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Abstract. Leptin may be involved in the pathogenesis of 
numerous cancer types by activation of cellular signal-
transduction pathways. In this study, we analyzed the role of 
leptin and the mechanism(s) underlying its action in cervical 
carcinoma cells. Firstly, we examined the expression of leptin 
in 80 cases of cervical carcinoma using immunohistochemical 
staining. The results showed that the levels of leptin corre-
lated significantly with the grades of cervical carcinoma. At 
the same time, the expression of leptin correlated positively 
with c-myc and its downstream gene, bcl-2. The expression 
of c-myc and bcl-2 was evaluated in leptin-treated HeLa cells 
by reverse transcription-polymerase chain reaction (RT-PCR) 
and western blotting. Recombinant leptin significantly acti-
vated the expression of bcl-2 and c-myc in HeLa cells. Finally, 
the apoptotic index, the proliferative activity and the expres-
sion levels of c-myc and bcl-2 were determined in the HeLa 
cells treated with silencing of leptin. We found that silencing 
of leptin inhibited the proliferation of HeLa cells and reduced 
the expression of bcl-2 and c-myc. Our data demonstrated that 
leptin interferes with the expression of oncogenic c-myc and 
anti-apoptotic bcl-2, and regulates cell turnover and facilitates 
the progression of cervical cancer.

Introduction

Carcinoma of the uterine cervix is one of the most common 
malignancies among women worldwide. Human papilloma-
viruses (HPVs) have been identified as the major etiological 
factor in cervical carcinogenesis (1). However, HPV infection 
alone is insufficient to trigger the tumorigenic cascade in 
human cervical cancer cells. This indicates that multiple steps, 
as well as multiple factors, may be necessary for the develop-

ment of cervical cancer. Leptin is a metabolic hormone that is 
required for the maintenance of normal energy balance and 
body weight (2,3). It is a multifunctional peptide hormone with 
wide ranging biological activities including appetite regulation, 
bone formation, reproductive function and angiogenesis (4-6). 
These biological activities indicate that the leptin system may be 
involved in the development and progression of neoplasms (7). 
Leptin exerts its actions through its specific receptors present 
in a variety of tissues localized to the cell membrane (8). The 
leptin receptor belongs to a family of class I cytokine recep-
tors, which typically contain a cytokine receptor homologous 
domain in the extracellular region (9). Stimulation of the leptin 
receptor has been reported to activate multiple signaling path-
ways such as JAK/STAT, ERK and PI3K/AKT (10,11). Here, 
we hypothesized that leptin expression may correlate with the 
progression of cervical tumors. Our previous investigation 
showed that leptin significantly increased the growth of HeLa 
cervical cancer cells in a dose-dependent and time-dependent 
manner, and leptin significantly upregulated c-myc mRNA 
and protein expression in HeLa cells (12). In the present study, 
we analyzed the relationship between leptin expression and the 
clinical pathology of cervical cancer and examined the rela-
tionships between leptin and c-myc and bcl-2. Furthermore, 
we treated HeLa cells with recombinant leptin or silencing of 
leptin and explored the effect on the cellular proliferation and 
apoptosis and analyzed the mechanisms of leptin involved in 
cervical carcinoma progression in vitro.

Materials and methods

Patients and specimens. Tissue samples were obtained from 
80 women who underwent partial or radical hysterectomy due 
to cervical lesions during the period 2008-2010. The age of 
the patients ranged from 28 to 72 years (mean 52.8 years). All 
samples were pathologically confirmed cervical intraepithe-
lial neoplasia (CIN) or squamous cell carcinoma (SCC). No 
patients had received treatment before tumor excision. Tumor 
samples had previously been fixed in 10% buffered formal-
dehyde solution and embedded in paraffin blocks for routine 
histological examination.

Immunohistochemistry. The immunohistochemical analysis of 
leptin, Ki-67, c-myc and bcl-2 was carried out in representative 
tissue sections using antibodies for leptin (rabbit polyclonal 

Leptin induces cell proliferation and reduces cell 
apoptosis by activating c-myc in cervical cancer

YONG YUAN,  JUAN ZHANG,  LIN CAI,  CAIXIA DING,  XIAOMIN WANG,  
HONGMEI CHEN,  XIAN WANG,  JUN YAN  and  JIANRONG LU

Department of Pathology, Shaanxi Cancer Hospital, Xi'an, Shaanxi 710061, P.R. China

Received January 18, 2013;  Accepted March 18, 2013

DOI: 10.3892/or.2013.2390

Correspondence to: Dr Jianrong Lu, Department of Pathology, 
Shaanxi Cancer Hospital, YanTa West Street, No. 309, Xi'an, 
Shaanxi 710061, P.R. China
E-mail: lujr535@126.com

Key words: cervical cancer, leptin, c-myc, bcl-2, proliferation, 
apoptosis



YUAN et al:  LEPTIN ACTIVATES c-myc IN CERVICAL CANCER2292

Ab, dilution 1:100); for bcl-2 (mouse monoclonal antibody, 
dilution 1:100) (both from Boster, China); for c-myc (goat 
polyclonal Ab, dilution 1:200) (Santa Cruz Biotechnology, 
Inc, Santa Cruz, CA, USA). Other antibodies were working 
solutions. Final stainings were performed with DAB staining 
system (Maxin, China). Slides were counterstained with hema-
toxylin. In the negative controls the primary antibody was 
omitted. The expression of leptin, bcl-2, Ki-67 and c-myc was 
analyzed in 10 different tumor fields, and the mean percentage 
of tumor cells with positive staining was evaluated. The 
expression of the studied proteins in the cancer samples was 
classified using a four-point scale: 0, <10% positive cells; 1+, 
10-50% positive cells with weak staining; 2+, >50% positive 
cells with weak staining; 3+, >50% positive cells with strong 
staining.

Cell culture and colorimetric MTT assay. The HeLa cell line 
was grown in Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS). For treat-
ment, cells were seeded at a density of 1x106/100-mm tissue 
culture dish. Cells were serum-deprived overnight and trans-
fected with the leptin siRNA for 24, 48 or 72 h. The cells were 
then incubated with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide (MTT; 0.5 mg/ml) for 4 h at 37˚C. After 
removal of MTT, 150 µl of dimethyl sulphoxide (DMSO) was 
added to the cells, and the absorbance was measured at 540 nm 
using a microplate reader.

Flow cytometry and TUNEL analysis. For flow cytometric 
analysis, cells were maintained at a density of 3x105 cells 
in 60-mm plates. After transfection with leptin siRNA, the 
cells were harvested, rinsed with ice-cold phosphate-buffered 
saline (PBS), and fixed with ice-cold 70% ethanol. The cells 
were centrifuged for 5 min at 1,000 x g and resuspended in 
PBS containing 5 mM of ethylenediaminetetraacetic acid 
(EDTA) and RNase A (1 mg/ml). After incubation for 1 h 
at 37˚C, the cells were treated for 15 min with fluorescein 
isothiocyanate (FITC)-labeled Annexin V and propidium 
iodide (PI), according to the supplier's protocol (Dako, 
Denmark), and then were analyzed with a flow cytometer. 
TUNEL analysis was employed using the apoptosis detection 
kit (Maixin, China) according to the manufacturer's protocol. 
The apoptotic cells in 10 different fields were counted, and the 
apoptotic index was calculated as the ratio of apoptotic cells 
over total cells.

Reverse transcription-polymerase chain reaction (RT-PCR). 
Total RNAs were extracted using TRIzol reagent (Invitrogen 
Life Technologies, Carlsbad, CA, USA), and single-stranded 
cDNA was synthesized from 1 µg of total RNA using 
PrimeScript™ RT reagent kit following the protocol recom-
mended by the manufacturer (Takara, Japan). PCR primers 
were as follows: c-myc, sense, GCCACGTCTCCACACATCAG 
and antisense, TCTTGGCAGCAGGATAGTCCTT; Bcl-2, 
sense, TTTCTCATGGCTGTCCTTCAGGGT, and antisense, 
AGGTCTGGCTTCATACCACAGGTT. In addition, specific 
primers for the 18S RNA were used as control. The primers 
were sense, 5'-GAGGGAGCCTGAGAAACGG-3', and anti-
sense, 5'-GTCGGGAGTGGGTAATTTGC-3'. Finally, 
30 cycles of PCR amplification were carried out.

RNA interference. Using a fluorescein-labeled (FAM) siRNA 
(GenePharma Co., Ltd., China), multiple targets were designed 
against leptin mRNA (13), and specificity was confirmed 
using the BLAST tool on the NCBI website. A non-specific 
scramble control sequence was also generated. HeLa cells 
were transfected with siRNAs at a final concentration of 
100 nM Lipofectamine™ 2000 according to the manufac-
turer's instructions.

Western blotting. Total extracts were obtained in the super-
natant. Approximately 20 µl of the samples was resolved 
on 10% SDS-PAGE, and transferred to PVDF membranes. 
Western blot analyses were conducted using the following 
antibodies: rabbit polyclonal antibodies for leptin (1:200); a 
mouse polyclonal antibody for c-myc (1:500) and a rabbit poly-
clonal antibody for β-actin (1:200) to detect the corresponding 
proteins. The peroxidase-conjugated goat anti-mouse/rabbit 
secondary antibody (Sigma, St. Louis, MO, USA) was used. 
Immunodetection was carried out using enhanced chemilu-
minescence (Pierce Biotechnology, Inc., Rockford, IL, USA) 
according to the manufacturer's instructions.

Statistical analysis. Statistical analysis was carried out using 
SPSS 11.5 software. The relationships between the expression 
levels of leptin and the clinicopathologic alterations of cervical 
cancer were determined using Spearman correlation analysis. 
The results of RT-PCR, western blotting, MTT assay and 
apoptosis were analyzed using the paired or unpaired Student's 
t-test, and a value of p<0.05 was assumed to indicate a statisti-
cally significant result. All experiments were independently 
carried out thrice in triplicate.

Results

Leptin expression correlates with the progression of cervical 
cancer. Immunohistochemistry was employed to investigate 
the expression of leptin, bcl-2, c-myc and Ki-67 in the cervical 
cancer samples (Fig. 1). As shown in Table I, 21 cases in the 
62 samples of cervical cancer showed leptin-positive expres-
sion (33.9%). Ten cases of the 23 squamous cell carcinoma 
grade Ⅲ (43.5%), 8 cases of the 26 squamous cell carcinoma 
grade Ⅱ (30.8%), 3 cases of the 13 squamous cell carcinoma 
grade Ⅰ (23.1%) and 3 cases of the 18 cervical intraepithelial 
neoplasia (CIN) samples (16.7%) showed leptin-positive 
staining. Our data revealed that leptin expression was signifi-
cantly correlated with the grade of cervical neoplasia (p<0.05). 
Analysis of the relationships between leptin and the studied 
proteins showed a statistically significant positive correlation 
between leptin and anti-apoptotic protein bcl-2 (p<0.05) as 
well as between leptin and oncogenic c-myc (p<0.05). Leptin 
immunoactivity was correlated negatively with the Ki-67 
labeling index (p<0.05).

Leptin affects apoptosis and proliferation activity of cervical 
cancer cells. Our previous study revealed that recombinant 
leptin dose-dependently (0, 50 and 100 nM) stimulated cell 
proliferation and reduced the apoptosis in cervical cancer 
HeLa cells (12). To further study the functions of leptin in 
HeLa cell growth, we knocked down the expression of leptin 
in HeLa cells by leptin siRNA as described in Materials and 
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methods. Our results showed that leptin was successfully 
silenced by leptin siRNA at both the mRNA level (Fig. 2D) 
and the protein level (Fig. 4B). Upon transfection, an apparent 
suppression in cell growth was observed in the leptin-silenced 
HeLa cells (Fig. 2). At 72 h after transfection, the viability of 
the leptin siRNA-transfected HeLa cells decreased by ~80% 
compared with the controls according to the MTT assay 
(p<0.05) (Fig. 2A). Apoptosis was detected by flow cytometric 
analysis and TUNEL staining. As shown in Fig. 2C the apop-
totic index of the cells with knockdown of leptin significantly 
increased when compared to the apoptotic index in the nega-

tive control cells (p<0.05). Flow cytometric analysis revealed 
that leptin RNAi increased the apoptosis of HeLa cells from 
15.4±2.4 to 29.5±3.2% (p<0.05) (Fig. 2B). These results indi-
cate that knockdown of leptin inhibits the proliferative activity 
and stimulates the apoptosis in cervical cancer cells.

Leptin regulates the expression of c-myc and bcl-2 in HeLa 
cervical cancer cells. To investigate the mechanism(s) involved 
in leptin-mediated cell proliferation in HeLa cells, the expres-
sion of bcl-2 and c-myc was initially measured by RT-PCR 
following treatment with recombinant leptin in HeLa cells. As 

Figure 1. Immunohistochemical staining of leptin, bcl-2, c-myc and Ki-67 in cervical cancer. The localization of leptin was preserved in the cytoplasm, and 
the expression of leptin was correlated with the grade of cervical neoplasia (p<0.05). Strong c-myc staining was noted in the primary tumor in >50% of cancer 
cells. Cytoplasmic immunoreactivity to bcl-2 was higher in the cases of squamous cell carcinoma (SCC) compared to cervical intraepithelial neoplasia (CIN). 
Ki-67 was expressed in nuclei, and the expression of Ki-67 was lower in CIN and well differentiated SCC when compared to the expression level in the poorly 
differentiated SCC cases.

Table I. Expression of the studied proteins in cervical neoplasia.

 Leptin bcl-2 Ki-67 c-myc Cases
 n (%) n (%) n (%) n (%) N

CIN   3 (16.7)   4 (22.2)   7 (38.9)   4 (22.2) 18
SCC
  Grade Ⅰ   3 (23.1)   5 (38.5)   6 (46.2)   6 (26.1) 13
  Grade Ⅱ   8 (30.8) 16 (61.5) 17 (65.4) 11 (42.3) 26
  Grade Ⅲ 10 (43.5) 16 (69.6) 22 (95.7) 12 (52.2) 23

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.
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shown in Fig. 3A, the mRNA level of c-myc in HeLa cells 
following leptin treatment markedly increased when compared 
with the blank control (p<0.05). Moreover, the mRNA level of 
bcl-2 was significantly increased compared with the control 
groups (p<0.05). Similarly, the immunoblot analysis (Fig. 3B) 
revealed that leptin induced the expression of c-myc and bcl-2 
in HeLa cells. These results suggest that leptin leads to the 
activation of c-myc and bcl-2, which are known to regulate 
apoptosis. Then RNA interference of leptin was employed to 
gain further insight into the role of leptin in HeLa cells. Using 
western blot analysis (Fig. 4B), a significant reduction in leptin 
protein levels was noted in cells treated with siRNA, relative 
to the negative control (p<0.05; 48 h). The activity of c-myc 
and bcl-2 (Fig. 4) as detected by RT-PCR and western blotting 
revealed that silencing of leptin inhibited the expression of 
c-myc (p<0.05), as well as bcl-2 (p<0.05). This reinforced the 
finding that leptin is an efficient regulator of c-myc signaling.

Discussion

The development and progression of cancer involve a series 
of molecular changes affected by the interaction of a cell and 
its environment. Such processes as angiogenesis, lymphan-
giogenesis, cell motility, proliferation, and cell apoptosis are 
also important. Leptin, a product of the obese (ob) gene, is 
a neuroendocrine hormone that has attracted attention since 
its identification in 1995 (2,3). Previous reports suggest 
that leptin is overexpressed in various types of cancer cells 
and plays a role in the development and/or progression of a 
variety of malignancies including colon (14,15), gastric (16), 
endometrial (17), ovarian (18) and breast cancers (19,20). In 
the present study, we firstly examined the prevalence of the 
expression of leptin and several genes which regulate apoptosis 
and proliferation activity in 80 samples of cervical neoplasia. 
Leptin protein was detected in 33.9% of the examined cases. 

Figure 2. Silencing of leptin reduces cell proliferation and induces apoptosis in HeLa cells. (A) The MTT assay indicated that the growth rate of the leptin-2482 
group was significantly lower than the other interference groups and the negative control group after transfection for 24, 48 and 72 h. (B) Flow cytometric 
analysis showed that leptin RNAi increased the apoptosis of HeLa cells from 15.4%±2.4 to 29.5±3.2% (p<0.05) after transfection with leptin-2482. (C) The 
TUNEL analysis revealed that leptin RNAi significantly induced apoptosis in HeLa cells, and the apoptosis index of HeLa cells transfected with leptin-2482 
was significantly increased when compared to the negative control (NC siRNA) (n=3, p<0.05). (D) RT-PCR analysis revealed that leptin mRNA was reduced 
by 57% following transfection with leptin-2482 (n=3, p<0.05).
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The samples with high leptin expression showed significantly 
poorer differentiation. In contrast, reduced leptin expres-
sion was noted in cervical intraepithelial neoplasia and well 
differentiated cancer. We also observed a significant correla-
tion between leptin expression and the Ki-67 labeling index 
in the cervical cancers. This suggests that leptin, through an 
autocrine mechanism, activates cervical cancer to increased 
progression of the disease, and the expression level of leptin 
may provide useful information for estimating the malignancy 
of cervical cancer.

Leptin was previously reported to stimulate the proliferation 
of various types of tumor cells. Mauro et al (21) observed that 
leptin stimulated the proliferation of MCF-7 breast cancer cells 
in vivo and this action was correlated with increased expres-
sion of E-cadherin and cyclin D1. Rouet-Benzineb et al (22) 
reported that leptin enhanced the apoptosis of human colon 
cancer HT-29 cells probably through activation of the NF-κB 
pathways. Escobar-Morreale and San Millán (23) and Sharma 
et al (24) observed increased proliferation by leptin in endo-
metrial and ovarian cancer cells. Moreover, Saxena et al (10) 
found the leptin promoted invasion and migration of hepato-
cellular carcinoma cells. Our previous experiment revealed 
that recombinant leptin significantly induced proliferation 
and reduced apoptosis in HeLa cells (12). Here, we found that 
leptin siRNA efficiently reversed the growth of HeLa cells. Our 
experiments clearly showed that leptin has an oncogenic effect 
on HeLa cells and this oncogenic effect is due to a combination 
of cell proliferation and inhibition of apoptosis by leptin.

The c-myc gene was found to be the cellular homolog 
of retroviral v-myc oncogene about 30 years ago (25). It is 
located on chromosomal region 8q24.1 and encodes a nuclear 
phosphoprotein (26) and is generally recognized as an impor-
tant regulator of proliferation, growth, differentiation and 
apoptosis (27). c-myc regulates transcription from its targets 
through several mechanisms, including recruitment of histone 
acetylases, chromatin modulating proteins, basal transcription 
factors and DNA methyltransferase (28). Oncogenic alterations 
of myc are commonly induced by events such as point muta-
tions, gene amplification, chromosomal translocation, viral 
insertion at the myc locus, and resistance of myc protein to 
ubiquitin-mediated proteolysis and enhanced transcription or 
translation by other oncogenic signaling pathways. Expression 
of the c-myc oncogene or its protein product is elevated in 
virtually all types of malignant diseases (29). Therefore, it 
is also accepted that the deregulation of myc expression is 
a major event in cancer pathogenesis or progression (30). 
Groups of genes involved in cell cycle regulation, metabolism, 
ribosome biogenesis, protein synthesis and mitochondrial 
function are overrepresented in the myc target gene network. 
Bcl-2, which is regarded as a significant target gene, has been 
investigated for prognostic significance in various malignan-
cies, including carcinoma of the cervix (31,32). Bcl-2 has been 
shown in some studies as an independent predictor of poor 
prognosis in carcinoma of the cervix (33). To elucidate the 
target regulators involved in leptin-mediated induction of the 

Figure 3. Leptin activates the expression of c-myc and bcl-2. HeLa cells were 
serum-starved for 16 h followed by treatment with different concentrations of 
leptin for 48 h. (A) RT-PCR and (B) western blotting revealed that, following 
treatment with leptin, the protein levels of c-myc and bcl-2 were increased 
with a corresponding increase in their mRNA level in a dose-dependent 
manner in HeLa cells. Expression of mRNA and protein was normalized to 
the quantity of internal standard as shown in the histograms (n=3, p<0.05).

Figure 4. Leptin siRNA suppresses the protein and mRNA levels of leptin, 
c-myc and bcl-2 in HeLa cells. (A) The mRNA levels were measured by 
RT-PCR. The relative expression of c-myc and bcl-2 mRNA was reduced 
in HeLa cells transfected with leptin siRNA (leptin-2484) compared to the 
negative control cells. (B) The protein expression of leptin, c-myc and bcl-2 
was reduced in leptin-2484 cells when compared to these levels in the control 
cells. Expression of mRNA and protein was normalized to the quantity of the 
internal standard as shown in the histograms (n=3, p<0.05).
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cancerous properties of HeLa cells, we examined the effect of 
leptin on the activation of c-myc and bcl-2. Our data showed 
that leptin rapidly stimulated c-myc and bcl-2 thus activating 
these key signaling regulators associated with cell growth. In 
addition, gene silencing of leptin in HeLa cell lines abrogated 
c-myc activation as well as the expression of anti-apoptotic 
gene bcl-2, suggesting that leptin-mediated HeLa cell growth 
is due to the modulation of oncogene c-myc and anti-apoptotic 
gene bcl-2 expression.

In conclusion, leptin expression was significantly corre-
lated with the grade of cervical carcinoma, as well as a high 
Ki-67 labeling index. Furthermore, the levels of leptin were 
significantly positively correlated with oncogene c-myc and its 
target gene, bcl-2. This suggests an important role for leptin in 
cervical carcinogenesis. Moreover, our data revealed that leptin 
regulates the expression of c-myc and bcl-2 in HeLa cells, and 
the molecular mechanism responsible for leptin-mediated cell 
proliferation in cervical cancer was further elucidated, thus 
establishing a direct association between leptin and cervical 
carcinogenesis. Our findings have potential clinical implica-
tion in the prevention of development and progression of 
cervical cancer.
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