forms of cancer diseases. Central component of this pathway is formed by
PI3K. Activation of PI3K changes immediately membranous fosfatidylinositol-3,5biphosphate (PIP2) into triphosphate form (PIP3). PIP3 further induces
phosphorylation of PKB (Akt in other words) via PDK1 protein. Complex PI3K is
under the normal condition negatively regulated by specific phosphatase PTEN. Loss
of PTEN function stimulates PIP3 accumulation, which results in deregulation of
signal transduction via PI3K/PKB cascade. PKB is involved in other signal cascades
and it interferes with many cellular processes (proteosynthesis, survival, proliferation,
glucose metabolism, etc.). Activation of deregulated signal pathway PI3K/PKB
provides signals to the cells for unlimited growth and survival. Second signal pathway
is represented by the ERK cascade (extracellular signal regulated kinases). Signal is
transmitted after IRS1 activation via Ras GTPase and Raf and MEK kinase. This
process finally results in MAP kinase activation, particularly ERK. ERK belongs
- 18 -

among the first well explored MAP kinases of the mammalian cells. Group of
enzymes called MAP kinases regulates gene expression and eventually cellular
proliferation and differentiation.
High insulin serum levels can stimulate production of IGF1. Insulin alone (or
together with IGF1) may activate both survival pathways. Insulin can acts via IGF1
receptor and conversely. The affinity of insulin to the IGF1 receptor is ten times lower
than to insulin receptor. This relationship is valid also for IGF1 and insulin receptor.
Leptin binds to leptin receptors located throughout the central nervous system
and peripheral tissues. Leptin stimulates PI3K pathway and also ERK pathway.
Leptin stimulate cell proliferation and reduce apoptosis by mediating cytokines and
also up-regulates VEGF pathway. [73]
Adiponectin has an anticancerogenic efect. Adiponectin stimulates the
sensitivity of peripheral tissue to insulin but the mechanism is unknown. Reduced
adiponectin levels lead to the development of insulin resistance and compensatory,
chronic hyperinsulinaemia. This results in increased levels of insulin and also IGF1
and stronger stimulation of survival pathways. Adiponectin decreases the expression
of leptin and its receptors in the neoplastic cells. Adiponectin inhibits endothelial cell
proliferation and migration and induces caspase enzyme mediated cell apoptosis.
Conversely, PI3K/PKB and ERK pathways inhibit caspase enzymes and block the
apoptosis. 74
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FIGURE 1: SIGNAL PATHWAYS FOR INDIVIDUAL BIOMARKERS
(INSULIN, IGF1, LEPTIN AND ADIPONECTIN)

Shortcut description: ERK - extracellular signal regulated kinases, casp – caspase, IGF1 –
insulin like growth factor 1, MEK - serine/threonine-specific protein kinase PDK1 - pyruvate
dehydrogenase kinase isozyme 1, PI3K - phosphatidylinositol-3-kinase, PIP2 fosfatidylinositol-3,5-biphosphate, PIP3 - fosfatidylinositol-3,5-triphosphate, PKB (Akt) proteinkinase B , PTEN - phosphatase and tensin homolog, Raf - proto-oncogene
serine/threonine-protein kinase, Ras - small GTPase
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CONCLUSIONS
Metabolic syndrome, a growing health problem worldwide, has been
associated with the obesity, diabetes, cardiovascular disease, hypertension, and
other chronic diseases. Recently, the metabolic syndrome has been reported to be
associated with increased risk of several cancer types and can also lead to poorer
treatment and increased cancer-related mortality. Biological mechanisms explaining
the relationship between metabolic syndrome and cancer have not been fully
explained so far. Multiple hormones, growth factors, cytokines, and other mediators
associated with the metabolic syndrome may play their role in cancer development,
but better understanding of their mechanisms by which metabolic syndrome may
influence cancer development and progression is important to develop strategies for
prevention and prediction cancer incidence and to improve outcomes for the patients.
We detailed focused on the role of insulin and IGF1. Therefore an intensive
multicenter long-term research will verify the individual parameters of biological
activity – as risk factors for cancer development and progression, particularly in high
risk population with metabolic syndrome. This issue has been a challenging topic for
further prospective clinical studies.

REFERENCES:
[1]

[2]

[3]
[4]
[5]

[6]

Athyros VG, Ganotakis ES, Bathianaki M, Monedas I, Goudevenos IA,
Papageorgiou AA, Papathanasiou A, Kakafika AI, Mikhailidis DP, Elisaf
M.: The prevalence of the metabolic syndrome using the National
Cholesterol Educational Program and International Diabetes Federation
definitions. Curr Med Res Opin. 2005 Aug;21(8):1157-9.
Anderson KE, Anderson E, Mink PJ, Hong CP, Kushi LH, Sellers TA,
Lazovich D, Folsom AR. Diabetes and endometrial cancer in the Iowa
women's health study. Cancer Epidemiol Biomarkers Prev. 2001;10:611–
616.
Wolf I, Sadetzki S, Catane R, Karasik A, Kaufman B. Diabetes mellitus
and breast cancer. Lancet Oncol. 2005;6:103–111.
Garfinkel L. Overweight and cancer. Ann Intern Med. 1985 Dec;103(6(Pt
2):1034-6.
Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ: Overweight,
obesity, and mortality from cancer in a prospectively studied cohort of
U.S. adults. N Engl J Med. 2003 Apr 24;348(17):1625-38.
Harish K, Dharmalingam M, Himanshu M.: Study Protocol: insulin and its
role in cancer. BMC Endocr Disord. 2007, Oct 22;7-10.

- 21 -

[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]

[18]

[19]
[20]
[21]

Nakae J., Kido Y., Accili D., Distinct and overlapping functions of insulin
and IGF-I receptors, Endocrine Rev. 2011, 22:818-35.
Sikalidis AK, Varamini B.: Roles of hormones and signaling molecules in
describing the relationship between obesity and colon cancer. Pathol
Oncol Res. 2011, Dec;17(4):785-90.
Warren RS, Yuan H, Matli MR, Ferrara N, Donner DB.Induction of
vascular endothelial growth factor by insulinlike growth factor 1 in
colorectal carcinoma. J Biol Chem 1996;271(46):29483–29488
Wolf I, Sadetzki S, Gluck I, Oberman B, Ben-David M, Papa MZ, Catane
R, Kaufman B. Association between diabetes mellitus and adverse
characteristics of breast cancer at presentation. Eur J Cancer.
2006;42:1077–1082.
Fair AM, Dai Q, Shu XO, Matthews CE, Yu H, Jin F, Gao YT, Zheng W.
Energy balance, insulin resistance biomarkers, and breast cancer risk.
Cancer Detect Prev. 2007;31(3):214-9.
Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Manson JE, Li J,
Harris TG, Rohan TE, Xue X, Ho GY, Einstein MH, Kaplan RC, Burk RD,
Wylie-Rosett J, Pollak MN, Anderson G, Howard BV, Strickler HD. A
prospective evaluation of insulin and insulin-like growth factor-I as risk
factors for endometrial cancer. Cancer Epidemiol Biomarkers Prev. 2008
Apr;17(4):921-9.
Waters KM, Henderson BE, Stram DO, Wan P, Kolonel LN, Haiman CA.
Association of diabetes with prostate cancer risk in the multiethnic cohort.
Am J Epidemiol. 2009; 169(8):937–945.
Giovannucci E, Michaud D. The role of obesity and related metabolic
disturbances in cancers of the colon, prostate, and pancreas.
Gastroenterology 2007;132:2208–25.
Nandeesha H. Insulin: a novel agent in the pathogenesis of prostate
cancer. Int Urol Nephrol 2009;41:267–72.
Cox ME, Gleave ME, Zakikhani M, et al. Insulin receptor expression by
human prostate cancers. Prostate 2009;69:33–40.
Tsai CJ, Giovannucci EL. Hyperinsulinemia, insulin resistance, vitamin D,
and colorectal cancer among whites and African Americans. Dig Dis Sci.
2012 Oct;57(10):2497-503.
Ortiz AP, Thompson CL, Chak A, Berger NA, Li L. Insulin resistance,
central obesity, and risk of colorectal adenomas. Cancer. 2012 Apr
1;118(7):1774-81.
Inoue M, Tsugane S. Insulin resistance and cancer: epidemiological
evidence. Endocr Relat Cancer. 2012 Sep 5;19(5):1-8.
Malaguarnera R, Morcavallo A, Belfiore A. The insulin and igf-I pathway
in endocrine glands carcinogenesis. J Oncol. 2012;2012:635614.
Shih SR, Chiu WY, Chang TC, Tseng CH. Diabetes and thyroid cancer
risk: literature review. Exp Diabetes Res. 2012;2012:578285.

- 22 -

[22] Dupont J, LeRoith D., Insulin and insulin-like growth factor I receptors:
similarities and differences in signal transduction, Horm Res. 2001, 55
Suppl 2, 22-6.
[23] Maor S., Yosepoxich A, and all., Elevated insulin-like growth factor-I
receptor (IGF-IR) levels in primary breast cancer tumours associated with
BSCA1 mutations., Cancer Lett 2007, 257:236-43.
[24] Riedemann J., Macaulay VM., IGFIR signaling and its inhibition,
Endocrine Related Cancer 2006, Suppl.1:33-43.
[25] Kanazawa I, Yamaguchi T, Sugimoto T. Effects of intensive glycemic
control on serum levels of insulin-like growth factor-I and
dehydroepiandrosterone sulfate in Type 2 diabetes mellitus. J Endocrinol
Invest. 2012, May;35(5):469-72.
[26] Clauson PG, Brismar K, Hall K, Linnarsson R, Grill V. Insulin-like growth
factor-I and insulin-like growth factor binding protein-1 in a representative
population of type 2 diabetic patients in Sweden. Scand J Clin Lab
Invest. 1998 Jul;58(4):353-60.
[27] Giovannucci E. Nutrition, insulin, insulin-like growth factors and cancer.
Horm Metab Res 2003;35(11-12):694–704.
[28] Peterson JE, Kulik G, Jelinek T, Reuter CW, Shannon JA, Weber MJ. Src
phosphorylates the insulin-like growth factor type I receptor on the
autophosphorylation sites. Requirement for transformation by src. J Biol
Chem. 1996, Dec 6;271(49):31562–31571.
[29] Samani AA, Yakar S, LeRoith D, Brodt P. The role of the IGF system in
cancer growth and metastasis: overview and recent insights. Endocr
Rev. 2007;28:20–47.
[30] Werner H, LeRoith D. The role of the insulin-like growth factor system in
human cancer. Adv Cancer Res. 1996;68:183–223.
[31] Schnarr B, Strunz K, Ohsam J, Benner A, Wacker J, Mayer D. Downregulation of insulin-like growth factor-I receptor and insulin receptor
substrate-1 expression in advanced human breast cancer. Int J Cancer.
2000;89:506–513.
[32] Renehan AG, Brennan BM., Acromegaly, growth hormone and cancer
risk.,Best Pract Res Clin Endocrinol Metab. 2008, 22(4):639-57.
[33] Sugumar A, Liu YC, Xia Q, Koh YS, Matsuo K., Insulin-like growth factor
(IGF)-I and IGF-binding protein 3 and the risk of premenopausal breast
cancer: a meta-analysis of literature., Int J Cancer.2004, 111(2):293-7.
[34] Baglietto L, English DR, Hopper JL, Morris HA, Tilley WD, Giles GG.,
Circulating insulin-like growth factor-I and binding protein-3 and the risk
of breast cancer., Cancer Epidemiol Biomarkers 2007,16(4):763-8.
[35] Rinaldi S, and all., IGF-I, IGFBP-3 and breast cancer risk in women: The
European Prospective Investigation into Cancer and Nutrition (EPIC).,
Endocr Relat Cancer 2006,13(2):593-605.
[36] Sakauchi F, Nojima M, Mori M, Wakai K, Suzuki S, Tamakoshi A, Ito Y,
Watanabe Y, Inaba Y, Tajima K, Nakachi K., Serum insulin-like growth
factors I and II, insulin-like growth factor binding protein-3 and risk of

- 23 -

[37]

[38]

[39]

[40]

[41]

[42]
[43]

breast cancer in the Japan Collaborative Cohort study. Asian Pac J
Cancer 2009,10 Suppl:51-5.
Chen B, Liu S, Xu W, Wang X, Zhao W, Wu J., IGF-I and IGFBP-3 and
the risk of lung cancer: a meta-analysis based on nested case-control
studies., J Exp Clin Cancer Res. 2009, 24;28-89.
Schernhammer ES, Holly JM, Hunter DJ, Pollak MN, Hankinson SE.
Insulin-like growth factor-I, its binding proteins (IGFBP-1 and IGFBP-3),
and growth hormone and breast cancer risk in The Nurses Health Study
II. Endocr Relat Cancer. 2006, 13(2):583-92.
Maor S, Mayer D, Yarden RI, Lee AV, Sarfstein R, Werner H, Papa MZ.,
Estrogen receptor regulates insulin-like growth factor-I receptor gene
expression in breast tumor cells: involvement of transcription factor Sp1,
J Endocrinol. 2006, 191(3):605-12.
Maor S., Yosepoxich A, and all., Elevated insulin-like growth factor-I
receptor (IGF-IR) levels in primary breast cancer tumours associated with
BSCA1 mutations., Cancer Lett 2007, 257:236-43.
Rajski M, Zanetti-Dällenbach R, Vogel B, Herrmann R, Rochlitz C, Buess
M., IGF-I induced genes in stromal fibroblasts predict the clinical
outcome of breast and lung cancer patients, BMC Med. 2010, 5;8-11.
Werner H, Bruchim I., Basic and clinical significance of IGF-I-induced
signatures in cancer., BMC Med. 2010, 5;18-22.
Yee D., Insulin-like Growth Factor Receptor Inhibitors: Baby or the
Bathwater J Natl Cancer Inst 2012, 104: 975-981.

[44] Weiderpass E, Brismar K, Bellocco R, Vainio H, Kaaks R., Serum levels
of insulin-like growth factor-I, IGF-binding protein 1 and 3, and insulin and
endometrial cancer risk., 2003, Br J Cancer.;89(9):1697-704.
[45] Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Manson JE, Li J,
Harris TG, Rohan TE, Xue X, Ho GY, Einstein MH, Kaplan RC, Burk RD,
Wylie-Rosett J, Pollak MN, Anderson G, Howard BV, Strickler HD., A
prospective evaluation of insulin and insulin-like growth factor-I as risk
factors for endometrial cancer., Cancer Epidemiol Biomarkers 2008,
Prev.;17(4):921-9.
[46] McCampbell AS, Broaddus RR, Loose DS, Davies PJ. Overexpression of
the insulin-like growth factor I receptor and activation of the AKT pathway
in hyperplastic endometrium. Clin Cancer Res, 2006 Nov 1;12(21):63738.
[47] Lukanova A, Lundin E, Toniolo P, Micheli A, Akhmedkhanov A, Rinaldi S,
Muti P, Lenner P, Biessy C, Krogh V, Zeleniuch-Jacquotte A, Berrino F,
Hallmans G, Riboli E, Kaaks R., Circulating levels of insulin-like growth
factor-I and risk of ovarian cancer., Int J Cancer. 2002, 20;101(6):549-54.
[48] Peeters PH, Lukanova A, Allen N, Berrino F, Key T, and. all., Serum IGFI, its major binding protein (IGFBP-3) and epithelial ovarian cancer risk:
the European Prospective Investigation into Cancer and Nutrition (EPIC),
Endocr Relat Cancer. 2007, 14(1):81-90.
[49] Gotlieb WH, Bruchim I, Gu J, Shi Y, Camirand A, Blouin MJ, Zhao Y,
Pollak MN.,Insulin-like growth factor receptor I targeting in epithelial
ovarian cancer, Gynecol Oncol. 2006, 100(2):389-96.
[50] Monti S., Proietti-Pannunzi L., Sciarra A., Lolli F., Falasca P., Poggi M.,
Celi FS., Toscano V., The IGF axis in prostate cancer. 2007, Curr Pharm
Des 13:719-27.
- 24 -

[51] Chen B, Liu S, Xu W, Wang X, Zhao W, Wu J., IGF-I and IGFBP-3 and
the risk of lung cancer: a meta-analysis based on nested case-control
studies., J Exp Clin Cancer Res. 2009, 24;28:89.
[52] Shi R, Berkel HJ, Yu H., Insulin-like growth factor-I and prostate cancer:
a meta-analysis., Br J Cancer. 2001, 85(7):991-6.
[53] Djavan B, Bursa B, Seitz C, Soeregi G, Remzi M, Basharkhah A,
Wolfram R, Marberger M., Insulin-like growth factor 1 (IGF-1), IGF-1
density, and IGF-1/PSA ratio for prostate cancer detection., Urology
1999, 54(4):603-6.
[54] Rowlands MA, Gunnell D, Harris R, Vatten LJ, Holly JM, Martin RM.,
Circulating insulin-like growth factor peptides and prostate cancer risk: a
systematic review and meta-analysis, Int J Cancer. 2009, 124(10): 241629.
[55] Weiss S, Henle P, Bidlingmaier M, Moghaddam A, Kasten P,
Zimmermann G., Systemic response of the GH/IGF-I axis in timely
versus delayed fracture healing, Growth Horm IGF Res.; 2008,
18(3):205-12.
[56] Ryan CJ, Haqq CM, Simko J, Nonaka DF, Chan JM, Weinberg V, Small
EJ, Goldfine ID., Expression of insulin-like growth factor-1 receptor in
local and metastatic prostate cancer, Urol Oncol. 2007, 25(2):134-40.
[57] Jacobs CI.., A review of the role of insulin-like growth factor 2 in
malignancy and its potential as a modifier of radiation sensitivity., Clin
Oncol. 2008, Jun;20(5):345-52.
[58] Flood A, Mai V, Pfeiffer R, Kahle L, Remaley AT, Rosen CJ, Lanza E,
Schatzkin A., The effects of a high-fruit and -vegetable, high-fiber, low-fat
dietary intervention on serum concentrations of insulin, glucose, IGF-I
and IGFBP-3., Eur J Clin Nutr. 2008, 62(2):186-96.
[59] Keku TO, Sandler RS, Simmons JG, Galanko J, Woosley JT, Proffitt M,
Omofoye O, McDoom M, Lund PK, Local IGFBP-3 mRNA expression,
apoptosis and risk of colorectal adenomas, BMC Cancer. 2008, 22;138143.
[60] Allison AS, McIntyre MA, McArdle C, Habib FK., The insulin-like growth
factor type 1 receptor and colorectal neoplasia: insights into invasion,
Hum Pathol. 2007, Nov;38(11):1590-602.
[61] Shiono S., Ishii G, Nagai K, Murata Y, Tsuta K, Nitadori J, Kodama T,
Ochiai A., Immunohistochemical prognostic factors in resected colorectal
lung metastases using tissue microarray analysis., Eur J Surg Oncol.,
2006, Apr;32(3):308-9.
[62] Haydon AM, Macinnis RJ, English DR, Morris H, Giles GG. Physical
activity, insulin-like growth factor 1, insulin-like growth factor binding
protein 3, and survival from colorectal cancer. 2006, May;55(5):689-94.
[63] Renehan AG, Brennan BM., Acromegaly, growth hormone and cancer
risk.,Best Pract Res Clin Endocrinol Metab. 2008, 22(4):639-57.
[64] Jenkins PJ., Cancers associated with acromegaly.,Neuroendocrinology.
2006; 83(3-4):218-23.
[65] Wolpin BM, Michaud DS, Giovannucci EL, Schernhammer ES, Stampfer
MJ, Manson JE, Cochrane BB, Rohan TE, Ma J, Pollak MN, Fuchs CS.
Circulating insulin-like growth factor axis and the risk of pancreatic
cancer in four prospective cohorts. Br J Cancer. 2007 Jul 2;97(1):98-104.

- 25 -

[66] Stolzenberg-Solomon RZ, Limburg P, Pollak M, Taylor PR, Virtamo J,
Albanes D. Insulin-like growth factor (IGF)-1, IGF-binding protein-3, and
pancreatic cancer in male smokers. Cancer Epidemiol Biomarkers Prev.
2004 Mar;13(3):438-44.
[67] Tomizawa M, Shinozaki F, Sugiyama T, Yamamoto S, Sueishi M,
Yoshida T., Insulin-like growth factor-I receptor in proliferation and
motility of pancreatic cancer, World J Gastroenterol. 2010, 16:1854-8.
[68] Vesely D, Astl J, Lastuvka P, Matucha P, Sterzl I, Betka J., Serum levels
of IGF-I, HGF, TGFbeta1, bFGF and VEGF in thyroid gland tumors,
Physiol Res. 2004, 53(1):83-9.
[69] Chakravarty G, Santillan AA, Galer C, Adams HP, El-Naggar AK, Jasser
SA, Mohsin S, Mondal D, Clayman GL, Myers JN., Phosphorylated
insulin like growth factor-I receptor expression and its clinico-pathological
significance in histologic subtypes of human thyroid cancer, Exp Biol Med
(Maywood). 2009, 234(4):372-86.
[70] Gonzalez-Perez RR, Xu Y, Guo S, Watters A, Zhou W, Leibovich SJ.
Leptin upregulates VEGF in breast cancer via canonic and non-canonical
signalling pathways and NFkappaB/HIF-1alpha activation. Cell Signal.
2010;22:1350-62
[71] Brakenhielm E, Veitonmaki N, Cao R, Kihara S, Matsuzawa Y,
Zhivotovsky B, Funahashi T, Cao Y: Adiponectin-induced
antiangiogenesis and antitumor activity involve caspase-mediated
endothelial cell apoptosis. Proc Natl Acad Sci. 2004, 101: 2476–2481.
[72] Sutherland BW, Knoblaugh SE, Kaplan-Lefko PJ, Wang F, Holzenberger
M, Greenberg NM., Conditional deletion of insulin-like growth factor-I
receptor in prostate epithelium, Cancer Res. 2008, 68(9):3495-504.
[73] Endo H, Hosono K, Uchiyama T, Sakai E, Sugiyama M, Takahashi H,
Nakajima N, Wada K, Takeda K, Nakagama H, Nakajima A. Leptin acts
as a growth factor for colorectal tumours at stages subsequent to tumour
initiation in murine colon carcinogenesis. Gut. 2011, 60(10): 1363-71.
[74] Nishida M., Funahashi T and ShimomuraI.: Pathophysiological
significance of adiponectin. Med Mol Morphol. 2007, 40:55–67.

- 26 -

