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Abstract: Endometrial cancer is one of the most frequently diagnosed gynecological neoplasms in
developed countries and its incidence is rising. Usually, it is diagnosed in the early stages of the
disease and has a good prognosis; however, in later stages, the rate of recurrence reaches up to 60%.
The discrepancy in relapse rates is due to the heterogeneity of the group related to the presence
of prognostic factors affecting survival parameters. Increased body weight, diabetes, metabolic
disturbances and estrogen imbalance are important factors for the pathogenesis of endometrial
cancer. Even though prognostic factors such as histopathological grade, clinical stage, histological
type and the presence of estrogen and progesterone receptors are well known in endometrial cancer,
the search for novel prognostic biomarkers continues. Adipose tissue is an endocrine organ involved
in metabolism, immune response and the production of biologically active substances participating
in cell growth and differentiation, angiogenesis, apoptosis and carcinogenesis. In this manuscript,
we review the impact of factors secreted by the adipose tissue involved in the regulation of glucose
and lipid metabolism (leptin, adiponectin, omentin, vaspin, galectins) and factors responsible for
homeostasis maintenance, inflammatory processes, angiogenesis and oxidative stress (IL-1β, 6, 8,
TNFα, Vascular endothelial growth factor (VEGF), Fibroblast growth factors (FGFs)) in the diagnosis
and prognosis of endometrial cancer.

Keywords: endometrial cancer; adipokines; cytokines; inflammation; angiogenesis; leptin; galectin;
VEGF; FGF

1. Introduction

Endometrial cancer (EC) is one of the most common gynecological malignancies affect-
ing women in developed countries. Its incidence rate is still rising and the number of new
deaths is expected to increase by 17.4% by 2025 [1]. Endometrial cancer is a heterogenous
disease and histological type accounts for much of the variation in responses to standard
treatments. Bokhman classification is now considered too dualistic but, broadly, the divi-
sion into endometrioid and non-endometrioid histological subtypes remains. However,
within the endometrioid category, which accounts for the majority of endometrial cancers
and carries the best prognosis, there are also some cancers that behave adversely. The
newly introduced molecular subtyping into four categories (viz. in the exonuclease of
domain of the polymerase epsilon gene “POLE ultramutated”, microsatellite instability
hypermutated, copy number low and copy number high) is expected to better reflect the
biological behavior of these cancers and, if performed on diagnostic specimens, could be
integrated into staging and treatment pathways. Molecular analysis will supersede or
complement the established risk factors of grade, lymphovascular invasion and depth
of myometrial invasion that are currently used in addition to stage and histology in the
planning of adjuvant treatment and post-treatment surveillance. Non-invasive biological
markers have been investigated and some clinicians apply CA125 and HE4 as serum mark-
ers. Obesity is a major driver of the common variant, that is, endometrioid cancer, and
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biomarkers related to obesity and its associated proinflammatory state could be potentially
used in endometrial cancer.

There are several mechanisms associated with obesity that could possibly explain
the strong correlation between increased body mass and the prevalence of endometrial
cancer. Adiposity increases the peripheral conversion of androgens and results in increased
amounts of circulating bioavailable estrogens which are not counterbalanced by proges-
terone after menopause. Obesity-associated hyperinsulinemia may play an important
role in endometrial cancer through a direct effect via the stimulation of endometrial cell
proliferation or indirectly through sex steroid and insulin-like growth factor 1 pathways [2].

Adipose tissue acts as one of the major endocrine glands that synthesizes and secretes
multiple hormones and cytokines that are involved in the regulation of glucose and lipid
metabolism (omentin-1, vaspin, galectins, leptins, adiponectin), vascular homeostasis,
immune regulation, apoptosis, angiogenesis and cell growth and differentiation (IL-1β, 6,
8, TNFα, Vascular endothelial growth factor (VEGF) and Fibroblast growth factor (FGFs)).
In Table 1, we list factors secreted by the adipose tissue that take part in processes that
may influence carcinogenesis due to their role in inflammatory processes, metabolism and
angiogenic factors.

Table 1. Inflammatory, metabolic and angiogenic factors secreted by the adipose tissue.

Adipokines

Leptin
Visfatin
Galectin

Adiponectin
Vaspin

Omentin
Resistin
Apelin

Cytokines

TNFα
IL-1β
IL-6
IL-8

Angiogenic factors
VEGF
FGF

IGF-1
VEGF: vascular endothelial growth factor, FGF: fibroblast growth factor, IGF-1: insulin-like growth factor 1.

Obesity is associated with a chronic low-level inflammatory environment, which,
together with potential paracrine factors secreted by the adipose tissue, could contribute
to the process of carcinogenesis [3–5]. In this review, we sought to explore the impact
of the factors in relation to the diagnosis and prognosis of endometrial cancer. For the
purpose of our review, we conducted a literature search on PubMed, Web of Science, and
Cochrane Library databases and included studies published up to November 2020. We
evaluated the information provided in articles published in English using a combination of
keywords relevant to the proper adipokines, angiogenic growth factors (VEGF, FGF and
IGF-1), inflammatory cytokines (TNFα, IL-6, IL-1β and IL-8) and endometrial cancer. In
this review, we focus on the factors secreted by the adipose tissue that seem to have the
highest potential use in the diagnosis and prognosis of endometrial cancer.

2. Adipokines

Adipokines are polypeptide cytokines produced by the adipose tissue and they exert
both systematic and local effects. Adipokines have been linked to cancer pathogenesis
and progression as they impact on insulin resistance, inflammation and angiogenesis.
Adipokines are especially important in obesity-related cancers as their levels were found to
correlate with the amount of adipose tissue and patients’ BMI [6,7]. Unbalanced secretion
of adipokines is associated with a spectrum of obesity-associated diseases. Most of the
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adipokines have pro-inflammatory properties and are increased in cancers, and some
adipokines such as adiponectin, omentin and vaspin were found to be protective against
malignancy. In Figure 1, we demonstrate the changes in adipokine levels associated with
endometrial cancer.
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Figure 1. Changes in adipokine levels in patients with endometrial cancer (EC). The red arrows
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2.1. Adipokines That Increase the Risk of Endometrial Cancer
2.1.1. Leptin

Leptin is a peptide hormone secreted mainly by white adipose tissue and is primarily
involved in energy homeostasis. It is encoded by the ob gene which is located on chromo-
some 7 [8]. It acts through transmembrane receptors (Ob-R) which belong to the class I
cytokine receptor family. There are at least six receptor isoforms, with the main, fully active
long form located in the hypothalamus, where it regulates the secretion of neuropeptides
and neurotransmitters that balance appetite and body weight. Besides its crucial role in the
central nervous system, leptin has peripheral effects, including its involvement in estrogen
response or regulating insulin sensitivity [9].

Systematic levels of leptin correlate with the total amount of stored fat. Leptin acts
as a pro-inflammatory cytokine contributing to the chronic inflammatory state in obesity.
It shows structural similarities with interleukins (IL-6, IL-15, IL-12) and also with human
growth hormone. It is generally considered that leptin has a crucial role in carcinogenesis,
primarily by its ability to promote angiogenesis and influence many cellular pathways that
could lead to cellular proliferation and suppression of cancer cell apoptosis [10–12].

Leptin receptor modulation promotes the development of endometrial cancer through
the activation of JAK2/STAT3, MAPK/ERK, PI3K/AKT and COX-2 signaling pathways [13].
Higher serum leptin levels in patients with endometrial cancer are well documented [14],
and may be considered as an independent risk factor for endometrial cancer [15]. Elevated
leptin levels were also found in patients with pathological endometrial hypertrophy and
atypical hyperplasia. A recent study showed the relationship between markedly elevated
leptin levels in patients with higher staging of endometrial cancer (FIGO III and IV). Pa-
tients with higher serum leptin values had an increased risk for presence of lymph node
metastases and infiltration of lymphatic vessels [16]. The overexpression of leptin receptors
was documented in poorly differentiated endometrial cancer cells compared to healthy
endometrial tissue samples. The depth of myometrial invasion correlated positively with
leptin values and positive leptin and Ob receptor status was shown to greatly influence
the 3-year survival rate of EC patients [17]. Zhoud et al. [18] supported the role of leptin
in endometrial cancer progression by reporting that high Ob-R expression is inversely
correlated with the degree of endometrial cancer histopathological differentiation. The role
of leptin as a potential cell growth factor was reported in a study from 2013 [19] where
it was proven that leptin, by increasing the expression of aromatase P450 and the local
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formation of estrogen, makes a significant contribution to enhancing the proliferation of
endometrial cancer cells.

A meta-analysis by Ellis et al. [20] found that increased circulating levels of leptin and
decreased levels of adiponectin are associated with an increased risk of endometrial cancer.

2.1.2. Visfatin

Visfatin, also named nicotinamide phosphoribosyltransferase (NAMPT) due to its
role in nicotinamide adenine dinucleotide (NAD) biosynthesis, is an adipokine secreted
by the adipose tissue, although there is some evidence that it is mainly released by the
visceral white adipose tissue macrophages in response to inflammation [21]. Many studies
have reported the association between visfatin and systemic insulin resistance and hyper-
lipidemia [22] and increased circulating levels of visfatin in patients with obesity [23,24].
Visfatin was documented to be one of the most important risk factors for the occurrence of
endometrial carcinoma [25], with its potential use as a prognostic factor and therapeutic
target for EC [26]. Higher concentrations of vistafin were observed in subjects with blood
vessel invasion and lymph node metastases in reference to the depth of infiltration of the
endometrium and the tumor size. A high serum visfatin level could be used to prognose
poor outcome in patients with endometrial carcinoma [27].

Visfatin is shown to significantly promote malignant progression of this cancer via
activation of the insulin receptor (IR) and the phosphoinositide 3-kinase (PI3K)/AKT and
mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK)
signaling pathways. Additionally, vistafin was proposed as a potential therapeutic agent in
the treatment of endometrial carcinoma, as the pro-proliferative and anti-apoptotic effects
of vistafin were abrogated by treatment with PI3K inhibitor and MEK inhibitor [28].

2.1.3. Galectins

Galectins are carbohydrate-binding proteins that, through their carbohydrate recogni-
tion domains (CRDs), bind to beta-galactoside-containing glycans. To date, 11 galectins
have been recognized in humans. Galectins are involved in i.a. the regulation of cell growth,
differentiation, transformation, apoptosis and cell migration [29]. Due to their significant
contribution to the induction of angiogenesis, tumor immune escape and metastasis for-
mation, they are suggested to play an important role in carcinogenesis. Their diagnostic,
prognostic and therapeutic value is still a subject of research.

A significant increase in the cytoplasmic staining of galectin-1 in endometrial cancer
cells compared to normal adjacent endometrium was found by Van den Brule et al. [30]
Further immunohistochemical analysis with biotinylated galectin-1 was also performed
by Mylonas et al. [31]. Galectin-1 binding was demonstrated to be increased in FIGO
stage III/IV, however, the results were insignificant. A correlation between galectin-1
binding and lymphangiogenesis was found, which could be used as a predictive factor of
poor outcome in endometrial carcinoma. A recent study by Sun et al. [32] confirmed that
galectin-1 levels are increased in patients with endometrial carcinoma and are associated
with poor prognosis. Galectin-3 expression seems to be reduced in endometrial cancer
compared to normal endometrium [30].

Brustmann et al. [33] reported that galectin-3 immunostaining was significantly in-
creased, from normal endometrium, simple hyperplasia, complex hyperplasia and atypical
hyperplasia to endometrial carcinomas. Enhanced galectin-3 expression was observed in
carcinomas and the immunostaining of stromal cells was decreased in the latter. Moreover,
in endometrioid carcinomas, galectin-3 expression increased with tumor grade. Other
studies have also noted an increased serum level of galectin-3 in patients with endometrial
cancer. Its concentration strictly correlated with the degree of tumor advancement [16]. A
recent study [34] analyzed the clinical implications of galactin-3 in patients with endome-
trial cancer. Apart from the higher galectin-3 levels in EC patients compared to normal
endometrium, significantly higher values of galectin-3 levels were found in patients with
obesity, type 2 diabetes and increased levels of C-reactive protein and in nulliparous vs.
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multiparous women. Moreover, it has been noted that serum galectin-3 levels were strictly
related to endometrial cancer stage and varied significantly between patients with FIGO III
and IV vs. FIGO I and II. Higher concentrations were also connected with the presence of
lymph node metastases and lymphovascular space invasion (LVSI). Patients with poorly
differentiated G3 cancer had significantly higher median galectin-3 levels (IIIB, LVSI+,
G2-G3, median 22.6 ng/mL) than patients with well-differentiated cancer (IA, LVSI-, G1,
median 15.7 ng/mL).

Galectin-7 is primarily involved in epithelial homeostasis, cell adhesion and migration
and it might show pro- or anti-apoptotic effects depending on the conditions. The role of
galectin-7 in endometrial cancer is the subject of research. The latest study [35] suggests
that elevated galectin-7 concentrations can promote the development of endometrial cancer
via increased cell migration and decreased cell attachment. Its concentration increases
with tumor grade and might have an effect on the metastasis formation. Galectin-7 was
proposed as a novel biomarker in monitoring endometrial carcinoma progression.

The role of galectin-9 in the process of carcinogenesis is being investigated, due to its
assumed ability in cancer cell apoptosis, its role in metastatic spread of many cancers [36]
and as a prediction marker of poor outcome [37]. Brubel et al. [38] investigated the
potential diagnostic role of galectin-9 in gynecological disorders. Elevated galectin-9
levels were found in patients with endometriosis, pelvic pain and infertility-associated
benign gynecologic conditions. High levels of galectin-9 were noted in patients with
endometrial cancer and, moreover, its expression differed significantly in accordance with
histological patients’ histopathological grading, staging, the degree of myometrial invasion
and presence of lymph node metastasis.

2.2. Adipokines Which Reduce the Risk of Endometrial Cancer
2.2.1. Adiponectin

Adiponectin is a 30 kDa protein located on chromosome 3, mainly secreted by the
adipose tissue, and takes part in the regulation of glucose and lipid metabolism. It is an anti-
inflammatory and anti-proliferative cytokine and its levels are depleted in obese patients
and causes an alternation of other adipokines, including TNFα [39]. Adiponectin can
influence carcinogenesis either through a direct action on the tumor cells via adiponectin
receptors and their expression on tumor cells or through insulin-sensitizing effects [40].
A meta-analysis by Zeng et al. confirmed the clinical association between high levels of
serum adiponectin and a reduced risk of endometrial cancer, especially in post-menopausal
patients [41]. High serum adiponectin levels were found to be associated with decreased
endometrial cancer risk [42]. The adiponectin/leptin ratio is considered as a marker of
adipose tissue dysfunction which can elicit oxidative stress and systemic inflammation [42].
An elevated leptin/adiponectin ratio (L/A ratio) is associated with an increased risk of
endometrial cancer in post-menopausal women and the L/A ratio seems to be a better
predictor of estimated risk than either leptin or adiponectin alone [43]. Meta-analyses
show that serum leptin, adiponectin and the leptin/adiponectin ratio could be used in
post-menopausal women as diagnostic and prognostic factors in patients with EC [44–46].

In contrast to pro-inflammatory adipokines, the levels of circulating adiponectin are
inversely correlated to patients’ BMI and insulin resistance. Obese patients were found to
have lower plasma adiponectin levels as well as lower expression of adiponectin receptors
AdipoR1 and AdipoR2. Adiponectin can inhibit tumor progression through the PI3K
pathway as it signals through its receptors (AdipoR1/2), activating AMPK and inhibiting
PI3K/AKT/mTOR signaling [40].

Decreased expression of tissue adiponectin receptors was found to be associated with a
higher histological grading of endometrial cancer [47] as lower levels of AdipoR1 receptors
were found in patients with greater myometrial invasion and lymph node metastasis [48].
A study by Chen et al. found an association between three adiponectin genetic variants
ADIPOQ SNPs and reduced risk of endometrial cancer [49].
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Decreased adiponectin and insulin resistance correlate with an increased release of
other cytokines and adipokines, including TNFα and IL-6 [50].

2.2.2. Omentin-1

Omentin is a novel adipocytokine produced by visceral fat and expressed in adi-
pose tissue stromal vascular cells. It acts as an endocrine factor modulating systemic
metabolism as a secretory factor. It also acts locally in the adipose tissue in an autocrine and
paracrine manner [51]. Omentin was demonstrated to have anti-inflammatory and anti-
atherosclerotic effects via AMP-activated protein kinase/Akt/nuclear factor-κB/mitogen-
activated protein kinase (ERK, JNK and p38) intracellular signaling pathways [52]. It was
reported that subjects with impaired glucose regulation have decreased serum omentin-1
levels and that the depleted levels may contribute to the development of insulin resistance,
type 2 diabetes, obesity and metabolic syndrome. Omentin-1 serum concentration is neg-
atively correlated to BMI, insulin resistance index (HOMA-IR), fasting insulin, plasma
glucose, leptin, TNFα and IL-6 [53–56]. The role of omentin in carcinogenesis is yet not
well understood. Omentin-1 has an important anti-inflammatory role in obesity, probably
by increasing in Th-2 cytokines comprising IL-13 and IL-14. It is believed that levels of
inflammatory cytokines are decreased when there is a high concentration of omentin-1 [57].

2.2.3. Vaspin

Visceral adipose tissue-derived serine protease inhibitor (vaspin) is another adipocy-
tokine, which in adult humans is expressed by both visceral and subcutaneous adipose
tissue. It is an insulin-sensitizing and anti-inflammatory protein. On the cellular level,
vaspin exerts an anti-inflammatory effect on vascular endothelial cells and smooth muscle
cells. Elevated vaspin concentrations were noted in patients with impaired insulin sensitiv-
ity and obesity [58]. It was suggested that vaspin is involved in the function of the female
reproductive system as it was found to be constitutively expressed by, e.g., the hypotha-
lamus and ovaries [58,59]. Its expression in the ovaries varied depending on the day of
the menstrual cycle and was found to be regulated by gonadotropins, IGF-1 and steroid
hormones [60]. Lower levels of circulating vaspin levels are correlated with increased risk
for endometrial cancer [61]. A study by Erdogan et al. revealed a correlation between low
serum vaspin levels and an increase in endometrial cancer risk, independent of risk factors
such as age, BMI, HOMA-IR and Quantitative insulin sensitivity check index QUICKI [61].
Cymbaluk-Płoska et al. [16] demonstrated a correlation between low serum vaspin con-
centration and higher endometrial cancer staging. Moreover, vaspin was found to have
the greatest specificity and sensitivity for endometrial cancer (83% and 89%, respectively)
when compared to other adipokines, including leptin, galectin-3 and omentin-1. It seems
that low vaspin concentrations, similarly to adiponectin, may be protective of endometrial
cancer. This may be due to a decreased role of obesity-associated hormonal pathways
involved in carcinogenesis, such as hyperestrogenism, hypoestrogenism, hyperinsulinemia
and hyperleptinemia, which are all altered by the function of adipose tissue.

Below, we present Table 2, which shows the summary of the direct and indirect roles
of selected adipokines in the pathogenesis of endometrial cancer. Adipokines may act
through multiple signaling pathways as well as induce an indirect effect on carcinogenesis
and its progression through insulin resistance, inflammation and angiogenesis.
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Table 2. Direct and indirect effects of adipokines on the pathogenesis of endometrial cancer.

Adipokines Direct Effect

Leptin predominantly through JAK/STAT pathway which
modulates PI3K/AKT3 signaling [62,63]

Visfatin promotion of cell growth via NF-κB/Notch1 [64]

Galectin MAPK family signal transduction and cell proliferation [65]

Adiponectin inhibits cell proliferation via ERK1/2-MAPK pathway [66]

Omentin Stimulates apoptosis through the activation of JAK/STAT
signaling pathway [67]

Vaspin inhibits proliferation and chemokinesis through the inhibition
of NF-κB/Notch1 pathway [68]

3. Adipose-Derived Inflammatory Factors

Obesity was found to be associated with chronic inflammation, which could be caused
by increased levels of fatty acids and production of inflammatory cytokines as well as
the influx of immune cells. Obesity was correlated with increased levels of inflammatory
cytokines produced by the adipose tissue, including TNFα, IL-6, IL-1β and IL-8 [69,70]. As
inflammation is a predisposing factor for carcinogenesis, tumor growth and metastasis,
it is important to study the impact of obesity on the pathogenesis of endometrial cancer
(see Figure 2). However, it must be noted that the high levels of inflammatory cytokines
in obese people are not exclusively due to release by the adipose tissue cells. The major
pathway that correlates with the cytokines and cancer formation is the NF-κB transcription
factor, which is activated as a response to inflammatory molecules and growth factors.
NF-κB was also found to be linked with cell proliferation and apoptosis as well as the
formation of metastasis and angiogenesis [70].
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3.1. Interleukin-1β

IL-1β is considered an acute-phase cytokine with tumorigenic properties and partic-
ipates in immune and inflammatory processes. Overexpression of IL-1α and IL-1β, the
agonists of IL-1, were demonstrated to promote tumor invasion and metastasis through the
induction of the expression of growth factors [71]. Increased levels of IL-1β can promote an-
giogenesis and tumor progression [72]. An elevated expression of IL-1R associated kinase
(IRAK1) was noticed in malignant EC tissues, when compared to normal endometrium.
The levels of IRAK1 correlated with worse patient staging, tumor invasiveness, metastasis
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and poor prognosis [73]. A study by Gonzalez et al. [74] found that leptin stimulates the
secretion of IL-1β, acting through its functional receptor expressed by endometrial stromal
cells (ESCs) and endometrial epithelial cells (EECs) and upregulates the expression of IL-1R
at the protein level.

3.2. Interleukin-6

IL-6 is a pleiotropic cytokine produced by monocytes, lymphocytes, fibroblasts and
endothelial cells, adipocytes, inflammatory cells, liver and muscles [75]. Its increased levels
were found to be associated with the adipose tissue inflammation and acquisition of the pro-
tumorigenic phenotype of the adipocytes. IL-6 was found to promote carcinogenesis [69].
Qi et al. have demonstrated the role of IL-6 in the progression of endometrial cancer
through the local biosynthesis of estrogen [76]. Moreover, it could directly stimulate the
proliferation of EC cells and increase the autocrine feedback loop even once IL-6 was
withdrawn from the medium [77]. The study found an implication of the ERK-NF- κB
pathway as a critical mediator of IL-6 production and its potential role in targeted treatment
for patients with endometrial cancer. A study by Bellone et al. evaluated serum IL-6 levels
as well as IL-6 gene expression in tumor tissue of patients with uterine serous papillary
carcinoma (USPC) and patients with endometrioid carcinoma. The researchers found a
significantly higher concentration of IL-6 in patients with USPC and EC, when compared
to a healthy control group [78]. Moreover, the mean serum level of IL-6 was 6.1-fold higher
in USPC patients than in EC patients.

3.3. Interleukin-8

IL-8 a pro-inflammatory cytokine expressed by the macrophages and fibroblasts. It
is a chemoattractant, which main role is to serve as a macrophage-derived mediator of
angiogenesis [79] that was found to participate in tumor angiogenesis in many pathologies
including breast, ovarian, cervical and endometrial cancer [80–82]. Bruun et al. have found
that IL-8 is also produced and secreted by the adipocytes [83] and its levels increase with
BMI and waist circumference [84] In a study on patients with endometrial cancer, Fujimoto
et al. found a significant correlation between cancer staging and IL-8 expression. [85]
Moreover, Kotowicz et al. [86] have found that elevated levels of IL-8 are associated with
shorter disease-free and overall survival of patients with EC and elevated levels of IL-8
before treatment may serve as a poor independent prognostic factor for OS. Moreover, the
study revealed a significant correlation between the IL-8 concentration and CA125 levels.

3.4. Tumor Necrosis Factor α (TNFα)

TNFα is an inflammatory cytokine secreted by the inflammatory cells and adipocytes
as well as cancer cells. Increased levels of TNFα are associated with adipose tissue inflam-
mation and inhibition of adipocyte differentiation. TNFα was found to have a role in cancer
promotion and progression, including cellular transformation, proliferation, invasion and
metastasis [69,87]. Despite having poor angiogenic activity itself, its angiogenic potential
seems to be modulated via the induction of strong angiogenic factors such as IL-8, VEGF
and basic fibroblast growth factor (bFGF) [88].

In studies concentrating on colorectal cancer, associations between TNFα and different
adipokines were studied. It was demonstrated that TNFα levels correlated with leptin
levels. Guadagni et al. [89] found that TNFα may be an independent predictor of increased
leptin levels. A similar association may occur in patients with endometrial cancer, in which
obesity is an important risk factor. Leptin and TNFα may act in synergy in the promotion
of endometrial hyperplasia and carcinogenesis, as leptin promotes low-grade inflammatory
processes and elevates TNFα levels [90]. A meta-analysis by Ellis et al. revealed no
difference in cancer risk between patients with different TNFα and IL-6 levels. [20] There
is limited research on the role of cytokines in the pathogenesis of endometrial cancer, as
the analysis only included three prospective studies and one retrospective study. Research
should be continued to demonstrate their role.



Diagnostics 2021, 11, 494 9 of 17

4. Angiogenic Factors Secreted by the Adipose Tissue

Angiogenesis is a critical process for tumor expansion and proliferation. The growth
of adipose tissue is similar to the processes required for tumor growth, in which epithelial,
as well as stromal cells, induce an angiogenic response [69]. Both adipocytes and inflam-
matory cells produce various angiogenic factors (including VEGF and FGFs), adipokines
(leptin, resistin, adiponectin) and cytokines which stimulate angiogenesis and contribute
to the creation of a pro-angiogenic microenvironment [91]. As angiogenic growth factors
are highly expressed in endometrial cancer, anti-angiogenic targeted therapy may have
potential in the treatment of patients suffering from endometrial cancer [92–94].

4.1. VEGF

The role of vascular endothelial growth factor (VEGF) in the promotion of new blood
vessel formation (angiogenesis) and vascular permeability is well established. Ref. [95]
Angiogenesis has important implications in the process of tumorigenesis as, through
vascular network nutrients, oxygen and growth factors are delivered to the tumor tissues,
promoting the metastatic spread of cancer. It is generally considered that the level of
expression of angiogenic factors, among which VEGF is one of the most important, reflects
the aggressiveness of the tumor [96]. Moreover, VEGF is able to influence the tumor
microenvironment through its influence on the immune cells. Additionally, the VEGF
receptor pathway activates a cascade of processes that promote endothelial cell growth and
migration [97,98]. The activity of the soluble VEGF isoforms depends on the presence of
Flt-1 or KDR/Flk-1 tyrosine kinase receptors of the endothelial cells [99].

Overexpression of VEGF is associated with poor outcome in patients with endometrial
carcinoma [100]. A significant correlation was found between increased levels of VEGF and
the clinical stage and histological grade of the tumor. VEGF overexpression was suggested
to be an important marker for predicting disease-free 5-year survival rate in endometrial
carcinoma [101]. Angiogenic VEGF is predictive of vascular and lymphatic invasion, the
depth of myometrial invasion and lymph node metastasis [102].

The agents targeting VEGF molecules seem to have promising results in clinical trials.
Bevacizumab, a recombinant humanized monoclonal antibody against VEGF-A, whose
action is to inhibit endothelial and tumor cell activation and proliferation, has been subject
to Phase II clinical trials in recurrent or persistent endometrial cancer. Despite conflicting
results, the anti-angiogenic effect found in the treatment of recurrent endometrial carcinoma
has shown encouraging outcomes in many studies and should be further evaluated.

4.2. Fibroblast Growth Factor

Fibroblast growth factors (FGFs) are a family of 22 signaling proteins which have
diverse roles and functions in the human body. They can be classified based on the
mechanism of their action as intracrine, paracrine and endocrine. FGF1, FGF10 and
FGF21 are secreted by adipocytes and act as autocrine/paracrine adipokines [103]. FGF
ligands bind to FGFRs, causing dimerization of the FGFRs and activation of FGFR kinase
domains through transautophosphorylation and signal transduction using a variety of
pathways [104]. Impaired functioning of FGF pathway signaling can cause increased cell
survival, increased cell motility and tumor angiogenesis. There is increasing evidence
that the FGF signaling pathway may have an important role in carcinogenesis, including
endometrial carcinoma [105].

FGF1 and FGF2 appear to have the greatest roles in cancer as both of them can act as tu-
mor growth factors and thus increase tumor growth and invasion [106]. Expression of FGF1
and FGF2 was found to correlate with grading, level of myometrial invasion and staging of
patients with endometrial cancer [107,108]. Additionally, FGF21 was demonstrated to have
potential use in the diagnostics of endometrial cancer, as its levels correlated with clinical
staging and tumor grading [109]. Mutations of FGF receptors were noted in patients with
endometrial cancer. FGFR2 mutations were found to be associated with shorter disease-free
and overall survival of patients with early-stage endometrial cancer [110].
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The FGF pathway also has an important role in angiogenesis. As demonstrated using
in vitro studies, FGF can act in indirect synergism with vascular endothelial growth factor
(VEGF), leading to a greater angiogenic response [100]. Integrated mechanisms of tumor
angiogenesis using FGFR and VEGF receptor (VEGFR) suggest that upregulation of either
FGF or its receptor may have a potential role in anti-VEGF therapy resistance [111]. As the
FGF pathway plays an important role in tumor angiogenesis and angiogenic escape during
the inhibition of the VEGF pathway, various FGFs should be investigated to establish their
role in EC. As clinical results show that FGFR inhibitors such as brivanib, dovitinib and
lenvatinib are active in EC, [104] the role of FGF and FGFR in EC and its treatment should
be further investigated.

4.3. Insulin Growth Factor-1 (IGF-1)

IGF-1 is a mitogen that has an important role in cell regulation, proliferation, differen-
tiation and apoptosis. An alteration in the IGFBP/IGF/IGF1R pathway creating membrane
receptors and proteins that regulate the activity of growth factors was found to impact the
induction of carcinogenesis [112]. The IGF system was demonstrated to be associated with
obesity, diabetes and hyperinsulinemia, which are all factors associated with endometrial
carcinoma. IGF can exert its mitogenic effect using endocrine, paracrine and autocrine
mechanisms [112]. IGF-1 is mostly produced by hepatocytes in response to the activity
of growth hormone (GH); however, it can be also synthesized de novo in various tissues
including the ovary, endometrium, breast and lung, where it can participate in cellular
growth and have an anabolic effect [113]. Crosstalk between sex hormones and the in-
sulin/IGF axis has been identified, as estrogens were reported to increase the expression
of IGF-1 in the uterus, while [114] progesterone was found to increase the synthesis of
IGF-binding proteins and antagonize estrogen-induced cell proliferation [115,116]. To date,
there is limited and inconsistent data on the role of IGF-1 in endometrial cancer [117–121].
The biological actions of IGF are mediated through its receptors, especially IGF-1R, which
undergoes autophosphorylation of its domain and activates the RAS–RAF–MAP kinase
and the PI3K–PDK1–Akt/PKB signaling pathways, which results in cell proliferation and
a decrease in cell apoptosis [122]. A study by Joehlin-Price et al. found an association
between BMI and EC IGF-1R expression, and higher IGF-1R expression was associated
with better disease-free and overall survival of patients with endometrial carcinoma [123].
IGF-1R seems to be a potential target for therapies using specific monoclonal antibodies.
In clinical trials, human monoclonal IGF-1R antibody was found to inhibit endometrial
cancer proliferation [124]. Moreover, specific monoclonal antibodies inhibited IGF-induced
proliferation in both types I and II of endometrial cancer [125,126].

In Figure 3 we demonstrate the potential interplay of pathways that link chronic
inflammation and angiogenesis caused by substances secreted by the adipose tissue of
obese patients with endometrial cancer.
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5. Conclusions

In this manuscript, we reviewed the complex role of adipose tissue in the pathogen-
esis of endometrial cancer. The adipocytes secrete adipokines that regulate hormonal
and metabolic homeostasis and have angiogenic and inflammatory properties. Multiple
adipokines were found to correlate with endometrial cancer. They could potentially be
used as markers in the diagnosis and treatment of EC patients. The most promising seems
to be the leptin/adiponectin ratio, which allows the assessment of the impact of adipokines
on various physiological functions. The creation of algorithms taking into consideration
serum levels of multiple adipokines at the same time seems to be a valuable test for the
diagnosis and prognosis of patients with endometrial cancer. In the Table 3 below, we
summarize the discussed factors that could potentially serve in the future as diagnostic
and/or prognostic markers for patients with endometrial cancer.
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Table 3. Potential diagnostic and prognostic factors for patients with endometrial cancer.

Proposed Factors Explanation

Diagnostic factors
Adiponectin, Leptin,

Leptin/Adiponectin Ratio
Vaspin, Omentin

May serve as independent endometrial risk factors [51]
Meet the criteria to be used as a good diagnostic test [20,75]

Prognostic factors Visfatin, Resistin
Galectin

Can possibly serve to predict patients’ staging [32,33]
May have a prognostic value and aid in prediction of

patients’ survival [127]

Despite the recent research that emphasizes the role of molecular biology in the
differentiation between the types of endometrial neoplasms, Bokhman’s [128] division
into types I and II of endometrial cancers is still in use. Based on the current literature, it
seems that the correlation between overweight and obesity is certainly more significant
for patients diagnosed with type I EC (commonly referred to as estrogen-dependent EC)
and most researchers concentrate their studies on patients with type I EC. A study by
Bjorge et al. [129] revealed that obesity also influences the risk of type II endometrial cancer,
as obese patients were 1.94 times more likely to develop EC compared to patients with
normal body weight. Similar results were noted by McCullough et al. [130]. Angiogenesis
is often increased in the processes associated with malignancy formation. VEGF seems
to be a promising marker of proliferative processes and assessment of the risk of atypical
conditions of patients with endometrial carcinoma [131].

To date, there has been limited evidence of routine biochemical testing and the use
of imagining studies in the diagnosis and follow-up of EC. It is important to develop
non-invasive markers and strategies that will allow the selection of high-risk patients that
need to undergo extensive surgery and adjuvant therapy, without exposing others (low-
risk patients) to unnecessary harm. Some markers, already established in screening for
other malignancies, have been used in the screening and diagnosis of endometrial cancer,
including CA125 and HE4, which are commonly used in the diagnosis of ovarian cancer.

Serum biomarkers are simple and minimally invasive methods of patient sampling.
There is an urgent need to find specific, low-cost and reproducibly measurable markers
that will allow risk prediction, early detection, evaluation of prognosis and surveillance of
patients with endometrial cancer. Adipokines and other factors such as VEGF and FGFs that
are released by the adipose tissue seem to be promising targets for novel pharmacological
treatment. VEGF and FGF are of high importance as they could be potentially used as
molecular targets for endometrial cancer treatment.

Targeting hormonal imbalances and hyperactive proliferative pathways associated
with obesity can significantly reduce the risk of endometrial cancer. The maintenance of a
healthy body weight is a possible way to prevent EC. Dietary and lifestyle changes should
be supported. Obese patients should be offered counseling and consider pharmacologi-
cal/surgical treatment to reduce the impact of obesity on the formation of chronic diseases
as well as cancer formation.
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Menkiszak, J. Evaluation of biologically active substances promoting the development of or protecting against endometrial cancer.
Onco. Targets. Ther. 2018, 11, 1363–1372. [CrossRef] [PubMed]

17. Zhang, Y.; Liu, L.; Li, C.; Ai, H. Correlation analysis between the expressions of leptin and its receptor (ObR) and clinicopathology
in endometrial cancer. Cancer Biomarkers 2014, 14, 353–359. [CrossRef]

18. Zhou, X.; Li, H.; Chai, Y.; Liu, Z. Leptin inhibits the apoptosis of endometrial carcinoma cells through activation of the nuclear
factor κB-inducing kinase/IκB kinase pathway. Int. J. Gynecol. Cancer 2015, 25, 770–778. [CrossRef]

19. Liu, L.; Wang, L.; Zheng, J.; Tang, G. Leptin promotes human endometrial carcinoma cell proliferation by enhancing aromatase
(P450arom) expression and estradiol formation. Eur. J. Obstet. Gynecol. Reprod. Biol. 2013, 170, 198–201. [CrossRef] [PubMed]

20. Ellis, P.E.; Barron, G.A.; Bermano, G. Adipocytokines and their relationship to endometrial cancer risk: A systematic review and
meta-analysis. Gynecol. Oncol. 2020, 158, 507–516. [CrossRef]

21. Curat, C.A.; Wegner, V.; Sengenès, C.; Miranville, A.; Tonus, C.; Busse, R.; Bouloumié, A. Macrophages in human visceral adipose
tissue: Increased accumulation in obesity and a source of resistin and visfatin. Diabetologia 2006, 49, 744–747. [CrossRef]

22. Chang, Y.C.; Chang, T.J.; Lee, W.J.; Chuang, L.M. The relationship of visfatin/pre-B-cell colony-enhancing factor/nicotinamide
phosphoribosyltransferase in adipose tissue with inflammation, insulin resistance, and plasma lipids. Metabolism 2010, 59, 93–99.
[CrossRef] [PubMed]

23. Zahorska-Markiewicz, B.; Olszanecka-Glinianowicz, M.; Janowska, J.; Kocełak, P.; Semik-Grabarczyk, E.; Holecki Michałand
Dabrowski, P.; Skorupa, A. Serum concentration of visfatin in obese women. Metabolism 2007, 56, 1131–1134. [CrossRef]

24. Berndt, J.; Klöting, N.; Kralisch, S.; Kovacs, P.; Fasshauer, M.; Schön, M.R.; Stumvoll, M.; Blüher, M. Plasma visfatin concentrations
and fat depot-specific mRNA expression in humans. Diabetes 2005, 54, 2911–2916. [CrossRef] [PubMed]

25. Avcioglu, S.N.; Altinkaya, S.O.; Küçük, M.; Yüksel, H.; Ömürlü, I.K.; Yanik, S. Visfatin concentrations in patients with endometrial
cancer. Gynecol. Endocrinol. 2015, 31, 202–207. [CrossRef] [PubMed]

26. Tian, W.; Zhu, Y.; Wang, Y.; Teng, F.; Zhang, H.; Liu, G.; Ma, X.; Sun, D.; Rohan, T.; Xue, F. Visfatin, a potential biomarker and
prognostic factor for endometrial cancer. Gynecol. Oncol. 2013, 129, 505–512. [CrossRef] [PubMed]

27. Cymbaluk-Płoska, A.; Chudecka-Głaz, A.; Pius-Sadowska, E.; Sompolska-Rzechuła, A.; Machaliński, B.; Menkiszak, J. Circulating
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60. Kurowska, P.; Mlyczyńska, E.; Dawid, M.; Dupont, J.; Rak, A. Role of vaspin in porcine ovary: Effect on signaling pathways and
steroid synthesis via GRP78 receptor and protein kinase A. Biol. Reprod. 2020, 102, 1290–1305. [CrossRef] [PubMed]

61. Erdogan, S.; Sezer, S.; Baser, E.; Gun-Eryilmaz, O.; Gungor, T.; Uysal, S.; Yilmaz, F.M. Evaluating vaspin and adiponectin in
postmenopausal women with endometrial cancer. Endocr. Relat. Cancer 2013, 20, 669–675. [CrossRef]

62. Cirillo, D.; Rachiglio, A.M.; la Montagna, R.; Giordano, A.; Normanno, N. Leptin signaling in breast cancer: An overview. J. Cell.
Biochem. 2008, 105, 956–964. [CrossRef] [PubMed]

63. Ghosh, S.; Mukhopadhyay, P.; Pandit, K.; Chowdhury, S.; Dutta, D. Leptin and cancer: Pathogenesis and modulation. Indian J.
Endocrinol. Metab. 2012, 16, 596. [CrossRef] [PubMed]

64. Huang, J.-Y.; Wang, Y.-Y.; Lo, S.; Tseng, L.-M.; Chen, D.-R.; Wu, Y.-C.; Hou, M.-F.; Yuan, S.-S.F. Visfatin Mediates Malignant
Behaviors through Adipose-Derived Stem Cells Intermediary in Breast Cancer. Cancers 2019, 12, 29. [CrossRef]

65. Gao, X.; Balan, V.; Tai, G.; Raz, A. Galectin-3 induces cell migration via a calcium-sensitive MAPK/ERK1/2 pathway. Oncotarget
2014, 5, 2077–2084. [CrossRef] [PubMed]

66. Parida, S.; Siddharth, S.; Sharma, D. Adiponectin, Obesity, and Cancer: Clash of the Bigwigs in Health and Disease. Int. J. Mol.
Sci. 2019, 20, 2519. [CrossRef] [PubMed]

67. Khadem Ansari, M.H.; Gholamnejad, M.; Meghrazi, K.; Khalkhali, H.R. Association of circulating omentin-1 level with lung
cancer in smokers. Med. J. Islam. Repub. Iran 2018, 779–783. [CrossRef] [PubMed]

68. Li, H.; Peng, W.; Zhuang, J.; Lu, Y.; Jian, W.; Wei, Y.; Li, W.; Xu, Y. Vaspin attenuates high glucose-induced vascular smooth muscle
cells proliferation and chemokinesis by inhibiting the MAPK, PI3K/Akt, and NF-κB signaling pathways. Atherosclerosis 2013, 228,
61–68. [CrossRef]

69. Harvey, A.E.; Lashinger, L.M.; Hursting, S.D. The growing challenge of obesity and cancer: An inflammatory issue. Ann. N. Y.
Acad. Sci. 2011, 1229, 45–52. [CrossRef]

70. Hefetz-Sela, S.; Scherer, P.E. Adipocytes: Impact on tumor growth and potential sites for therapeutic intervention. Pharmacol. Ther.
2013, 138, 197–210. [CrossRef]

71. Litmanovich, A.; Khazim, K.; Cohen, I. The Role of Interleukin-1 in the Pathogenesis of Cancer and its Potential as a Therapeutic
Target in Clinical Practice. Oncol. Ther. 2018, 6, 109–127. [CrossRef]

72. Kolb, R.; Kluz, P.; Tan, Z.W.; Borcherding, N.; Bormann, N.; Vishwakarma, A.; Balcziak, L.; Zhu, P.; Davies, B.S.; Gourronc, F.; et al.
Obesity-associated inflammation promotes angiogenesis and breast cancer via angiopoietin-like 4. Oncogene 2019, 38, 2351–2363.
[CrossRef] [PubMed]

73. Wang, Y.; Wang, Y.; Duan, X.; Wang, Y.; Zhang, Z. Interleukin-1 receptor-associated kinase 1 correlates with metastasis and
invasion in endometrial carcinoma. J. Cell. Biochem. 2018, 119, 2545–2555. [CrossRef] [PubMed]

74. Gonzalez, R.R. Leptin regulation of the interleukin-1 system in human endometrial cells. Mol. Hum. Reprod. 2003, 9, 151–158.
[CrossRef]

75. Wolvekamp, M.C.J.; Marquet, R.L. Interleukin-6: Historical background, genetics and biological significance. Immunol. Lett. 1990,
24, 1–9. [CrossRef]

76. Che, Q.; Xiao, X.; Xu, J.; Liu, M.; Lu, Y.; Liu, S.; Dong, X. 17β-estradiol promotes endometrial cancer proliferation and invasion
through IL-6 pathway. Endocr. Connect. 2019, 8, 961–968. [CrossRef]

77. Che, Q.; Liu, B.Y.; Wang, F.Y.; He, Y.Y.; Lu, W.; Liao, Y.; Gu, W.; Wan, X.P. Interleukin 6 promotes endometrial cancer growth
through an autocrine feedback loop involving ERK-NF-κB signaling pathway. Biochem. Biophys. Res. Commun. 2014, 446, 167–172.
[CrossRef] [PubMed]

78. Bellone, S.; Watts, K.; Cane’, S.; Palmieri, M.; Cannon, M.J.; Burnett, A.; Roman, J.J.; Pecorelli, S.; Santin, A.D. High serum
levels of interleukin-6 in endometrial carcinoma are associated with uterine serous papillary histology, a highly aggressive and
chemotherapy-resistant variant of endometrial cancer. Gynecol. Oncol. 2005, 98, 92–98. [CrossRef] [PubMed]

79. Koch, A.; Polverini, P.; Kunkel, S.; Harlow, L.; DiPietro, L.; Elner, V.; Elner, S.; Strieter, R. Interleukin-8 as a macrophage-derived
mediator of angiogenesis. Science 1992, 258, 1798–1801. [CrossRef]

80. Tjiong, M.Y.; van der Vange, N.; ten Kate, F.J.W.; Tjong-A-Hung, S.P.; ter Schegget, J.; Burger, M.P.M.; Out, T.A. Increased IL-6 and
IL-8 Levels in Cervicovaginal Secretions of Patients with Cervical Cancer. Gynecol. Oncol. 1999, 73, 285–291. [CrossRef] [PubMed]

81. Ewington, L.; Taylor, A.; Sriraksa, R.; Horimoto, Y.; Lam, E.W.F.; El-Bahrawy, M.A. The expression of interleukin-8 and interleukin-
8 receptors in endometrial carcinoma. Cytokine 2012, 59, 417–422. [CrossRef] [PubMed]

82. Green, A.R.; Green, V.L.; White, M.C.; Speirs, V. Expression of cytokine messenger RNA in normal and neoplastic human breast
tissue: Identification of interleukin-8 as a potential regulatory factor in breast tumours. Int. J. Cancer 1997, 72, 937–941. [CrossRef]

http://doi.org/10.1016/j.biopha.2016.07.012
http://doi.org/10.1080/07315724.2015.1126207
http://doi.org/10.1007/s00125-011-2137-1
http://doi.org/10.1530/REP-19-0034
http://doi.org/10.1093/biolre/ioaa027
http://www.ncbi.nlm.nih.gov/pubmed/32149334
http://doi.org/10.1530/ERC-13-0280
http://doi.org/10.1002/jcb.21911
http://www.ncbi.nlm.nih.gov/pubmed/18821585
http://doi.org/10.4103/2230-8210.105577
http://www.ncbi.nlm.nih.gov/pubmed/23565495
http://doi.org/10.3390/cancers12010029
http://doi.org/10.18632/oncotarget.1786
http://www.ncbi.nlm.nih.gov/pubmed/24809457
http://doi.org/10.3390/ijms20102519
http://www.ncbi.nlm.nih.gov/pubmed/31121868
http://doi.org/10.14196/mjiri.32.133
http://www.ncbi.nlm.nih.gov/pubmed/30815428
http://doi.org/10.1016/j.atherosclerosis.2013.02.013
http://doi.org/10.1111/j.1749-6632.2011.06096.x
http://doi.org/10.1016/j.pharmthera.2013.01.008
http://doi.org/10.1007/s40487-018-0089-z
http://doi.org/10.1038/s41388-018-0592-6
http://www.ncbi.nlm.nih.gov/pubmed/30518876
http://doi.org/10.1002/jcb.26416
http://www.ncbi.nlm.nih.gov/pubmed/28980703
http://doi.org/10.1093/molehr/gag022
http://doi.org/10.1016/0165-2478(90)90028-O
http://doi.org/10.1530/EC-19-0258
http://doi.org/10.1016/j.bbrc.2014.02.080
http://www.ncbi.nlm.nih.gov/pubmed/24582558
http://doi.org/10.1016/j.ygyno.2005.03.016
http://www.ncbi.nlm.nih.gov/pubmed/15904949
http://doi.org/10.1126/science.1281554
http://doi.org/10.1006/gyno.1999.5358
http://www.ncbi.nlm.nih.gov/pubmed/10329048
http://doi.org/10.1016/j.cyto.2012.04.036
http://www.ncbi.nlm.nih.gov/pubmed/22626766
http://doi.org/10.1002/(SICI)1097-0215(19970917)72:6&lt;937::AID-IJC3&gt;3.0.CO;2-Q


Diagnostics 2021, 11, 494 16 of 17

83. Bruun, J.M.; Lihn, A.S.; Madan, A.K.; Pedersen, S.B.; Schiøtt, K.M.; Fain, J.N.; Richelsen, B. Higher production of IL-8 in visceral
vs. subcutaneous adipose tissue. Implication of nonadipose cells in adipose tissue. Am. J. Physiol. Metab. 2004, 286, E8–E13.
[CrossRef]

84. Kim, C.-S.; Park, H.-S.; Kawada, T.; Kim, J.-H.; Lim, D.; Hubbard, N.E.; Kwon, B.-S.; Erickson, K.L.; Yu, R. Circulating levels
of MCP-1 and IL-8 are elevated in human obese subjects and associated with obesity-related parameters. Int. J. Obes. 2006, 30,
1347–1355. [CrossRef]

85. Fujimoto, J.; Aoki, I.; Khatun, S.; Toyoki, H.; Tamaya, T. Clinical implications of expression of interleukin-8 related to myometrial
invasion with angiogenesis in uterine endometrial cancers. Ann. Oncol. 2002, 13, 430–434. [CrossRef] [PubMed]

86. Kotowicz, B.; Fuksiewicz, M.; Jonska-Gmyrek, J.; Berezowska, A.; Radziszewski, J.; Bidzinski, M.; Kowalska, M. Clinical
significance of pretreatment serum levels of VEGF and its receptors, IL- 8, and their prognostic value in type I and II endometrial
cancer patients. PLoS ONE 2017, 12, e0184576. [CrossRef]

87. Guadagni, F.; Ferroni, P.; Palmirotta, R.; Portarena, I.; Formica, V.; Roselli, M. Review. TNF/VEGF cross-talk in chronic
inflammation-related cancer initiation and progression: An early target in anticancer therapeutic strategy. In Vivo 2007, 21,
147–161.

88. Yoshida, S.; Ono, M.; Shono, T.; Izumi, H.; Ishibashi, T.; Suzuki, H.; Kuwano, M. Involvement of interleukin-8, vascular endothelial
growth factor, and basic fibroblast growth factor in tumor necrosis factor alpha-dependent angiogenesis. Mol. Cell. Biol. 1997, 17,
4015–4023. [CrossRef] [PubMed]

89. Guadagni, F.; Roselli, M.; Martini, F.; Spila, A.; Riondino, S.; D’Alessandro, R.; Del Monte, G.; Formica, V.; Laudisi, A.; Portarena,
I.; et al. Prognostic significance of serum adipokine levels in colorectal cancer patients. Anticancer Res. 2009, 29, 3321–3327.
[PubMed]

90. Strong, A.L.; Burow, M.E.; Gimble, J.M.; Bunnell, B.A. Concise Review: The Obesity Cancer Paradigm: Exploration of the
Interactions and Crosstalk with Adipose Stem Cells. Stem Cells 2015, 33, 318–326. [CrossRef]

91. Cao, Y. Adipose tissue angiogenesis as a therapeutic target for obesity and metabolic diseases. Nat. Rev. Drug Discov. 2010, 9,
107–115. [CrossRef] [PubMed]

92. Kamat, A.A.; Merritt, W.M.; Coffey, D.; Lin, Y.G.; Patel, P.R.; Broaddus, R.; Nugent, E.; Han, L.Y.; Landen, C.N.; Spannuth, W.A.;
et al. Clinical and Biological Significance of Vascular Endothelial Growth Factor in Endometrial Cancer. Clin. Cancer Res. 2007, 13,
7487–7495. [CrossRef] [PubMed]

93. Sousa Moreira, I.; Alexandrino Fernandes, P.; Joao Ramos, M. Vascular Endothelial Growth Factor (VEGF) Inhibition—A Critical
Review. Anticancer. Agents Med. Chem. 2007, 7, 223–245. [CrossRef]

94. Salven, P.; Lymboussaki, A.; Heikkilä, P.; Jääskela-Saari, H.; Enholm, B.; Aase, K.; von Euler, G.; Eriksson, U.; Alitalo, K.; Joensuu,
H. Vascular Endothelial Growth Factors VEGF-B and VEGF-C Are Expressed in Human Tumors. Am. J. Pathol. 1998, 153, 103–108.
[CrossRef]

95. Carmeliet, P. VEGF as a Key Mediator of Angiogenesis in Cancer. Oncology 2005, 69, 4–10. [CrossRef]
96. Nishida, N.; Yano, H.; Nishida, T.; Kamura, T.; Kojiro, M. Angiogenesis in cancer. Vasc. Health Risk Manag. 2006, 2, 213–219.

[CrossRef] [PubMed]
97. Hicklin, D.J.; Ellis, L.M. Role of the Vascular Endothelial Growth Factor Pathway in Tumor Growth and Angiogenesis. J. Clin.

Oncol. 2005, 23, 1011–1027. [CrossRef]
98. Goel, H.L.; Mercurio, A.M. VEGF targets the tumour cell. Nat. Rev. Cancer 2013, 13, 871–882. [CrossRef]
99. Vaisman, N.; Gospodarowicz, D.; Neufeld, G. Characterization of the receptors for vascular endothelial growth factor. J. Biol.

Chem. 1990, 265, 19461–19466. [CrossRef]
100. Pepper, M.S.; Ferrara, N.; Orci, L.; Montesano, R. Potent synergism between vascular endothelial growth factor and basic

fibroblast growth factor in the induction of angiogenesis in vitro. Biochem. Biophys. Res. Commun. 1992, 189, 824–831. [CrossRef]
101. Dobrzycka, B.; Terlikowski, S.J.; Kwiatkowski, M.; Garbowicz, M.; Kinalski, M.; Chyczewski, L. Prognostic significance of VEGF

and its receptors in endometrioid endometrial cancer. Ginekol. Pol. 2010, 81, 422–425.
102. Hirai, M.; Nakagawara, A.; Oosaki, T.; Hayashi, Y.; Hirono, M.; Yoshihara, T. Expression of Vascular Endothelial Growth Factors

(VEGF-A/VEGF-1 and VEGF-C/VEGF-2) in Postmenopausal Uterine Endometrial Carcinoma. Gynecol. Oncol. 2001, 80, 181–188.
[CrossRef] [PubMed]

103. Ohta, H.; Itoh, N. Roles of FGFs as Adipokines in Adipose Tissue Development, Remodeling, and Metabolism. Front. Endocrinol.
2014, 5. [CrossRef]

104. Winterhoff, B.; Konecny, G.E. Targeting fibroblast growth factor pathways in endometrial cancer. Curr. Probl. Cancer 2017, 41,
37–47. [CrossRef]

105. Lee, P.S.; Secord, A.A. Targeting molecular pathways in endometrial cancer: A focus on the FGFR pathway. Cancer Treat. Rev.
2014, 40, 507–512. [CrossRef]

106. Kwabi-Addo, B.; Ozen, M.; Ittmann, M. The role of fibroblast growth factors and their receptors in prostate cancer. Endocr. Relat.
Cancer 2004, 11, 709–724. [CrossRef]

107. Soufla, G.; Sifakis, S.; Spandidos, D.A. FGF2 transcript levels are positively correlated with EGF and IGF-1 in the malignant
endometrium. Cancer Lett. 2008, 259, 146–155. [CrossRef] [PubMed]

108. Fujimoto, J.; Hori, M.; Ichigo, S.; Tamaya, T. Expressions of the Fibroblast Growth Factor Family (FGF-1,-2 and-4)mRNA in
Endometrial Cancers. Tumor Biol. 1996, 17, 226–233. [CrossRef]

http://doi.org/10.1152/ajpendo.00269.2003
http://doi.org/10.1038/sj.ijo.0803259
http://doi.org/10.1093/annonc/mdf078
http://www.ncbi.nlm.nih.gov/pubmed/11996475
http://doi.org/10.1371/journal.pone.0184576
http://doi.org/10.1128/MCB.17.7.4015
http://www.ncbi.nlm.nih.gov/pubmed/9199336
http://www.ncbi.nlm.nih.gov/pubmed/19661351
http://doi.org/10.1002/stem.1857
http://doi.org/10.1038/nrd3055
http://www.ncbi.nlm.nih.gov/pubmed/20118961
http://doi.org/10.1158/1078-0432.CCR-07-1017
http://www.ncbi.nlm.nih.gov/pubmed/18094433
http://doi.org/10.2174/187152007780058687
http://doi.org/10.1016/S0002-9440(10)65550-2
http://doi.org/10.1159/000088478
http://doi.org/10.2147/vhrm.2006.2.3.213
http://www.ncbi.nlm.nih.gov/pubmed/17326328
http://doi.org/10.1200/JCO.2005.06.081
http://doi.org/10.1038/nrc3627
http://doi.org/10.1016/S0021-9258(17)45395-6
http://doi.org/10.1016/0006-291X(92)92277-5
http://doi.org/10.1006/gyno.2000.6056
http://www.ncbi.nlm.nih.gov/pubmed/11161857
http://doi.org/10.3389/fendo.2014.00018
http://doi.org/10.1016/j.currproblcancer.2016.11.002
http://doi.org/10.1016/j.ctrv.2013.11.004
http://doi.org/10.1677/erc.1.00535
http://doi.org/10.1016/j.canlet.2007.10.002
http://www.ncbi.nlm.nih.gov/pubmed/18006148
http://doi.org/10.1159/000217984


Diagnostics 2021, 11, 494 17 of 17
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