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ABSTRACT
Background: Endometrial cancer is a malignant tumour with a high incidence and mortality rate, 
and obesity is one of the most significant risk factors for the disease. However, it remains unclear 
whether leptin affects cell activity, proliferation, migration, invasion, and epithelial-mesenchymal 
transition (EMT).
Materials and methods: Samples of endometrial cancer tissue were obtained from clinical patients 
and nude mice Enzyme-linked immunosorbent assays (ELISAs) were performed to assess leptin 
levels. Western blotting, immunohistochemical (IHC) and immunofluorescence (IF) analyses were 
conducted to detect EMT, JAK2/STAT3 signalling pathway proteins, and cell proliferation biomar-
kers. Cell Counting Kit-8 (CCK-8) assays, 5-ethynyl-2’-deoxyuridine (EdU) staining, and Transwell 
assays were used to evaluate cell activity, proliferation, migration, and invasion, respectively.
Results: ELISA, western blot and immunohistochemistry (IHC) analyses showed that leptin was 
highly expressed, and the JAK2/STAT3 signalling pathway was activated in endometrial cancer 
patients. Cell-based experiments showed that adipocytes secreted leptin, which increased the 
levels of leptin, and also promoted cell migration and invasion, EMT transition, and cell activity 
and proliferation. Leptin accelerated cell progression and promoted EMT via the JAK2/STAT3 
signalling pathway in a dose-dependent manner. The tumour-promoting effect of leptin on 
endometrial cancer cells was further verified by in vivo experiments, in which leptin promoted 
tumour growth and activated the JAK2/STAT3 signalling pathway.
Conclusion: Leptin secreted by adipocytes promotes EMT transition and endometrial cancer 
progression via the JAK2/STAT3 signalling pathway in a dose-dependent manner.

Highlights
● Endometrial cancer patients have high levels of leptin
● Leptin promotes EMT transition via the JAK2/STAT3 signalling pathway
● Leptin promotes endometrial cancer progression via the JAK2/STAT3 signalling pathway
● Leptin promotes endometrial cancer in a dose-dependent manner
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Introduction

Endometrial cancer is a malignant tumour that origi-
nates in the endometrium gland, and is also known as 
uterine carcinoma. Most cases of endometrial cancer 
are adenocarcinoma. Endometrial cancer has a high 
incidence and mortality rate, and approximately 
76,000 females die from the disease each year [1,2]. In 
recent years, the incidence of endometrial cancer has 
risen, making it the second most prevalent malignancy 
in women, after breast cancer [3]. Studies have shown 
that long-term continuous oestrogen stimulation, obe-
sity, hypertension, diabetes, infertility, menopause, and 
genetic factors are risk all factors for endometrial can-
cer [4].

As one of the risk factors, obesity, especially after 
menopause, considerably increases the risk for develop-
ing endometrial cancer. A higher body mass index 
(BMI) disrupts the balance between adipocytokines and 
hormones, and is strongly correlated with endometrial 
cancer [5,6]. The underlying process is thought to 
involve insulin resistance and adipokine release. Insulin 
resistance increases insulin levels, which stimulates 
endometrial cell mitogenesis; furthermore, adipokines 
such as leptin and adiponectin also contribute to the 
development of endometrial cancer. While additional 
studies are needed to fully understand the complicated 
relationships between obesity, insulin resistance, and 
endometrial cancer, it is evident that maintaining 
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a healthy body weight and treating insulin resistance can 
help minimize the risk for endometrial cancer [7].

Leptin is an adipokine polymer with a MW of 16 
kDa that is secreted by white adipose tissue and 
transcribed by the leptin gene. Several studies have 
shown that a high leptin level is an independent risk 
factor for endometrial cancer [8]. Therefore, the 
mechanism by which leptin affects endometrial can-
cer has attracted increased attention. Leptin stimu-
lates signal transducer and activator of transcription 
3 (STAT3) proteins in endometrial cancer that 
enhance the efficiency of tumour formation by mod-
ulating cell proliferation, neoangiogenesis, and the 
ability for immune evasion [9]. It was reported that 
activation of STAT3 proteins increases the expression 
of anti-apoptotic genes, including recombinant 
human B-cell leukaemia/lymphoma xL (Bcl-xL) and 
myeloid cell leukaemia sequence 1 (Mcl-1) in 
endometrial cancer cell lines, making the epithelial 
cells immortal and chemo-resistant [10]. Ahn et al. 
[11] demonstrated that leptin could stimulate human 
endometrial cancer cell progression via the Janus 
kinase 2 (JAK2)/STAT3 signalling pathway. Gorrab 
et al. [12] showed that a high dose of leptin 
promoted prostate cancer cell migration and epithe-
lial-mesenchymal transition (EMT) by stimulating 
the STAT3 pathway. In order to further understand 
the expression and function of leptin, we referred to 
the leptin gene record in the NCBI database (https:// 
www.ncbi.nlm.nih.gov/gene/3952). However, it 
remains unknown whether leptin affects cell activity, 
proliferation, migration, invasion, and EMT.

In our present study, we investigated the role played 
by leptin in endometrial cancer by assessing its effects 
on cell activity, proliferation, migration, invasion, and 
EMT. In addition, we also evaluated whether leptin 
regulates endometrial cancer cell progression via the 
JAK2/STAT3 signalling pathway.

Materials and methods

Clinical samples

Samples of blood and tissue were collected from endo-
metrial cancer patients (T, n = 20) and patients with 
normal endometrial tissue (N, n = 20) who were hospi-
talized at Hainan General Hospital. All patients pro-
vided their written informed consent for study 
participation, and the study protocol was approved by 
the Ethical Committee of Hainan General Hospital 
(No. 2022–597).

Cell culture and co-culture experiments

A mouse preadipocyte cell line (3T3-L1) and two human 
endometrial cancer cell lines (Ishikawa and MFE-280) 
were obtained from Sigma-Aldrich (Sigma, Burlington, 
MA, USA). To induce the differentiation of 3T3-L1 pre-
adipocytes, 3T3-L1 cells were incubated in DMEM con-
taining 10% FBS, 0.5 mM 3-isobutyl-1-methylxanthine, 1  
μM dexamethasone, and 10 μg/mL insulin for 3 days. The 
cells were then cultured in DMEM containing 10% FBS 
and insulin for another 2 days; after which, they were 
grown in DMEM containing 10% FBS. Ishikawa and 
MFE-280 cells were cultured with leptin at concentrations 
of 25 ng/mL (Leptin-L), 50 ng/mL (Leptin-M), and 100  
ng/mL (Leptin-H), a JAK2/STAT3 signalling pathway 
inhibitor (AG490) (Leptin+AG490), and JSI-124 (Leptin 
+JSI-124). Ishikawa cells were cultured in RPMI 1640 
medium supplemented with 1% penicillin-streptomycin 
and 10% foetal bovine serum (FBS). MFE-280 cells were 
cultured in MEM supplemented with 1% insulin- 
transferrin-selenium, 10% FBS, and 1% penicillin- 
streptomycin. Adipocytes were co-cultured with 
Ishikawa cells (Ishikawa+adipocytes) or MFE-280 
(MFE-280+adipocytes) in a Transwell plate, with adipo-
cytes in the lower layer and cancer cells in the upper layer.

Vector construction and transfection

Truncated leptin promoter and inhibitor fragments 
were amplified and inserted into a pGL3-Basic vec-
tor (Promega, Madison, WI, USA) for vector con-
struction. T4 DNA ligase (TaKaRa, Japan) was used 
to link the amplified leptin promoter and suppressor 
fragments to pGL3-Basic vectors. In order to achieve 
specificity of the connection, the following specific 
primer sequence was designed for amplification: F: 
5’-GGGTACCAAGCTTATGCATTGGGGAACC-3“, 
R: 5”-CCGCAGCTGTCAGCACCCAGGGCTGAGG 
−3“. The pGL3-Basic vector, amplified leptin pro-
moter sequence, and suppressor fragments were 
digested using HindIII and PvuII restriction endo-
nuclease. In addition, a lentiviral small hairpin RNA 
(shRNA) targeting leptin (GenePharma, Shanghai, 
China) was used to inhibit leptin gene expression. 
The shRNA sequence was as follows: F:5”- 
CCGGGCAGTCAGTCTCCTCCAAACACTCGAGT-
GTTTGGAGGAGACTGACTGCTTTTTG-3’, R: 5’- 
AATTCAAAAAGCAGTCAGTCTCCTCCAAACAC-
TCGAGTGTTTGGAGGAGACTGACTGC-3’. When 
the cultured adipocytes reached 80%-90% conflu-
ence, leptin expression was modulated using 
shRNA for knockdown and pcDNA 3.0 vector 
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(NM_000230.3) for overexpression. Transfection 
was performed using the Lipofectamine 2000 Kit 
(Thermo Fisher Scientific Inc., Waltham, MA, 
USA). Finally, the transfected adipocytes were co- 
cultured with Ishikawa and MFE-280 cells 
(+shRNA-adipocytes, +Leptin-adipocytes).

Enzyme-linked immunosorbent assay (ELISA)

The levels of leptin in tissue and plasma samples were 
measured using a commercial ELISA kit according to 
the manufacturer’s instructions. First, an HRP-labelled 
antibody was added to the sample and incubated for 60  
min at 37°C. Next, 100 µL of TMB substrate was added 
and incubated for 30 min at 25°C in the dark. Finally, 
Stop Solution was added, and the absorbance at 405 nm 
was measured with an ELISA instrument (Thermo 
Fisher Scientific Inc.).

Western blotting

The total proteins in tissue samples and cells were 
extracted using RIPA lysis buffer (#R0278, Sigma) and 
the protein concentration in each extract was quantified 
using a BCA Protein Assay Kit (Beyotime, Jiangsu, 
China). Next, a sample of protein from each extract 
was separated by standard sodium dodecyl sulphate- 
polyacrylamide gel electrophoresis (SDS-PAGE), and 
the separated protein bands were transferred onto poly-
vinylidene fluoride (PVDF) membranes, which were 
subsequently washed with TBST (Tween-20: TBS =  
1:1000), and then blocked with 5% powdered skimmed 
milk at 4°C overnight. Next, the membranes were incu-
bated with primary antibodies against JAK2, p-JAK2, 
STAT3, p-STAT3, E-cadherin (E-cad), N-cadherin 
(N-cad), Vimentin, Ki67, PCNA, and β-actin for 1 h, 
and washed three times with TBST. The membranes 
were then incubated with a secondary antibody (HRP- 
labelled goat anti-rabbit IgG; #cat: ab672, Abcam) for 
40 min at room temperature, washed with 25 mL of 
TBST (5 min per wash), and placed into an electrogen-
erated chemiluminescence (ECL) solution (ECL808–25, 
Biomiga, San Diego, CA) for 1 min. Finally, the mem-
branes were photographed and observed using an X-ray 
machine (36209ES01, Shanghai Qcbio Science and 
Technologies Inc., Shanghai, China). The net density 
value of each protein band was calculated using Image- 
Pro Plus 6.0 software, with β-actin serving as an inter-
nal reference protein. All experiments were conducted 
in triplicate. The antibodies used were purchased from 
Cell Signaling Technology (Danvers, MA, USA).

Immunohistochemical (IHC) staining

Samples of tumour tissue from patients and nude mice 
were immediately fixed with 4% paraformaldehyde for 
24 h, embedded in paraffin, and cut into 5 μm-thick 
sections. The sections were decarbonized with xylene, 
rehydrated with ethanol, and repaired with citric acid. 
After blocking endogenous peroxidase activity, the tis-
sue sections were incubated with primary antibodies 
against JAK2 (#cat: ab32101, Abcam), STAT3 (#cat: 
ab68153, Abcam), Ki-67 (#cat: Ab16667, Abcam), and 
PCNA (the primary antibody against ab29, Abcam), at 
4°C overnight, and then washed with PBS. Next, the 
sections were incubated with a goat anti-rabbit second-
ary antibody at 37°C for 40 minutes, stained with hae-
matoxylin, and examined under an optical microscope 
(Olympus, Tokyo, Japan).

Transwell assays

Transwell assays were conducted to evaluate cell 
migration and invasion abilities. Cell migration and 
invasion experiments were conducted in a similar 
manner, except for the use of DMEM and cell culture 
in the cell invasion studies. The studies were per-
formed using 24-well Transwell plates and 8.0-μm 
pore membranes (Corning, Corning, NY, USA); the 
plates were coated with Matrigel (BD Biosciences, San 
Jose, CA, USA). Approximately 1.0 × 105 cells in 100  
mL of serum-free DMEM were seeded into the top 
chamber of each plate and 500 mL of culture medium 
containing 10% FBS was added to each lower cham-
ber. After incubation for 6 h at 37°C, the chambers 
were washed, the cells were fixed, and then stained 
with 0.1% crystal violet. Finally, the cells were 
observed under a ×400microscope.

Cell counting kit-8 (CCK-8) assay

The CCK-8 assay (Solarbio, Beijing, China) was used 
to evaluate cell viability. Approximately 1 × 104 

Ishikawa or MFE-280 cells were seeded into a 96- 
well plate and cultured with adipocytes, shRNA- 
adipocyte, leptin-adipocyte, 25 ng/mL of leptin, 50 ng/ 
mL of leptin, 100 ng/mL of leptin, leptin+AG490, or 
leptin+JSI-124 at 37°C. Next, CCK-8 solution was 
added to each well and the plates were incubated for 
0, 24, 48, or 72 hrs; after which, they were incubated 
for an additional 2 h. Finally, the number of viable 
cells in each well was determined by measuring absor-
bance at 450 nm.
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5-ethynyl-2’-deoxyuridine (EdU) staining assay

Ishikawa and MFE-280 cells treated with adipocytes, 
shRNA-adipocyte, leptin-adipocyte, 25 ng/mL of leptin, 
50 ng/mL of leptin, 100 ng/mL of leptin, leptin+AG490, 
or leptin+JSI-124 were incubated in starvation medium 
containing 50 nM EdU (Life, China) for 2 h. Next, the 
co-culture systems were fixed in 4% polyformaldehyde 
for 1 h and incubated with 0.5% Triton X-100 for 15  
min. After treatment, the co-culture systems were 
stained with reagents in a one Cell-Light™ EdU Cell 
Proliferation Detection Assay Kit (Life, USA). 
A fluorescent microscope (Nikon, Germany) was used 
to detect cells with positive staining.

Immunofluorescence (IF) analysis

Cells that had been cultured to 60%–70% confluence 
were fixed with 4% paraformaldehyde, permeabilized 
with 0.5% Triton X-100, blocked with 1% BSA, incu-
bated with primary antibodies against p-JAK2 and 
p-STAT3, and then incubated with a goat anti-rabbit 
secondary antibody (Sigma, Darmstadt, DE). For 
nuclear/cytosolic localization, the cells were stained 
with 4’, 6-diamidino-2-phenylindole (DAPI). Finally, 
p-JAK2 and p-STAT3 expression were detected under 
a confocal laser microscope (Olympus Optical, Tokyo, 
Japan).

Animal experiments

A total of 20 male BALB/c nude mice (age, 10 weeks) 
were purchased from The First Affiliated Hospital of 
Sun Yat-sen University (Guangzhou, China) and sub-
sequently housed in polypropylene cages in a room 
with a 12 h dark/light cycle. Food and water were 
available ad libitum. Next, the mice were assigned to 
four separate groups, and the nude mice in the treat-
ment groups were injected with Ishikawa or MFE-280 
cells that had been pre-treated with leptin (1 mg/kg) 
every three days. After 35 days, the animals were 
anesthetized and sacrificed. Tumour volume was calcu-
lated as length × (width)2/2. The weight of each tumour 
was also measured.

Statistical analysis

GraphPad Prism 9 software (San Diego, CA, USA) was 
used for all statistical analyses and the preparation of 
images. The unpaired student’s t-test or one-way 
ANOVA was used to compare differences between 
groups, depending on the number of groups. All 
experiments were performed in triplicate, and results 

are presented as a mean value ± standard deviation 
(SD). A p-value <0.05 was considered to be statistically 
significant.

Results

Leptin was highly expressed and the JAK2/STAT3 
pathway was activated in endometrial cancer 
patients

To investigate the role of leptin in endometrial cancer 
patients, its levels in normal endometrial tissue (N) and 
endometrial cancer tissue (T) were investigated. ELISA 
results showed that the levels of leptin were signifi-
cantly higher in the endometrial cancer patients when 
compared to the control patients (***p < 0.001, 
Figure 1a). As for the JAK2/STAT3 pathway, the levels 
of JAK2, p-JAK2, STAT3, and p-STAT3 proteins were 
assessed by western blotting, which showed that 
p-JAK2 and p-STAT3 were expressed higher levels in 
endometrial cancer tissue than in normal endometrial 
tissue (*p < 0.05, **p < 0.01, Figure 1b). IHC staining 
showed that JAK2 was more highly expressed in endo-
metrial cancer tissue when compared to normal tissue 
(Figure 1c). Therefore, we concluded that leptin and 
JAK2/STAT3 were highly expressed in endometrial 
cancer patients. However, it remained unknown 
whether leptin expression was associated with the 
JAK2/STAT3 signalling pathway.

Adipocytes increased the levels of leptin, cell 
migration and invasion, cell activity and 
proliferation, and promoted EMT

We next evaluated the effect of adipocytes on endome-
trial cancer cells. ELISA assays showed that leptin levels 
were increased in the co-culture systems (Ishikawa 
+Adipocytes and MFE-280+Adipocytes) when com-
pared to their levels in single culture Ishikawa and 
MFE-280 cells (Blank system, ***p < 0.001, 
Figure 2(a)). Transwell assays showed that cell migra-
tion and invasion abilities were enhanced in the 
Ishikawa+Adipocyte co-culture system and MFE-280 
+Adipocyte co-culture system when compared with 
Blank systems (***p < 0.001, Figure 2(b)). We also eval-
uated the effect of adipocytes on the EMT of endome-
trial cancer cells. Western blot results showed that 
E-cad expression was significantly decreased, while 
N-cad and Vimentin expression were dramatically 
increased in the co-culture systems (Figure 2(c)), indi-
cating that the EMT of cancer cells was promoted by 
co-culture with adipocytes. CCK-8 assays showed that 
cellular activity was significantly increased in the co- 
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culture systems when compared with the Blank systems 
after 72 h of culture (***p < 0.001, Figure 2(d)). 
Furthermore, EdU assays showed that the percentages 
of EdU-positive proliferating cells were significantly 
higher in the co-culture systems than in the blank 
systems (Figure 2(e)). Taken together, the above find-
ings indicated that adipocytes increased the levels of 
leptin, promoted cell migration, invasion, and EMT, 
and increased cellular activity and proliferation.

Leptin increased cell migration and invasion, cell 
activity and proliferation, and promoted the EMT 
process

When compared with the Blank groups, the levels of 
leptin were significantly increased in the +Leptin- 
adipocyte (***p < 0.001) groups and decreased in the 
+shRNA-adipocyte groups (***p < 0.001; Figure 3(a)). 
ELISA results showed that the levels of leptin in the co- 
culture systems were also reduced or increased after 
a reduced or excessive expression of leptin. We next 
evaluated the migration and invasion abilities of the trans-
fected co-cultured cells and found that the migration and 
invasion abilities of the cells were significantly increased 
in the +Leptin-adipocyte groups (***p < 0.001) and 
decreased in +shRNA-adipocyte groups (***p < 0.001) 

when compared with the +Adipocyte groups 
(Figure 3(b)). As for the effect of leptin on EMT, western 
blot results showed that E-cad expression was increased in 
the co-culture systems while N-cad and Vimentin expres-
sion were significantly decreased by inhibition of leptin. 
Furthermore, E-cad expression in the co-culture systems 
was decreased, while N-cad and Vimentin expression 
were significantly increased by overexpression of leptin 
(Figure 3(c)). These results suggested that leptin promotes 
the EMT of cancer cells. We also evaluated the effect of 
leptin on the JAK2/STAT3 signalling pathway. Western 
blot studies showed that the levels of p-JAK2 and 
p-STAT3 expression were significantly increased in the 
+Leptin-adipocyte groups (***p < 0.001) and decreased in 
the +shRNA-adipocyte groups (***p < 0.001) when com-
pared with the +Adipocyte groups (Figure 3(d)), suggest-
ing that leptin is involved in regulating JAK2/STAT3 in 
endometrial cancer. As shown in Figure 3(e,f) the levels of 
cell activity and proliferation were elevated by overexpres-
sion of leptin and decreased by inhibition of leptin in the 
co-culture systems. In summary, leptin was found to 
promote cell migration, invasion, and EMT, and increase 
cell activity and proliferation.

Next, we further investigated how different concentra-
tions of leptin (25 ng/mL, 50 ng/mL, and 100 ng/mL) 
affected endometrial cancer cells. We found that the 

Figure 1. Leptin was highly expressed and the JAK2/STAT3 pathway was activated in endometrial cancer patients. (a) ELISA was used 
to assess the expression levels of leptin in normal and tumour tissues. (b, c) Western blotting and IHC staining showed the expression 
levels of JAK2/STAT3 in normal and tumour tissues. N: normal endometrial tissue; T: endometrial cancer tissue. *p < 0.05, ** p < 0.01, 
*** p < 0.001.
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activity and proliferation of both Ishikawa and MFE-280 
cells gradually increased with an increase in leptin con-
centration. Cells treated with a higher concentration of 
leptin showed higher cell activity (Figure 4(a,b)). When 
compared with cells in the Blank groups, the migration 
and invasion abilities of cells were gradually enhanced in 
the Leptin-L, Leptin-M, and Leptin-H groups 
(Figure 4(c)). A western blot analysis of EMT and JAK2/ 
STAT3 signalling pathway proteins revealed that higher 
leptin concentrations significantly promoted EMT and 
the JAK2/STAT3 signalling pathway (Figure 4(d,e)). We 
then further assessed the expression levels of p-JAK2 and 
p-STAT3 by IF (Figure 4(f)), and the results were consis-
tent with those of western blotting. Taken together, our 

data showed that leptin increased endometrial cancer cell 
migration and invasion, promoted EMT, and increased 
cellular activity and proliferation.

Leptin increased cell progression and promoted 
EMT via the JAK2/STAT3 signaling pathway

Next we further investigated whether JAK2/STAT3 
regulated the effect of leptin on endometrial cancer 
cells. The levels of cell activity, cell proliferation, migra-
tion, invasion, EMT, and JAK2/STAT3 signalling path-
way proteins were assessed in the Blank, leptin, leptin 
+AG490, and leptin+JSI-124 groups. As shown in 

Figure 2. Adipocytes increased the levels of leptin, cell migration and invasion, cell activity and proliferation, and promoted the EMT 
process. (a) ELISA assays were performed to examine the levels of leptin in the Blank and co-cultured systems. (b) Transwell assays 
were performed to examine cell migration and invasion in the Blank and co-culture systems. (c) Western blotting was used to assess 
the expression levels of EMT biomarkers (E-cad, N-cad, and Vimentin) in the Blank and co-culture systems. (d) CCK-8 assays were performed 
to evaluate the activity levels of Ishikawa and MFE-280 cells in the Blank and co-culture systems groups at time points of 0 h, 24 h, 48 h, and 
72 h. (e) EdU staining was used to evaluate cell proliferation in the Blank and co-culture systems. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 3. Leptin increased cell migration and invasion, cell activity and proliferation, and promoted the EMT process. (a) ELISA assays 
were performed to evaluate the levels of leptin in transfected cells. (b) Transwell assays were performed to assess the migration and 
invasion abilities of transfected cells. (c, d) Western blotting was used to assess the expression levels of EMT biomarkers (E-cad, N-cad, 
and Vimentin) and JAK2/STAT3 signaling pathway proteins in transfected cells. (e) CCK-8 assays were performed to evaluate the 
activity of transfected Ishikawa and MFE-280 cells at time points of 0 h, 24 h, 48 h, and 72 h. (f) EdU staining was used to assess the 
proliferation of transfected cells. *p < 0.05, **p < 0.01, ***p < 0.001 vs. +Adipocytes.
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Figure 4. Leptin increased cell migration and invasion, cell activity and proliferation, and promoted the EMT process. (a) CCK-8 assays 
were performed to evaluate the activity of leptin-treated Ishikawa and MFE-280 cells at time points of 0 h, 24 h, 48 h, and 72 h. (b) 
EdU staining was used to assess the proliferation of Ishikawa and MFE-280 cells treated with graded concentrations of leptin. (c) 
Transwell assays were performed to evaluate the migration and invasion abilities of Ishikawa and MFE-280 cell treated with graded 
concentrations of leptin. (d, e) Western blotting was used to assess the expression levels of EMT biomarkers (E-cad, N-cad, and 
Vimentin) and JAK2/STAT3 signaling pathway-related proteins in Ishikawa and MFE-280 cells treated with graded concentrations of 
leptin. (f) If analyses were performed to evaluate the expression levels of p-JAK2 and p-STAT3 in Ishikawa and MFE-280 cells treated 
with graded concentrations of leptin. *p < 0.05, **p < 0.01, ***p < 0.001 vs. Blank.
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Figure 5. Leptin increased cell progression and promoted EMT via the JAK2/STAT3 signalling pathway. (a) CCK-8 assays were 
performed to evaluate the activity of Ishikawa and MFE-280 cells treated with Blank, leptin, leptin+AG490, and leptin+JSI-124 at time 
points of 0 h, 24 h, 48 h, and 72 h. (b) EdU staining was used evaluate the proliferation of Ishikawa and MFE-280 treated with Blank, 
leptin, leptin+AG490, and leptin+JSI-124. (c) Transwell assays were performed to examine the migration and invasion abilities of 
Ishikawa and MFE-280 cells treated with Blank, leptin, leptin+AG490, and leptin+JSI-124. (d, e) Western blotting was used to assess 
the expression levels of EMT biomarkers (E-cad, N-cad, and Vimentin) and JAK2/STAT3 signaling pathway proteins in Ishikawa and 
MFE-280 cells treated with Blank, leptin, leptin+AG490, and leptin+JSI-124. (f) If analyses were performed to evaluate the expression 
levels of p-JAK2 and p-STAT3 in Ishikawa and MFE-280 treated with Blank, leptin, leptin+AG490, and leptin+JSI-124. ***p < 0.001 vs. 
Blank, ###p < 0.001 vs. leptin.
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Figure 6. Leptin promoted endometrial cancer tumour growth in vivo. (a-c) The volumes and weights of tumours were measured in 
the control and leptin injection groups. (d, e) Western blot studies were performed to assess the expression levels of Ki67, PCNA, EMT 
biomarkers, and JAK2/STAT3. (f) IHC staining was used to evaluate the expression levels of Ki67 and PCNA. ***p < 0.001 vs. control.
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Figure 5(a,b) the cell activity and proliferation rates 
were higher in the Leptin than in the leptin+AG490 
and leptin+JSI-124 groups, demonstrating that leptin 
can improve cell activity and cell proliferation. At the 
same time, addition of the JAK2/STAT3 signalling 
pathway inhibitors AG490 and JSI-124 restored the 
increased cellular activity and proliferation induced by 
leptin. In addition, the migration and invasion abilities 
of cells were enhanced by leptin addition, and those 
increases were reversed by a JAK2/STAT3 signalling 
pathway inhibitor (Figure 5(c)). As for EMT transition 
and JAK2/STAT3, the leptin-induced enhancements of 
EMT and JAK2/STAT3 were reversed by the JAK2/ 
STAT3 signalling pathway inhibitor (Figures 5(d-f)). 
Taken together, these findings showed that leptin 
increased cell migration and invasion, promoted EMT, 
and elevated the levels of cell activity and proliferation 
via the JAK2/STAT3 signalling pathway.

Leptin promoted endometrial cancer tumor growth 
in vivo

Finally, we examined the effect of leptin on endometrial 
cancer progression in vivo. Our data showed that when 
compared with tumours in control mice, tumour size, 
volume, and weight were all significantly increased by 
injection with leptin (***p < 0.001; Figures 6(a-c)). The 
cell proliferation biomarkers Ki67 and PCNA were 
more highly expressed in the Leptin group than in the 
Control group (Figure 6(d)). Moreover, western blot 
analyses showed that the expression of proteins asso-
ciated with EMT transition was enhanced, and the 
JAK2/STAT3 signalling pathway was activated by leptin 
addition (Figures 6(d,e)). IHC analyses showed that the 
levels of Ki67 and PCNA were higher in the Leptin 
group than in the Control group (Figure 6(f)), which 
was consistent with the results of western blotting.

Discussion

Obesity is one of the most significant risk factors for 
endometrial cancer. Leptin secreted by adipocytes has 
been demonstrated to regulate cancer cell progression. 
However, the molecular mechanism of leptin in endo-
metrial cancer remains unclear. In our present study, 
we assessed the effects of leptin on endometrial cancer 
cell activity, proliferation, migration, invasion, and 
EMT. In addition, we investigated whether leptin reg-
ulates endometrial cancer cell progression via the 
JAK2/STAT3 signalling pathway. Our data showed 
that leptin was expressed at high levels in endometrial 
cancer patients. Moreover, leptin increased cell migra-
tion and invasion, promoted EMT, and elevated the 

levels of cell activity and proliferation via the AK2/ 
STAT3 signalling pathway in a dose-dependent 
manner.

Leptin is associated with cancer through various 
molecular mechanisms. Leptin regulates ovarian cancer 
cell proliferation by increasing the expression levels of 
Mcl-1 and cyclin D1 after activating the MAP kinase- 
ERK kinase 1/2 (MEK/ERK1/2) and phosphatidylinosi-
tol 3 kinase (PI3K)/protein kinase B (AKT) signalling 
axes [13]. Leptin can induce the malignant transforma-
tion of breast cancer cells, and that induction effect is 
attenuated by the JAK2/STAT3 signalling inhibitor 
AG490, suggesting critical interplay between leptin 
and JAK2/STAT3 during cancer progression [14]. 
Adiponectin attenuates leptin-elicited SPEC-2 endome-
trial cancer metastasis by suppressing the JAK/STAT3 
pathway [15]. However, the current studies on the 
molecular mechanism of leptin in endometrial cancer 
are insufficient.

A high leptin level is an independent risk factor for 
endometrial cancer [8]. Several studies have shown 
a positive correlation between leptin and cancer risk, 
and especially for prostate cancer [16,17]. Even more 
interesting, they showed that higher leptin levels were 
associated with more advanced tumours. Leptin 
increases the risk for prostate cancer by interacting 
with humoral factors such as sex insulin, hormones, 
and insulin-like growth factor 1 (IGF-1), all of which 
are related to abdominal obesity [18]. However, some 
studies have indicated that circulating leptin is not 
associated with prostate cancer [18–20]. The associa-
tion between leptin and cancer risk has not been 
explored in some other cancers. Our present study 
found that a higher concentration (100 ng/mL) of leptin 
had a stronger promoting effect on endometrial cancer 
progression than a lower concentration (50 ng/mL and 
25 ng/mL), and this is the first time that a dose- 
dependent effect of leptin on tumour promotion has 
been reported.

The function of the JAK2/STAT3 signalling pathway 
has been widely studied in several cancers. Yuan et al. [21] 
revealed that the JAK2/STAT3 was activated by comple-
ment C3 and associated with gastric cancer progression. 
Similarly, Shen et al. [22] demonstrated that MUC16 
facilitates cervical cancer progression via the JAK2/ 
STAT3 signalling pathway. However, the effect of JAK2/ 
STAT3 on endometrial cancer progression has not been 
adequately studied. The molecular mechanism by which 
JAK2/STAT3 affects endometrial cancer progression is 
mainly leptin-related. Gao et al. [10] concluded that leptin 
activates cyclooxygenase-2 function via the JAK2/STAT3 
pathway in human endometrial cancer. Oh et al. [23] 
showed that leptin stimulates the development of 
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endometriotic epithelial cells via the JAK2/STAT3 and 
ERK pathways. Ahn et al. [11] demonstrated that leptin 
promotes human endometriotic cell migration and inva-
sion by up-regulating matrix metallopeptidase 2 (MMP- 
2) expression via the JAK2/STAT3 signalling pathway. 
Leptin also influences ovarian cancer cell phenotypes via 
the JAK2/STAT3 signalling pathway [24]. Another study 
showed that leptin induces leiomyoma cell proliferation 
and extracellular matrix deposition via the JAK2/STAT3 
signalling pathway [25]. Our present study has helped to 
clarify the role of leptin in endometrial cancer.

Olea-Flores et al. [26] demonstrated that leptin is 
novel actor which drives the EMT process in several 
cancers, including breast, gastric, prostate, and lung 
cancer. In breast cancer, leptin can activate EMT and 
promote cell migration via the JAK/STAT3–Akt signal-
ling pathway [27]. In prostate cancer cells, leptin pro-
motes cell migration and EMT by activating the STAT3 
pathway [28]. Similarly, leptin promotes the invasion 
and metastasis of lung cancer cells by inducing EMT 
[29]. Our present study, for the first time, revealed the 
role played by leptin in the EMT of endometrial cancer 
cells; however, additional studies are required. This 
study revealed one of the mechanisms by which an 
adipocyte secretion participates in the pathogenesis of 
endometrial cancer, and provides a new perspective for 
our understanding of the disease. In addition, by 
revealing a new mechanism (the JAK2/STAT3 path-
way) by which leptin affects the EMT process, we gain 
a more thorough understanding of the important role 
played by leptin in the development of endometrial 
cancer, which is great significance for the development 
of relevant treatment strategies.

However, our study does have some limitations. 
First, due to the small number of patients in the 
study, our conclusions need to be validated in a larger 
patient population. Second, we have not fully clarified 
the specific downstream pathway by which leptin exerts 
its effect, and identification of that pathway will be one 
of the focus of our future research.

Conclusion

Our present study assessed the molecular mechanism of 
leptin in endometrial cancer. Our data showed that 
leptin secreted by adipocytes promotes the EMT pro-
cess and endometrial cancer progression via the JAK2/ 
STAT3 signalling pathway in a dose-dependent 
manner.
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