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Abstract

Leptin, a pleiotropic hormone is produced by adipose tissues and plays a critical role in various biological functions.
Leptin mediates its function through interaction with specific receptors. The leptin-receptor interaction modulates
activation of a number of signaling pathways, such as JAK-STAT, PI3-Kinase-AKT and MAP kinases. Recently, deregulated
leptin-mediated signaling has been shown in many cancers including ovarian cancer. A number of studies have shown
a link between obesity and carcinogenesis of different cancers via leptin deregulated signaling pathways. In this review,
we highlighted the role of deregulated leptin receptor-mediated signaling in the etiology of ovarian cancer.
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Background

Leptin, a 16-kda protein product of obesity (Ob) gene, has
a wide-range of biological functions. Leptin regulates diet
intake, formation of bone, reproductive function, and
angiogenesis. Leptin is mainly synthesized in white adi-
pose tissues in proportion to triglyceride stores, and serves
as an indicator for long-term energy status [1]. However,
the ubiquitous presence of leptin receptors in different tis-
sues strongly indicates its multiple roles in human physi-
ology [2—4]. Leptin exists in circulating and bound forms.
The circulating level of leptin is increased in obesity and is
directly associated with the total body fat mass [5, 6]. Lep-
tin is capable of mediating a large number of biological
functions in a large spectrum of tissues and cell types [7,
8]. In obese patients, the level of leptin is significantly in-
creased and is positively linked to body fat mass [9, 10].
Many cancers and cancer cell lines showed overexpression
of leptin and leptin receptor [11] which has been linked to
the pathogenesis of many solid tumors including ovarian
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cancer [12—17]. However, the evidence linking obesity and
ovarian cancer remains greatly controversial [18].

Leptin receptors

Leptin receptor (Ob-R) belongs to class I cytokine receptor
group encoded by Ob and is expressed in a broad spectrum
of tissues [19-21]. There are six alternate spliced Ob-R
(Fig. 1) isoforms with different length of cytoplasmic do-
mains, denoted as Ob-Ra, Ob-Rb, Ob-Rc, Ob-Rd, Ob-Re,
and ODb-Rf [20, 22]. Only Ob-Rb is capable of transducing
signals into the cell through its cytoplasmic region. The
cytoplasmic region of Ob-R is made up of various motifs
necessary for signaling functions of leptin. The role of other
Ob-R isoforms remain to be elucidated. As shown in Fig. 2,
the extracellular domain of Ob-R contains various struc-
tural domains including an N-terminal cytokine, receptor
homology domain (CRH-1); an immunoglobulin-like (Ig)
domain; a second CRH domain (CRH-2), also known as
the leptin-binding domain (LBD); and two Fibronectin type
III (FNIII) domains [23]. Ob-Rb is found to be defective in
C57Bl/Ks db/db mice [24, 25]. An identical phenotype is
also observed in mice having null mutations of the leptin
receptor or leptin itself [24, 25]. These studies show the
crucial role of Ob-Rb isoform in leptin-mediated signaling
in mammalian cells. Moreover, Obesity-associated diabetes
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has been reported due to genetic deficiency in leptin or
leptin receptor Ob-R genes.

Leptin-mediated signaling

Leptin regulates various signaling pathways in many
human cancers (Fig. 3). The main pathways governed by
leptin are; JAK2/STAT3 (Janus kinases/ transducer and
activator of transcription3), IRS1/2-PI3K/AKT (Insulin re-
ceptor substrate/ phosphatidylinositol 3-Kinase/Protein
kinase B), SHP2/ERK (Src Homology Phosphatase 2/
Extracellular Signal-Related Kinase), and COX-2 (Cyclo-
oxygenase) [19, 26—28]. The following section summarizes
the pathways involved in leptin signaling.

JAK2/STAT3 pathway

Leptin signaling is initiated by binding of leptin to its recep-
tor which results in the activation of JAKs, a family com-
prised of four members: JAK1, JAK2, JAK 3 and Tyk2.
JAKs are critical signaling pathways that participate in al-
most all cytokines and growth factor mediated biological
functions. JAK2 is the primary kinase which takes part in

leptin signaling. Tyrosine phosphorylation of Ob-Rb at Tyr
1138 by JAK2 leads its binding to STAT3, which is the
main transcription factor phosphorylated/activated by lep-
tin. However, other STAT proteins such as STAT1, STATS5,
and STAT6 have also been shown to be activated by leptin
[29-31]. Translocation of STAT3 to the nucleus is medi-
ated by homodimerization of phosphorylated STAT3. The
phosphorylated STAT3 binds to the promoter of many
genes and stimulates their transcription (Fig. 2). The JAK/
STAT-regulated genes play essential functions in growth
and proliferation of many cancer cells [29, 32, 33]. The
box1 motif of the intracellular domain of Ob-R is a critical
component for activation by JAK2. The boxl motif
contains a sequence found in all leptin receptor isoforms.
Interestingly, Ob-Rb is a unique receptor isoform in which
intracellular tyrosine residues are conserved and can acti-
vate a number of downstream signaling pathways [34, 35].
The Ob-Rb also has a cytokine box 2, which lacks the
ability to activate JAK2, however a sequence of 15 amino
acid which is present downstream of box 1 can activate
JAK2 [36, 37].
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Fig. 2 Schematic representation of functional leptin receptor (a long isoform of the leptin receptor, Ob-Rb)
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Fig. 3 Schematic representation of leptin-mediated signaling. Leptin binds to Ob-Rb and activates Janus-family tyrosine kinase 2 (JAK2) by
autophosphorylation. Activated JAK2 then phosphorylates the other tyrosine residues Tyr985, Tyr1077, and Tyr1138. These phosphorylated amino
acid residues act as sites for the binding of intracellular signaling molecules. Tyr1138 on Ob-Rb is crucial for STAT3 activation, which stimulates
SOCS3 expression as well as other genes expression are involved in cell proliferation. SOCS3 can negatively regulate leptin signaling via inhibiting
JAK2 activity in a feedback mechanism. JAK2 phosphorylation can lead to activation of PI3-Kinase /AKT pathway trough JAK2 as well as via insulin
substrate. The activated PI3-kinase/AKT regulates cell proliferation via modulation of antiapoptotic genes such as BcxL and XIAP. 173-estradiol, an
estrogen steroid, can reverse leptin-induced migration via PI3K-Akt pathway. Ob-Rb can also activate MAP-kinase and COX-2 signaling pathways.
Leptin-mediated increase of COX-2 expression is correlated with increased proliferation. Leptin induces EMT via PI3K/Akt/mTOR pathway, associated
with malignant transformation and peritoneal dissemination. Leptin binding also upregulates uPA, mediated by RhoA/ROCK pathway, inducing cancer
cell migration and invasiveness. PI3K/AKT and JAK/STAT pathways can also upregulate uPA expression. Leptin-induced migration/invasion via the
mentioned pathways maintains stem-like properties and mesenchymal phenotype, potentially explaining the poor survival outcome in obese women

PI3-kinase/AKT pathway

The association between Leptin/Ob-R and PI3K/AKT has
been found in many epithelial tumors [32, 33, 38—40].
PI3K/AKT pathway can be activated via both receptor tyro-
sine kinases and non-receptor tyrosine kinases [41]. Leptin
mainly acts through JAK/STAT but PI3K signaling pathway
has also been shown to participate in leptin generated
signals in many cell types [42]. Leptin via Ob-R and JAK2
kinases activates PI3K and AKT through docking protein
insulin substrate (IRS). Activated PI3K converts phos-
phatidylinositol 3-phosphate (PI) and phosphatidylinositol
4, 5-bisphosphate (PIP2) to phosphatidylinositol 3, 4,
5-trisphosphate (PIP3) in the plasma membrane. Pleckstrin
homology (PH) domain-containing proteins can bind to
PIP2 and PIP3 which leads to alterations in the conform-
ation of these proteins. AKT is one of the several proteins
that contains PH domain [43] and can be activated by PI3K
via PIP molecules resulting in its translocation to the cell
membrane. The threonine residue (T308) in AKT central
kinase domain binds to the phosphoinositide-dependent
protein kinase 1 (PDK1) and a C-terminal tail domain at a

serine residue (S473). For full activation of AKT, T308 and
S$473 amino acid residues are required to be phosphory-
lated. The PI3K/AKT pathway controls many signaling
cascades to regulate multiple cellular functions, such as cell
proliferation, apoptosis, and cell motility [43].

In vitro studies using epithelial ovarian cancer (EOC)
cells have shown that dysregulated expression of leptin/lep-
tin receptor is linked with oncogenic effects which lead to
an increase in cell proliferation and reduction in apoptotic
cell death. Leptin treatment of EOC cells rapidly increases
cell proliferation via activation of PI3/AKT and its associ-
ated pathways. Leptin-induced activation of PI3-K/AKT
can be prevented by LY29402, a PI3K inhibitor which leads
to dephosphorylation/inactivation of AKT in EOC cell
lines. Furthermore, knockdown of Ob-R gene by using
Ob-R specific siRNA in EOC cells also reduces X-linked
inhibitor of apoptosis protein (XIAP) and B-cell lympho-
ma-extra large (Bcl-xL) gene expression. These findings
strongly suggest that leptin-mediated PI3K/AKT pathway is
involved in EOC cell growth and proliferation via regulation
of the gene expression of antiapoptotic gene.
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Furthermore, the estrogen steroid, 17f3-estradiol, has
also been found to reverse leptin-induced migration and
display an antagonistic effect on Matrix metallopeptidase
(MMP)-9 expression and activity in ovarian cancer cells
via PI3K-Akt pathway [44] (Fig. 3). These findings were
confirmed by pre-treatment with PI3K inhibitor,
LY294002, which reversed these effects. The biology of
ovarian cancer is very distinct from other types of can-
cer, considering the immensely high estrogen levels and
ovarian tissue exposure to 17fB-estradiol, which promotes
cancer cell migration and potential interaction with
other hormones. Therefore, the necessity of understanding
the correlation between 17p-estradiol and leptin is crucial.
This study, for the first time, provided evidence of a
17B-estradiol antagonistic effect on leptin-induced cancer
cell migration, and identified PI3K as the cell signaling
pathway which [45]provides much-needed insight into the
link between 17f-estradiol, cancer cell migration and leptin
at a physiological level specifically in ovarian cancer.

Interestingly, it has also been found that leptin induces
epithelial-mesenchymal transition (EMT) in ovarian cancer
cells via the activation of the PI3K/Akt/ mechanistic target
of rapamycin (mTOR) pathway. This was further supported
by the study where PI3K/Akt/mTOR pathway inhibition re-
sulted in the impairment of leptin-induced malignant trans-
formation of ovarian cancer cells.. In vivo xenograft model
also revealed that the peritoneal dissemination of ovarian
cancer cells could be significantly inhibited by blocking lep-
tin signaling. These studies reflect the importance of leptin
in ovarian cancer cell progression while presenting new in-
sights into leptin involvement in ovarian cancer metastasis
via novel PI3K/Akt/mTOR pathway.

ERK pathway

ERK is a member of the mitogen-activated protein kinase
(MAPK) family, which functions in association with the
Ob-Rb. Activation of ERK1/2 is regulated by SHP2 which
phosphorylates Ob-Rb at Tyr985 or is directly governed by
JAK2 [19]. Inactivation of hypothalamic ERK1/2 prevents
leptin-mediated weight loss in animal models. Inactivation
of ERK activity also blocks leptin-mediated sympathetic
activation of fat tissue, implicating the role of MAPK signal-
ing in diet intake and energy expenditure [34].

A recent study by Chen et al. [45] explored the cell signal-
ing pathways which mediate the effects of leptin and their
mechanism of action. The leptin-mediated interaction be-
tween the MEK/ERK/1/2 and PI3K/AKT signaling was able
to stimulate the growth of ovarian cancer cells. Furthermore,
leptin inhibits apoptosis by upregulation of cyclin D1 and
myeloid leukemia cell differentiation protein (Mcl-1).

COX2 pathway
COX is a critical enzyme involved in the production of
prostaglandins (PGs) via conversion of arachidonic acid.
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COX-1 and COX-2 are two isoforms of the COX gene.
Human COX-2 gene has been found to be overexpressed
in various tumors and is linked to tumorigenesis, metasta-
sis, and angiogenesis [46, 47]. COX-2 regulates AKT path-
way to sustain the growth and survival of many cancer
cells [48]. The COX-2 expression has been found to be
regulated by activation of JAK2 mediated AKT and MAP
kinase pathways in OE33 esophageal adenocarcinoma
cells. [49]. A similar observation was reported where
leptin-mediated upregulation of COX-2 transcription re-
sulted in PGE2 secretion by endometrial cancer cells [29]
(Fig. 3). Furthermore, a leptin-mediated increase of
COX-2 expression correlated with increased proliferation
of endometrial cancer cell lines [29] (Fig. 3).

Moreover, in a current study by Ghasemi et al. [50], a
new mechanism of action has been suggested in facilitating
leptin-induced cancer cell invasion. By investigating the
contribution of Urokinase plasminogen activator (uPA), a
biomarker of tumor cell invasion and metastasis [51], leptin
was identified to upregulate uPA in a time and
dose-dependent manner, inducing invasion and metastasis
in ovarian cancer cell lines (Fig. 3). Pre-treatment of cells
with the inhibitors of PI3K/AKT (LY294002), JAK/STAT
(AG490) and NF-kB (nuclear factor kappa-light-chain-en-
hancer of activated B cells), BAY 11-7082), significantly re-
duced leptin-induced uPA expression [50]. Furthermore,
pre-incubation with Ras homolog gene family member A/
Rho-associated protein kinase (RhoA/ROCK) inhibitors
(C3 and Y-27632) inhibited the invasiveness of ovarian
cancer cells and leptin-induced upA expression [50] This il-
lustrates not only the involvement of JAK/STAT and PI3K/
AKT signaling pathways but other associated pathways,
such as RhoA/ROCK, and their ability to mediate leptin-in-
duced cancer cell migration and invasiveness in ovarian
cancer cells.

Leptin and ovarian carcinogenesis
Ovarian cancer is a prominent cause of gynecological
cancer mortality in the West and EOC constitutes
80-90% of all ovarian cancers [52—56]. Dysregulation of
leptin signaling has been linked to the pathogenesis of
many epithelial cancers including EOC [32, 49, 57, 58].
Decreased levels of adiponectin, another obesity-related
hormone and adipokine, has also been associated with the
development and progression of ovarian cancer. Whereas
normal levels of adiponectin are otherwise involved in the
suppression of cancer cell growth, invasiveness, and inhibit
angiogenesis [59]. This association has been further
explored in a recent study by Jin et al. which provided evi-
dence that decreased plasma adiponectin (8.25 vs. 11.44 ug/
mL) and leptin levels (7.09 vs. 15.4 ng/mL) were found in
patient samples compared to control group and were asso-
ciated with the risk of developing ovarian cancer. Although
higher levels of leptin have been reported in few cases of
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ovarian cancer, majority of the findings identified low leptin
levels to be responsible for the cancer. [60—63]

Furthermore, an epidemiological study [64] has reported
that ovarian cancer is more common in obese women as
compared to women with healthy weight. More recently, the
clinical outcome of 70 patients with ovarian cancer, validated
from the Cancer Genome Atlas (TCGA) database, was
assessed [18] while investigating the impact of overweight/
obesity and the effect of leptin on the metastasis of ovarian
cancer cells. Patients exhibiting higher levels of leptin and
Ob-Rb were found to have a worse overall survival rate and
higher leptin levels in particular were found in overweight
patient serum, and ascite samples; a shared symptom of ad-
vanced ovarian cancer patients [65]. Ob-Rb expression levels
were also higher in ascites and metastases compared to pri-
mary tumors. Moreover, leptin was shown to increase ovar-
jan cancer cell migration and invasion via JAK-STATS3,
PIBK/AKT, and RhoA/ROCK and maintained stem-like
properties and mesenchymal phenotype, potentially explain-
ing the poor survival outcome in obese women. Leptin even-
tually promotes a more aggressive phenotype in ovarian
cancer cells, which could support the overall worse prognosis
among obese cancer patients [66].

Although a link between hormonal dysregulation in
ovarian cancer and obesity has been suggested, and that
circulating levels of leptin has been reported to be in-
creased in gynecological cancers [67], the mechanism of
risk associated with obesity and the link with EOC is still
not fully understood.

In endometrial cancer, Ob-Rb is associated with body
mass index [68]. Ob-Ra and Ob-Rb are expressed in normal
tissues, but their expression was found to be five-fold higher
in cancer tissues [68]. A recent study shows that micro-
RNAs specifically targeting Forkhead box O3 (FOXO3) can
increase the proliferative effect of leptin in EOC cells [69]. A
study by Uddin et al. [15] demonstrated 59.2% of EOC
patient samples express high-level of leptin receptors. A sig-
nificantly poor disease-free survival is observed in patients
with high-level of Ob-R expression compared with the
patients of low-level Ob-R protein expression, suggesting a
critical role of leptin signaling in the pathogenesis of EOC
[15]. These results support findings of another study where
enhanced expression of Ob-R was detected in biopsies of
patients with ovarian cancer [70]. Furthermore, Ob-R over-
expression is linked to aggressive behavior in many cancers
including colon cancer, papillary thyroid and diffuse large
B-cell lymphoma [16, 71, 72]. The aggressive phenotype of
these malignancies can be explained by a strong association
of leptin/Ob-R with antiapoptotic signaling including PI3K/
AKT and MAP kinase [32, 34, 38, 40, 58, 73]. Although no
direct correlation between AKT and Ob-R was seen in
EOC, however, Ob-R expression was significantly associated
with activated Glycogen synthase kinase 3 (GSK3) and
Phosphatase and tensin homolog (PTEN) protein [15]. In
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addition, Ob-R was found to be significantly associated with
Bcl-XL and XIAP, the downstream substrates of PI3K/AKT
signaling [15]. Furthermore, expression of leptin was signifi-
cantly associated with activated AKT in EOC patient sam-
ples suggesting a link between leptin and PI3K signaling in
ovarian cancers [15].

The in vitro study utilizing a panel of cell lines indi-
cated that dysregulated leptin/leptin receptor expression
has oncogenic effects in EOC cells. Leptin strongly acti-
vates PI3K/AKT pathway via phosphorylation of AKT at
ser473 residue. Blocking of leptin-mediated activation of
PI3K/AKT signaling by LY294002, a pharmacological in-
hibitor of PI3K, prevents AKT activity. Furthermore,
knockdown of Ob-R inactivated AKT and suppressed
the expression of XIAP and Bcl-XL genes in EOC cell
lines. These findings suggest that leptin-mediated regula-
tion of antiapoptotic genes plays a role in growth and
survival of EOC cells. In an earlier study by Chen et al.
[45] it was also reported that treatment of OVCAR-3 cell
line with leptin promoted proliferation of these cells in a
dose-dependent manner. In addition, leptin treatment
led to phosphorylation of STAT3 and ERK1/2 as well as
inhibition of caspase activation [74]. Leptin was also
found to enhance the expression of cyclin D1 and Mcl-1
genes suggesting a role of these genes in leptin-mediated
proliferation and the inhibition of apoptosis in ovarian
cancer [45]. Furthermore, leptin-mediated activation of
the MAPK and PI3K/AKT signaling pathways was
blocked by the treatment of ovarian cancer cells either
with LY294002 or PD98059, a specific inhibitor of
PI3-kinase and MAPK respectively. These findings also
suggest a cross-talk between PI3K/AKT and MEK/
ERK1/2 pathways in sustaining the leptin-mediated pro-
liferation of ovarian cancer cells [45].

Moreover, several leptin receptor antagonists have been
synthesized and introduced into pre-clinical studies for
therapeutic use in anticancer treatment, however, the
information regarding the application of leptin receptor
blockers towards ovarian cancer is limited [75] . Two an-
tagonists in particular, superactive human leptin antagon-
ist (SHLA) and quadruple leptin mutein, Lan-2 (L39A/
D40A/F41A/142A), were evaluated in a study by Fiedor et
al. [75] for their effect on cell proliferation and cell signal-
ing pathways in ovarian epithelial cells. It was demon-
strated that although both ObR blockers inhibited cdk/
cyclin D1 cell cycle progression in metastatic carcinoma
cell line, in serous carcinoma however, the effect was lim-
ited to cdk2 and cdk4 protein expression. SHLA also had
an inhibitory effect on all signaling pathways investigated,
including STAT3, ERK1/2, and AKT, in serous carcinoma
while only on STAT3 in metastatic carcinoma, and Lan-2
had an inhibitory effect on STAT3, ERK1/2 in metastatic
carcinoma and AKT protein phosphorylation in serous
carcinoma. These findings demonstrate SHLA and Lan-2
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abilities in blocking leptin receptor activity in ovarian can-
cer, however, when selecting a specific ObR antagonist,
the related tumor type should be considered.

Conclusion and future perspective

Aberrant expression of leptin and Ob-R indicates leptin as
mitogenic, transforming and angiogenic factor. Several
studies have provided evidence for the possible role of lep-
tin in the pathogenesis and development of numerous
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cancers including epithelial ovarian cancer. Dyregulated
expression of Ob-R and altered levels of leptin in patient
serum has been confirmed by a number of in vitro, in vivo
studies and in clinical samples (Table 1). Despite substan-
tial evidence that leptin and leptin receptor expression is
deregulated in ovarian cancers, these results are still
limited and inconclusive. Few studies also suggest the
presence of a short form of the leptin receptor, however,
its function is still not known. Further research is needed

Table 1 Leptin / Leptin Receptor mediated effects in Ovarian Cancer

Leptin/Leptin Receptor Model/System Mechanism of Action Reference

expression or their action

Leptin mediated Effects OVCAR-3 Leptin inhibits caspase-3 expression and activity by modulating STAT3 [74]
and ERK1/2 signaling pathways in OVCAR-3 cells.

Leptin mediated Effects OVCAR-3 and SKOV-3 Leptin stimulates cell migration via MMP-9 expression and activity in [44]
OVCAR-3 but not SKOV-3

Leptin mediated Effects 17B-estradiol displayed antagonistic effect on leptin-induced cell migration  [76]
and MMP-9 expression and activity

Leptin mediated Effects OC cells Leptin induces EMT via PI3K/Akt/mTOR pathway activation. Inhibiting PI3K/
Akt/mTOR impaired leptin-induced malignant transformation

Leptin mediated Effects Blocking Leptin inhibited peritoneal dissemination and suppressed ovarian
malignant ascites-induced metastatic aggravation

Leptin mediated Effects OVCAR3, SKOV3 and CaoV-3  Leptin induced cell invasion via up-regulating uPA. Ob-Rb, RhoA/ROCK, [50]
PI3K/AKT, JAK/STAT pathways and NF-kB activation were involved in
leptin-induced uPA expression

Leptin Receptor Expression 35 Ovarian Cancer Patients Endometrial neoplasms and long leptin isoform receptor expression [68]
were associated with an increased BMI. A role of long isoform in
endometrial carcinogenesis is proposed.

Leptin mediated effects OCCAR-3 Leptin upregulates the expression of cyclin D1 and Mcl-1 to stimulate [45]
cell growth by activating the PI3K/AKT and MEK/ERK1/2 pathways in
ovarian cancer.

Leptin expression BG-1, OVCAR-3, and SKOV-3 Both short and long isoforms of leptin receptors are expressed in [58]
IOSE-80PC (a post-crisis line), cells. In addition, treatment with leptin
resulted in the growth stimulation of BG-1 cells, an activation of ERK1/2
and inhibition of constitutive phosphorylation of p38 MAPK

Leptin expression & OC cells Leptin was highly expressed, promoting cell migration, invasion and [76]

Its Effects proliferation, resulting in poor survival

Leptin level 52 OC patients vs 50 control  Decreased leptin levels compared to control group (7.09 vs. 15.4 ng/mL), [59]

group with benign disease associated with risk of developing OC

Serum Leptin 167 endometrial cancer cases Elevated leptin levels showed a positive association with endometrium [61]
cancer

Leptin mediated action SKOV3 and A2780 cells Cross-talk between leptin and microRNA-182 and microRNA-96 affects [69]
the transformation and proliferation of ovarian cancer cells.

Serum Leptin 30 patients with endometrial  Leptin did not show any significant correlation with stage, grade, [771

Leptin Receptor expression
and leptin mediated action

Serum and ascite samples

Leptin Receptor Expression

Leptin mediated action

Cancer

156 EOC samples and EOC
cell lines.

70 OC patients

histological type and node metastases in endometrial cancer.

Ob-R overexpression (59.2%) in EOC samples was significantly associated
with poor progression free survival. Leptin promotes cell proliferation via
activation of PI3-kinase/AKT signaling.

Higher leptin and Ob-Rb levels, resulting in poor survival, higher leptin
in overweight patient serum and ascite samples

Ob-Rb expression levels higher in ascites and metastases compared to
primary tumors.

Leptin increased cell migration and invasion via JAK-STAT3, PI3K/AKT, and
RhoA/ROCK, maintained stem-like properties and mesenchymal phenotype,
explaining poor survival outcome
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to examine the detailed molecular mechanisms of leptin
involvement in gynecological cancers and targeting leptin/
leptin receptor could offer a potential therapeutic strategy
against ovarian cancer development and metastasis.
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