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Background: Tumor development is angiogenesis dependent. There is evidence that leptin contributes to 
tumor growth. However, all the mechanisms by which leptin does this has not been clearly established. The 
objective of the present study was to test the hypothesis that leptin enhances melanoma tumor growth 
through inducing angiogenesis and cell proliferation.
Materials and Methods: We injected 2 × 106 B16F10 melanoma cells subcutaneously to 32 C57BL6 mice. 
The mice were randomly divided into four groups of eight animals, on day 8. Two groups received twice 
daily intraperitoneal (i.p.) injections of either phosphate buffered saline or recombinant murine leptin 
(1 µg/g initial body weight). Two groups received i.p. injections of either 9F8 an anti leptin receptor 
antibody or the control mouse IgG at 50 µg/injection every 3 consecutive days. By the end of the 2nd week, 
the animals were euthanized and blood samples and tumors were analyzed. Angiogenesis and proliferation 
were assessed by immunohistochemical staining for CD31 and Ki-67 respectively.
Results: Tumors size, capillary density, plasma levels of vascular endothelial growth factor, and the number of 
Ki-67-positive stained cells were significantly more in the leptin than 9F8 and both control groups (P < 0.05).
Conclusion: Taken together, our findings reinforce the idea that leptin acts as an angiogenic and mitogenic 
factor to promote melanoma growth.
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INTRODUCTION

From an epidemiological viewpoint, obesity, a 
growing health problem worldwide, has been 
associated with increased risk of several types of 
cancers including colon, breast, gastric, prostate, and 

melanoma and so on.[1] However, exact mechanisms 
underlying the association between obesity and 
cancer are not well clear. Key candidate molecule 
that linking obesity and cancer is leptin. Leptin 
is a multifunctional adipokine which exhibits 
a wide range of physiological roles in energy 
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balance, inflammation, and reproduction through 
its receptors.[2,3] Leptin has been also shown to have 
pro-angiogenic activity and endothelial cells express 
functionally active leptin receptors.[4-6] Recent studies 
indicated that leptin and its receptor, OB-R, are 
overexpressed in several cancer types, where they 
induce tumor growth by stimulating proliferation, 
inflammation, and angiogenesis.[7-10] Angiogenesis is 
critical to ensure the supply of oxygen and nutrient 
for tumor’s growth, invasion, and metastasis.[11] 
Tumor progression is associated with a switch in 
the balance between angiogenesis inducers and 
inhibitors.[12,13] Vascular endothelial growth factor 
(VEGF) as a major angiogenic inducer stimulates 
endothelial cell survival, proliferation, migration, and 
finally capillary-like tube formation.[14] The level of 
VEGF expression appears to have a strong correlation 
with the blood vessel density and grade of tumors.
[15] Leptin has been found to exert angiogenic effects 
mediated by enhancement of VEGF and VEGF-
receptor 2 (VEGFR2) and activation of endogenous 
fibroblastic growth factor-2.[7,16]

Data from one study suggested that melanoma 
cells express leptin and its receptor, creating a 
potential autocrine growth pathway which is absent 
in normal cells.[17] We have previously shown that 
leptin promotes tumor growth through mechanisms 
involving nitric oxide (NO) production, increasing of 
the endothelial progenitor cell numbers in peripheral 
blood and consequently vasculogenesis.[18]

In spite of the increasing data supporting leptin’s 
role in some plemalignancyies including breast and 
prostate cancer there is a lack of information on 
relationship between leptin and melanoma, as a most 
aggressive form of skin cancer.[7,10,19-21] To this purpose, 
we have investigated whether leptin may induce 
angiogenesis and proliferation of melanoma tumor in 
an animal model.

MATERIALS AND METHODS

Cell culture
B16-F10 melanoma cell line which is syngenic with 
the C57BL/6 strain mouse was purchased from the 
National Cell Bank of Iran (NCBI, Pasteur institute 
of Iran). Cells were cultured at 37°C in Dulbecco’s 
modified Eagle’s medium supplemented with 4 mM 
L-glutamine, 4.5 g/L glucose, 10% fetal bovine serum, 
and antibiotics (100 µg/ml streptomycin, 100 µg/ml 
penicillin) in 5% CO2 atmosphere until confluent. 
When the monolayer reached about 80% confluence, 
the cells were washed with phosphate buffered saline 
(PBS) and harvested using 0.25% trypsin and 0.03% 
ethylenediaminetetraacetic acid, thereafter, pelleted 

by brief centrifugation at 100 g. The supernatant was 
discarded, cell pellets were resuspended in PBS, and 
the cell number was counted.

Animal experiments
Six to  eight-week-old male C57BL/6 mice 
(Pasteur Institute of Iran) served as recipient mice 
for tumor inoculation. The animals were housed in 
microisolator cages and maintained in a 12 h light/dark 
cycle at room temperature between 20°C and 25°C and 
given food and water ad libitum. All experimental 
procedures were performed in accordance with the 
guideline of Animal Care and Ethical Committee 
of XXXX.

C57BL/6 mice were injected with 2 × 106 B16-F10 
melanoma cells subcutaneously in the right flank 
using a disposable tuberculin syringe. The day of 
inoculation was defined as day 0. Animals developed 
tumors (one tumor per mouse) within 6–7 days. 
On day 8, the tumor bearing mice were randomly 
divided into four groups of eight animals. Two groups 
received twice daily intraperitoneal (i.p.) injections 
of either PBS or recombinant murine leptin (R and 
D, 1 µg/g initial body weight). Two groups received 
i.p. injections of either 9F8 monoclonal antibody 
or the control mouse IgG at 50 µg/injection every 3 
consecutive days on days 8, 11 after tumor induction. 
9F8 is a monoclonal antibody to the human leptin 
receptor (ObR) which has been developed by Fazeli 
and Zarkesh-Esfahani and tested for antagonist 
activity using a leptin signaling bioassay.[19] The 
mouse IgG was generous gift of Dr. Ali Mostafaei 
(Medical Biology Research Center, Kermanshah 
University of Medical Sciences). Upon appearance, 
tumor size was measured daily with calipers.[18] Tumor 
volumes were calculated as prolate spheroid: V = 
(4/3 × π × [a] 2 × [b]), were “a” is half of the minor axis 
and “b” is half of the major axis of the prolate spheroid. 
On the day 14, mice were sacrificed by pentobarbital 
overdose. Tumors were then carefully removed and 
fixed in 10% buffered formalin.

Vascular endothelial growth factor measurement
Mice were fasted for 14 h prior to sacrifice in order 
to obtain fasted blood samples. Serum VEGF 
concentration was measured using sandwich enzyme 
immunoassay kits and reagents (R and D systems, USA) 
according to the manufacturer’s protocol.

Ki-67 evaluation
Paraffin-embedded samples were cut at 5-µm-thickness, 
dewaxed with xylene before rehydration through 
graded alcohol. For antigen retrieval, the samples were 
boiled for 10 min in a microwave oven in 10 mmol/L 
sodium citrate buffer (pH 6.0).
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Mouse monoclonal antibody Ki-67 (RTU-MMI, 
NovoCastra-Germany) was diluted to a concentration 
of 1:60, applied to the sections, and incubated for 
30 min at room temperature. This antibody was 
detected using a proprietary horseradish peroxidase 
enzyme labeled polymer (DAKO Envision_HRP) 
conjugated to mouse secondary antibody. Staining 
was developed with 3,3’-diaminobenzidine. Sections 
were counterstained with hematoxylin. In the negative 
controls, the primary antibody was omitted. The 
number of mitosis was counted in five high-power fields 
(×400) in the areas with highest mitotic activity. In 
order to control for inter-observer variation, randomly 
selected cases were evaluated by two observers.

Capillary density assessment
For endothelial cells immunostaining, tumor samples 
were fixed in 10% neutral buffered formalin overnight, 
embedded in paraffin, and cut in 5 µm. Then, the 
sections were deparaffinized in xylol and followed 
by rehydration in graded alcohol series. Endogenous 
peroxidase activity was blocked with 3% H2O2 in 
methanol. Antigen retrieval on these sections was 
performed by microwave irradiation for 15 min in 
citrate buffer 10 mM, pH 6.0. Sections were allowed 
to cool for 20 min and then washed in PBS. To avoid 
nonspecific staining, protein block (RE7120) was 
used. The slides were then incubated for 60 min with 
monoclonal antibodies (dilution 1/100) directed against 
mouse CD31 (NovoCastra). The bound antibody was 
detected by horseradish peroxidase enzyme labeled 
polymer conjugated to mouse secondary antibody 
and visualized by diaminobenzidine as chromogen. 
Counterstaining was performed with hematoxylin. 
Paraffin – embedded sections of normal samples 
were included as positive control. Negative control 
had the primary antibody replaced by PBS. Capillary 
density was measured at ×400 in three separate fields 
from each tissue preparation, final vessel count was 
expressed as the mean number of vessels in these 
three fields.

Statistical analysis
Data are presented as mean ± standard deviation 
and were tested for normal distribution with the 
Kolmogorov–Smirnov test. Comparisons between 
groups were analyzed by one-way ANOVA followed 
by the Bonferroni method as post-hoc test. P < 0.05 
was considered significant. All statistical analysis was 
performed with SPSS 16 (SPSS Inc.).

RESULTS

Serum biomarker of angiogenesis
Plasma VEGF concentrations for each study group are 
shown in Figure 1. In plasma taken from mice at the 

time of sacrifice, VEGF level was significantly higher 
in mice receiving leptin compared to all other groups 
while no significant difference was found between 
other groups (P < 0.05).

Capillary density
Samples of immunohistochemical staining in all 
experimental groups are presented in Figure 2. Blood 
vessels formed in the tumors from all groups of mice, 
but leptin treated animals have significantly higher 
percentage of CD31 staining in their tumors (P < 0.05). 
Differences in vessel counts between other groups were 
not statistically significant [Figure 3].

Ki-67 expression in melanoma tumor
Figure 2 shows representative photograph of Ki 
67-stained tumor section. We examined proliferation 
in the mouse melanomas using immunohistochemistry 
for proliferative marker Ki-67. Leptin administration 
resulted in significant more Ki-67+ cells in tumor 
bearing mice whereas there was no significant 
difference between other groups [Figure 4] (P < 0.05).

Tumor size
The results of tumor size measurement are shown in 
Figure 5. The melanoma tumor size differs between 
leptin group and others (P < 0.05). It is significantly 
higher in leptin treated mice than those in other groups.

DISCUSSION

In the present study, we found that leptin promotes 
angiogenesis in melanoma tumor cells, which are 
mediated, at least in part, by angiogenic factor VEGF. 
In addition, we observed proliferative responses of 
melanoma cells to leptin.

Figure 1: The plasma concentration of vascular endothelial growth 
factor. The plasma levels of vascular endothelial growth factor were 
significantly higher in leptin group compared to all other groups of 
mice while there was no significant difference between other groups 
(*P < 0.05)
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Figure 3: The vascular density was measured in CD31-labeled vessels. 
CD31 staining was significantly higher in leptin group compared to 
all other groups of mice. Results are presented as mean ± standard 
deviation

Figure 2: Immunostaining of CD31 and Ki-67 in melanoma tumor, 
(a and b) leptin, (c and d) 9F8, (e and f) control groups. Leptin treated 
animals appeared to have significantly higher percentage of CD31 and 
Ki-67 staining in their tumors while no significant difference was found 
between other groups (*P <0.05). Original magnification ×400. Note 
the strong brown staining in tumors excised from leptin treated mice. 
Arrows depict cells in tumor with intensive staining

dc

b

f

a
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Tumor angiogenesis is an essential process that 
provides blood supply for tumor growth and their 
subsequent metastasis. To date, several reports have 
suggested a positive effect of leptin on tumor growth 
via angiogenesis.[7,10] Although, direct cause and 
mechanism of leptin-mediated tumor angiogenesis 
has not been extensively investigated.

Leptin and its receptors are present in several types 
of tumor cells including breast, prostate, colon where 
they induce tumor growth.[22-26] Melanoma cells do 
express these receptors providing a hypothesis that 
leptin is a growth factor for these cells.[17] Gogas et al., 
in a case control study has indicated elevated leptin 
levels is a risk factor for melanoma cancer.[27]

In keeping with our previous investigation showing 
potential role of leptin in vasculogenesis, herein we 
demonstrate the possibility of leptin as an inducer 

of angiogenesis in melanoma accounting in part 
for tumor growth effect. Similar to our findings, 
an in vivo study revealed that leptin dose- and 
time-dependently stimulated angiogenesis which was 
equivalent to that obtained with angiogenic cytokine 
VEGF.[5] Furthermore, investigational study on 
tumor development have explored that leptin induced 
angiogenesis in human hepatocellular carcinoma.[28] 
Others reported that neutralizing of leptin activity can 
suppress leukemia through inhibiting angiogenesis.[29]

The mechanisms for leptin governing angiogenesis and 
supporting the growth of tumors are not well clarified 
and literature data are controversial. Result from our 
study suggests that a mechanism by which leptin 
promotes angiogenesis in melanoma is upregulation of 
VEGF. In agree to our results, Gonzalez et al. showed 
that leptin signaling enhanced the development of 
mammary tumors and upregulated the VEGF and 
VEGFR2.[7] However, another study in the chick 
embryo chorioallantoic membrane (CAM) illustrated 
that leptin-mediated angiogenesis is in part via 
fibroblast growth factor-2.[16] Previous study from 
our laboratory have reported that leptin treatment 
increases NO, a potent angiogenic mediator.[18] In 
a clinical study of gastric cancer, leptin expression 
was positively correlated with VEGF expression.[30] 
In contrast, vona-davis et al., showed that leptin 
decreased VEGF production in prostate cancer cells 
in vitro.[31] This little discrepancy may possibly relate 
to different model of angiogenesis and leptin doses 
used in this work.

Beyond the angiogenic effect of leptin in development 
of tumors, there are numerous in vivo and in vitro 
studies that have implicated this adipokine promotes 
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the proliferation of different types of tumor 
cells.[7,19,21,32-36] Here, proliferation was evidenced by 
Ki-67 immunostaining, a nuclear protein present in all 
proliferating cells.[37] We found a significant correlation 
between leptin and the Ki-67 mitogenic labeling index 
in melanoma suggesting another important role for 
leptin in tumor growth. Proliferative activity of leptin 
in prostate cancer cells are related to Akt and STAT3 
activation.[38] In addition, leptin promotes endometrial 
cancer growth and invasiveness by activation of 
extracellular signal-regulated kinase 2 signaling 
pathway.[39] In investigation of the effect of leptin on 
melanoma promotion, Ellerhorst et al. showed that 
melanoma cells themselves also secret leptin that may 
be responsible for uncontrolled proliferation of tumor 
cells.[17] Brandon et al. have illustrated that leptin 
deficiency diminishes but does not abolish melanoma 
tumor growth.[1] Surprisingly, antagonism of leptin 
by 9F8 antibody have nonsignificant effect on plasma 
VEGF concentration, angiogenesis and proliferation of 
melanoma. We conclude pharmacological concentration 
of leptin may be related to these effects. This finding 
is consisted with a previous report where high 
concentrations of leptin have been shown to effectively 
stimulate angiogenesis in the chick CAM.[16]

CONCLUSION

In summary, leptin enhanced melanoma tumor 
growth in vivo. Promoting  angiogenesis  as well 
as proliferation may confer a benefit to growth 
of melanoma. However, further research should 
be made to clarify the exact role of leptin and its 

signaling pathway responsible for these leptin 
induced actions.
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