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Adipose tissue is recognized as an active endocrine organ secreting bioactive adipokines
(leptin and adiponectin) which regulate physiological and pathological processes, such as

appetite, insulin sensitivity and resistance, inflammation, immunity, hematopoiesis, and
angiogenesis. Leptin is widely considered as adipocyte-inferred hormone that through
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various receptors inside hypothalamus can control nourishing conducts. It has stimulatory
role in cancers like breast cancer, lungs cancer, colorectal cancer, uterine cancer, thyroid
cancer, and pancreatic cancer by increasing proliferation, migration potential, angiogenesis
and invasion as well as decreasing apoptosis. Leptin, on the other hand, has inhibitory role
in cancers by activation of NK (natural Killer) cells and autoimmune response. The aim of
this systematic review is to evaluate and report the potential importance of leptin in cancer
pathogenesis (directly) and via various associated diseases (indirectly).

Introduction

Leptin has been referred to one of the satiety hormones.
Leptin is a peptide hormone contains 167 amino acids, 16kDa
protein encoded by LEP qualities that delivered by adipocytes
and has part in keeping up vitality adjust. It is a protein hormone
that expressions in the hypothalamus decline the adiposity. It is
different in their activity that is the reason additionally called as
pleiotropic hormone [1]. It assumes imperative part in both natural
resistance and versatile invulnerability. Leptin-lacking individuals
have weakened insusceptibility. It influences cytotoxicity of NKs;
now and again it has cytotoxicity-decreasing impact and in some
cases, it improves the cytotoxicity [2]. Several studies on cancer
incidence link the predisposition to develop certain types of
cancers (e.g. colon, thyroid, esophagus, pancreatic, endometrial,
and postmenopausal breast cancer) with an individual’s excess
body mass/obesity [2]. Leptin is widely studied factor both in
general metabolism and in obesity related cancers [3]. Leptin may
balance diverse components in a few frameworks, for example,
actuating or hindering the progressing steps of the disorders, and
the learning of the relationship amongst obesity and cancer makes
leptin an examination focus for different sorts of cancers [4].

Leptin, a cytokine that is hoisted in obese people, and cancer
progression [5]. While the effect of overabundance body weight,
the connection amongst obesity and carcinogenesis is simply being

perceived. The component of fat tissue-actuated growth is not
known, but rather a few conceivable situations can be imagined. On
account of hormone-dependent neoplasms such as breast cancer;
increased production of growth factor and secretion of estrogenic
compounds, insulin/IGF pathways, angiogenic stimulators by
excess fat tissue could subsidize to tumor growth and metastasis
[6]. Our aim is to identify and review those studies that have
been investigated the role of leptin in different malignancies/
cancers. Currently a lot of work is being done on leptin because it is
involved in multiple complex disorders; a thorough understanding
of its pathways can provide opportunities to diagnose and treat
disorders. Several signaling pathways then can act as therapeutic
targets to cure diseases i.e. cancer. The following questions were
addressed in this study:

a)  What's the reason leptin is considered so important?

b) What's the role of leptin in cancer? (Stimulatory/
Inhibitory)

c¢) How leptin is involved in regulation of apoptosis through
natural killer cells?

d) What can be done to treat cancer by manipulating leptin

signaling pathways?
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Our 2nd aim was to use our evaluation for making suggestions
for future research to synthesize some chemicals that can act
through inhibiting the leptin signaling pathways to cure cancer. In
case of cancer leptin level is high so we have to develop strategies
to bring this down to normal level; which hopefully will help to
prevent cancer by influence action of leptin on cell growth.

Material and Method

Literature Search Strategy

Original research concentrates the analyzing the relationship
amongst leptin and malignancy through literature seek in three
electronic databases Google scholar, PubMed and Research
gate (since 2000). The writing pursuit was performed during
April (2018) by six inquirers. Exploration incorporate a blend of
keywords significant to our concerned theme “leptin and cancer”
These electronic pursuits were extended by a manual find of
reference segments in article distinguished by electronic inquiry
and other applicable sources.

Study Selection

All broad, peer-explored literature is incorporated and was
viewed as reasonable for consideration. The examination confirms

identifying with relationship of leptin with autoimmunity issue,

Leptin and Mechanism of Gene Expression
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cardiovascular maladies is a far from the point of our study.

Data Extraction

Material withdrawal was conducted utilizing systematize
format made for the review and each article was assessed by
two analysts. The information uprooting was affirmed for its
intactness and validity by analyst. The accompanying information
was separated: Leptin, impacts of leptin, hormonal secretion and
immunity, finding on association of leptin with various cancer, role

of angiogenesis and treatment of cancer.

Data Synthesis

Information was sorted out as indicated by type of cancer that
is regulated by leptin. Where investigation set forth outcomes
about different sorts of cancer related with leptin, information was
incorporated in all related portions. In the event that exclusive a
predetermined number of studies (<3contemplates) exhibited
information for particular kind of disorders (cancers) information
were not narratively incorporated as no conclusion can be drawn.
These incorporate information about Leptin effect on immunity,
regulation of cancer by leptin, angiogenesis and leptin, stimulation
of breast, ovary and colorectal cancer, inhibition of Pancreatic
cancer and treatment of cancer through leptin.
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Figure 1: Adipokines by means of their surface receptors start real flagging center points including Janus kinase (JAK)/
flag transducer and activator of translation (STAT), mitogen activated protein kinase/ extracellular signal regulated kinase
[MAP/ERK], AMP kinase, and phosphotidyl inositol 3kinase/ protein kinase B [PI3K/ AKT]. These flagging pathways then
prompt [8] initiatiation of translation that manage digestion, cell expansion, survival, movement, angiogenesis, and tumor

microenvironment.
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Leptin is released by fat tissue and directs vitality homeostasis,
glucose and lipid digestion, resistant capacity, and different frame-
works. Leptin via its particular receptor actuates different intracel-
lular flagging pathway [7]. It actuates standard transduction path-
ways that assume a key part in cell development. Adipokines can
actuate real flagging systems like JAK/STAT, mitogen activated pro-
tein kinase/extracellular signal regulated kinase [MAP/ERK], ade-
nosine monophosphate [AMP]kinase and phosphatidylinositol 3 ki-
nase/protein kinase B [PI3K/AKT]. All these flagging pathways are
included in quality interpretation that directs cell survival, cell ex-
pansion, relocation, intrusiveness, angiogenesis and tumor micro-
environment [8]. Notably, nicotinamide phosphoribosyl transferase
[NAMPT] is alike to visfatin, yet here we elude to intracellular visfa-
tin as Nampt to mean its nicotinamide phosphoribosyl-transferase
enzymatic action. NAMPT also known as pre-B-cell colony-enhanc-
ing factor 1 (PBEF1) or visfatin is an enzyme that in humans is en-
coded by the PBEF1 gene. This protein is the rate-limiting enzyme
in the salvage pathway [9]. NAMPT has also been reported to be a
cytokine PBEF that promotes B cell maturation and inhibits neu-
trophil apoptosis [10]. Diagrammatic illustration of intracellular

signaling pathway by leptin is as shown in Figure 1.

Role of Leptin in Cancer

Disease propagation is a multistep procedure including
different strides, for example, start of tumor, essential tumor
development, intrusion, and metastatic movement which includes
complex connection with different stromal parts including
endothelial cells, insusceptible cells, fibroblasts, and adipocytes
[11]. Leptin bind to its receptor Ob-R, a product of the Ob gene,
to apply its impact [12]. Leptin and its receptors both are missing
in ordinary epithelial breast tissue however over-expressed in
cancer particularly in breast malignant cell and, represent a poor
prognostic factor, related to the presence of remote metastasis
and short survival [12-14]. Through an autocrine mechanism
leptin is mainly concerned in incitement of estrogen dependent
breast cancer [15,16]. Leptin diminishes the viability of breast
cancers remedies by inciting cell development, transformation and
survival [5,12,17]. Stimulus for the increase and survival of cancer
cells is sirtuin dependent NAD dependent deacetylase 1[SIRT1], a
downstream target of leptin [18, 19]. SIRT1 is over-expressed in
cancer such as prostate, breast and gastric cancer and in lymphoma
and sarcomas [20-22]. Leptin intervenes epithelial-mesenchymal
transition in numerous tumors, for example, lung, breast, and colon
cancer [23,24]. Down-regulation of the apoptotic reaction [25, 26]
and upregulation of cell cycle is due to the pro-carcinogenic impact
ofleptin [27, 28]. PI3K/AKT pathway has a vital part in oncogenesis
in different tumors like colorectal cancer, hepatocellular cancer and
endometrial cancer [29]. AKT has a vital part in growth cell survival
by advancing glycolysis and keeping up mitochondrial film potential
[30]. Leptin and its receptor in carcinogenesis has been expounded.
X linked inhibiter of apoptosis protein [XIAP]in an individual from

anti-apoptotic proteins and is a physiological substrate of AKT.

Increased levels of XIAP are related with expanded tumor cell

survival because of diminished apoptosis [31].

Role of Adiponectin in Cancer

Adiponectin is created exclusively by fat tissue, is copiously
present in the plasma, and is conversely identified with the level
of adiposity [32]. It implies its fixation in the serum is diminished
in weight. A low serum level of adiponectin is related with an
expanded danger of different sorts of malignancies [33], for
example gastric [34], breast [35-37], prostate [38, 39], endometrial
cancer [40-42], renal cell carcinoma [43], and leukemia [44, 45],
and additionally colorectal tumor it indicates cancer patient have
smaller adiponectin level [46]. It actuates AMP-activated protein
kinase (AMPK), fortifies unsaturated fat oxidation, enhances
insulin affectability and glucose digestion [47], goes about as a
direct endogenous inhibitor of inflammation and angiogenesis, and
diminishes tumor intrusiveness [48-50].

Role of Leptin in Cancer Through Angiogenesis: Biological
mechanism for synthesis of new growing blood vessels from
preexisting ones is known as Angiogenesis. various type of
pathological and physiological conditions most commonly healings
of wound, development of tumor, menstrual cycles, cardiovascular
diseases, glands of placentaand mammary growth during pregnancy,
retinopathies, and atherosclerosis are the important role of
angiogenesis [51]. Tumor tissues required oxygen and nutrients for
rapidly growing, so in order to supply nutrient angiogenesis (major
factor of caner spread) is stimulated. So, the outburst of tumor cells
reflect the expression of angiogenic factors [52]. Leptin become
the cause of over expression of vascular endothelial growth factor
(VEGF) that ultimately promote the growth of mammary atumor
[53]. Leptin act as angiogenesis inducer that lead to formation of 3D
capillary like tubes, vascular endothelial growth factor (VEGF) also
lead this. VEGF165 is supported by leptin considered as a major
proangiogenic factor just like endothelial growth factor [54]. The
appearance of the VEGF family in tumor cells and nearby stroma
is depend upon growth factors like cytokines, once VEGF family
appear it involved in neovascularization [55]. Neovascularization
(tumor angiogenesis) consist of 4 steps. First, the tissue of
basement membrane is damaged, that leads to current devastation
and hypoxia. Second, endothelial cells migrate that are activated by
angiogenic factors (VEGF).

Third is proliferation and stabilization of endothelial cells.
Fourth,angiogenicprocessiscontinuouslyregulated by angiogenesis
regulating factors [52]. Tumor cells produce VEGF and secreted
it in extracellular space that produce new blood vessels upon
which tumor cells depends for feeding and growing. Tumor cells
upon confrontation endothelial cells, bind to specific receptor on
membrane of endothelial cell. Upon binding of VEGF to its respective
receptor it activates co-stimulatory proteins that are responsible
for transmitting signal in nucleus ultimately synthesized product
by modifying genes, those products required for new endothelial
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cell growth [56]. Meanwhile, leptin induced angiogenesis indirectly
by selection of matrix metalloproteinase 2 (MMP 2) [57] metallo-
proteinases (MMPs) produced by VEGF induced activation of
endothelial cells. The MMPs cleave the extracellular matrix that
ample the gap between cells and is composed of polysaccharides
and protein. This matrix allows the passage of endothelial cells
as well as uncontrolled division and migration into surrounding
cells. These large number of endothelial cells of organized in the
form of hollow tubes that under the effect of adhesion factor like

integrin o or B evolve gradually into a mature network of blood
vessels [56]. The existence of isoform (short and long) receptors
of the leptin hormone appear on the surface of endometrial cancer
cells can ultimately increase the growth of endometrial cancer
and it proliferate through JAK/STAT and AKT mechanism in a
matrigel invasion assay [58]. The mechanism through which leptin
promote angiogenesis in pathological and physiological conditions
as demonstrated in figure [59]. Angiogenesis causes these cancers
through VEGF pathway activated by leptin [52] (Figure 2).
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Figure 2: Leptin secreted by adipocytes increase VEGF, that cause vascular permeability that lead to angiogenesis through
vascular fenestration, leptin binds to it receptor and increase that again increase cytokines that lead to angiogenesis.

Role of Leptin in Breast Cancer: The danger of the breast
cancer in women increase in postmenopausal and decrease in pre-
menopausal which is associated with the body mass index (BM],
weight/height2)[60].The percentage and amount of adipose tissue
is reflected by the circulating level of leptin hormone, with a cor-
relation coefficient around 0.8 between serum leptin and various
measurement of the body fats. Its level decreases in decreasing
adipose tissues and the level of physical activity is inversely to the
circulating level of leptin during the weight loss [61]. The levels of
leptin are related to nutritional status and delivers information’s
about the size of energy stores to brain [62]. Adipokines (leptin,
adiponectin, and hepatocyte growth factor [HGF]) interact with

pre-neoplastic or cancerous breast epithelium in case of obesity
and breast cancer with circulate in plasma. Endocrine, paracrine
and autocrine mediated relationship caused by leptin and cellular
microenvironment which support the growth of tumor via leptin
and estrogen receptor activation. Figure 3 A paracrine relationship
exists between nearby tumor cells and HGF-synthesizing adipocytes
to stimulate the growth. Adiponectin has direct inhibitory effect on
growth of tumor cells and leptin secreted from the surroundings
of breast cells block and inhibits inflammatory cytokines (tumor
necrosis factor o and interleukin-1B[TNF-a and IL-1]) which pro-
duces macrophages. HGE, hepatocyte growth factor; TNF-a, tumor
necrosis factor-a; IL-1, interleukin-1f; Ma, macrophage [63-65].
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Figure 3: Involvement of leptin in different cancers through angiogenesis process.
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Role of Leptin in Colon Cancer: The elevated level of serum
leptin, adipocytes -derives hormone and insulin in obesity cause
colorectal cancer [2, 60]. Its receptors are present in human colon
cell lines, polp and adjacent mucosa. It causes the proliferation,
invasiveness and increased serum leptin of colonic cells. Leptin also
initiates the angiogenesis which cases proliferation, tumor growth
and metaastasis. It is a link between colon cancer risk and obesity
and also cause tumor genesis in colon cancer [66,67]. Western-

style diet leads to increase adiposity and changes in the microbiota
to adapt to the increased energy supply. Adipokines such as
leptin and adiponectin could allow to establishment of tumor
microenvironment Figure 4. In obese subject, hyperlipidemia
and insulin resistance lead to low-grade systemic inflammation,
which promotes proliferation of tumor cells and angiogenesis and
reduced apoptosis process. These mechanisms are likely to vary

among subject and little is known about their interaction [68].
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Figure 4: leptin is secreted by adipokines which involve in tumor growth in breast epithelium, which have relation endocrine

and autocrine via between leptin and estrogen.

Role of Leptin in Thyroid Cancer: Thyroid malignancy is the
most well-known endocrine tumor. Expanded articulation of leptin
and its receptor in papillary thyroid tumor has been demonstrated.
This hormone presumably through its receptor and enactment of
the PI3K/AKT pathway assumes a vital part in papillary thyroid

Leptin receptor L

tumor pathogenesis [69]. [t additionally appears that the oncogenic
impacts of leptin on papillary thyroid carcinoma cells are identified
with the invigorating cell multiplication and inhibit apoptosis [70].
Pathway has been illustrated in figure 5 [31].
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Figure 5: Leptin/Ob-Rb restricting outcomes in insulin receptor substrate (IRS) phosphorylation, which thusly activates PI3K/
AKT pathway through the relationship of IRS with the administrative subunit p85 of AKT. Actuated AKT thusly phosphorylates
XIAP (an individual from antiapoptotic proteins) hence inhibiting its degradation, which prompts diminished caspase-3 action
and diminished apoptosis.
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Role of Leptin In Pancreatic Cancer: Pancreatic cancer (PC)
is the fourth major case of cancer death in Western countries [71].
Among 80% of all pancreatic cancer, the most important malig-
nancy is pancreatic adenocarcinoma [71,72]. The several bioactive
adipokines recognize active endocrine organs by adiopose tissue
which carryout many pathological and physiological processes like
insulin resistance and sensitivity, appetite, immunity, hematopoi-
esis and angiogenesis. Leptin and adiponectin are two important
adipokines [73, 74]. The insulin resistance relates with low level of
leptin whereas insulin-sensitizing, anti-inflammatory and anti-ath-
erogenic adipokines relates with low level of adiponectin have pro-
tective role in malignancies of several types [75]. Leptin promotes
vascularization, proliferation, migration and invasion of tumor

cells. Obesity promotes pancreatic carcinogenesis and increase

leptin concentration [76]. Obesity also changes other adipokines
and growth factor, fatty infiltration of pancreas, high leptin level in
pancreatic tissues, 2-folds higher serum leptin concentration and
noticeable increase in number of pancreatic tumors (Figure 5). Se-
rum leptin is more sensitive marker for intra-abdominal or visceral
adiposity which relates with body mass index [77].

Leptin and Natural Killer: Innate and adaptive immunity both
are regulated by leptin. It increases Th17 proliferation, cytokine
generation and granulocyte chemotaxis Figure 6. Higher level of
leptin restrain separation of CD4+T cell into administrative T cell
and NK cell show weakened cytotoxicity under similar condition
[79]. Reduced production of it decreased lymphocyte proliferation,

decreased macrophage phagocytic activity (defective immune
response) [80, 81].
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Figure 6: Increase level of leptin and decrease level of adiponectin in pancreatic cancer cause B-lymphocyte dysregulation and

accelerate cancer.

Leptin Regulates Apoptosis Through Natural Killer Cell:
Typical level of leptin upgrades release of perforin, granzyme B, Fas
ligand [Fas-L], interferon gamma andtumor-necrosis-factor-related
apoptosis-inducing ligand [TRAIL] (effectors required in cytotoxic
action) from NK. These expand activity of NK to slaughter cytotoxic
cell. However, long time and higher level of leptin increases the
level of TRAIL and IFN-y, above the normal, and reduced the level
of all other effectors. The expanded articulation of TRAIL and IFN-y
upgrades the cytotoxic action against typical cells and decreases the
cytotoxic action against target cell [79]. NK cells show decreased
surface TRAIL, a marker of degranulation, a cytolysis ligand, and
CD107 and NK action [82]. An expanded articulation of perforin,
TRAIL and IFN-y express on NK cell, on administration of leptin to
NK cell that enhance cytotoxic activity [82-84].

Diminished IFN-y generation and cytotoxity against tumor cell
occur on incubation of NK with leptin for longer time and higher
concentration for example incubation in 10ng/ml for 3-4 day or
100ng/ml for 1-2 day [83-85] It means typical level of leptin is
needed for NK effector system, with brief increment in leptin NK
activity increase, but long term administration suppress NK activity
[79]. The cells that are resistant against TRAIL and Fas-L require
other mechanism for their lysis i-e using receptor of NK cell such
as NKp30, NKp46 and NKG2D. These receptors are regulated by
leptin. Blocking of these receptors decreases the cytotoxic activity
[84]. In cancer patient NK cell lose their ability to kill cancer cell. To
overcome this problem or for killing the cancer cell, there is a need
to activate the NK and its function. Level of leptin increased during
cancer. Leptin can be used to regulate the NK activity as shown in
Table 1.
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Table 1: Regulation of natural killer cells through leptin, Normal leptin level regulates natural killer cells” activity that inovolved in
treatment of cancer naturally. However, by increasing leptin level, NK cells hyper-regulate and through different mechanism became

toxic to normal cells instead of cancerous cells.

. Secretions of . . Mechanism Through Which NK Involve in
Leptin Level Natural Killer Regulation of Effectors by Leptin CancerTherapy References
Granule exocytosis pathway:
Perforin . . .
Administration of leptin to NK cell When NK cell interacts with cancer cell, cytotoxic
increases expression of perforin granules (perforin and granzyme) release from
and granzyme and its cytotoxic NK cell. Perforin interacts with cell membrane
G action. and forms a pore on the surface of target cell for
ranzyme the entry of granzyme. This granzyme activates
apoptosis of cancer cell.
FAS-L Death receptor pathway:
Normal level . [82-84,86]
o . . Receptor of FAS and TRAIL (tumor-necrosis-factor-
Ad.mmlstratlon ofleptm to NK related apoptosis-inducing ligand) is present on
cell increases expression of FAS-L, cancer cell it binds with ligand of FAS and TRAIL
TRAIL TRAIL and its cytotoxic action (present on the surface of NK cell). On interaction
it forms a complex to activate NK cell and to release
signal that mediate apoptosis of cancer cell.
.Admmlstranon ofleptm to NK cell IFNy activates T-cell and mediates apoptosis
IFNy increases production of IL-2 and IL- through Jak and STAT signalin
15 that enhance release of IFNy g & &
High level of leptin for Admmlstratlon of.leptm to Nicell High level of TRAIL and IFNy shows toxic effect
. increases production of TRAIL and . . [79]
long time against normal cell instead of cancer cell.
IFNy above the normal level
High or low level of Incubation of NK in leptin 100ng/ s . . .
leptin for short or long ml for 1-2 day or 10ng/ml for 3-4 Diminished IFN-y generation and cytotoxity against [83-85]
. . tumor cell.
time respectively day.

Leptin Manipulation to Treat Cancer

A number of methods have been devised to bring leptin levels
down, which might be helpful for cancer patients who have elevated
levels of leptin [87]. An interesting way to interfere leptin signaling is
to increase adiponectin, another adipocytokine which is negatively
related to obesity. Adiponectin has effective insulin-sensitization,
anti-inflammatory and atherogenic. Adiponectin levels are low in
obesity and diseases associated with it. Previous researches have
clearly shown the relevance of adiponectin with treatments, which
forms a basis to use adiponectin to suppress the cancerous effects
of leptin. An efficient strategy to increase adiponectin is the use of
Thiozolidinediones (TZDs). TZDs are known to enhance adiponectin
which inhibits the growth and invasion of cell which is induced by
leptin elevated levels [33, 88]. Metformin is a biologically active
compound which inhibits the growth of cell by inducing AMPK
signaling [89]. Benzyl isothiocayanite is also involved in inhibition
of leptin signalling and its consequences on cell growth.

Benzyl isothiocyanate inhibits oncogenic actions of leptin
in human breast cancer cells by suppressing activation of signal
transducer and activator of transcription 3 [90]. Exercise and
weight loose is also associated with elevated levels of adiponectin
which is helpful in reducing cancer risk [91]. Effects of energy
restriction and wheel running on mammary carcinogenesis and

host systemic factors in a rat model [92]. In short, there are many

ways to enhance adiponectin which effectively inhibit leptin. In
metastasis there is over production of leptin and leptin receptors,
high circulating levels of leptin are lowered down by addition of
soluble leptin receptors. Leptin signaling pathways can be inhibited
by using antagonists for leptin receptors. Another effective way is
to develop nanobodies that specifically target the leptin receptor
[87,93]. Some leptin antagonists are the peptides having similar
sequences to leptin i-e LPA-2 and LP-1, they show leptin inhibiting
activities [94,95].

Conclusion

There is a consistent confirmation that leptin is related with
immunity, cause cancer and other autoimmune diseases. High level
of leptin expands articulation of anti-apoptotic proteins, TNF-a
and angiogenic factor which promotes cancer cell survival and
proliferation. Tumor cells produce the hormone i.e. leptin, this can
turn into an objective for medication that reduced leptin level might
be prove beneficial in the treatment of cancer. To beat expanding
challenges there isaneed to determine appropriate and inexpensive
method for the treatment of cancer. Development of plenty of agent
is important to modulate leptin signaling so it can be used in cancer
therapy. Future research ought to concentrate on the strategies of
identifying best neutraceutical that can bring the level of leptin
at normal. More noteworthy comprehension of the connection
between leptin and NK could enhance clinical administration and
therapeutic options for patients that are suffering from cancer.
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