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A hormonal imbalance may disrupt the rigorously monitored cellular microenvironment by
hampering the natural homeostatic mechanisms. The most common example of such
hormonal glitch could be seen in obesity where the uprise in adipokine levels is in virtue of
the expanding bulk of adipose tissue. Such aberrant endocrine signaling disrupts the
regulation of cellular fate, rendering the cells to live in a tumor supportive
microenvironment. Previously, it was believed that the adipokines support cancer
proliferation and metastasis with no direct involvement in neoplastic transformations
and tumorigenesis. However, the recent studies have reported discrete mechanisms
that establish the direct involvement of adipokine signaling in tumorigenesis. Moreover, the
individual adipokine profile of the patients has never been considered in the prognosis and
staging of the disease. Hence, the present manuscript has focused on the reported
extensive mechanisms that culminate the basis of poor prognosis and diminished survival
rate in obese cancer patients.

Keywords: cell cycle, adipokines, mesenchymal transition, leptin signaling, obesity derived cancers

INTRODUCTION

A sluggish lifestyle is often associated with a disequilibrium between calorie-intake and energy
expenditure. Such disproportion accounts for an increase in the bulk of adipose tissue, principally the
white adipose tissue (WAT) that eventually precipitates in obesity. WAT serves as a major fat
reservoir wherein the upregulation of PPARγ and C/EBPα abet a rapid proliferation and
differentiation of precursor cells into unilocular adipocytes [1]. More than 98% mass of these
adipocytes is covered by a single lipid droplet, leaving less than 2% space for nucleus and organelles.
Committed to store triglycerides in their fat droplets, these cells contain very few mitochondria and
remain sedentary. Contrarily, the multilocular adipocytes of the brown adipose tissue (BAT) contain
several smaller fat droplets and plenty of mitochondria in their cytoplasm. These adipocytes
upregulate uncoupling protein-1 (UCP-1) that instigate heat generation via ‘non-shivering
thermogenesis’ [2]. Previously, BAT was believed to exist in neonates exclusively, it is only
recently that the anatomical location of BAT is reported in the axillary, perivascular, perirenal,
cervical and supraclavicular regions in adults [3]. Under certain conditions such as hypothermia or
exercise, some adipocytes in WAT are transformed into a third type of adipocytic lineage that is
termed as “beige-like adipocyte”. Congeneric with BAT, the beige-like adipocytes also generate heat,
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yet they differ from BAT adipocytes in their location, lineage [4]
and markers [5]. Aforesaid transformation of WAT into beige
lineage is provoked by sympathetic stimulation via upregulation
of bone morphogenetic protein 7 (BMP7) [6] and repression of
Foxp1 through fibroblast growth factor signaling [7].

The unilocular adipocytes ofWAT not only store fats, but they
also release hormones that are termed as adipokines. Accordingly,
an increasing bulk of WAT in obesity corresponds to a
remarkable incline in adipokine levels. In the first place, the
consistently higher glucose levels in obesity induce
hyperinsulinemia. Secondly, the sensitivity of insulin receptors
is dwindled down because of the upsurge in adipokine levels. Such
decline in insulin sensitivity not only culminates in type 2
diabetes mellitus, the hyperinsulinemia and insulin resistance
directly increase the risk of many cancers such as breast,
endometrial, colorectal and pancreatic carcinoma.
Consequently, the obese population is considered at higher
risk for cancers. This ‘under-rated’ notion requires enormous
public attention by virtue of the rapidly increasing obese
population that has gone triple since 1975 as per the fact
sheets of The World Health Organization [8]. In a cohort
study on 1.2 million obese women with high body mass index
(age 50–64 years), the occurrence of cancers such as breast,
endometrial, colorectal, non-Hodgkin lymphoma, leukemia,
ovarian and pancreatic carcinoma was found as much higher

as 58.8% [9]. According to the United States population data of
2012, around 3.5% (28,000) of all annually reported cancers in
men were associated with obesity [10]. The women were found
even more vulnerable with around 9% (72,000) obesity derived
cancers reported per year. In a parallel study, around 21% of all
cancer cases reported in Nigeria between 2012 and 2014 were
linked with obesity [11]. Although of relatively lower magnitude,
the risk of pancreatic cancer in obese population was significantly
higher than the non-obese subjects [12].

The regulation of cell cycle and its check points are presented
in Figure 1. Under normal conditions, the cells remain in a
reversible stationary phase (quiescence) until they are provided
with optimum growing space, nutrients and growth factors [13].
Quiescence is associated with an upregulation of serum deprived
early response genes (SDERGs) including tumor repressor gene
SALL2 and MXI1 [14]. Once that the required factors are
provided, the cells upregulate proliferative genes such as
c-Myc and cylins that promote the entry of these previously
quiescent cell to the cell cycle. The basic difference between the
normal and cancer cells lies in the fact that the later become
independent of either of the above-mentioned factors. Such lack
of sensitivity to the mitogen availability and space makes the
cancer cells grow beyond the limits, provoking drastic
physiological modifications by inducing aberrant angiogenesis
to support their freaky growth. Hence, the first deviation of the

FIGURE 1 | The regulators of G1, S, G2 and M phase of cell cycle. A normal cell remains dependent on external factors such as the nutrients, growth factors and
growing space only in the early G1 phase. A lack of even one of these three factors may result into the reversible escape (Go or quiescence) of the cell from cell cycle. Once
the cell crosses the first restriction phase R1, it becomes independent of the availability of the external factors. Abbreviations: APC/C anaphase promoting complex/
cyclosome; ATM ataxia telangiectasia mutated; ATR ATM-and Rad3 related; Cdk cyclin dependent kinase; R restriction point.
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cancer cells from normal lineage is their escape from quiescence
in mitogen deprived conditions. Despite of the detailed studies on
the expression of different proliferative genes involved in the
escape of cells from quiescence, the role of adipokine upswing in
the dysregulation of quiescence check points necessitates
immense consideration.

In addition to the dysregulation of cell cycle regulation, the
metastasis is another major impediment in the management of
cancers. As an estimate, more than 90% of cancer caused deaths
involve the spread of cancer cells from their site of origin to the
distant locations [15]. The tendency to spread depends on many
factors, one of which is the type of the disease itself. For instance,
brain tumors and skin carcinomas seldommetastasize [16], albeit
their high tendency to invade locally. On the other side, bone
sarcomas metastasize quickly to other tissue, especially the lungs
[17]. The different stages of metastasis are graphically presented
in Figure 2. In general, the process of metastasis can be divided
into four major stages, the local invasion, intravasation, spread
and extravasation where local invasion is the primary step that
paves way to the distant colonization of the cancer cells. Despite
of being fully differentiated, the epithelial cancer cells have to
endure a morphological shift from epithelial to mesenchymal
attributes to invade the surrounding tissue through a process that
is termed as the epithelial to mesenchymal transition (EMT).
Although such EMT is a much-needed physiological phenomena
in embryogenesis and wound healing, it sets the stage for the
more detrimental distant translocation of cancer cells through
blood or lymph vessels via intravasation. Once metastasized,
these cells may undergo a reverse mesenchymal to epithelial
transition (MET) that facilitates the successful colonization of
these cells into a new distant site through extravasation. Since the

role of some of the potential adipokines in instigating EMT and
cell cycle dysregulation is established, we need to link all possible
points on paper to fully understand the role of adipokine
upregulation in the pathological quintessence of tumor
microenvironment.

It is recently reported that the increasing bulk of fat in obesity
is not the independent contributor to cancer pathogenesis. A
cohort study on 319,397 Korean subjects has suggested that the
people with obesity derived metabolic derangements are at
relatively higher risk of colorectal cancer [18]. Despite of the
high body mass index, the risk of colorectal cancers and
cardiovascular ailments was remarkably minimum in a sub-
population of obese subjects who did not show metabolic
dysregulations such as high blood pressure, hyperinsulinemia,
dyslipidemia, and insulin resistance. Such findings suggest a
possible link between the metabolic dysregulation and the
neoplastic shift among different tissues particularly the
colorectal cells in both male and female subjects. It seems as if
the the higher levels of adipokines, pro-inflammatory cytokines
and hyperinsulinemia together shift the cellular
microenvironment to an immune-suppressant tumor
supportive environment that favors the survival, proliferation,
and metastasis of cancer cells. Currently, the prognosis and
staging of the cancer patients is made according to the tumor
node metastasis (TNM) classification that is advised by the Union
of International Cancer Control (UICC) [19]. The TNM
classification provides current guidelines to classify the
metastatic extent, however many inclusions have been
suggested over the years to further improve disease prognosis.
These suggested inclusions comprise of the genetic factors [20],
deep proteomics [21], immunohistochemistry [22] and the

FIGURE 2 | Different stages of long-distance metastasis of epithelial cancer cells. The cancer cells invade the surrounding tissues and intravasate a nearby blood
capillary via chemokine ligand 4 positive (CCL4+) myeloid cells. Once entered in a capillary, the platelets protect these spreading cancer cells from a possible immune
attack. The epithelial to mesenchymal transition (EMT) helps these cancer cells to downregulate the epithelial markers such as E-cadherins and develop filopodia. On the
other side, the mesenchymal to epithelial transition (MET) upregulates the epithelial characters to get localized at the distant new location.
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molecular signatures [23]. Despite of the established role of
obesity in cancer pathogenesis, the consideration of adipokine
profile has never been suggested in the staging and profiling of the
disease. In the next sections of the manuscript, we now focus on
the different molecular mechanisms reported so far to establish
the pathological basis of adipokines and obesity mediators in
cancer.

Obesity-Derived Mediators and Cancer
The adipokines released from the adipocytes help these cells to
communicate with surrounding tissues to accomplish the
regulation of glucose and fat metabolism. Some of these
adipokines are exclusively released from adipose such as
leptin, resistin, visfatin and omentin whereas the others are
secreted from other tissues as well. For instance adiponectin is
released from placenta, myocytes, liver parenchymal cells and
the osteoblasts. Likewise, tumor necrosis factor (TNF) and
interleukin 6 (IL-6) are released from adipocytes and the
infiltrating macrophages. Under normal physiological
conditions, these adipokines perform valuable functions to
maintain homeostasis. However, despite of their potential
biological significance, there is a compelling scientific
evidence that supports the involvement of these adipokines
in the growth and spread of cancer cells. For instance, leptin
is not expressed in the normal breast tissue. However, a growing
ductal carcinoma induces a significant expression of leptin as a
major proliferative factor in the surrounding normal breast
tissue, suggesting a possible role of leptin in disease
progression [24]. The higher expression levels of resistin and
visfatin are reported in a number of malignancies such as
colorectal [25], lung [26], gastroesophageal [27], endometrial
[28] and breast cancer [29].

Apart from the above-mentioned mediators, there are other
mediators whose serum level is often associated with obesity.
These include angiopoietin (Ang) and angiopoieting like proteins
(ANGLP), chemerins, endotropin, fibroblast growth factor 2,
lipocalin 2, neuregulin 4, retinol binding protein 4, autotaxin
and its derivative lysophosphatidic acid, bone morphogenic
proteins, sphingolipids, fatty acid esters of hydroxyl fatty acids,
uric acid and uridine [30]. The over-expression of these
mediators is reported in several different malignancies (Please
see Supplementary Material Table 1). Interestingly, some of
these mediators are found to be specific for a particular type of
cancer. For instance, leptin over-expression is found to be
relatively more associated with breast malignancies, although
its expression is also reported in other cancers as well.
Likewise, the over activity of lysophosphatidic acid is highly
associated with ovarian cancers. It has been reported earlier
that the expression of Ang 1 is negatively associated with the
adipose tissue weight. Contrarily, Ang 2 expression is increased in
the adipose tissue where it modulates adipose tissue vasculature
[31]. Likewise, ANGLP 2 (along with other ANGLPs) is a pro-
inflammatory cytokine that is released from the adipose tissue to
activate macrophages. The tumor angiogenesis in the tumor
supportive microenvironment is attributed to an over-
expression of Ang 1, 2, 3 and 4 as well as many ANGLPs in
different cancer types.

Owing to the complexity of cancer pathogenesis, several
different theories have been postulated in past few years to
relate these mediators with cancer initiation and progression.
However, the certainty regarding the extent of involvement of
these suggested disease mechanisms may incite another
discussion that does not come under the scope of this article.
For instance, a relatively higher prevalence of malignancies such
as the breast, colon, pancreas, and prostate in obese population is
already established. Nonetheless, all obese people do not suffer
from these cancers in their entire lifespan despite of the fact that
their cells are exposed to a microenvironment rich in obesity
mediators. We hereby describe the suggested involvement of
these mediators with malignancies in a concise manner.

Leptin
Leptin is a peptide adipokine that plays a significant
physiological role in controlling the total mass of adipose
tissue to maintain homeostasis. Its physiological significance
can be judged by the fact that the genetic silencing of leptin or its
receptor have resulted into serious pathological defects such as
metabolic derangements, infertility, immune deficiencies and
diabetes in knockout mice [32]. Moreover, it affects several cell
populations under physiological conditions, including the
immune cells, neurons, pancreatic β cells, adipocytes and
endothelial cells that suggests a broader physiological role of
leptin compared with other adipokines. Once released from the
adipocytes, leptin elicits its hunger-suppressing effects by
inhibiting neuropeptide Y and anandamine via activating its
receptors in the lateral hypothalamus. Under the normal
physiological conditions, it regulates proliferation [33],
invasion [34] and the absorptive properties [35] of colon
cells. Owing to its higher serum concentration in obesity,
leptin is one of the most studied adipokines in the
progression and metastasis of breast cancer. Higher leptin
levels are frequently reported in breast, colon and pancreatic
cancers [36,37]. Leptin levels are also correlated with different
breast cancer types. For instance, its levels were found higher in
patients with ductal carcinoma in situ as compared to the
invasive breast cancer patients where adiponectin was
significantly higher than leptin [38]. Although a previous
study claimed either no or even a negative correlation
between the serum leptin levels and pre-menopausal breast
cancer incidence [39,40], the interrelationship between leptin
serum levels and breast cancer risk in post-menopausal women
is well-established. In addition to the adipose, leptin is also
synthesized and released in significantly higher concentrations
from glioblastoma cells that majorly accounts for the
morbidities associated with glioblastoma [41]. It elicits its
biological function through the leptin receptor B (ObRB) via
activating PI3K, JAK2/STAT3 and ERK1/2 signaling. The recent
evidence not only supports the possible role of leptin in the
initiation of cancer, but it has also been confirmed to promote
the invasion and metastasis of cancer cells by activating EMT,
inhibiting immune checkpoints and bolstering angiogenesis.

The impact of leptin treatment on cancer cell proliferation
varies greatly from one type of cells to the other. It exhibited anti-
proliferative effect on Chang liver cells, where the proliferation
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rate in the leptin-treated cells was found significantly lower than
the control [42]. Contrarily, it induced proliferation in several cell
lines such as the hepatocellular carcinoma cells HepG2 [43],
Huh7 [44] and the ovarian adenocarcinoma cells OVCAR3 [45].
When the HepG2 and OVCAR3 cells were exposed to different
leptin concentrations (0–200 ng/ml), a significantly higher
population of cells crossed the G0–G1 phase in a dose
dependent manner and were found in S and G2-M phase
[43,45]. These findings suggested a direct impact of leptin on
DNA synthesis and mitotic division. Leptin triggers JAK/STAT,
p44/p42, Erk1/2 and Akt signaling where STAT3 plays pivotal
role in exhibiting its proliferative and carcinogenic effects
[44,46–49]. The STAT3 role in leptin signaling is further
attested by the fact that the inhibition of STAT3 had shown to
promote cell cycle arrest, apoptosis and impede tumor invasion
[47,50,51]. Moreover, a differential pattern of gene expression
was observed in the leptin exposed tissue samples from patients
suffering from colorectal cancers where a higher expression of
STAT3, Akt1 and MCL-1 was observed in the earlier non-
metastatic stages whereas a highly expressed CCND1 and
VEGFC genes were observed in the advanced metastatic stages
[52]. The role of STAT3 in leptin induced cell proliferation and
metastasis is described in Figure 3. It has been suggested that
STAT3 mediated mitogenic effects are shared by the signaling
through leptin and IL6Rα receptors. A decline in IL6Rα receptors
on hepatocytes has boosted the expression of leptin receptors in
IL6Rα deficient mice, suggesting the direct involvement of leptin-
IL6 interplay in the tumorigenesis of hepatocellular carcinoma
[53]. Further, leptin signaling was reported to maintain the
stemness in triple negative breast cancer cells via upregulating

the self-renewal transcription factors such as SOX2, OCT4 and
NANOG via STAT3 signaling [54,55].

The proliferative properties of leptin were reported to get
influenced by several cofactors. For instance, leptin has increased
proliferation of colon cancer cells in vitro however, it failed to
support the tumor growth in vivo [56]. Likewise, it induced
proliferation in androgen-sensitive prostate cancer cells
(LNCaP) but failed to influence the proliferative rate of
androgen-insensitive PC3 and Du-145 cells [57]. Besides, it
inhibited the cell migration and invasion in the mentioned
androgen-insensitive cells by activating MAPK pathway, a
change that was not observed in androgen-sensitive cells.
Further, it activated STAT3 signaling in both types of the cells
but with a significant difference. In androgen-insensitive cells, the
STAT3 signaling was observed in the earlier phase of the cell cycle
with a gradual decline in the later phases. Hence, the leptin-
induced STAT3 remained unable to trigger proliferation and
precipitated in the blockage of invasion and cell migration in PC3
and Du-145 cells. However, in the androgen-sensitive LNCaP
cells, a relatively delayed but persistent activation of STAT3 was
observed that boosted the proliferative rate in these cells [57].
Interestingly, leptin associated cell proliferation andmigration via
STAT3 signaling are reversed if cAMP levels are elevated. For
instance, the co-treatment of MDA-MB231 cells with leptin and
cAMP elevating agents (8-pCPT-2′-O-Me-cAMP, 8-Br-cAMP)
blocked the proliferative effect of leptin and induced apoptosis in
cancer cells by downregulating Bcl2 [58]. Such elevation of cAMP
also blocked leptin-induced cell migration in MDA-MB231 cells
by downregulating FAK and β3 integrins via cAMP/PKA and
cAMP/Epac signaling [59]. Moreover, the activation of PPARγ by

FIGURE 3 |Role of STAT3 in leptin-induced tumorigenesis, cancer cell proliferation andmetastasis. Abbreviations: Bad Bcl-2 associated agonist of cell death; Bcl-
2 B-cell lymphoma-2; Bcl-xL B-cell lymphoma 2 extra large; CyA cyclin A, CyD1 cyclin D1; CyD2 cyclin D2; CyD3 cyclin D3; Hey2 hairy/enhancer-of-split related with
YRPWmotif protein 2; HIF-1α hypoxia inducible factor-1 alpha; hTERT human telomerase reverse transcriptase; MAD-1 mitotic arrest deficient-1; MAX myc-associated
factor X; Mcl-1 myeloid cell leukemia 1; MMP13 matrix metallopeptidase 13; PLOD2 procollagen-lysine 2-oxoglutarate 5-dioxygenase 3; SOCS3 suppressor of
cytokine signaling 3; STAT-3 signal transducer and activator of transcription 3; TNFR1 tumor necrosis factor receptor 1.
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rosiglitazone has also abrogated leptin induced cell proliferation
and metastasis by blocking the activation of MAPK/STAT3/Akt
signaling in both the in vitro and in vivo experiments [60].

In ER negative breast cancer cells (MDA-MB-231 and BT-
549), leptin induced the expression of oncogenic enzyme
sphingosine kinase 1 (SK-1) via Src family kinase (SFK) and
Erk1/2 signaling. However, such upregulation of SK-1 was not
observed in ER positive breast cancer cells [61]. Importantly, the
role of the suppressor of cytokine signaling (SOCS) should also
be considered while discussing the proliferative properties of
leptin. The upregulation of SOCS3 inhibits ERK and Jak2
activation [62] and attenuates Akt signaling [63]. The
persistent stimulation of leptin receptors precipitates in the
higher expression of SOCS3 as a negative feedback
mechanism [64]. Moreover, p38-MAPK signaling also results
into an upregulation of SOCS3 [65]. Hence the anti-proliferative
effect of leptin in H4IIE cells could possibly be attributed to the
SOCS3 mediated attenuation of the mitogenic pathways [66].
Contrarily, the irrepressible leptin signaling in SOCS3 deficient
mice has exacerbated tumorigenesis in gastric and intestinal
epithelium by upregulating cdx2 and downregulating the
transcription activities of barx1 [67]. Aside from the
mentioned factors, the expression of both methionine
adenosyltransferase 1α (MAT 1α) and MAT 1β is necessary
for the mitogenic effect of leptin in hepatocellular cancer
cells [68].

Long-term exposure of cells to leptin results into the
upregulation of human telomerase reverse transcriptase
(hTERT) expression by STAT3 mediated binding of c-Myc,
Mad1, Max and acetylated H3 with hTERT promotor [69].
The above notion is further confirmed by the fact that leptin-
induced cancer cell proliferation is inhibited by 1 alpha, 25-
dihydroxyvitamin D3 through miR-498 mediated
downregulation of hTERT [70]. hTERT elongates the telomere
length to prevent the cells entering senescence after several cell
divisions, a process that is generally termed as immortalization.
Together with the proliferative properties of leptin, this
immortalization of cells after being exposed to leptin for
longer may lead to the basis of tumorigenic transformation of
cells. STAT3 activates glycoprotein 130 (gp130) subunit of
cytokine receptors that further promotes the progression of
cells from Go to S phase through upregulating Cyc D1-3, A,
cdc25A and downregulating P21, P27 [47,71]. Besides, leptin is
reported to induce the expression of Notch1-4, JAG1 and DLL4
in pancreatic cancer cells [72]. The resultant activation of Notch
signaling further accounts for the leptin-induced cell proliferation
in cancer. More recently, the supportive role of ribosomal protein
S27/Metallopanstimulin-1 (MPS-1) in cancer proliferation and
invasion is reported in different cancer cells, including glioma
[73], colorectal [74] and gastric cancer cells [75]. Leptin is found
to upregulate MPS-1 in colorectal cancer cells that further
promoted the cell survival and proliferation via activating
JNK/c-JUN signaling [74]. Moreover, the role of insulin
growth factor-1 (IGF-1) in promoting cancer cell proliferation
and invasion is well documented [76]. Leptin treatment had
significantly upregulated IGF-1 in breast cancer cells via
activated protein-1 (AP-1) transcription factor [77]. The

silencing of the three MAPK mitogenic pathways i.e., JNK1/2,
p38 MAPK and Erk1/2 abrogated IGF-1 upregulation suggesting
the direct involvement of these signaling pathways in leptin-
induced IGF-1 upregulation. It is worth mentioning that the
extracellular cell survival factors, such as the nutrients, trigger cell
proliferation by upregulating JAK/STAT, Erk and PI3K/Akt
signaling. Leptin does not appear to halt the proliferation of
cells directly. Instead, it exhibits its anti-proliferative effect by
attenuating these mitogenic signaling pathways. The evidence to
support this notion comes from the findings of Thompson et al.
2011 wherein leptin failed to affect the proliferation of rat H4IIE
cells in the serum depleted medium [66]. However, it showed a
significant inhibitory effect on these cells in the presence of serum
rich medium by upregulating p38-MAPK signaling.

Leptin supports cancer cell survival by inhibiting the
apoptotic pathways through downregulating Bad, tumor
necrosis factor alpha receptors 1 (TNFR1) and caspase 6
expression [45]. It also supports growing tumor by
promoting lymphangiogenesis via upregulating proangiogenic
proteins VEGF, IL-1β and leukemia inhibitory factor (HIF) in
cancer cells [78–80]. The upregulation of VEGF was found to
involve an elevated expression of HIF-1α, NF-κB [81], Notch
and IL1 [82] signaling. Further, the mentioned upregulation of
HIF-1α involved both the canonical and non-canonical
pathways, whereas the NF-κB regulation was mainly
attributed to the non-canonical pathway [81]. It is a worth-
mentioning finding here that leptin at higher dose induces
senescence and Go-S phase arrest in chondrogenic progenitor
cells (CPC) by inhibiting Sirtuin 1 pathway and upregulating
p57/p21 expression [83]. These changes impart osteogenic
properties to CPC that may account for the pathophysiology
of obesity derived osteoarthritis. The adipocytes released leptin
and IL-6 to promote metastasis in breast cancer cells by
upregulating PLOD 2 expression via JAK/STAT and PI3K/
AkT signaling [84]. In colon cancer cells (HCT116), it
promoted Rac-1 and Cdc25 induced invasion, lamellopodia
formation and metastasis by activating PI3K and Src kinase
pathway [85]. The secretion of leptin is significantly increased
from the obesity modified adipose stem cells (obASC) [86] that
further promotes EMT in cancer cells, paving a way towards
cancer metastasis. Leptin promoted the phosphorylation and
inactivation of GSK3β via STAT3 mediated Akt
phosphorylation [87]. Moreover, leptin also upregulated
metastasis associated protein 1 (MTA1) in breast cancer cells
that further contributed to the inactivation of GSK3β via Wnt1
signaling. The mentioned GSK3β inactivation abrogates the
formation of its complex with liver kinase B1 (LKB1) and
axin, precipitating in the cytosolic accumulation and nuclear
translocation of β-catenin. Once inside the nucleus, β-catenin
induces the expression of a set of genes including Cyc D1, Cyc
D2, Myc, WISP1 (CCN4) and WISP2 (CCN5) to execute EMT.
The blockage of Wnt/β-catenin signaling completely abrogated
the leptin induced proliferation in breast cancer cells, suggesting
its direct involvement in cancer cell proliferation [88].
Interestingly, leptin downregulated the expression of CCN5
in breast cancer cells MCF-7 and ZR-75-1 cells via activating
JAK/STAT and Akt pathways [89]. Such downregulation of
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CCN5 did not affect cell proliferation, but enhanced cell
viability, invasion and EMT.

Leptin upregulates the expression of Notch1 by transactivation
of epidermal growth factor receptor [90]. This is followed by the
recruitment of Notch-1 intracellular domain on the promoter
region of survivin. These findings are further supported by the
results of another study wherein leptin promoted breast cancer
metastasis in mice model by upregulating the levels of Notch 3,
Jag1 and survivin [91]. It also enhanced the expression of Notch1,
1-4, JAG1, DLL4 and surviving in pancreatic cancer cells [72].
The resultant upregulation of survivin promotes the migration
and invasion of cancer cells, suggesting a direct role of leptin-
Notch-EGFR axis in leptin induced metastasis. Interestingly, an
increased release of leptin from the pancreatic cancer cells was
found to modify the tumor microenvironment further by
upregulating the expression of leptin receptors in an
autocrine/paracrine fashion [72]. Such upregulation of leptin
receptors in also reported in breast cancer cells where the
leptin-treatment increased the expression of AdipoR2
receptors in MCF-7 cells [92].

Hey2 (Hairy/enhancer of split related with YRPW motif
protein 2) is a transcription factor that is recently reported to
play a critical role in cell proliferation and metastasis in
hepatocellular carcinoma [93]. Although its expression in
hepatocellular carcinoma cells is not linked with leptin elicited
effects, its expression along with other pancreatic cancer stem cell
markers (including Oct-4, CD133, CD24/44 and ALDH) is
significantly increased in leptin treated pancreatic cancer cells
[72]. The overexpression of CD24 reduces E-cadherin but at the
same time upregulates N-cadherin to accelerate cancer invasion
[94]. Likewise, the overexpression of CD44 confers aggressive and
distant metastasis in cancer cells [95]. In lung and breast cancer
cells, leptin treatment has amplified the levels of soluble ICAM-1
by upregulating ERK, GSK3αβ, JAK1/2, STAT3 and focal
adhesion kinase (FAK) signaling [96] without affecting the
expression of cell surface ICAM-1. Such elevation of soluble
ICAM-1 in cancer cells promotes bone metastasis by inducing
osteoclast-like cell formation [96]. It promoted cell migration and
metastasis in gastric cancer cells (AGS, MKN-45) by enhancing
the expression of ICAM-1 (both soluble and surface) via Rho/
ROCK signaling [97]. The stromal cell derived leptin is reported
to support cancer metastasis in estrogen receptor positive [98]
and triple negative [99] breast cancer cells by enhancing EMT via
upregulating SERPINE 1, IL-6, MMP-2, SNAI 2, TWIST 1,
vimentin and downregulating E-cadherin [100]. The leptin
induced EMT in breast cancer cells was reported to involve an
upregulation of IL-8 [101] and pyruvate kinase M2 (PKM2) [100]
via PI3K/Akt signaling. These findings were further confirmed by
the fact that the silencing of leptin signaling in highly metastatic
MDA-MB-231 cells had resulted into MET via upregulating
E-cadherin and downregulating vimentin [54]. Leptin also
induced EMT in lung cancer cells by downregulating
E-cadherin, keratin and upregulating vimentin and the
transcription factor ZEB-1 via Erk signaling [102].

Leptin exhibits a dose and time dependent activation of
mTORC and its downstream protein p70S6 kinase that
precipitates into an increase in cell proliferation and

upregulation of cyclooxygenase 2 (COX2), transforming
growth factor-beta (TGF-β), monocyte chemoattractant
protein 1 (MCP-1) and cytokine induced neutrophil
chemoattractant-1 (CINC-1) [103]. Likewise, leptin
upregulates the expression of TNF-α in macrophages [104].
The activated p70S6 kinase is reported to boost cancer
metastasis and invasion through IL-6 mediated EMT in
squamous cell carcinoma [105]. Moreover, the upregulation of
TGF-β, TNF-α and COX-2 promote EMT in different cancers
that results into the poor prognosis of cancer therapy [106–110].
The upregulation of heat shock protein 27 (hsp27) in leptin
treated MCF-7 cells may also account for the leptin-induced
metastasis [111], since the role of hsp27 is well documented in
suppressing apoptosis and promoting cancer cell invasion and
metastasis [112]. Leptin also promoted cancer growth and
progression by STAT3-mediated upregulation of MMP-13
[113], HER2 and hsp90 [114] in pancreatic and breast cancer
cells respectively.

It is recently reported that the treatment of triple negative
breast cancer cells with leptin has upregulated the expression of
oncogenic and chemotherapy-resistant genes including ITGB3
(integrin β3), LL22NC03, ABCB1 (p-glycoprotein 1), WNT4
(WNT4 protein), TBC1D3 (TBC1 domain family member 3E/
3F), ADHFE1 (alcohol dehydrogenase, iron containing 1) and
RDH5 (11-cis retinol dehydrogenase) [115]. Likewise, it
promoted tumorigenesis in ovarian epithelial cells by
enhancing the expression of histone deacetylase (HDAC) class
I and II [116]. It is thereby suggested that leptin is not only
involved in tumorigenesis, it also contributes to the resistance of
cancer cells against chemotherapy [115,117]. For instance, the
cytotoxic potential of 5-fluorocracil is countered by leptin by
attenuating the pro-apoptotic proteins Bax and caspase 3 [118]. It
is also important to state that the major tumorigenic aspects of
cancer biology such as the immunosuppression, malignant
transformation, angiogenesis, and metastasis involve a complex
exosomal cell-to-cell communication between cancer cells [119].
Leptin is reported to enhance such exosomal cell communication
in estrogen positive MCF-7 and triple negative MDA-MB-231
breast cancer cells via hsp90 mediated post-transcriptional
increase in the levels of tumor susceptibility gene 101 (Tsg
101) protein [120].

In addition to its role in cell proliferation andmetastasis, leptin
also supports the survival of cancer cells under nutrient-deficient
tumor microenvironment by promoting autophagy. It is reported
to induce autophagy in breast cancer and hepatocellular
carcinoma cells by enhancing the expression of LC3II, Atg5,
Beclin1 and downregulating p62 expression [121,122]. Such
induction of autophagy by leptin involved the activation of
p53 and AMPK/FoxO3A pathway. Leptin induced an
upregulation of p53 in HepG2 and MCF-7 cells without
affecting the p53 mRNA levels [123]. Instead, the upregulation
was found to involve the regulation of p53 ubiquitination via
ubiquitin specific protease-2. In breast cancer cells, the expression
of autophagy genes was found to involve estrogen receptors ERα
signaling, since the inhibition of ERα abrogated leptin-induced
autophagy [121]. The leptin signaling also suppresses
mitochondrial respiration in cancer cells, an act that further
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promotes invasion, metastasis and enhances the survival of these
defiant cells under hypoxic conditions [124,125].

Resistin/Adipose Tissue Specific Secretory
Factor (ADSF)/FIZZ3
The expression of resistin was found significantly higher in
estrogen negative breast cancer patients and was reported as a
potential biomarker for early cancer detection [29]. The positive
correlation between serum resistin levels, cachexia and metastasis
in gastroesophageal cancers affirms its direct involvement in
cancer pathogenesis [27]. Further, its higher expression is
found associated with poor prognosis, nodal metastasis, and
advanced cancer stage in colorectal cancer patients [126]. It is
important to state that its expression was negatively associated
with high density lipoprotein cholesterol (HDL-C) in colorectal
cancer patients because of a possible interaction of its release with
HDL-C [127].

Mechanistically, resistin was found to promote invasion,
migration and cellular protrusions in cancer cells by inducing
the reorganization of F-actin filaments [128]. In the breast and
ovarian cancer cells, resistin upregulated the expression of
SNAIL, SLUG, ZEB1, TWIST1, fibronectin, vimentin and
downregulated claudin-1 and E-cadherin via AXL tyrosine
kinase receptor signaling [128–130]. Further, it induced the
adhesion molecules ICAM-1 and VCAM-1 in hepatocellular
carcinoma cells SK-Hep1 [131] and colorectal cancer cells
HCT-116 [132] through NF-κB signaling. These adhesion
molecules tend to attach the cancer cells with the HUVECs, a
process that may account for intravasation. It also potentiated the
nuclear translocation of SNAIL to induce EMT, an important
pre-requisite for SNAIL induced mesenchymal transition.
Further, the resistin induced EMT was completely abrogated
after silencing adenyl cyclase associated protein 1 (CAP-1),
suggesting a direct involvement of CAP-1 in resistin induced
metastasis [128]. Moreover, the significant role of CXC
chemokine receptor 4 (CXCR4) in lymphangiogenesis and
cancer metastasis is well documented. Resistin is reported to
enhance the expression of CXCR4 in gastric cancer cells via TLR4
receptor signaling [133]. Further, the resistin induced
upregulation of CXCR4 is abrogated by blocking p38-MAPK
and NF-κB pathway, suggesting the involvement of these
signaling proteins in resistin induced CXCR4 upregulation.

The resistin treatment enhanced stemness in cancer cells by
upregulating the stemness markers aldehyde dehydrogenase-1
(ALDH1), CD44, Oct4, Nanong and Sox2 and downregulating
CD44 cell surface expression [130,134]. It also promoted cell
proliferation in gastric cancer cells by upregulating the expression
of hTERT gene [135]. Apart from its impact on cell proliferation
and EMT, it also exhibits chemotherapy resistance. For instance,
it was found to exert doxorubicin resistance in breast cancer cells
by blocking the chemotherapy-induced apoptosis via activating
STAT3 signaling [134]. Likewise, the efficacy of dacarbazine was
also attenuated by resistin through upregulating caveolin-1 [136]
in melanoma cells [136]. It also induced accumulation of LC3 in
breast cancer cells to support their survival under drastic
chemotherapeutic conditions via activating autophagic

pathways [137]. It was found that the treatment with resistin
culminates into autophagy by upregulating BECN1, LAMP1,
LC3B-II and downregulating SQSTM1. Such activation of
autophagic pathways was completely abrogated by blocking
the JNK and AMPK/mTOR/ULK1 signaling [137], suggesting
the direct involvement of these two pathways in resistin induced
autophagy.

Visfatin
Visfatin is reported to induce cell proliferation in different
cancer cells such as melanoma and breast cancer cell
[138–140]. Like leptin, visfatin also stimulates a number of
cell signaling pathways that support cell proliferation and
survival, such as the PI3K/mTOR, ERK1/2, p38 MAPK, JAK/
STAT and JNK [141–145]. This proliferative effect of visfatin is
conferred by its ability to stimulate notch 1 signaling through
activating the p65 unit of NF-κB [146]. It induces cell survival in
melanoma cells by inhibiting p53 dependent apoptosis [140].
The intensity of cancer invasion and metastasis in gastric [147]
and colorectal cancer patients [148] was found correlated with
their higher serum visfatin levels. Its high levels were also found
correlated with the ability of small cell lung cancer (SCLC) cells
to metastasize into brain via transendothelial migration across
the blood brain barrier [149]. Such migration of SCLC cells
across the brain endothelial cells was found to involve
upregulation of chemokine ligand 2 (CCL2). It is worth
mentioning here that the CCL2-CCR2 signaling plays a
crucial role in both intravasation and extravasation through
the recruitment of CCR2 positive myeloid cells [150]. These
myeloid cells help the recalcitrant CCL2 positive cancer cells to
enter into blood/lymph vessels from their site of origin and then
extravasate to a new location. Likewise, it also imparts motility
in cancer cells via NF-κB and IL-6 signaling [151] and promotes
EMT by facilitating the nuclear transport of the transcription
factors SNAIL and β-catenin [148]. Moreover, it also inhibits its
binding with GSK3β in cytosol to prevent its’ ubiquitination
[148]. The ascites-driven visfatin was found to promote
metastasis in ovarian cancer cells by inducing lamellipodia
and filopodia via Rho/ROCK signaling [149]. In non-small
cell lung cancer cells, it induced resistance to the
chemotherapeutic effect of doxorubicin by Akt induced
upregulation of multidrug resistance protein-1 (MRP-1) [152].

Omentin
Since omentin-1 (intelectin-1) is the major adipokine from the
visceral fat (that is accumulated in the omentum), its emerging
significance in the metastasis of ovarian and gastric cancers is well
reported [153,154]. The omentum is covered with a thin layer of
mesothelial cells. To metastasize, the cancer cells have to bind and
penetrate through the mesothelium. At first, the anti-metastatic
potential of omentin-1 tries to block the penetration of the cancer
cells through mesothelium, probably by involving
lactotransferrin (LTF). The interaction of LTF with its receptor
is crucial for the up-regulation of matrix metalloproteinase 1
(MMP1). By inhibiting LTF binding with its receptor LRP-1 (low
intensity lipoprotein receptor related protein 1), omentin-1
attenuates the upregulation of MMP1 in ovarian cancer cells
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[153]. As MMP1 plays a significant role in invasion of cancer cells
through extracellular matrix, its down regulation in ovarian
cancer cells accounts for the anti-metastatic potential of
omentin-1 [153]. Likewise, omentin-1 blocks the PI3/AKT
mediated up-regulation of NF-κB signaling [154]. Since NF-κB
suppresses the expression of hepatic nuclear factor 4 alpha
(HNF4α), omentin-1 upregulates its expression in gastric
cancer cells via attenuating NF-κB signaling [154]. HNF4α
blocks the metastatic effects of β-catenin by inhibiting its
nuclear translocation, a mechanism that accounts for the anti-
metastatic effect of omentin-1 in gastric cancer cells [154].
However, the cancer cells escape omentin-1 mediated anti-
invasive barrier by downregulating its expression in
mesothelial cells through TNF-α signaling [155]. Likewise, the
ovarian cancer cells upregulate fibronectin in the mesothelial cells
of omentum via TGF-β dependent Rac1/SMAD signaling. Such
upregulation promotes invasion and metastasis in these cells,
departing the anti-metastatic effect of omentin-1 [156].

Adiponectin
As mentioned earlier, adiponectin exhibits promising anti-
proliferative and pro-apoptotic properties. Such potent anti-
cancer potential of adiponectin is also reflected from the fact
that the expression of adiponectin receptor 1 and 2 is
downregulated in highly metastatic cancers. For instance, the
tissue samples from colorectal cancer patients with nodal
metastasis exhibited a significant downregulation of
adiponectin receptors 1 and 2 as compared to the normal
tissue samples [157]. Such downregulation of adiponectin
receptors could be considered as a survival mechanism in
these metastatic cancer cells to evade the anti-proliferative
and pro-apoptotic effect of adiponectin. Adiponectin
attenuates cancer metastasis by upregulating the expression
of tumor suppressor protein LKB1 [158]. LKB1 inhibits
mTOR complex 1 (mTORC1) by phosphorylating tuberous
sclerosis proteins 2 (TSC2) via phosphorylating AMP-
activated protein kinase (AMPK) [158,159]. It is worth
mentioning here that the blockage of mTORC1 by LKB1
does not only depend upon TSC2 activation as it is equally
suppressing mTORC1 in TSC2 lacking cells. Such TSC-2
independent blockage of mTORC1 by activated AMPK
involves a direct phosphorylation of raptor protein on two
distinct positions i.e., serine 722 and serine 792 which
precipitates into the binding of raptor with 14.3.3 protein
[160]. By blocking mTORC1 via LKB1, adiponectin
suppresses the activation of its downstream protein P70SK
[158] which is a key regulator of cell invasion and metastasis
in many different types of malignancies [161,162]. Importantly,
such antimetastatic effect of adiponectin is not observed in ER
positive breast cancer patients. In such patients, the EAα-LKB1
interplay attenuates the LKB1/AMPK mediated inhibition of
mTORC1 with a subsequent promotion of invasion and
metastasis in ER positive breast cancer cells [163]. Hence, the
LKB1 mediated blockage of p70SK by adiponectin may account
for its anti-metastatic properties. Moreover, adiponectin
inhibits the intracellular accumulation of β-catenin via
blocking GSK3β phosphorylation [164]. Such inhibition of

β-catenin may account for the anti-metastatic potential of
adiponectin.

Adiponectin inhibits the proliferation of cancer cells by
downregulating STAT3 and upregulating SOCS3 [165,166].
Further, its inhibitory effect on the proliferation, invasion and
metastasis of cancer cells could also be attributed to the
attenuation of PI3K/Akt [167], Erk 1/2 [168–170], mTOR/S6
[171] and NF-κB signaling [172]. It also downregulates the
expression of Cyc D1 via blocking the Akt-mediated
phosphorylation of GSK3β [173]. Likewise, it downregulates
c-Myc, Cyc D, Bcl2 in cancer cells with an upregulation of
p53, p21, p27 and Bax [170,174,175]. In colon cancer cells,
adiponectin treatment halted the proliferation by activating
AMPK signaling. Further, it also suppressed the expression of
SREBP1c that contributed to its antiproliferative effect in colon
cancer cells [175].

Angiopoietin
The impact of Ang 1 expression on cancer metastasis stands
dubious since a number of studies have reported “conflicting’’
results regarding its pro-metastatic or anti-metastatic potential.
Owing to the fact that the cancer cells tend to invade the
surrounding tissue by breaking their cell-cell and cell-ECM
attachments, the mediators that strengthen such intercellular
junctions suppress such invasion and metastasis. Kitajima and
colleagues have recently reported that the overexpression of Tie2
receptors in oral squamous cell carcinoma bolster the cell-cell and
cell-matrix attachment [176]. In a subsequent study, Kitajima and
colleagues claimed a significant enhancement in the tie2-induced
cell-cell and cell-matrix attachment by Tie2/Ang 1 interaction
[177]. They also suggested a negative correlation between nodal
metastasis and Tie2 and/or Ang 1 expression [177]. In another
parallel study, the Ang 1 knockout mice showed significant
increase in the metastasis of breast and melanoma cells to the
lung tissue without affecting the growth of the primary tumor
[178]. Since the colonization of cancer cells in lungs was
significantly increased in Ang 1 knockout mice after direct
intravenous injection of melanoma cells, it was suggested that
Ang 1 deficiency might have promoted the last stage of metastasis
i.e., the extravasation in the knockout mice [178]. Likewise, Ang 1
and vasculoid (Tie2 agonist) blocked the trans-endothelial
migration of colon, breast and renal cancer cells in vitro [179].
Moreover, vasculoid also delayed the spread of breast cancer cells
to lungs [179]. In contrast, the expression of Ang 1 in cancer cells
through adenoviral vector-mediated transfection has been
reported to induce cancer metastasis via overexpression of β1
integrin and CD44 [180,181]. The expression of β1 integrin and
CD44 was found to increase the attachment of gastric cancer cells
with the extracellular matrix that might have increased their
invasive potential [180]. The findings of Holopainen and
coworkers suggested that Ang1 expression enhances vascular
enlargement, without significantly affecting vascular density.
Such enlargement of blood vessels assists in the extravasation
of cancer cells by promoting their dissemination in blood [181].
Summarizing, Ang1 exhibits a dual role in cancer metastasis. In
the early stages, it exerts an inhibitory effect on cancer invasion by
strengthening the cell-cell junctions via Tie2 receptors. However,
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once the cancer cells succeed in invading the extracellular matrix
via EMT, the Tie2/Ang 1 signaling promotes the trans-
endothelial migration of these cells via bolstering their
attachment with endothelial cells, a prerequisite for both
intravasation and extravasation. It is important to mention
here that the pulmonary metastasis in Lewis lung carcinoma
cells (LLCC) as well as in the TA3 mammary carcinoma cells was
found to involve VEGF and Ang 1 induced angiogenesis [182].
VEGF and Ang 1 promote angiogenesis in these carcinoma cells
through ERK 1/2 and Akt pathways. Ang 3 blocks pulmonary
metastasis in LLCC and TA3 carcinoma cells by suppressing the
expression of both VEGF and Ang 1 [182]. The binding of Ang3
with the cell surface through heparan sulfate proteoglycans was
found mandatory to inhibit Ang 1 and VEGF mediated
angiogenesis and metastasis in LLCC and TA3 cells [182].

Ang2 is reported to promote cancer metastasis by activating
EMT in breast cancer [183] and oral squamous cell carcinoma
[184]. In Tie-2 deficient cells, Ang 2 promotes the activation of
ILK, GSK3β and Akt via its binding with α5β1 integrin [183]. This
activation of ILK and GSK3β induces SNAIL expression,
downregulates E-cadherin and promotes EMT to induce
metastasis [184]. An estrogen depletion therapy in ER + breast
cancer patients may instigate cancer recurrence and metastasis
via Ang 2 involvement. Ang 2 exhibits such revival of dormant ER
+ breast cancer cells in the vascular niche of bone marrow either
by directly inhibiting Ang 1-Tie2 signaling, or via stimulating
surface integrin β1 receptors in these dormant cancer cells [185].

Angiopoietin Like Proteins (ANGLP)
Several reports have correlated the expression of ANGLP 2 with
cancer metastasis. For instance, the overexpression of ANGLP 2
was found associated with the lymph nodal metastasis in the
clinical samples from the surgically treated non-small cell lung
cancer patients [186]. Likewise, ANGLP 2 was reported to
promote carcinogenesis and metastasis to distant organs in
mice by promoting EMT [187]. The expression of
transcription factors such as the nuclear factor of activated
T cells (NFATc), activating transcription factors (ATF) and
c-JUN in aggressive tumor cells result into the upregulation of
ANGLP 2 [188]. Further, HIF-1α is recently reported to
upregulate ANGLP 2 expression in hypoxic osteosarcoma cells
[189]. The upregulation of ANGLP 2 further promotes motility
and invasion in the cancer cells in either an autocrine or a
paracrine fashion [188]. ANGLP 2 promotes metastasis though
facilitating angiogenesis as well as glycolysis via upregulating
VEGFA, Ang 2 and hexokinase 2 [189]. Further, it promoted
intravasation in osteosarcoma cells via upregulating p38 MAPK
signaling, MMP as well as integrin α5β1 [190].

Earlier, ANGLP 4 was reported to inhibit metastasis in
melanoma cells by inhibiting cancer cell motility and reducing
vascular permeability to the invading cells [191]. However, the
subsequent studies have reported the opposite findings. ANGLP 4
is found to promote lung metastasis in breast cancer cells via
blocking endothelial to endothelial cell interactions [192]. The
inhibition of these endothelial cell interactions is necessary for the
trans-endothelial migration of cancer cells during the
intravasation and extravasation. Since TGFβ was found to

upregulate the expression of ANGLP 4 in breast cancer cells,
the lung metastasis induced by TGFβ was found to involve
ANGLP 4 mediated increase in vascular permeability [193].
Likewise, HIFα also exhibited its metastatic potential by
upregulation of ANGLP 4 [192]. ANGLP 6 is found within
the blood vessels of the colorectal cancer patients. It is
reported to bind with tumor cell specific integrin α6 and
E-cadherin on the surface of the tumor cells that precipitates
into the liver metastasis of colorectal carcinoma cells [194].

Chemerin
Chemerin exerts its biological functions through G protein
coupled receptor 1 (GPR 1) and chemokine like receptor 1
(CMKLR 1) [30]. The expression of chemerin and its
receptors are highly upregulated in adipose tissue and the
recent research has reported a positive correlation between
circulating chemerin levels and obesity [195]. Its role in
promoting the invasion and metastasis of cancer appears to be
dubious, since it exhibits both tumor suppressive and promoting
effects that depends upon the type of the disease. For instance, it is
reported to exhibit cancer suppressive effect in hepatocellular
carcinoma [196]. The downregulation of chemerin expression in
malignant adrenocortical carcinoma [197] and acute myeloid
leukemia [198] could be assumed as a survival tactic of the cancer
cells to evade the immunosuppressive effect of chemerin.
Contrarily, its expression is positively associated with
malignancy in non-small cell lung carcinoma [199] and gastric
cancers [200]. The complexity of chemerin role in breast cancer
could be explained by the conflicting findings of two recent
studies. Pachynski and coworkers have reported that the
expression of chemerin in the breast tumor microenvironment
suppresses the progression of disease by promoting the
infiltration of immune cells [117]. Contrarily, El-Sagheer et al
has reported a comparatively higher expression of chemerin in
malignant tissue, suggesting a significant association of chemerin
with poor prognosis in breast cancer patients [201].

First, we focus on the cancer suppressive potential of chemerin
that could mainly be attributed to its immunomodulatory and
chemoattractant potential. Binding of chemerin with its receptors
CMKLR1 and GPR1 has reported to induce receptor
internalization and deactivation [202]. Such internalization of
the G-protein coupled receptors further recruits β-arrestin 1
and 2 with a subsequent activation of β-arrestin 2 dependent
ERK1/2 activation [202]. It is worth mentioning here that the role
of β-arrestin 2 in cancer stands dubious till date. Although a few
reports have suggested its tumor promoting potential in renal [203]
and breast cancer [204], a considerable data suggests that the
activation of β-arrestin 2 inhibits tumorigenesis. By acting as a
corepressor of androgen receptors, β-arrestin 2 downregulated
FOXO1 with subsequent inhibition of cell proliferation in
prostate cancer cells [203,205]. Moreover, its depletion/less
expression has resulted into aggressive cancer invasion with
poor prognosis in non-small cell lung cancer [206] and
hepatocellular carcinoma [207]. Importantly, the β-arrestin
mediated activation of ERK1/2 promotes the cytosolic functions
of ERK1/2 by impeding its nuclear translocation [208]. Contrarily,
the AMP-PKA mediated activation of ERK1/2 promotes the
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nuclear translocation of ERK1/2 with subsequent expression of
proliferative genes. Hence, the chemerin-β arrestin signaling may
contribute to its tumor suppressive potential. Besides, chemerin
dependent activation of β-arrestin 1 and 2 may account for the
dubious role of chemerin in different types of cancers as
mentioned above.

Chemerin is reported to upregulate the expression of serum
response factor (SRF) in lymphocytes and gastric carcinoma cells
through Rho/ROCK signaling [209]. Importantly, the
overexpression of SRF was found associated with poor
prognosis and shorter survival rates in patients with gastric
carcinoma [210], bone and prostate malignancies [211]. SRF
exerts its cellular effects either by the activation of ternary
complex factor (TCF) [212] or myocardin-related transcription
factor (MRTF) dependent gene expression [213]. Besides an
established role of SRF and MAPK signaling in cell
proliferation, chemerin signaling through CMKLR1 and GPR1
had resulted into different response in different cell lines. It
stimulated Rho/MAPK/SRF signaling in human lymphocytes
and gastric carcinoma cells, however it exhibited different
pattern of downstream signaling in the mentioned cell types
[209]. In lymphocytes, the mentioned chemerin-induced
expression of SRF upregulated ERG1 and cFOS with an
antiproliferative effect at the concentration of 10 nM, however
such effect was not observed at the other tested concentrations (1,
30 and 100 nM). Contrarily, chemerin-induced SRF upregulated
vinculin instead of ERG1 and cFOS in gastric carcinoma cells
with no effect on cell proliferation at all tested
concentrations [209].

Since ERG1 inhibits cell proliferation and promotes apoptosis
through activating p53 pathway [214,215], chemerin induced
upregulation of ERG1 could possibly account for its tumor
suppressive properties. However, the role of cFOS and
vinculin in cancer differs in different types of malignancies.
The upregulation of cFOS by chemerin signaling is reported in
a number of cell lines [209,216,217]. Although cFOS was initially
believed to act as an oncogene [218,219], its role in cancer
progression stands dubious since several studies have reported
its cancer suppressive potential in hepatocellular carcinoma
[220], ovarian [221,222] and prostate cancer [223]. Likewise,
vinculin is an adhesion related protein whose expression is
negatively associated with cancer metastasis and poor
prognosis [224], its upregulation in gastric cancer patients is
positively associated with poor prognosis and shorter survival
[225]. As we have mentioned the opposite role of chemerin in
human lymphocytes and gastric carcinoma cells with its cancer
suppressive effect in the former and cancer supportive potential
in the later [209], the chemerin-induced upregulation of cFOS
and vinculin could possibly be attributed to the mentioned dual
behavior of chemerin in hepatocellular [220,226] and gastric
carcinoma [225] respectively. Moreover, chemerin is found to
inhibit invasion and metastasis of hepatocellular carcinoma cells
by upregulating PTEN and downregulating p-Akt activities [196].

The role of the polarization of naive macrophages to either M1
or M2 phenotype in cancer progression and metastasis has been
established already [227]. While M1 macrophages exhibit tumor
retardation and impede the progression and metastasis of cancer

cells, theM2 phenotype exerts the opposite effect. Because of their
anti-inflammatory and pro-tumor attributes, a higher infiltration
of cancer tissue with M2macrophages is reported to be associated
with poor prognosis and less survival in different cancers
[228–230]. Contrarily, the pro-inflammatory and tumor
suppressive properties of M1 macrophages help these
macrophages to suppress the invasion and spread of cancer.
For instance, a higher infiltration of M1 phenotype in
cancerous tissue (M2/M1 < 3) showed better survival with
significant inhibition of cancer progression in colon cancer
patients [231]. Out of the two mentioned macrophages
populations, chemerin exerts a chemoattractant effect on
CMKLR1 expressing M1 macrophages selectively [232]. Hence,
the chemerin-induced infiltration of M1 macrophages in the
cancerous tissue could be attributed as one of the mechanisms
by which chemerin exerts its cancer suppressive effect. In
addition, the chemerin enhanced infiltration of CMKLR1
positive natural killer cells (NK) in melanoma with a relatively
reduced colocalization of plasmacytoid dendtritic cells (pDC) and
myeloid-derived suppressor cells resulted into the inhibition of
tumorigenesis by bolstering the immune response [233]. The
downregulation of CMKLR1 receptors attenuated this tumor-
suppressive effect of chemerin, indicating a major contribution of
NK cell infiltration in the chemerin induced tumor suppression.

Now we discuss the properties of chemerin that support the
invasion and spread of cancer cells. Being a chemoattractant
adipokine, chemerin has a strong potential to bolster the obesity
associated chronic inflammation [234]. This notion is further
attested by the fact that the serum chemerin levels are positively
associated with inflammatory cytokines and glycated hemoglobin
and both of these factors are associated with chronic
inflammation [235,236]. These inflammatory cytokines,
particularly IL-6, IL-1β and TNFα upregulate the expression of
CMKLR1 receptors on the surface of the endothelial cells [237].
The CMKLR1 signaling was shown to exert angiogenic effect on
the endothelial cells via MAPK and PI3K/Akt dependent
upregulation of MMP2 and MMP9 expression [237].
Chemerin upregulated the VEGF expression in endothelial
cells [238] and gastric cancer cells along with an upregulation
of p38 MAP kinase, ERK1/2 and MMP7 [239]. The angiogenic
potential of chemerin was also confirmed in the mice model
[240]. It was reported to induce proliferation, migration, and tube
formation in HUVEC cells through phosphorylation of Akt and
p42/44 ERK. Further, the mentioned effects were completely
abrogated by silencing CMKLR1 receptors in HUVEC cells
that suggested a strong angiogenic potential of chemerin.
Apart from its chemoattractant effect on macrophages and
NK, it also exerts significant migration and recruitment of
pDC through CMKLR1 receptors [241]. Although a further
study is required to authenticate such chemerin-induced
infiltration of pDC in cancers, it is important to mention here
that the tumor microenvironment modifies the tumor infiltrating
pDC. The downregulation of IRF7 pathway [242] as well as other
factors of tumor microenvironment such as PGE2 and TGFβ
[243] abrogate the ability of pDC to release INFα. The lack of
INFα results into an immunosuppressive tumor
microenvironment that facilitates the progression and
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metastasis of cancer cells as reported in patients with head and
neck cancer [244].

Neutrophil Gelatinase-Associated
Lipocalin/Lipocalin 2
Lipocalin 2 (LCN2) is a glycoproteins that performs various
physiological functions such as the remodeling of adipose
tissue, iron homeostasis, immune responses and the transport
of hydrophilic substances across the cell membrane. The levels of
LCN2 are positively associated with obesity [245]. Although a few
studies have reported its antiproliferative and anti-metastatic role
in cancer [246,247], a considerable part of the literature presents
an entirely different picture with LCN2 as a promoter of cell
proliferation, invasion, metastasis and poor prognosis in different
types of cancers (Please see Supplementary Material Table 1).
With a 27-fold higher expression in pancreatic cancer cells
(compared with normal ductal cells) and an elevated serum
level in 94% of the pancreatic cancer patients, LCN2 is
reported as an early detection marker for pancreatic
malignancies [248]. Likewise, its expression is upregulated in
the advanced stages (stage II and III) of breast cancer patients
suggesting its critical role in cancer invasion and nodal
metastasis [249].

The expression of LCN2 is significantly contributed by the
regulatory T cells of the tumor microenvironment. On one side,
these regulatory T cells exhibit an immunosuppressive effect that
favors the survival of cancer cells within the tumor
microenvironment [250]. Additionally, the FoxP3+ regulatory
cells release pro-inflammatory cytokines such as IL17, IL1β and
TNFα that help recruit NF-κB on the LCN2 promotor region
[251]. Hence, the release of these pro-inflammatory cytokines
from the regulatory T cells of the tumor microenvironment
directly upregulates the expression and levels of LCN2 in the
cancer cells. Moreover, the C-X-C motif chemokine receptor 7
signaling in cancer cells upregulates the expression and release of
MMP2 and MMP9 into the extracellular matrix [252]. LCN2
treatment has itself resulted into an increased expression of
MMP1, MMP3 and MMP9 along with an upregulation of IL-
1β, IL-6, IL-8, ICAM-1 and C-X-C motif chemokine 2/monocyte
chemoattractant protein 1 (MCP-1) in pancreatic cancer stellate
cells [253]. The release of MMP9 and LCN2 into the extracellular
space leads to the formation of LCN2-MMP9 complex into the
extracellular matrix. In such complex, LCN2 activates MMP9
[254], increases its stability by preventing its degradation [255]
and promotes its enzymatic activity [256]. LCN2-MMP9 complex
has been found to promote proliferation andmetastasis in various
cancer cells such as the gastric [255], breast [257] and thyroid
carcinoma cells [258]. Higher levels of LCN2-MMP9 complex are
found in the urine samples of cancer patients suggesting the
significance of the extracellular LCN2-MMP9 complex in the
proliferation and metastasis of cancer cells [259]. The role of
LCN2 in cancer metastasis is further confirmed by the fact that its
deficiency in murine breast cancer cells had resulted into a
significant reduction in the size and metastasis of the primary
tumors with a reduced MMP9 levels in blood [260]. Likewise, the
downregulation of NF-κB in human thyroid carcinoma cells had

resulted into a failure in growing the cancer cells and inability to
grow the xenograft via downregulating LCN2 [261]. Contrarily,
its upregulation has produced opposite effects in human PANC1
pancreatic carcinoma cells with an aggressive invasion and
metastasis [262]. LCN2 promotes EMT by upregulating
mesenchymal markers such as fibronectin and vimentin in
breast cancer cells while inhibiting the epithelial marker
E-cadherin [249]. Silencing of LCN2 expression in the highly
aggressive breast cancer cell line MDA-MB-231 has resulted into
a diminished mesenchymal transition that has further confirmed
the involvement of LCN2 in promoting EMT [249].

The upregulation of Ras/MAPK signaling in Ras-transformed
cells promotes the phosphorylation and degradation of
E-cadherin [263]. LCN2 was reported to block EMT in Ras-
transformed 4T1 cells by antagonizing such degradation of
E-cadherin [263]. It also exhibited anti-metastatic and
antiangiogenic effect in these cells via inhibiting Ras-induced
VEGF and upregulating caveolin-1 and anti-angiogenic
thrombospondin. Contrarily, it promoted invasion, metastasis
and EMT in non Ras-transformed 4T1 cells via attenuating PI3K/
Akt pathway [264]. It is important to mention here that the PI3K/
Akt signaling promotes cancer cell survival by inhibiting tumor
suppressor tuberous sclerosis complex 2 (TSC2). However, it
exhibits both suppressive and promoting effects on cancer cell
invasion and metastasis. For instance, PI3K/Akt was reported to
suppress cancer metastasis in breast cancer cells [265] and
promote cell migration and invasion in esophageal [266] and
renal carcinoma [267]. The question arises as to how the LCN2-
induced attenuation of PI3K/Akt pathway could account for the
pro-metastatic effect of LCN2. It is recently reported that the
underlying mechanism of Akt-induced metastasis involves the
upregulation of MMP2 and MMP9 [267]. As the MMPs are
upregulated by LCN2 itself [253] as well as by other players of the
tumor microenvironment such as the CXC motif chemokines
[252], the LCN2 mediated suppression of Akt could not impede
the invasion and metastasis of cancer cells. Further, the
downregulation of Akt signaling could promote metastasis via
TSC2 mediated activation of Rho/GTPase signaling [268]. A
higher expression of TSC2 in breast cancer patients was
positively associated with aggressive metastasis and poor
survival rate [268]. Since Akt boosts the phosphorylation and
degradation of the nuclear factor of activated T-cells (NFAT)
through ubiquitin ligase MDM2 [269], the downregulation of Akt
signaling could also promote metastasis by enhancing the
transcriptional activity of NFAT [269].

Once synthesized within the cancer cells, LCN2 is released into
the extracellular matrix where it forms LCN2-catecholate-Fe3+

(LCF) complex. Moreover, the LCF complex enters the cancer
cells through the LCN2 receptors, increasing the intracellular iron
concentration. It is important to mention here that the hydroxy
groups of catechol reduce the iron ions from ferric to ferrous state
in the absence of LCN2. This could further precipitate into the
generation of ROS that could be detrimental for the survival of the
cancer cells. Since LCN2 binds with catechol through
O-sulfonation or O-hydroxylation, it prevents the reduction of
iron ions into the ferrous state [270]. Thereby it blocks the
generation of ROS, a change that prevents the anchorage free
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cancer cells from the caspase-independent ROS mediated cell
death mechanisms [271]. Additionally, the increase in cytosolic
iron level inactivates the pro-apoptotic Bcl-2-like protein 11
(BIM) [272]. The increase in intracellular iron stores in breast
cancer cells has resulted into a hepcidin mediated degradation of
ferroportin, attenuating iron efflux and promoting cancer cell
survival and proliferation [273].

Uridine
Uridine is a nucleoside involved in many physiological functions
such as the homeostatic regulation of body temperature, glycogen
storage and energy balance, however its physiological role has not
gained that much attention of the research community as
compared to adenosine. It is synthesized in hepatocytes and
adipocytes where the adipocytes are the major source of
uridine synthesis under fasting conditions [274]. Plasma
uridine levels increase during fasting that attenuate body
metabolism through hypothalamic pathways, thus reducing the
body temperature [274]. Contrarily, a meal induces the secretion
of bile into the small intestine, resulting into the biliary clearance
of uridine which precipitates into a postprandial decline in
plasma uridine levels. Interestingly, such postprandial decrease
in plasma uridine levels is not seen in obese individuals. The
results from a recent study has shown a postprandial increase in
plasma uridine levels in obese individuals [275]. Since the plasma
levels of uridine are increased in obesity, we will now focus on the
possible role of uridine and its salvage pathway in supporting/
promoting cancer cells.

Till date, no specific receptors for uridine have been identified.
However, most of its physiological functions are conferred
through G protein coupled purine receptors such as P2Y2,
P2Y4, P2Y6 and P2Y14. The mentioned purine receptors,
especially P2Y2 and P2Y6 play a significant role in
tumorigenesis and metastasis [276,277]. UDP released by the
doxorubicin treated breast cancer cells, upregulates the
expression as well as the enzymatic effect of MMP9 via P2Y6
mediated activation of MAPK and NF-κB signaling [278]. Such
UDP-induced effect of MMP9 was found to promote metastasis
of breast cancer cells in both the in vitro and in vivo models of
breast cancer.

The overexpression of two important enzymes of uridine
salvage pathway i.e., uridine phosphorylase and uridine-
cytidine kinase in different malignancies such as oral
squamous cell carcinoma [279], breast [280], thyroid [281]
and lung cancers [282] is considered as an indicator of nodal
metastasis and poor prognosis. Guan and coworkers [281] have
investigated the involvement of uridine phosphorylase on the
proliferation and metastasis of the thyroid carcinoma cells. The
inhibition of uridine phosphorylase expression resulted into a
significant decline in proliferation, invasion and metastasis of
cancer cells. Their findings suggested a possible involvement of
uridine phosphorylase in the regulation of EMT, however, a
further investigation is required to validate this postulation.

Uric Acid
The biosynthesis of uric acid (UA) from xanthine, during the
adenine and guanine degradation, takes place in skeletal muscles,

liver, and adipocytes. A number of clinical studies have confirmed
a positive correlation between serum UA levels and obesity
[283–285]. While evaluating the correlation between cancer
and hyperuricemia, one must consider the fact that the higher
serum UA levels in cancer patients could be consequent to the
cancer itself. The extracellular release of UA that is secondary to
the cancer-associated cell necrosis may account for
hyperuricemia in cancer patients. However, the findings of
several prospective studies have confirmed a significantly
higher occurrence of cancer in individuals with higher serum
UA levels, proposing hyperuricemia as a potential risk factor for
developing cancer [286–288]. A serum UA level above 358 µM
was reported as the prospective risk factor in harboring prostate
cancers [289]. Moreover, the survival rate of cancer patients with
higher serumUA levels is reported as a potential indicator of poor
prognosis and diminished survival rate in a number of
malignancies such as renal [290], colorectal [291] gastric
cancers [292] and osteosarcoma [293]. Now we focus on the
possible underlying mechanism that could be attributed to the
cancer-supportive nature of UA.

UA exhibits a dual redox behavior with its potential anti-
oxidant effect in the extracellular fluid [294] and an oxidant
nature in the intracellular environment [295,296]. It activates
NADPHmediated oxidative stress in a number of cells such as the
adipocytes [297], endothelial cells [298], vascular smoothmuscles
cells [299], proximal tubular cells [300] and hepatocytes [301]. It
is important to mention here that the generation of reactive
oxygen species (ROS) during the intracellular oxidative stress is
one of the non-apoptotic cell-death mechanisms that has been
observed in the extracellular matrix-detached cells [271]. The
cancer cells neutralize ROS by upgrading Nrf2 expression to
survive and metastasize [302]. By activating NADPH oxidase
(NOX) activity, UA induces oxidative stress that might be
oppressive for cancer cell survival and metastasis. Moreover,
UA was initially hypothesized as a potential anti-cancer agent
amid its remarkable extracellular antioxidant properties [303].
However, the extensive research in the following years presented
an entirely different picture where UA appeared to be associated
with higher cancer risk, poor prognosis and aggressive metastasis
as discussed above.

An elevated level of xanthine oxidoreductase (XOR) helps
depleting the intracellular xanthine and hypoxanthine levels by
converting these metabolites into UA along with ROS generation.
A higher expression of XOR is hence believed to suppress
tumorigenesis as it boosts the degradation of purines, thus
making them unavailable for nucleic acid synthesis. That is
why, a downregulation of XOR is reported in a number of
aggressive malignancies [304–306]. By downregulating XOR,
the cancer cells maintain a pool of purines that are utilized
into the replication of genetic material in these rapidly
dividing cells. The circulating UA enters the cells through
special transporter proteins such as urate transporter 1 (Urat1)
and glucose transporter 9 (GLUT9). As the intracellular UA levels
rise, the activity of XOR is attenuated. The decline in XOR activity
precipitates into a higher intracellular purine level that helps the
cancer cells to proliferate at a higher rate. Further, hyperuricemia
may downregulate the expression of adiponectin via attenuating
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peroxisome proliferator-activated receptor gamma (PPARγ) in
adipocytes [307]. Being a potential inhibitor of cell proliferation,
adiponectin serves as an endogenous anticancer marker and its
downregulation by UAmay facilitate proliferation and metastasis
of cancer cells as discussed above. Moreover, the downregulation
of XOR in cancer cells is associated with an increased expression
of two important factors, the inhibitor of differentiation 1 (ID1)
and cyclooxygenase 2 (COX-2) [308,309]. Such upregulation of
ID1 and COX-2 is associated with higher migratory properties,
metabolic adaptations for survival in drastic conditions,
enhanced tumorigenic angiogenesis and metastasis [309–312].
Hence, the hyperuricemia may potentiate invasiveness and
metastasis in cancer cells by increasing the ID1 and COX-2
expression via XOR downregulation. Besides, a higher
expression of COX-2 and other inflammatory mediators may
turn into a hyperuricemia induced chronic inflammatory
condition which further promotes the survival and metastasis
of cancer cells [313,314].

Besides the downregulation of XOR, the activation of NOX in
cancer cells may also upregulate the expression of COX-2 [315].
Being an activator of NOX, UA may upregulate COX-2
expression by NOX pathway as well. Further, UA has been
recently reported to increase the expression of

proinflammatory cytokine TNF-α and toll like receptor 4
(TLR4) in macrophages [316]. It is important to mention here
that the activated tumor-associated macrophages may promote
cancer progression by upregulating COX-2 in cancer cells via IL-
1β auto amplification [315]. Such auto amplification of IL-1β is
found to involve NLRP3 inflammasome activation in cancer-
associated macrophages [317]. Once activated, these NLRP3
inflammasomes may drastically promote cancer angiogenesis,
endothelial cell proliferation, and immunosuppressive cell
activation via releasing IL-1β and IL-18 [318,319].
Importantly, UA is reported to contribute in hepatic steatosis
by activating NLRP3 inflammasomes in hepatocytes [296].
Thenceforth, it can be anticipated that UA may exhibit similar
kind of inflammasome activation in cancer-associated immune
cells to spur tumor invasion and metastasis. Further experiments
are required however to attest such claim.

CONCLUSION

The correlation between obesity and cancer is well-established.
However, the obesity mediators contribute to the tumor growth
and metastasis via extensive cell signaling pathways that requires

FIGURE 4 |Mediation of different cell signaling pathways by adipokines in cancer cell. Abbreviations: Akt protein kinase B; ANG angiopoietin; ANGPL angiopoietin
like protein; CMKLR chemerin like receptor; ERK extracellular-signal-related kinase; GSK3 glycogen synthase kinase 3; HNF hepatic nuclear factor; LCN2 lipocalin 2;
LKB liver kinase B; LRP low intensity lipoprotein receptor related protein; :LTF lactotransferrin; MDM2 mouse double minute 2 homolog; MMP matrix metalloproteinase;
NFAT nuclear factor of activated T cells; NF-κB nuclear factor kappa B; PIP2 phosphatidylinositol 4,5-bisphosphate; PIP3 phosphatidylinositol 3,4,5-triphosphate;
PTEN phosphatase and tensin homolog; RHEB Ras homolog enriched in brain; SOCS3 suppressor of cytokine signaling 3; STAT3 signal transducer and activator of
transcription 3; TSC tuberous sclerosis complex; VEGF vascular endothelial growth factor; XOR xanthine oxidoreductase.
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a comprehensive review. A general conclusion of the above
discussion is concisely presented in Figure 4. The adipokines
regulate the proliferation and metastasis of cancer cells through
complicated and interrelated pathways. Despite of their well-
documented role in the disease progression, the underlying
mechanisms exploited by these adipokines remain largely
skeptical. For some of the adipokines, such as Ang 1,
chemerin and LCN2, the consideration of their role as an
anti-cancer or pro-cancer stands debatable because of their
dubious role in activating both the cancer suppressive and
cancer promoting signaling (please see the supplementary
material). Moreover, a given adipokine may provoke
proliferation and metastasis in one type of disease and may
impede cancer progression in another type of cancer [209]. A
number of adipokines potentiate the belligerence of the disease by
promoting cell proliferation, metastasis and abating the immune
checkpoints. These cytokines include leptin, resistin and
ANGLPs. Contrarily, omentin and adiponectin exhibit an
inhibitory effect on cancer cells by impeding cell proliferation,
metastasis and inducing apoptosis. Such protective role of these
anti-cancer adipokines is attested by the fact that the expression
of these mediators is downregulated in aggressive cancers. Most
of the adipokines promote the spread of cancer cells via
upregulating the angiogenic as well as the EMT markers.
Some of these markers exhibit strong immunosuppressive
effect that helps the cancer cells to escape the immune
checkpoints. It is important to mention that the scarcity of
either of the three major external factors i.e., the nutrients,
growth factors and growing space stops the entry of a cell into
the cell cycle at the late G1 phase. This is the major regulatory
check point that keeps the normal cells in quiescence under the
unfavorable drastic conditions. Contrarily, the cancer cells escape
this checkpoint to survive under the extremely harsh conditions.
The adipokines provoke such tumorigenic transition by
upregulating the expression of Myc, hTERT, E2F1, CycD and
other proliferative genes. The adipokine mediated tumorigenic
shift of the cellular microenvironment greatly affects the survival
rate, remission and therapeutic success. Since the adipokine levels
greatly vary among individuals, a consideration of patient

adipokine profile should not be ignored while predicting the
overall disease progression.
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