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Introduction
Obesity, an increasing pandemic in the
world, is defined as an abnormal or exces-
sive accumulation of fat to the extent that it
impairs human health. According to the
2014 report of World Health Organization
(WHO), more than 1.9 billion adults are

overweight (39%) and over 600 million
adults are obese (13%) worldwide (1). In
the United States alone, this rate has been
reported to be 69% and 35%, respectively
(2). Obesity leads to increased health prob-
lems, thereby reducing life expectancy (3).
According to a recent study, association of
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Obesity that has represented defense and warfare in the
stone age and beauty, success, authority, and welfare in the
middle ages, has now turned into a chronic and undesirable
low-grade inflammatory disease that adversely affects the
lifespan and quality of life. It results in serious complicati-
ons such as Type 2 diabetes, cardiovascular disease, and
cancer and is considered a pandemic all over the world.
Chronic inflammation in obesity is attributed to an increase
in the release of pro-inflammatory factors. This makes it a
risk factor for many types of cancers, such as colon, gastric,
breast, and prostate carcinomas, suggesting a cause and
effect relationship between obesity and cancer. These pro-
inflammatory factors act as signal transducers for tumor
growth and progression. In recent years, animal studies
have shown that adipocyte hypoxia can result in tumor
growth in adipocytes and stromal vascular tissue. However,
the mechanisms associated with obesity and cancer are still
not completely understood. In the present study, we dis-
cussed the relationship between inflamed adipose tissue
and cancer in obese patients, together with the contribution
of interaction between hormones, cytokines, growth factors,
and angiogenesis.

Keywords: Obesity; breast cancer; inflammation;
cytokines; adipose tissue

Taş devrinde savunma, mücadele gücü, kuvveti, orta çağda
güzellik, başarı, otorite, iktidar ve zenginliği simgeleyen
obezite; günümüzde yaşam süresini ve yaşam kalitesini
olumsuz etkileyen kronik ve istenmeyen düşük dereceli in-
flamatuar bir hastalığa dönüşmüştür. Tip 2 diyabet, kardi-
yovasküler hastalık ve kanser gibi ciddi komplikasyonlara
neden olmakta ve tüm dünyada bir pandemi olarak kabul
edilmektedir. Obezitede kronik inflamasyon, proinflamatuar
faktörlerin salınımındaki artışla ilişkilendirilmektedir. Bu;
kolon, mide, meme ve prostat karsinomları gibi birçok kan-
ser türü için bir risk faktörüdür ve obezite ile kanser ara-
sında neden ve sonuç ilişkisi olduğunu düşündürmektedir.
Bu proinflamatuar faktörler, tümör büyümesi ve ilerlemesi
için sinyal transdüseri görevi görmektedir. Son yıllarda,
hayvan çalışmaları adiposit hipoksisinin adipositlerde ve
stromal vasküler dokuda tümör büyümesi ile sonuçlanabile-
ceğini göstermiştir. Bununla birlikte, obezite ve kanser ile
ilişkili mekanizmalar hâlâ tam olarak anlaşılamamıştır. Bu
çalışmada, obez hastalarda inflame adipoz doku ve kanser
arasındaki ilişkinin; hormonlar, sitokinler, büyüme faktörleri
ve anjiyogenez arasındaki etkileşimin katkısıyla birlikte tar-
tışılması amaçlanmıştır.

Anahtar kelimeler: Obezite; meme kanseri; inflamasyon;
sitokinler, adipoz doku
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body mass index (BMI) with death due to all
causes has increased from 23.7 kg/m2 in
the cohort that was evaluated from 1976 to
1978 to 27.0 kg/m2 in the cohort that was
evaluated form 2003 to 2013 (4).
Obesity, which is the second leading cause
of preventable deaths after cigarette smok-
ing, is a multifactorial disease (5). Genetic
factors have a penetrance of 25 to 40% in
obesity, whereas environmental factors,
such as low the level of physical activity due
to sedentary lifestyle and consumption of
foods rich in simple carbohydrates and oil,
are also involved. Earlier studies report that
obesity increases the susceptibility to car-
diovascular disease, type 2 diabetes melli-
tus (DM), obstructive sleep apnea,
osteoarthritis, and many types of cancers
(3, 6-10). According to “The Turkish Dia-
betes Epidemiology Study (TURDEP-II),”
obesity increased by 44% in Turkey in 12
years. Interestingly, the average age of the
adult population has also increased by four
years in the 12-year period since TURDEP-
I. The average male and female height in-
creased by 1 cm each, whereas the body
weight increased by 8 kg in men and 6 kg in
women, waist circumference by 7 cm in men
and 6 cm in women, the hip circumference
by 2 cm in men and 7 cm in women. Ac-
cording to the TURDEP-II study, obesity
prevalence was 32% in Turkey (11, 12).
These results indicate that obesity and its
consequences are important social health
problems all over the world and more re-
search is required in this regard.
Obesity involves an excessive accumulation
of fat in adipocytes and is accompanied by a
low-grade chronic inflammation. Recent
studies indicate that fat tissue functions as
an endocrine organ (13) and has a hetero-
geneous structure, consisting of
preadipocytes, fibroblasts, endothelial cells,
nerve cells, and macrophages around ma-
ture adipocytes (7). Majority of cells found
in fat tissue are brown, white, and beige
adipocytes (14). White fat tissue acts as the
primary endocrine organ with metabolically
active secretions. For this reason,
adipocytes behave differently with different
physiologic reactions in lipid and glucose
metabolism, and during blood pressure reg-
ulation, angiogenesis, and homeostasis. Ac-
cumulation of fat beyond the threshold limit

leads to hypoxia and necrosis, which, in
turn, initiate chronic subclinical inflamma-
tion and metabolic disorders, as well as
changes in carcinogenesis, tumor progres-
sion, and formation of metastases (9).
Fat tissue is known as the largest endocrine
organ of the body owing to the secretion of
many cytokines and hormones. An increase
in adipose tissue leads to an increase in the
synthesis of leptin, also known as the star-
vation hormone. Chronic inflammation in
enlarged adipose tissue augments the se-
cretion of IL-6 and TNF. Since increased lev-
els of these cytokines, along with leptin, are
also reported in cancer patients, obesity is
considered to be a cause of cancer develop-
ment, growth, progression, and metastasis
(15).
Obesity is characterized by fat tissue hy-
poxia associated with chronic type 1 inflam-
mation, decrease in adiponectin, increase in
leptin, death of adipocytes, mitochondrial
dysfunction, and cancer development as a
result of insulin resistance, increased proin-
flammatory cytokines (IL-1, IL-6, TNF-α,
and PAI-1), and infiltration of macrophages.
Hypoxia-induced factor-1α (HIF-1α), re-
leased during hypoxia, regulates the tran-
scription of the genes associated with
carcinogenesis and is associated with in-
creased formation of metastases (10, 16-
19). The relationship between inflammation
and cancer was first described by Virchow
more than 100 years ago, who observed
that leukocytes were increased in the neo-
plastic tissue (20-22).
Together with the relationship between
chronic inflammation and cancer, these find-
ings reveal many common mechanisms for
the association between obesity and cancer.

Relationship Between Breast Cancer
and Obesity
Although breast cancer has not yet acquired
a pandemic aspect as obesity, it is the most
common type of cancer in women world-
wide, and the leading cause of death by can-
cer (23). The development of breast cancer
in the premenopausal or postmenopausal
period is important in terms of assessing the
risk factors. Various factors, including ge-
netic, hormonal, and environmental factors,
influence the development of the malignant
tumor. Weight gain and obesity pose a po-
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tential risk for breast cancer. Several studies
exist that have investigated the relationship
between obesity and breast cancer. How-
ever, the results of these studies are not
consistent. Some researchers advocate that
the risk of breast cancer increases in both
premenopausal and postmenopausal peri-
ods if BMI is greater than 30 kg/m2 (24-27).
While some researchers indicate that obe-
sity decreases breast cancer risk in the pre-
menopausal period but increases the risk in
the postmenopausal period (28-32). In
"Nurses' Health Study," which included
87,143 women in menopause period fol-
lowed up for a long time, it was reported
that women who gained 10 kg or more
weight after menopause had a higher risk of
breast cancer than those who maintained
their weight (33). In studies reporting pre-
menopausal obesity to be protective against
breast cancer, pathogenesis has not yet
been completely elucidated. However,
breast cancer in the premenopausal period
was positively associated with estrogen and
androgen levels in the circulatory system
(34). Estrogen, estrogen receptor (ER), lep-
tin, and adiponectin play a pivotal role in
this mechanism. It has been shown that es-
trogen, a potent mitogen for breast cells, is
involved in the development of breast tu-
mors. Estrogen is synthesized primarily in
ovarium and placenta with the aromatase
activity in the premenopausal period. Its
aromatase activity in the fat tissue and epi-
dermis is more effective after menopause
that increases the conversion of androgens
to estrogen. Therefore, fat tissue in the
breast is an important source of local estro-
gen production (18).
Breast is a modified apocrine gland that pro-
duces milk after delivery. After menopause,
adipose tissue is the only source of estrogen
production through the aromatization of an-
drostenedione, which is a 19-carbon steroid.
Increased aromatase activity and an-
drostenedione production in obesity lead to
a larger total estrogen pool in obese women
(35). Thus, anti-estrogenic compounds and
aromatase inhibitors are the methods used
to treat breast cancer (36).
Obesity is also considered a risk factor in re-
lapse of breast cancer and poor survival (37-
39). A meta-analysis published in 2011
reported that the lifestyle changes are the

foremost step in the prevention and treat-
ment of obesity. These lifestyle changes can
decrease breast cancer progression and in-
crease overall survival (40).
Earlier studies have indicated that high lev-
els of leptin in blood have a mitogenic effect,
which might be attributed to leptin resist-
ance associated with obesity (41, 42). Lep-
tin, when binds to its receptor, can result in
breast cancer cell proliferation and angio-
genesis; it also stimulates the estrogen re-
ceptor pathway by increasing aromatization
(43). Adiponectin, with antagonistic effects
to leptin, has anti-proliferative, pro-apop-
totic, and anti-estrogen effects and its low
levels play a role in the progression of breast
cancer (44, 45). Recently, different studies
have reported the relationship between
adiponectin and leptin and breast cancer
(46-48).
In addition, hyperinsulinemia and hyper-
glycemia that develop with obesity affect
breast cancer development and progression
(49). Insulin directly stimulates cell prolifer-
ation in breast cancer cell lines and reduces
sex hormone-binding globulin (SHBG) lev-
els, thereby increasing free estradiol. Some
researchers suggest that insulin-like growth
factor-1 (IGF-1) levels, which rise in pre-
menopausal women, are associated with the
risk of developing breast cancer. Increased
level of insulin is one of the reasons for
breast cancer recurrence and death in
breast cancer survivors. Therefore, target-
ing insulin as a therapeutic modality in
breast cancer could be an option in the ad-
juvant treatment of breast cancer. It seems
that insulin may trigger the activation of a
cascade of proliferative and anti-apoptotic
events in the cancer cells. Metformin, an
oral anti-diabetic known for 50 years, may
also have direct effects on cancer cells. Met-
formin causes Her-2 suppression through in-
hibition of mTOR in breast cancer cells.
Yurekli et al. reported the use of metformin
as an adjuvant therapy in breast cancer pa-
tients to target insulin reduction and alter
Her-2 oncogene-based molecular patho-
genetic steps in breast cancer (50).
A nutritious, energy balanced diet with
macronutrients and physical activity are the
main determinants of IGF-1 levels. The
changes in IGF-1 axis due to nutritional and
lifestyle changes can mediate the develop-
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ment and progression of cancer (18, 51).
Metabolic changes due to insulin resistance
and cytokines produced from adipose tissue
play a significant role in making the tumors
more aggressive. Insulin acts through its re-
ceptors found in normal cells and cancer
cells and stimulates cell growth by allowing
glucose and amino acids to enter the cells.
Insulin and IGF-1 stimulate estrogen syn-
thesis and the tyrosine kinase signaling
pathway. Binding of insulin to IGF-1 receptor
leads to mitogenicity and transformation,
reduction in the synthesis of IGF-binding
proteins (IGFBP-1 and IGFBP-2), and in-
creased free IGF-1 levels. The PI3K-Akt sig-
naling pathway, the main pathway of insulin
and IGF-1 effect, upon activation by high
levels of insulin and IGF-1 transduces the
signal to the nucleus and inhibits p27 func-
tion by phosphorylation, thereby inhibiting
cell growth.
HER-2/neu (c-erbB-2) is an oncogene that
encodes the tyrosine kinase receptor in-
volved in the pathogenesis of breast cancer.
Insulin, IGF-1, and estrogen stimulate pro-
liferation of breast cancer cells via a signal-
ing pathway activated by HER-2/neu.
Increased IGF-1 receptor stimulation has
been shown to play an important role in the
development of resistance against mono-
clonal antibody called trastuzumab, devel-
oped against HER-2/neu (52).
The anti-estrogenic drug, tamoxifen, is one
of the strongest medications used in the
treatment of breast cancer and has been
shown to reduce IGF-1 levels. The main rea-
son for its ineffectiveness is its insufficiency
to block estrogen receptor due to high levels
of insulin. This explains why patients with
postmenopausal diabetic breast cancer are
desensitized to its effects. Metformin that
has shown to break insulin resistance in cell
culture studies reduces the growth of breast
cancer cells that are resistant to tamoxifen
(53-55). It is also used in the treatment of
type 2 diabetes and has been shown by mul-
tiple studies to prolong the survival in breast
cancer by decreasing AMP kinase pathway
and insulin levels. Again, metformin reduces
the cardiotoxic effect of trastuzumab in HER-
2-positive patients. This effect is seen not
only in patients who have type 2 diabetes
but also in patients without type 2 diabetes
(55).

Breast cancer, as a result of direct effect of
insulin or indirectly by increasing IGF-1 re-
ceptor levels, may develop resistance to
treatment by increasing the aggressiveness
of tumor cells.
Cell proliferation and angiogenesis are stim-
ulated by proinflammatory cytokines, such
as IL-6, IL-1β, tumor necrosis factor-α (TNF-
α), C reactive protein (CRP), and PAI-1, that
are released during chronic low-grade in-
flammation in insulin resistance.
One of the problems encountered in the
treatment of patients with breast cancer is
weight gain during or after treatment. It af-
fects the treatment negatively through the
mechanisms described below.
Insulin resistance and high levels of insulin
or IGF-1 can be controlled by simple, easily
applicable, and harmless approaches, such
as exercise and nutritional regulation. Meta-
bolic changes caused by reduced activity
and high caloric diet are involved both in the
pathogenesis of breast cancer and negative
prognosis of breast cancer. Since the mech-
anisms involved in pathogenesis could be
improved with exercise and medical nutri-
tion treatments, it is important that patients
diagnosed with breast cancer do not gain
weight. Additionally, those who are over-
weight during the diagnosis must lose
weight in a controlled manner. In this way,
protection against breast cancer becomes
possible and the chances of successful treat-
ment could be increased.

Obesity-Related Comorbid Conditions
Affect Breast Cancer Development
and Surveillance

Dyslipidemia

Hyperlipidemia, which often accompanies
type 2 diabetes and obesity, is an important
metabolic problem. In addition, dyslipidemia
and hypercholesterolemia are found to be
associated with aggressive breast cancer
growth. In particular, it affects the ER ligand,
thus contributing to the growth of ER-posi-
tive tumors. Many studies have demon-
strated the role of statins in the treatment of
hyperlipidemia to prolong the survival in
breast cancer patients. One of the most re-
cent studies in this regard is the observa-
tional BIG 1-98 study (56), in which statin
added to the adjuvant endocrine therapy, as
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a part of the treatment of ER-positive breast
cancer, reduced total cholesterol, thus de-
creasing the cholesterol metabolite 27-hy-
droxycholesterol (27HC). 27HC is a molecule
that acts as an estrogen receptor ligand and
its elevated levels in blood accelerate the
tumor growth (57). In the BIG 1-98 study,
318 ER-positive patients in the post-
menopausal period were evaluated after
treatment with letrozole, 106 patients with
tamoxifen, 189 patients initially with tamox-
ifen followed by letrozole, and 176 patients
initially with letrozole followed by tamoxifen.
The hazard ratio (HR) for only endocrine
therapy before statin was added to the treat-
ment was 0.82 for disease-free survival,
0.83 for disease relapse, and 0.81 for dis-
ease survival without distant. The addition of
statin to treatment protocol improved the
parameters; HR ratios were 0.79, 0.76, and
0.74, respectively (56). However, apart from
this observational study, there is an absolute
need for randomized, controlled studies to
reach a final and foolproof conclusion.

Nonsteroidal Anti-Inflammatory Drugs

The recent surge in the incidence of os-
teoarthritis is attributed to mechanical load
on joints in obese patients and increases the
frequency of the use of nonsteroidal anti-in-
flammatory drugs (NSAIDs). A study has re-
ported NSAIDs to have a protective effect
against breast cancer and may even reduce
mortality in patients with breast cancer
(58). Potential mechanisms include the abil-
ity of NSAIDs to inhibit prostaglandin syn-
thesis, while prostaglandins increase the
estrogen level by increasing aromatase gene
expression. In breast cancer, studies have
reported an increased expression of COX-2
and prostaglandin levels, with COX-2 gene
responsible for angiogenesis and apoptosis
(59-62). The animal studies have shown el-
evated nitric oxide levels after aspirin use to
have an inhibitory effect on tumor cell
growth (63). A meta-analysis involving 6 co-
horts and 8 case-control studies published
in 2001 reported that NSAIDs could slightly
reduce the risk of breast cancer (64). In an-
other meta-analysis of 3,133 patients pub-
lished in the same year, a 24% reduction in
the risk was observed with NSAID use for
more than two months, especially when
used more than eight years (65).

However, a cohort study comprising 28,695
patients, published in 2008, where patients
were observed for 7.5 years, 847 breast
cancer cases were found to have a higher
NSAID use; the relation was not causal but
coincidental. There was no relationship be-
tween NSAID use frequency and dose and
breast cancer. The decrease in breast can-
cer incidence with NSAID use, detected in
previous studies, could not be demonstrated
in this study (66).
The Vitamin and Lifestyle (VITAL) study con-
sisting of 35,323 postmenopausal patients
reported that the use of NSAIDs increases
breast cancer risk, and the HR was 1.26
(67). To conclude, even if NSAIDs have been
considered protective against breast cancer,
the dose and duration of the use of these
drugs remain to be resolved.

Can Weight Loss Reduce the Incidence of
Breast Cancer?

The risk of cancer increases with the in-
crease in body weight. However, the ques-
tion remains whether a loss in body weight
is associated with a reduction in cancer inci-
dence. Many diseases can be prevented with
a reduction in weight; however, whether this
is also true for breast cancer is still not
known. In a study of 67,000 post-
menopausal women, no reduction in breast
cancer incidence was observed after weight
loss. In this study, a linear relationship was
found between BMI and breast cancer. Pa-
tients with BMI 35 kg/m2 and above, when
compared to patients with BMI less than 25
kg/m2, had a 60% increased risk of invasive
breast cancer (HR: 1.58). These patients
also had cancer detected in more advanced
stages (tumor size HR: 2.12, lymph node
positivity HR: 1.89, local or distant metas-
tasis HR: 1.89), and had a higher level of
mortality in the obese patients (HR: 2.25,
BMI: 30-35 kg/m2; HR:1.37, BMI: 35
kg/m2; and above HR: 2.11). The same
study also demonstrated that the incidence
of ER and progesterone receptor (PR)-neg-
ative breast cancer was not increased in pa-
tients who developed breast cancer. The
patients, who were followed up throughout
the study and had BMI of 25 kg/m2 at the
beginning of the study, reported an in-
creased breast cancer risk with a 5% weight
gain (HR: 1.36). However, patients with an
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initial high BMI did not report a significant
reduction in breast cancer after weight loss.
From these studies, the following can be de-
duced: obese patients should be advised to
lose weight; even after weight loss, these
patients should be followed up owing to the
increased risk of developing malignancy.
From the above study, it appeared that in-
creased white fat tissue in the post-
menopausal period increases estrogen
receptors in the breast tissue, leading to an
increase in the breast cancer incidence (68).
On the other hand, Schauer et al. showed
that in patients with severe obesity, bariatric
surgery was associated with a lower risk of
cancer, particularly obesity-associated can-
cers, such as postmenopausal breast cancer,
endometrial cancer, and colon cancer (69).
One of the key points in the pathogenesis of
the relationship between obesity and breast
cancer is an interaction between the stromal
microenvironment and normal epithelial
cells. The stromal microenvironment in-
cludes adipose stromal cells and adipose
stem cells (ASC). Increased accumulation of
ASCs in obesity leads to increased adipoge-
nesis and angiogenesis, which, in turn, ac-
celerates cancer growth. Studies have
demonstrated that ASCs obtained from pa-
tients with BMI above 30 kg/m2 enhanced
tumorigenesis and led to a change in the ge-
netic profile of breast cancer cells. Another
study reported increased secretion of leptin
by ASCs in patients with BMI over 30
kg/m2as compared to those with BMI under
25 kg/m2 (70).
Leptin is the most important weight control-
ling adipokine in white fat tissue and thus
has a key role in the relationship between
obesity and cancer. It is reported to affect
survival, migration, and growth of cancer
cells by increasing the expression of anti-
apoptotic proteins; estrogen; pro-inflamma-
tory cytokines, such as TNF-α and IL-6; and
angiogenic factors, such as VEGF and hy-
poxia-induced factors (HIF-1α) (18, 19, 71-
74). In a cell culture study that investigated
the effect of leptin on breast cancer, leptin
(obASC) from obese patients led to in-
creased proliferation of ER-positive breast
cancer cells, whereas no such effect was ob-
served in case of leptin (InASC) from pa-
tients with BMI less than 25 kg/m2.
Increased epithelial-mesenchymal transfor-

mation and enhanced expression of
metastatic genes (SERPINE1, MMP-2, and
IL-6) were detected in the breast cancer cell
culture performed with obASC. An absence
of leptin decreased the tumor size and num-
ber of metastatic lesions (70). Previous
studies have shown that leptin enhanced the
tumor survival by altering various signaling
pathways in tumor cells, including MAP-ki-
nase, JAK2-STAT3, and PI3K-AKT pathways
(75). The relationship between leptin and
breast cancer is also related to menopause
with an inverse relationship between in-
creased leptin levels and cancer develop-
ment in premenopausal patients. However,
the level of leptin in postmenopausal pa-
tients increases the risk of breast cancer
(76).
In a meta-analysis performed by Niu et al.,
patients with different breast diseases were
evaluated. In 23 studies, 2,058 patients
with breast cancer, 2,078 healthy controls,
and 285 controls with light breast problem
were included. Leptin levels in circulation
were the lowest in healthy controls. The
ranking for all groups was as follows:
healthy control, control with light breast dis-
ease, patients with breast cancer, and pa-
tients with lymph node metastasis. Serum
leptin levels in postmenopausal ER-positive
breast cancer patients were found to be the
lowest in clinical and pathologic classifica-
tions (72, 73, 76).
Increased ectopic lipoaccumulation in obe-
sity leads to tissue hypoxia, inflammation,
and reactive angiogenesis, leading to
changes in tumorigenesis and tumor char-
acteristics (metastasis, invasion) (77).
Adiponectin is one of the major adipokines
secreted by the adipose tissue, with a po-
tent anti-inflammatory activity. Adiponectin
increases insulin sensitivity, allows regula-
tion of many growth factors at the receptor
level, and inhibits angiogenesis. Its de-
creased levels in obese people lead to in-
creased activity of growth factors at the
receptor level, thereby causing tumorigene-
sis (78, 79). The effect of adiponectin on
breast cancer is closely related to the condi-
tion of menopause with different results.
One study found a close association be-
tween low adiponectin and premenopausal
breast cancer (80), whereas another study,
which included 4,249 patients, no such as-
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sociation was reported (81). In post-
menopausal patients, however, the relation-
ship between low adiponectin and breast
cancer incidence has been clearly demon-
strated (79, 82). In postmenopausal pa-
tients, the relationship between obesity and
breast cancer can be simply explained as a
consequence of the relationship between
many metabolic factors, endocrines, recep-
tors, inflammation, stromal cells, and tumor
microenvironment, which are triggered by
increased adipose tissue. Furthermore, in
vitro studies have clearly demonstrated the
antitumor and apoptosis-inducing effects of
adiponectin; these effects are independent
of ER and PR positivity (83).

Conclusion
In conclusion, increased adipose tissue mass
and adipose inflammation lead to increased
risk of tumor growth and progression
through the involvement of many complex
and intertwined pathways. In this regard,
healthy lifestyle and nutrition are the first
steps in prevention.
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