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EFFECT OF LEPTIN ON PROLIFERATIVE ACTIVITY
AND VASCULAR ENDOTHELIAL GROWTH FACTOR (VEGF)

SECRETION FROM CULTURED ENDOTHELIAL
CELLS HECA10 IN VITRO
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Objective. The aim of this study was to check if leptin influences the proliferative activity and
vascular endothelial grofth factor (VEGF) release from cultured mouse endothelial cells in vitro.

Methods. The murine cell line HECa10 obtained from endothelial cells of mouse peripheral
lymph nodes immortalised by transfection of plasmid with the gene for the large T antigen of
Simian virus 40 was used in the experiments. The proliferative activity of HECa10 cells was
studied by Mosmann and VEGF release by ELISA methods.

Results. Murine leptin in concentrations from 5 to 25 ng/ml stimulated the proliferative activ-
ity of 72 h endothelial cell cultures and in concentrations from 0.5 to 25 ng/ml augmented the
release of VEGF into supernatants of 24 h and 72 h cultured cells.

Conclusion. Leptin stimulated proliferation and VEGF secretion of endothelial cells in vitro.
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The discovery of leptin by ZHANG et al. (1994) cre-
ated a new perspectives for further research of angio-
genesis. Leptin is the product of the ob gene which is
secreted by adipocytes and circulates as plasma pro-
tein. It plays a key role in the regulation of body weight
by controlling food consumption, sympathetic nervous
system activation and termogenesis (CARO et al. 1996).
Leptin is a pleiotropic hormone which is involved in
regulatory processes of immunity, inflammation, he-
matopoiesis (FANTUZZI et al. 2000) and angiogenesis
(BOLOUMIERE et al. 1998; CAO et al. 2001). Numerous
pro- and anti-angiogenic factors take a part in new
vessels formation, vascular endothelial growth factor -
VEGF being a major pro-angiogenic factor (TOI 1995).
Among characteristic properties of this factor is e.g.
endothelial specificity and a vascular permeability
(DVORAK 1995). Stimulation of endothelial cells pro-
liferation and angiogenesis was documented by admin-
istration of leptin in vitro and in vivo. Proliferation is
one of stages which leads to the formation of new ves-
sels by capillary sprouting from preexisting vessels.

The vascular endothelial growth factor (VEGF) is nec-
essary to trigger this process.

In fifties a genetic defect has been known which
resulted in the identification of several obese pheno-
types. Thus, obese mice ob/ob were unable to pro-
duce a satiety factor. Yet db/db mice produced the
factor missed in those ob/ob mice, but could not re-
spond to that factor because of receptor defect. As
defined by Fantuzzi et al. (2000), these mice had ob
and db gene defect. Leptin exerts its biological effect
by binding to leptin receptor Ob-R, identified shortly
after the discovery of leptin (TARTAGLIA et al. 1995).
It was found to be the product of the db gene (LEE et
al. 1996). There are at least six isoforms of leptin
receptor (Ob-R) and they are found in different tis-
sues throughout the body and with different levels of
expression. The receptors are expressed in the hypo-
thalamus, cerebral cortex, cerebellum, choroid plex-
us, lungs, kidneys, liver, skeletal muscles, pancreas,
adipose tissue, adrenal medulla and in many others
(REIDY AND WEBER 2000).
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The Ob-Rb long isoform is associated with the acti-
vation of the JAK/STAT signalling pathways and is
expressed in HUVECs, in microvascular and aortic
bovine endothelial cells and human adipose or dermal
microvascular ECs (SIERRA-HONIGMANN et al., 1998).

Leptin has multiple autonomic and cardiovascular
activity as sympathetic activation and increases endot-
helium nitric oxide. The pressor cardiovascular effect
of chronic hyperleptinemia is mediated by the increased
sympathetic activity and selective leptin resistance to
the metabolic actions and may have potential cardio-
vascular implications in human obesity (MARK et al.,
2002). This protein induced cell proliferation of var-
ies cell lines e.g. a mouse embryonic cell line C3H10T1/
2 (TAKAHASHI et al. 1997), murine myelocytic and prim-
itive hemopoietic progenitor cells (UMEMOTO et al.
1997) and endothelial cells HUVECs cells (BOLOUMIERE

et al. 1998), bovine endothelial cell (BCE) (CAO et al.
20014), and also leptin stimulates angiogenesis
(BOLOUMIERE et al. 1998; CAO et al. 2001). Angiogene-
sis is a complex process which leads to formation of
new vessels by capillary sprouting from preexisting
vessels. Formation of this capillary is fundamental to
reproduction, development and repair (FOLKMAN 1995,
1995). Angiogenesis takes place in physiological pro-
cesses during the menstrual cycle, formation of the pla-
centa in pregnancy and wound healing (STĘPIEŃ et al.
2002). On the other hand, angiogenesis is required for
patological processes such as: tumor growth and me-
tastasis (FOLKMAN 2002) or diabetic rethinopathy, rheu-
matoid arthritis, endometriosis (RISAU 1997; NORRBY

1997). Over 30 years ago, Judah Folkman put forward
a hypothesis regarding tumor angiogenesis in the de-
velopment and metastatic spread of tumors and a new
means of treating cancer by inhibition of angiogenesis
(FOLKMAN, 1971, 1971, 1972). The discovery of the pro-
angiogenic molecules such as basic fibroblast growth
factor and vascular endothelial growth factor (VEGF)
accelerate the research on forming of new blood ves-
sels and clinical application of this process.

The most critical of this growth factors is VEGF-A,
a central promotor of endothelial cell migration and
proliferation, required for forming of new blood ves-
sels (FERRARA 2002; JAIN 2002). The other members
of the VEGF family: VEGF-B, -C, -D and PIGF also
play a role in angiogenesis but they are not so strongly
pro-mitogenic factors as VEGF-A. This factor is re-
quired to initiate the formation of blood vessels during
embryogenesis and in adult animals or people during
plate formation and manstrual cycle (HANAHAN 1997).

Expression of VEGF-A is upregulated in many tumors
and therefore can be a tumor marker (DVORAK et al.
1995; DVORAK et al. 1999; FERRARA 2000). It is proved
that VEGF is responsible for an increase in vessel den-
sity, that leads to its faster growth (FERRARA AND ALI-
TALO 1999). In 1971 FOLKMANN et al. suggested a con-
cept of ‘’anti- angiogenesis’’ that inhibition of these
growth factors may represent a novel treatment of can-
cer. The central role of VEGF-A in angiogenesis leads
to the hypothesis that it can be inhibited in many dis-
eases with pathologic angiogenesis. Preclinical studies
showed that inhibition of VEGF with Bevacizumab
(Avastin, rhuMAb-VEGF; Genentech, South San Fran-
cisco, CA) led to reduced tumor vessel permeability
and caused vascular regression (FERRARA 2002; JAIN

2002).
The aim of this study was to check if leptin influ-

ences the proliferative activity and VEGF release from
cultured mouse endothelial cells in vitro.

Materials and Methods

Cell culture. The murine cell line HECa10 obtained
from endothelial cells of mouse peripheral lymph nodes
immortalised by transfection of plasmid with the gene
for the large T antigen of Simian virus 40 (BIZOUARNE

et al.  1993) was used in the experiments.
The continuous culture of endothelial cells was main-

tained in culture flasks (Nunc Eas Y flask 25 cm2,
NUNC). The cells were cultured in RPMI 1640 medi-
um (Sigma) supplemented with 25 mM Hepes buffer
(Sigma); 2 g/liter sodium bicarbonate (Sigma); 50 mM
2-mercaptoethanol (Serva); 4 mM l-glutamine (Sig-
ma); 100 U/ml penicillin and 100 mg/ml streptomycin
solution (Sigma); 0,1 mM MEM nonessential amino
acid solution (Sigma); 1 mM sodium pyruvate (Sig-
ma); 10 % heat-inactivated fetal calf serum (FCS,
Hungarpol). Endothelial cells were incubated in so
made complete RPMI at 37 °C in the humidified at-
mosphere of 95 % air and 5 % CO2. The cells were
confluenced twice a week and before this they were
harvested after a 2-min incubation at room tempera-
ture in the presence of trypsin-EDTA (0.05 and 0.02%
respectively) in Hanks-balanced salt solution (Sigma).
The cells were washed three times in complete RPMI
and after the last centrifugation seeded at 5 x 104 cells
in 5 ml of fresh medium.

EXPERIMENT 1. The cells was subjected to the
trypsinization process as described above, suspended at
1 x 105 cells/ml in complete RPMI and 50 ml aliquots of
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cell suspension (5 x 103 cells) were placed in the wells of
culture chamber slides containing 130 ml of complete
RPMI (Nunc TC Micro Well 96 F, NUNC). The cul-
tures were incubated in 5 % CO2 and at 37 °C for 24
hours and than 20 ml of leptin (R&D Systems USA)
was added at the final doses 0.5, 5.0, 25.0 and 250 ng/
ml to appropriate wells. The equal volume of RPMI
medium was added to the control wells. After 24 and 72
h incubation of endothelial cells were labeled using a
cells proliferation kit (EZ4Y, The 4th Generation Non
Radioactive Cell proliferation & Cytotoxity Assay; BIO-
MEDICA). Colorimetric assay (EZ4U) based on the
reduction of substrate [(3-(4,5-dimethyltiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide] (MTT) to a formazan
product by mitochondrial dehydrogenases in living cells
was used to measure the proliferative activity of HECa10
cells. The optical density of each sample was measured
in a microplate reader at 450 nm.

EXPERIMENT 2. After trypsinization process the cells
were suspended at 3 x 105 cells/ml in complete RPMI
and 50 ml aliquots of cell suspension (1,5 x 104 cells)
were placed in the assay wells of culture dishes con-
taining 850 ml (Nunclon Multidish 24-wells, NUNC).
Culture dishes were divided into two groups. Leptin
(100 ml) at the final doses 0.5, 5.0, 25.0 and 250 ng/
ml was added to the suitable well of each group. The

equal volume of culture medium was added to the con-
trol samples. The cultures were incubated (5 % CO2,
37 °C) for 24 h (Group I) and 72 h (Group II) and then
the supernatants were collected, centrifuged and stored
at –20 °C. Mouse vascular endothelial growth factor
kit (VEGF Immunoassay, Quantikine M, R&D Sys-
tems, USA) was used to measure VEGF concentration
(sensitivity: 3 pg/ml; intraassay precision: CV<8 %).
The optical density of each sample was measured in
microplate reader at 450 nm and the sample values of
VEGF were read off the standard curve.

Statistical evaluation. The results are expressed as
means ± SEM. The statistical significance of observed
differences was tested with Student’s t-test or analysis
of variance followed by Snedecor F test. P values less
than 0.05 were considered statistically significant.

Results

Experiment 1. Leptin in concentrations of 0.5, 5.0,
25.0, and 250.0 ng/ml did not change the proliferative
activity of 24 h cultured cells compared with control
(Fig. 1; p>0.05). However, leptin in increased concen-
trations of 5.0 and 25.0 mg/ml stimulated the prolifer-
ation of endothelial cells in 72 h cultures (Fig. 2;
p<0.05).
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Experiment 2. Leptin increased the release of VEGF
to the supernatants of 24 and 72 h endothelial cells
cultures. We have shown its stimulatory effect in con-
centrations of 0.5 ng/ml (p<0.05), 5.0 ng/ml (p<0.001),
25.0 ng/ml (p<0.01) and 0.5 ng/ml (p<0.01), 5.0 ng/
ml (p<0.001), 25.0 ng/ml (p<0.001) in 24 and 72 h
cultures, respectively. (Fig. 3 and 4).

Discussion

Human obesity is a complex, multifactorial disor-
der, with both genetic and environmental determinants,
that affects approximately one-fourth of European.
Obesity is an important public health problem associ-
ated with clear health risks, including hypertension,
diabetes and dyslipidaemia (HAYNES 2000). It has been
also proven that abnormal accumulation of adipose tis-
sue and leptin concentration are connected with car-
diovascular diseases and cancer (BOLOUMIE et al. 1998).
The discovery of a hormon secreted by adipose tissue
has raised the hope for a better understanding of the
regulation of body weight. Leptin appears to play a
major role in body weight regulation by promoting
weight loss through reducing food intake acting in the
hypothalamus and increasing energy expenditure
(ZHANG et al. 1994; PELLEYMOUNTER et al. 1995). This
16 kDa protein circulating as a 146 amino acid peptide
is responsible for the obesity syndrome and has been
encoded by the ob gene. Its circulating levels correlate
directly with body weight and body adiposity (AHREN,
2000) and at the same time with the degree of hyper-
tensive retinopathy (ARTWOHL et al. 2002). This hor-
mone is primarily produced by adipose tissue, as well
as by other cells/organs such as bone marrow adipo-
cytes, placenta, stomach (MIX et al. 1999), and the cen-
tral nerves system (REICHLIN 1999). In the present study
we have demonstrated the pro-proliferative effect of
leptin on endothelial mouse cells. Leptin has stimulat-
ed proliferation of endothelial cells in 72-hour cul-
tures althought it has not showed such activity in 24-
hour cultures. It was indicated that leptin enhanced the
proliferation of endothelial cells and the formation of
new blood vessels in vitro (BOLOUMIERE et al. 1998;
CAO et al. 2001). We have demonstrated that leptin stim-
ulated release of VEGF from the endothelial cells to a
greater degree than its proliferation in the 24 and 72 h
cultures. Leptin induces VEGF secretion from endot-
helium cells in 24 h cultures which needs longer than
24 h incubation period with a growth factor to stimu-
late proliferation of HECa10.

Leptin levels are higher in female than in male
mice and demonstrate diurnal rhythm with a nadir in
the mornings (at 8 or 10 AM) and a nocturnal peak at
10 PM to 2 AM (AHREN 2000). Plasma levels of leptin
between 8 and 10 AM in non- fasted mice is 6.2 ±0.3
and 6.4±0.5 for females and males mice respectively.
This nocturnal rise in leptin correlates to the insulin
response to meals (AHREN 2000), similarly as in hu-
man. There were no reports found that leptin can in-
fluence the secretion of VEGF stimulating this way of
endothelial cells proliferation. However, STALLMEYER

et al. (2001) proved that leptin takes part in reversing a
disordered reparation process in ob/ob mice. As it is
commonly known, angiogenesis is the main process
responsible for correct course of a wound healing pro-
cess. Application of leptin in those animals did not
retreat highly reduced angiogenesis but caused an in-
crease in VEGF expression. Within the wound it was
even 40 % higher in ob./ob. mice than in wild ones.

Stimulatory effects of leptin have already been re-
ported on human umbilical vein endothelial cells (HU-
VEC) and bovine capillary endothelium (BCE) in 72
hours incubation in vitro. BOLOUMIERE at al.(1998) have
proved that the maximal effect was elicited by a phys-
iological plasma concentration of leptin (10 ng/ml) and
was equivalent to that evoked by VEGF165 in the same
concentration range. Similarly, in our study the maxi-
mal mitogen effect was caused by physiological con-
centrations in mouse.

Proliferation of endothelial cells constitutes one key
event in the angiogenic process. Angiogenesis starts
with cell-mediated degradation of basement membrane,
followed by migration and proliferation of endothelial
cells. Through stimulating own angiogenesis leptin can
promote its own secretion into circulation and act as a
endocrine hormone influencing the food intake and
energy expenditure (CAO et al. 2001). The more the
leptin is synthetised, the more leptin is released into
the circulation and the greater is the endocrine effect
in the organism. In such tissues as the placenta or fetal
tissues as heart and bone (TRAYHURN et al. 1999) leptin
and VEGF are coexpressed and probably they can syn-
ergistically stimulate the angiogenesis (CAO et al. 2001).

CAO et al. (2001) investigated the influence of lep-
tin and growth factors like VEGF and FGF-2 alone
and together on the angiogenesis of corneal capillaries
in the mouse model. They report that leptin modulates
angiogenic responses induced by VEGF. It can be there-
fore stated that leptin is a significant pro-proliferative
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and pro-angiogenic factor which role has not yet been
appreciated enough. The mitogenic activity of leptin
may be connected with its direct receptor activity or
indirect activity: through the increase in density of the
VEGFR-1 receptors, apoptosis inhibition and proba-
bly through stimulation of VEGF secretion. It was
demonstrated that leptin in the concentration depen-
dent manner reduced apoptosis in HAVECs (human
adult vein endothelial cells) (ARTWOHL et al., 2002).

Because obesity in humans is associated with an el-
evation of leptin in the plasma as well as adipose tis-

sue, we can speculate that leptin promotes angiogene-
sis which participates in the rise (increase) of the adi-
pose mass. Nevertheless, further studies are needed to
elucidate the interrelations in this field.

In conclusion, leptin stimulated proliferation and
VEGF secretion of endothelial cells in vitro.
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