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 Abstract 

Breast cancer is one of the most prevalent malignant tumors around 

the world, and it is the leading cause of cancer death in women. 

Obesity is linked to an increased risk of breast cancer, especially in 

postmenopausal women. The prominence of the triad of 

overweight/obesity, insulin resistance, and adipokines in cancer has 

been highlighted in recent studies. Adipose tissue has a vital 

endocrine role, secreting numerous biochemicals that affect human 

physiology. Obesity impairs this role, resulting in alterations in 

adipokine release, which contribute to the development of 

carcinogenesis. Among these adipokines are vaspin and omentin-1. 

Vaspin is a serine protease inhibitor produced from visceral adipose 

tissue that is well recognized for its insulin-sensitizing properties and 

modulatory role in glucose tolerance. Vaspin also exhibits anti-

inflammatory effects. Omentin-1 improves insulin sensitivity and has 

been linked to a lower risk of obesity, along with a potential role as a 

tumor suppressor in cancers such as prostate, liver, colorectal, and 

pancreatic cancer. To the extent of our knowledge, there are few 

studies that analyze the genetic association of vaspin and omentin-1 

with breast cancer risk.  

Keywords: Breast cancer; Adipokines; Vaspin, Omentin; Insulin 

resistance; Obesity. 

 

1. Introduction  

Breast cancer has consistently been ranked among 

the top women's cancers for many years, in both 

aspects of incidence and mortality (Naeem et al., 

2019). According to GLOBOCAN (Global Cancer 

Observatory) data, breast cancer accounted for 

16.4% of all new cancer cases and 32.4% of cancer 

cases among Egyptian women in 2020 

(https://gco.iarc.fr/today/).  

Obesity is now identified as a risk factor for the 

development of a wide range of comorbid diseases, 

including type 2 diabetes, cardiovascular disease,  

 and a rising number of cancers (Fang et al., 2018; 

Ludwig et al., 2018). 

Obesity and excess adipocyte accumulation are 

implicated in the development of breast cancer risk, 

particularly in post-menopausal women (Blucher 

et al., 2017). In obesity, adipocytes and breast 

cancer cells interact at the molecular level via 

several circulating molecules. 

Obese adipocytes become hypertrophic, secreting 

more bioactive lipids, pro-inflammatory cytokines, 

and adipokines (Iyengar et al., 2013; Lengyel et 

al., 2018). These biochemicals have been 

associated with chronic low-grade inflammation,  
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which has been connected to cancer progression 

(Iyengar et al., 2013). Recent studies have 

highlighted the importance of the triad of obesity, 

insulin resistance, and adipokines in cancer 

(Spyrou et al., 2018). The altered generation of 

adipokines by obese adipose tissue is involved in 

the development of cancer (Cabia et al., 2016). 

These adipokines include vaspin and omentin-1 

(Spyrou et al., 2018). 

2. Breast cancer pathogenesis 

Breast cancer tends to start as ductal 

hyperproliferation and progresses to benign tumors 

or even metastatic carcinomas due to long-term 

stimulation by respective carcinogenic factors. The 

tumor microenvironment is a complex ecosystem 

composed of infiltrating immune cells, 

mesenchymal support cells, and matrix components 

that play critical roles in the onset and progression 

of breast cancer (Sun et al., 2017). Adipocytes are 

the primary cellular components of the breast 

cancer microenvironment, and emerging evidence 

suggests that adipocytes promote tumorigenesis 

through mutual and interactive communication 

between cancer cells and adipocytes (Wu et al., 

2019).  

2.1. Breast cancer risk factors 

Breast cancer risk factors include both genetic and 

non-genetic factors. Commonly, environmental 

factors combined with genetic factors have an 

impact on breast cancer development (De Silva et 

al., 2019). A variety of risk factors for breast 

cancer, including aging and female sex, have been 

well-established by epidemiologic studies 

conducted to date. Non-modifiable factors like race, 

ethnicity, and genetics, and also modifiable factors 

such as diet, physical inactivity, BMI, exogenous 

hormones, and certain female reproductive factors, 

are among these risk factors (Ahmad, 2019). 

Obesity comorbidities such as cardiovascular 

disease, diabetes, and cancer have been linked to 

insulin resistance and hyperinsulinemia. Insulin has 

anabolic effects on cellular metabolism, and human 

cancer cells overexpress the insulin receptor 

(Klement et al., 2016).  

2.2. Adipocyte biology in breast cancer 

Normal breast tissue and breast cancer both have an 

interaction between epithelial cells and adipocytes, 

and this close interaction occurs throughout the  

 cancer process: tumor initiation, progression, 

invasion, and metastasis as explained in Figure 1 

(Choi et al., 2018). 

Several studies have shown that adipocytes, which 

are major components of the stromal environment 

of mammary tumors, have tumor-promoting effects 

on breast cancer cells at the molecular level. 

Adipocytes release biologically active lipids, 

hormones, adipokines, and proteases/protease 

inhibitors, preparing breast cancer cells to become 

more aggressive. Subsequently, adipocyte lipolysis 

is altered by breast cancer cells, leading to the 

formation of cancer-associated adipocytes (CAAs). 

As a result, the elevated secretion of free fatty acids 

(FFA), inflammatory cytokines, and proteases from 

CAAs promotes the progression of breast cancer 

(Wu et al., 2019). The resulting increased secretion 

of FFA, insulin-like growth factor-1 (IGF-1), 

insulin, inflammatory cytokines, and altered 

secretion of adipokines enhances the cancer-

promoting effects of adipocytes (Figure 2) 

(Blucher et al., 2017; Argolo et al., 2018). 

3. Obesity 

Obesity is a chronic low-grade inflammation 

characterized by abnormal excess fat deposition in 

adipocytes. The World Health Organization 

(WHO) and the National Institutes of Health (NIH) 

refer to body weight as a body mass index (BMI, 

defined as weight (kg)/height (m2). Overweight 

individuals have a BMI of 25-29 kg/m2, while 

obese individuals have a BMI ≥ 30 kg/m2 (30.0–

34.9, grade I; 35.0–39.9, grade II; and ≥40, grade 

III). 

Obese postmenopausal women are at a higher risk 

of developing hormone-sensitive tumors due to 

high levels of estrogen in serum and peripheral site 

production of this hormone (Mohanty et al., 

2021). Likewise, adiposopathy (excess adiposity) 

in postmenopausal females was linked to an 

increased risk of breast cancer, particularly 

hormone-dependent estrogen/progesterone receptor 

positive (ER/PR +ve) breast cancer (Iyengar et al., 

2019). 

3.1. Main mechanisms linking obesity and 

breast cancer 

There are several mechanisms that contribute to the 

connection between breast cancer and obesity, 

including chronic subclinical inflammation, sex 

hormone deregulation, insulin/IGF-1 pathways, and  
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Figure 1 : Role of adipocyte in breast cancer (Choi et al., 2018). CLS; crown like structure, CAA; cancer-associated 

adipocyte, ATX; autotoxin, LPA; lysophosphatidate, LPAR; lysophosphatidate receptor, ECM; extracellular matrix, TG; 

triglyceride, GC; glycerol, FFA; free fatty acid, ADF; adipocyte-derived fibroblast, CAF; cancer-associated fibroblast, 

BMA; bone marrow adipocyte; IL; interleukin, IGF; Insulin-like growth factor, HGF; hepatocyte growth factor, MMP; 

matrix metalloproteinase, PAI; plasminogen activator inhibitor, IGFBP-2; Insulin-like growth factor (IGF) binding 

protein-2. 

 

Figure 2 : Molecular interactions between adipocytes and breast cancer cells (Blucher et al., 2017).FFA; free fatty 

acids, IGF-1; insulin-like growth factor-1.  
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adipokine secretion (Sanchez-Jimenez et al., 

2019). 

a) Chronic inflammation 

Adipose chronic inflammation has been reported to 

increase cancer cell survival and development, 

promote angiogenesis, and metastasis (Iyengar et 

al., 2016). Obesity is also associated with higher 

levels of pro-inflammatory mediators such as 

interleukin-6 (IL-6), tumor necrosis factor alpha 

(TNF-α), matrix metalloproteinase-9 (MMP-9) and 

interleukin-1 (IL-1), all of which have been linked 

to cancer (Divella et al., 2016).  

b) Sex hormone deregulation 

After menopause, adipose tissue becomes the main 

source of estrogens by aromatase from 

stromal cells. Aromatase activity among obese 

women is high, leading to increased production of 

estrogens and relatively high levels in plasma, 

which is linked to an increase in breast cancer 

incidence (Feola et al., 2017). Factors produced 

during inflammation and the paracrine loop may 

induce the aromatase enzyme, with the consequent 

stimulation of ER-positive breast cancer cell growth 

through locally produced estrogens. As a result, it 

seems that obesity, inflammation, and hormone-

receptor positive cancer are all linked (Crespi et al., 

2016). 

c) Hyperinsulinemia 

Hyperinsulinemia promotes cancer development 

both directly and indirectly through the decrease in 

circulating levels of IGF-1 binding proteins, which 

improves the bioavailability of IGF-1. High IGF-1 

has been associated with an increased risk of breast 

cancer in both premenopausal and postmenopausal 

women (Laudisio et al., 2018). Hyperglycemia also 

appears to increase the risk of breast cancer in pre-

malignant cells and increase the progression of 

cancer in malignant epithelial cells through 

leptin/IGF1 signaling (Lopez et al., 2013; Sánchez-

Jiménez et al., 2019). 

d) Adipokines  

Adipocytes are the main cellular components of 

adipose tissue. Adiposopathy, which occurs in 

obesity, can secrete excessive biomolecules, 

including adipokines, that are linked to metabolic 

dysfunction, insulin resistance, and inferior 

outcomes in cancer treatment, as well as creating an 

environment that promotes cancer invasion and 

metastasis (Picon-Ruiz et al., 2017).  

 4. Adipokines 

Adipokines are bioactive hormones generated and 

released by adipose tissue. These biochemicals 

perform multiple functions, involving regulation of 

metabolism and caloric intake, along with 

angiogenesis and cell proliferation (Hursting et 

al., 2012; Kojta et al., 2020). The production and 

secretion of various adipokines are modulated by 

several stimuli, including insulin, estrogens, and 

inflammatory mediators (Goodwin et al., 2015; 

Cici et al., 2021). In the context of obesity, 

adipokine levels are commonly disrupted (Zorena 

et al., 2020)  and this dysregulation has been 

implicated in cancer development and metastasis 

(Spyrou et al., 2018).  

More than 15 adipokines have been linked to 

cancer, and the number is continually growing 

(Dalamaga et al., 2017). While several circulating 

pro-inflammatory adipokines, including leptin, 

TNF-α, IL-6, resistin, and extracellular Nampt 

(eNampt), are increased in tumors, some 

adipokines, such as adiponectin and omentin-1, are 

lowered in tumors and are thought to be anti-

carcinogenic (Reizes et al., 2016; Parida et al., 

2019).  

4.1. Adipokines in breast cancer promotion 

The serum concentration of adipokines and 

underlying mechanisms in breast cancer are shown 

in (Figure 3) (Christodoulatos et al., 2019). The 

figure presents the variation in circulating 

adipokine levels, showing that some adipokines, 

such as leptin, resistin, visfatin, and chemerin, are 

raised in breast cancer while others, such as 

adiponectin and irisin, are lowered in breast cancer, 

which might be considered protective against 

breast carcinogenesis. Through estrogen receptor 

and aromatase expression modulation, changes in 

the bioavailability of various growth factors, and 

inflammation, adipokines may play a role in breast 

cancer development, proliferation, migration, and 

neoangiogenesis. The following evidence supports 

the link between adipokines and breast cancer risk 

and progression: alterations in plasma 

concentrations in breast cancer patients, their link 

to advanced stage and prognosis in breast cancer 

(prognostic biomarkers), their differential 

expression in benign and malignant breast tissues, 

their overexpression in breast tumor tissues, their 

relationship with cancer therapy resistance 

(predictive biomarkers), their link with in vivo and  
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Figure 3: Adipokines serum concentrations and underlying mechanisms in breast cancer (Christodoulatos et al., 2019). 

in vitro models of breast cancer, and the correlation 

of genetic variants in adipokines and their receptor 

genes with breast cancer (Spyrou et al., 2018). 

a) Classic adipokines 

Classic adipokines that were previously found, such 

as leptin and adiponectin, have been widely 

investigated in cancer. Well-established links 

between classic and novel adipocytokines and 

cancer risk and progression include alterations in 

plasma or serum concentrations in cancer patients; 

differential expression in malignant and benign 

tissues; and overexpression in tumor tissues 

(Spyrou et al., 2018). 

Regarding adiponectin and breast cancer, 

adiponectin serum levels show an inverse 

association with adipose tissue mass and have been 

shown to exert protective roles against the 

development of obesity-related disorders, including 

cancer (Dalamaga et al., 2012). In addition, 

adiponectin exhibits anti-proliferative, anti-

migratory, and pro-apoptotic actions (Spyrou et al., 

2018). Serum adiponectin levels were lower in BC 

patients irrespective of menopausal status (Gu et 

al., 2018).  

 
Interestingly, other meta-analyses have found a 

significant association between adiponectin levels 

and postmenopausal breast cancer patients but not 

premenopausal (Ye et al., 2014). 

Concerning leptin and breast cancer, the oncogenic 

mechanism of leptin in breast tissue involves the 

stimulation of JAK/STAT3 and PI3K pathways. 

Leptin can inhibit apoptosis of breast cancer cells 

by favoring the expression of anti-apoptotic genes 

(bcl-xL, bax) and induce angiogenesis by 

stimulation of VEGF production (Christodoulatos 

et al., 2019). Leptin has a remarkable interaction 

with estrogen signaling. Leptin can enhance 

estrogen signaling via three different pathways, 

including upregulation of aromatase, direct 

activation of the estrogen receptor (Era), and 

suppression of tumor protein p53 (Christodoulatos 

et al., 2019).   

b) Novel adipokines  

There are several novel adipokines such as resistin, 

chemerin, omentin, vaspin, nesfatin, 

eNampt/visfatin, and osteopontin that are involved 

in a wide range of physiological and pathological 

processes. Alterations in serum levels of classic 

and novel adipocytokines in cancer are illustrated  
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in Figure 4 (Spyrou et al., 2018). 

Chemerin expression is decreased in breast cancer 

patients compared to normal controls, and it seems 

to be associated with a poor survival outcome (El-

Sagheer et al., 2018). There is conflicting evidence 

about chemerin's clinical value as a prognostic 

factor in breast cancer. Chemerin expression in 

breast tissue was associated with a poor prognosis 

as well as adverse clinical and pathological 

characteristics (El-Sagheer et al., 2018). 

4.2. Vaspin 

Vaspin is a novel adipose tissue-derived serpin 

family member. Interestingly, it has been postulated 

that vaspin could be a compensating adipocytokine 

that enhances insulin sensitivity (Hida et al., 2005). 

In hyperglycemia, vaspin inhibits insulin receptor 

substrate-2 (IRS2) function by reducing 

phosphorylation of the insulin receptor and its 

products. This is a protective mechanism against 

tissue hyperinsulinemia (Li et al., 2011). 

 
Heiker in 2014 described vaspin's anti-

inflammatory role in endothelial cells, and its 

involvement in inhibiting smooth muscle cell 

migration by reducing reactive oxygen species 

formation as shown in (Figure 5) (Heiker, 2014). 

Vaspin suppresses tumor necrosis factor (TNF), 

platelet derived growth factor (PDGF), 

methylglyoxal, which is one of the reactive 

intermediates produced during the metabolic 

reprogramming of cancer cells and is considered as 

a pro-cancer metabolite and novel biomarker in 

cancer (Leone et al., 2021), and high glucose-

induced reactive oxygen species (ROS) generation, 

and hence decreases cell apoptosis (lower caspase-

3 activity), monocyte adherence, and cytoskeletal 

remodeling and movement. Vaspin raises 

intracellular NO via STAT3-induced 

dimethylaminohydrolase (DDAH) production as 

well as Akt activation.  

 

 

 

 
Figure 4: Alterations in serum levels of classic and novel adipokines in cancer (Spyrou et al., 2018). 
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Figure 5: Anti-inflammatory and anti-apoptotic impacts of vaspin (Heiker, 2014). IR; insulin receptor, TNFR; tumor 

necrosis factor receptor, PDGFR; platelet-derived growth factor receptor, PKC; protein kinase C, VDAC; voltage-

dependent anion channel, NOX; NADPH oxidase. 

Vaspin can be observed in a number of diseases, 

including diabetes, obesity, metabolic syndrome, 

polycystic ovarian syndrome (PCOS), and 

cardiovascular diseases (Wada, 2008; El-

Mesallamy et al., 2011). Curiously, a reduced 

vaspin level has been linked to an increased risk of 

endometrial cancer (Cymbaluk-Ploska et al., 

2018), which could support its anti-inflammatory 

effect. Another study, however, discovered greater 

levels of vaspin-1 in colorectal cancer patients 

(Fazeli et al., 2013). As a result, the data linking 

vaspin to cancer has been muddled by conflicting 

findings. Further research to determine a clear 

connection between vaspin and cancer is required 

(Cabia et al., 2016; Spyrou et al., 2018). The 

association of vaspin rs2236242 polymorphism has 

been inspected in recent studies, such as obesity  

 (Kempf et al., 2010), metabolic syndrome, PCOS 

(Kohan et al., 2014), and psoriasis (Dizen-

Namdar et al., 2020). 

4.3. Omentin-1  

Omentin-1, formerly known as intelectin-1, is 

secreted by adipose tissue (Yang et al., 2006). As 

shown in Figure 6, omentin has been found to play 

a role in inflammatory reactions and cell 

differentiation via the AMPK/eNOS signaling 

pathway, which inhibits JNK activity to repress 

inflammatory responses and promote cell 

differentiation (Ohashi et al., 2014). Omentin also 

induces apoptosis in cells via activating the JAK 

signaling pathway and increasing P53 expression 

(Zhang et al., 2013). 
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Figure 6: Protective function of omentin-1 in the vasculature (Ohashi et al., 2014). VCAM; vascular cell adhesion 

molecule, ICAM-1; intercellular cell adhesion molecule-1, ERK; extracellular signal-regulated kinase, NF; nuclear 

factor, AMPK; AMP activated protein kinase, eNOS; endothelial nitric oxide synthase, JNK; c-Jun N-terminal kinase. 

Schäffler et al. identified a single nucleotide 

polymorphism in exon 4 of the omentin gene for the 

first time in 2007 and observed that the nucleotide 

+326 is polymorphic (A/T). As a result, the codon 

GAC was substituted with GTC, and the amino acid 

Asp was changed to Val at position 109 (Schaffler 

et al., 2007). The omentin val109Asp 

polymorphism has been examined in different 

studies, including psoriasis as a chronic 

inflammatory disease (Turan et al., 2014), 

coronary artery disease (Yoruk et al., 2014; Nazar 

et al., 2017), and breast cancer (Bahadori et al., 

2014).  

The role of omentin-1 in various malignancies is 

unclear (Karabulut et al., 2016). According to 

previous studies, the serum level of omentin-1 is 

increased in patients with chronic and acute 

pancreatitis (Karabulut et al., 2016), prostate 

(Uyeturk et al., 2014), and colorectal cancer 

(Fazeli et al., 2013). However, its serum level is 

lowered in individuals with breast cancer 

(Nourbakhsh et al., 2018; Tahmasebpour et al., 

2020), renal cell carcinoma (Shen et al., 2016), 

lung cancer (Ansari et al., 2018) and endometrial 

cancer (Holman et al., 2014).  

5. Conclusion 

Obesity and breast cancer are linked in an alarming 

way, providing a substantial public health risk. 

Obesity is now recognized as a significant risk 

factor for the development and progression of breast 

cancer. Several mechanisms, including  

 inflammatory signals and adipokines, have been 

proposed to explain this connection. This review 

outlines the links between obesity and the 

development of breast cancer, as well as the 

findings of the relationship between classic and 

novel adipokines and breast cancer risk. 
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