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SUMMARY

Breast cancer and metabolic syndrome remains one of the most urgent problems of modern medicine worldwide. In
this review, highlights the molecular pathways that underlie the negative impact of metabolic syndrome on the risk
and prognosis of breast cancer. A better understanding of these pathways will help to optimize prevention and
treatment of breast cancer in patients with metabolic syndrome.
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INTRODUCTION

Breast cancer (BC) and metabolic syndrome (MS)
remain one of the most urgent problems of modern
medicine, as they reduce the life expectancy of the
population.

Worldwide, breast cancer is the most common (22.9%)
form of malignant neoplasms in women. In 2008,
458,503 deaths from breast cancer were registered
worldwide, which accounted for 13.7% of deaths from
malignant tumors among the female population.™

MS (Reaven Syndrome, Insulin Resistance Syndrome,
Metabolic Syndrome X) is a combination of abdominal
obesity, insulin resistance, hyperglycemia, dyslipidemia,
arterial hypertension, haemostasis disorders, and chronic
subclinical  inflammation  (International  Diabetes
Federation, 2005).

In 2005, the International Diabetes Federation named
MS as one of the main problems of modern medicine, as
it increases the overall mortality of the population. The
prevalence of MS has reached pandemic proportions. In
economically developed countries, 25-35% of the
population of all age groups suffer from MS, this figure
increases with age and reaches 42-43.5% among people
over 60. The concept of the influence of metabolic
disorders on the risk of malignant neoplasms was first
expressed by the German biochemist Otto Warburg more
than 80 years ago. However, this concept remained
unaddressed for many decades. The renewal of interest in
it is associated with the introduction of molecular
research into oncological practice. Currently, the
influence of metabolic disorders associated with obesity,

hyperinsulinemia, and MS on the risk of developing and
progressing breast cancer has been proven in a number of
clinical studies.*

Our work considers the main molecular mechanisms that
explain the negative impact of metabolic disorders on the
risk of occurrence and progression of breast cancer in
patients with MS.

Theoretical substantiation of the relationship between
metabolic syndrome and breast cancer

There are several hypotheses explaining the relationship
between MS and breast cancer. The first hypothesis is
based on the ability of the adipose tissue of the
mammary glands to increase the local concentration of
estrogens by peripheral aromatization of androgens. The
second hypothesis is based on the mitogenic effect of
insulin and insulin-like growth factor (IGF) on the
epithelium of the mammary glands. The third hypothesis
is on the ability of adipose tissue to perform auto-, para-
and endocrine regulation by secreting a large number of
substances, the action of which produces various
biological effects, including potentially carcinogenic
ones.

The role of hormonal imbalance in metabolic
syndrome in breast cancer carcinogenesis
Hyperestrogenization in women with metabolic
syndrome

Estrogens play a key role in the processes of proliferation
and differentiation of the epithelium of the mammary
glands, thus they not only regulate the normal growth
and development of the latter, but also contribute to the
emergence and progression of breast cancer. An increase
in the concentration of estrogens and / or the number of
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receptors for them in the epithelium of the mammary
glands significantly increases the risk of developing
breast cancer. The most convincing, but indirect
evidence of the role of estrogen in the occurrence of
breast cancer in women with MS can be a direct
relationship between an increase in their concentration in
the peripheral blood and an increase in body mass index
in postmenopausal women. It should be noted that this
dependence is observed only after the onset of
menopause, since hyperestrogenemia as a result of
obesity is not typical for premenopausal women.

The biosynthesis of estrogen occurs with the
participation of the aromatase enzyme, an isoform of
cytochrome P-450, which is synthesized mainly in the
ovaries, adrenal glands, muscle and adipose tissue. In
postmenopausal women, after ovarian function declines,
estrogen-synthesizing function is performed by adipose
tissue, including breast adipose tissue.l” The
concentration of estrogen in breast tissue after
menopause is 10 times higher than in peripheral blood.®
There is evidence of a direct relationship between
excessive enzyme activity of aromatase in certain areas
of the mammary gland and local hyperestrogenization of
these areas and the development of a malignant tumor in
them.™)

Insulin resistance and hyperinsulinemia

At the age of 30-40 years, the process of reducing the
sensitivity of the hypothalamic centers that regulate the
production of somatotropic hormone (STH) to glucose
inhibition occurs and further progresses. At a certain
stage, this contributes to the hyperproduction of growth
hormone, which leads to a decrease in the use of glucose
by peripheral tissues and the development of insulin
resistance and compensatory hyperinsulinemia. Under
conditions of insufficient glucose utilization, free fatty
acids become the main energy substrate, the excessive
use (oxidation) of which leads to secondary inhibition of
GH secretion (somatopause) and the development of
obesity.™ The mechanism of carcinogenesis under
conditions of hyperinsulinemia is the malignant
transformation of cells due to genetic mutations that
occur against the background of hyperproliferation and
suppression of apoptosis. Insulin is involved not only in
the processes of tumor formation, but also in the
processes of tumor progression due to the presence of
insulin receptors (IR) on the membranes of normal and
tumor cells. After insulin binds to IR, the IR substrate
(IRS) is activated, which triggers the mitogen-activated
protein kinase (MAPK) and phosphatidylinositol-3-
kinase (PI3K) signaling pathways. As a result, this leads
to the transition of cells from the G1 period to the S
period of the cell cycle, proliferation, and inhibition of
apoptosis. 4!

In addition to direct, insulin has an indirect mitogenic
effect, which is realized by stimulating the synthesis and
activation of IGF. IGF, or somatomedins, are formed
mainly in the liver, muscle and adipose tissue under the

influence of growth hormone. There are 2 types of IGF:
IGF-I and IGF-I11. Both species take part in the processes
of growth and development of the fetus; in the
postembryonic period, IGF-1 plays a major role in
growth regulation. The physiological role of IGF-II in
the postembryonic period of development has not yet
been established. IGF-1 carries out endo-, auto- and
paracrine regulation of the processes of growth and
development of the body. The concentration of IGF-1 in
the blood depends not only on the level of growth
hormone, but also on a number of other hormones. STH,
insulin, sex and thyroid hormones stimulate, and
glucocorticoids suppress the production of IGF-I. This
feature determines the synergism of the stimulating
effect of growth hormone, insulin, sex and thyroid
hormones on the processes of cell proliferation and
differentiation and the inhibitory effect of
glucocorticoids on the processes mentioned above. The
mechanism of action of IGF, like insulin, is realized
through the activation of MAPK and PDK signaling
pathways. Insulin and somatomedins have a similar
molecular structure, so insulin can cross-react with 1IGF
receptors (IGF-R) and, conversely, IGF with IR.
However, the affinity of insulin for its own receptors is
100-1000 times higher than for IGF-R. Therefore, insulin
can stimulate cell proliferation and differentiation by
binding to IGF-R only at high concentrations, which is
characteristic of hyperinsulinemia.

Also, in hyperinsulinemia, the synthesis of IGF-binding
protein by hepatocytes decreases, which increases the
bioavailability of IGF, which at high concentrations is
able to bind to IR.*

The effect of insulin on the risk of development and
progression of breast cancer has been proven in several
clinical studies.'? In addition, hyperinsulinemia is an
independent prognostic factor for the course of breast
cancer, since its presence in this disease significantly
reduces overall and recurrence-free survival, regardless
of the tumor receptor status.!*!

Synergistic action of insulin and estrogen

Estrogens, interacting with estrogen receptors (ER),
stimulate cell proliferation by activating MAPK and
PDK signaling pathways. Insulin and IGF-l activate
estrogen receptors in the nuclei of breast cancer cells and
promote the growth and proliferation of ER-positive
human breast cancer cell lines in vitro even in the
absence of estradiol.*>*®! In ER-positive breast cancer
cells of the MCF-7 line, IGF-1 and estrogens have a
synergistic effect, increasing the number of mitoses
several times compared to the action of one of the
factors, however, after the loss of ER, MCF-7 cells lose
their ability to divide under the influence of estrogens
and /or IGF-1. Thus, insulin, IGF-I1 and estrogens
synergistically stimulate the proliferative processes of
mammary epithelial cells. Taking into account the fact
that women with MS have hyperinsulinemia and
hyperestrogenization, it seems quite logical to state that
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there is an increased risk of developing and/or adverse
course of breast cancer compared to women without MS
due to the synergistic action of insulin, IGF-I and
estrogens. However, this hypothesis requires a more
detailed study in vivo.

The effect of hyperinsulinemia on the concentration
of sex hormone-binding globulin

An increase in the concentration of insulin and IGF-I
associated with MS leads to a decrease in the level of sex
hormone-binding globulin (SHBG) in the peripheral
blood.™ The main function of SHBG is to bind
circulating estrogens and testosterone, so when its
concentration decreases, the amount of bioavailable sex
hormones increases. In postmenopausal women, the risk
of breast cancer is directly proportional to the
concentration of bioavailable sex hormones and
inversely proportional to the level of SHBG. This
relationship is not seen in premenopausal women. ™!

SHBG can directly affect breast cancer cells by
inhibiting estradiol-associated cell proliferation and
neutralizes the anti-apoptotic effect of estrogens in the
MCF-7 human breast cancer cell line.?*?"! Thus, SHBG,
being a regulator of the bioavailability of sex hormones,
plays one of the key roles in blocking the proliferative
and antiapoptotic effects of estrogens on the mammary
gland epithelium.

Role of adipokines in breast cancer carcinogenesis

In vitro studies have shown that the addition of adipose
tissue during the cultivation of human breast cancer cell
lines leads to an increase in cell proliferation and
invasive  potential, promotes angiogenesis, and
suppresses apoptosis.?>?% This effect of adipose tissue
on breast cancer cells is realized due to its ability to
produce biologically active substances - adipokines.

Adipokines (adipocytokines, adipose derived hormones)
are biologically active substances that are produced by
white adipose tissue cells and are involved in the
regulation of cellular metabolism. Currently, the
biological effects of most adipocytokines have been
studied and it has been established that the following
play the main role in the occurrence and progression of
breast cancer: leptin, adiponectin (APN), tumor necrosis
factor a (TNF-a) and interleukin-6 (IL-6).

Leptin is a hormone-like substance of the cytokine class,
the main physiological function of which is appetite
suppression (anorexigenic action). It is believed that
leptin acts on the hypothalamus by blocking the
synthesis and secretion of neuropeptide Y, which causes
hunger. Congenital leptin deficiency in humans leads to
the development of a severe form of alimentary obesity.
However, in most cases, obesity is accompanied by a
decrease in the sensitivity of hypothalamic receptors to
the anorectic action of the hormone and thus causes
compensatory hyperleptinemia. Leptin is also involved in

many other processes, from reproduction and lactation to
cell proliferation and differentiation.®

It has been experimentally proven that the addition of
leptin during the cultivation of T47D.”**! and MCF-
7.%827 cell lines of human breast cancer stimulates cell
proliferation. By activating leptin receptors (Lep-R),
which are expressed by breast cancer cells, this
adipokine stimulates cell proliferation, migration, and
invasion, and also suppresses apoptosis through MAPK-,
STAT3-, and P13K-signaling pathways.*?® In addition
to the direct mitogenic effect on the epithelium of the
mammary gland, lep- tin stimulates the local synthesis of
estrogens due to the aromatization of androgens; directly
activates a-estrogen receptors (ERa), blocks their
proteosomal degradation induced by ICI 182780, thereby
reducing the effectiveness of breast cancer hormone
therapy.*)

Clinical studies have shown that the presence of Lep-R
in breast cancer cells is associated with the presence of
unfavorable prognostic factors for the course of the latter
(large tumor size, the presence of metastases in regional
lymph nodes), which in turn leads to a decrease in
overall and relapse-free survival of patients.%!

APN is an adipocytokine that is synthesized exclusively
by adipocytes and has a pronounced anti-inflammatory
and insulin-sensitizing effect.®” Two types of APN
receptors have been found in the human body: AdipoR1
and AdipoR2. AdipoRI express cells of various tissues,
including the epithelium of the mammary glands. The
highest amount of AdipoR2 was found in hepatocytes.**
The role of APN in carcinogenesis has not been fully
studied, however, the results of clinical studies indicate
an increase in the risk of breast cancer with a decrease in
the concentration of APN in blood plasma in patients
with MS.B*3! The mechanism of anticarcinogenic action
is associated with the activation of adenosine
monophosphate-activated protein kinase, which leads to
cell retention in the Gl phase of the cell cycle,
suppression of proliferation, and activation of
apoptosis.B® In addition, APN reduces the production of
reactive oxygen species, inhibits MAPK activation,
inhibits cell proliferation,®” and inhibits tumor
angiogenesis in vitro.®

TNF-a is a pro-inflammatory cytokine that is synthesized
by macrophages, lymphocytes, and adipocytes. For a
long time it was believed that the secretion of TNF-a by
macrophages causes tumor necrosis.® However, the
role of TNF-a in carcinogenesis has recently been
revised. It has been established that this cytokine is
actively involved in the induction of carcinogenesis and
tumor progression.”** TNF-a stimulates the formation
of cyclooxygenase-2 (COX-2), an enzyme involved in
the synthesis of prostaglandins. The latter activate
epithelial growth factor, vascular endothelial growth
factor, and IGF-I, which stimulate cell
proliferation.[***2**] |t has been clinically proven that an
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increase in the concentration of TNF-a in the blood
serum is associated with a decrease in the overall
survival of cancer patients. "

IL-6 is a pro-inflammatory cytokine that is produced
under physiological conditions by macrophages and T-
lymphocytes and stimulates the maturation of B-
lymphocytes. In obesity, the level of IL-6 in peripheral
blood increases due to synthesis in adipocytes.”* After
IL-6 binds to its own receptors, MAPK, STAT3, and
P13K signaling pathways are activated,* the role of
which in carcinogenesis is described above. IL-6 also
stimulates local estrogen synthesis due to androgen
aromatization,”! An interesting fact is that in the early
stages of IL-6 inhibits the progression of breast cancer,
however, an increase in its concentration in the blood
serum of patients with metastatic breast cancer
significantly worsens the prognosis of the latter.[*®!

DISCUSSION

Taking into account all of the above, the negative impact
of metabolic disorders caused by MS on the risk of
occurrence and prognosis of the course of breast cancer
is beyond doubt. Therefore, adequate correction of MS
can be an additional direction of special treatment, as
well as a measure of primary and secondary prevention
of breast cancer.

As noted above, in postmenopausal women with MS,
local hyperestrogenization is observed, which is a
consequence of excessive synthesis of the aromatase
enzyme by adipose tissue. Therefore, a possible method
of preventing breast cancer in postmenopausal MS
patients is the use of antiestrogen and aromatase
inhibitors. Currently, antiestrogens such as tamoxifen are
the first-line drugs in the treatment of ER-positive breast
cancer. The direct mechanism of action of tamoxifen is
due to its ability to cause proteosomal degradation of
ERa. In addition, the antimitogenic effect of tamoxifen is
realized by reducing the concentration of IGF-1 in the
peripheral blood."*! However, since leptin can reduce the
effectiveness of antiestrogen, the use of aromatase
inhibitors in breast cancer patients with hyperleptinemia
may be more effective. Although there are currently no
clinical data to support this hypothesis.

Recently, metformin has been of great interest to
oncologists. The results of several retrospective clinical
studies indicate a more favorable prognosis for breast
cancer in patients with type 2 diabetes treated with
metformin.1%-52

Leptin is a potential therapeutic target for the prevention
and treatment of breast cancer. A pegylated leptin
receptor antagonist (PEG-LPrA2) has been developed,
the efficacy and safety of which is being tested in
animals.®

The use of acetylsalicylic acid and other COX-2
inhibitors is another possible method of prevention, as it

reduces the risk of breast cancer, which is due to the
leveling of the mitogenic effect of pro-inflammatory
cytokines (TNF-a, 1L-6).5+%7

Data on the mechanism of the effect of hyperinsulinemia
and an increase in the concentration of IGF-1 on
carcinogenesis became the basis for the development of
targeted drugs that block IGF-I receptors. These drugs
are currently undergoing clinical trials.

In addition to medication, in order to reduce the risk and
improve the prognosis of the course of breast cancer, in
patients with MS, normalization of body weight, diet,
and increased physical activity are important.®&*°!
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