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Abstract: There are several reports showing that hyperleptinemia positively correlates with atherogenic process
including promotion of platelet aggregation, thrombosis, and production of inflammatory cytokines. Thereby endo-
thelial dysfunction takes place and underlies metabolic and vascular alterations that contribute to the development
of both cardiovascular disease and type 2 diabetes. It has been also proposed that endothelial dysfunction may
antecede the development of insulin resistance and diabetes. Endothelial cells participate in vasoregulation by the
modulation of nitric oxide production and prostaglandin; in addition these cells are major vector in angiogenesis and
recruitment of leukocytes and adhesion molecules. Nevertheless mechanisms underlying vascular dysfunction re-
main to be fully elucidated. This experiment in vitro revealed that the addition of leptin to cultivated endothelial cells
elicited a significant molecular expression of both COX 2 and ICAM-1: in addition, the response showed a positive
relationship with leptin concentration and the time of incubation. Thus, it may be suggested that leptin acts directly
on the endothelium by activating its specific receptor which in turn initiates the molecular response related with the
production of factors involved in the inflammatory response. Alterations on prostaglandins and recruiting molecules
of adhesion are relevant stages of the endothelial damage.
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Introduction

Leptin is a hormone expressed in a variety of
tissues, mainly adipocytes, and it is a key mol-
ecule in the regulation of food intake and ener-
gy expenditure in the hypothalamus [1], howev-
er it is also involved in the regulation of
inflammatory response and endothelial func-
tion [2-4]. Leptin itself is a member of the cyto-
kine superfamily and resembles IL-6 modulates
T cell in immune system. In addition leptin pro-
motes angiogenesis by increasing vascular
endothelial growth factor (VEGF) [5, 6].

Endothelial dysfunction is thought to be a prin-
cipal event in the development of atherosclero-
sis and predates vascular pathology by many
years [7-9]. This is because endothelial dys-

function is associated with diminished antico-
agulant properties as well as increased adhe-
sion molecule expression and cytokine release
and oxidative stress, all of which play roles in
the development of atherosclerosis. Therefore,
study of endothelial function is considered
important for the detection of cardiovascular
disease [10, 11]. The aim of this study was to
investigate the effect of leptin on the expres-
sion of inflammatory markers which are associ-
ated with endothelial dysfunction.

Material and methods
Animals

The present study utilized male Wistar rats of
3-month-old. Animals were maintained under
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controlled conditions (22°C, 12:12-h light-dark
cycle) with water and food provided ad libitum.
Body weights of male were of 250+20g.

Cell culture

After an acclimatization period, male rats fol-
lowing euthanasia, the thoracic aorta was
excised from each animal were isolated endo-
thelium from aorta of rat. The endothelial cells
were maintained at 37°C in a humid 95%
air/5% CO, atmosphere, cells were cultured in
Dulbecco’s modified eagle’s medium (DMEM-
high glucose, phenol red-free), supplemented
with penicillin (100u/ml), streptomycin (100ug/
ml), glutamine (2mM), and 5% fetal bovine
“calf” serum. After the formation of a confluent
monolayer, the cells were incubated for 24 to
48h with different concentrations of leptin (10
10 or 10-8M).

The study was approved by the Ethics
Committee of the IMSS. The present experi-
mental protocol was approved and is in accor-
dance with the U.S. National Institutes of Health
Guidelines for the Care and Use of Laboratory
Animals.

Total RNA isolation for analysis of ICAM-1,
COX-2 and leptin receptor expression

Total cellular RNA was isolated from rat endo-
thelial cells using 1ml of TRIzol reagent in 1 x
1068 cells (Invitrogen, Carlsbad, CA) according to
the manufacturer’s protocol. Briefly, RNA was
precipitated from the TRIzol solution after the
addition of chloroform, followed by isopropyl
alcohol, and then washed in 75% ethanol in
diethyl pyrocarbonate-treated (DEPC) water.
Ethanol was then removed, and RNA pellets
were briefly air-dried before the addition of 20
pl of RNase-free water. Contaminant genomic
DNA was removed by DNase treatment (DNA-
free; Ambion, Austin, TX). Total RNA was eluted
in DEPC-treated water (pH 7.5). Total RNA con-
centration and quality was determined spectro-
photometrically at 260nm/280nm and isolated
RNA was stored at -70°C.

Reverse transcriptase-polymerase chain reac-
tion (RT-PCR)

Purified total RNA (1ug)was used as a template

to generate cDNA (Kit First Strand cDNA
Synthesis, Fermentas Life Sciences), RT-PCR
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were performed using a kit from Invitrogen Life
Technologies which was amplified with a spe-
cific primer for ICAM-1, COX-2, Ob-Rb receptor
and actin. PCR mixture contained 0.5U per
sample of Tag DNA polymerase and buffers
(PCR amplification buffer 30mM MgCl), 10mM
dNTP; 15mM each 5 and 3’ primers were
added to cDNA samples from ICAM-1. Forward
primers used were 5-AGGTATCCATCCATCCC-
ACA-3’ and reverse primer 5-CTTCAGAGGCA-
GGAAACAGG-3’ (product size 600 bp); COX-2
forward primers used were 5-AACTCAAGTTC-
GACCCAG-3’ and reverse primer 5-TTTCAACT-
CTGCAGCCAT-3’ (product size 404bp). From
Ob-Rb receptor forward primers used were
5-CCAGGTGAGGAGCAAGAGAC-3' and reverse
primer 5-CTGCACAGTGCTTCCCACTA-3’ (prod-
uct size 470bp). From b-actin, forward primer
5-CCTGGGTATGGAATCCTGTG-3' and reverse
primer 5-TTGTAAAGAAAGGGTGTAAA-3’ (prod-
uct size 374bp) were used. Initial denaturation
at 95°C for bmin was followed by 35 cycles of
denaturation for 1min at 95°C, annealing for 1
min at 55°C and extension for 1min at 72°C,
and the PCR was terminated by a final exten-
sion at 72°C for bmin using a thermocycler
MasterCycler epGradient S (Eppendorf North
America, Westbury, NY). Subsequent assay
results were analyzed relative to a housekeep-
ing gene (b-actin) within the same sample to
normalize for possible variations in RNA quality
and quantity and RT-PCR efficiency actin levels
were analyzed independently and did not vary
in any of the experimental groups (Table 1).

Electrophoresis

The total RNA and expected PCR products were
analyzed on 2% agarose gels containing ethid-
ium bromide. Finally, the optical density (OD) of
bands was measured using a Kodak
Transilluminator Gel Logic 200 (Estman-Kodak,
Rochester, USA). Data are show as a ratio of
ICAM-1, COX-2 expression to b-actin.

Statistical analysis

Experimental results are reported as mean +
SD. were compared by an unpaired two-tailed
Student t test analysis and two-way analysis of
variance (ANOVA). Statistical analyses were
performed using Prism Software (Graph Pad
Prism 5 for Windows, San Diego, CA); p<0.05
was considered significant.
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Figure 1. Changes in expression of Ob-Rb in cultured endothelium cells (ECs) were incubated in the absence and
presence of leptin (10€ a 10° M) for 24 to 48h. Values represent means + SD for 4 experiments. **P<0.01 differ-
ence between C and leptin group.
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Figure 2. Changes in expression of ICAM-1 in cultured endothelium cells were incubated in the absence and pres-
ence of leptin (10® a 10'°M) for 36 to 48h. Values represent means + SD for 4 experiments. **P<0.01 difference

between C and leptin group.

Results control (C) group; p<0.001) (Figure 1). Likewise,
ICAM-1 expression reached a maximal 5-fold
Leptin stimulates expression Ob-Rb, ICAM-1 increase by 48h incubation (p<0.001) (Figure
and COX-2 2).
After the addition of leptin (10° or 10M) to Leptin also stimulated COX-2 expression was
endothelial cells; showed an increased expres- relatively higher in the 48h with a significant
sion of the receptor Ob-Rb was observed for increase of 3-fold compared to the C group (p
1-fold with 24h incubation compared with the <0.01) (Figure 3).
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Figure 3. Changes in expression of COX-2 in cultured endothelium cells were incubated in the absence and pres-
ence of leptin (10® a 101°M) for 36 to 48h. Values represent means + SD for 4 experiments. **P<0.01 difference

between C and leptin group.

Table 1. Endothelial genes determined using RT-PCR

Gen Sense primer Antisense primer RT-PCR products Amplified (bp)
Ob-Rb CCAGGTGAGGAGCAAGAGAC CTGCACAGTGCT TCCCACTA 472
ICAM-1  AGGTATCCATCCATCCCACA CTTCAGAGGCAGGAAACAGG 600
COX-2 AACTCAAGTTCGACCCAG TTTCAACTCTGCAGCCAT 404
b-actin  CCTGGGTATGGAATCCTGTG TTGTAAAGAAAGGGTGTAAA 374

The dose response for leptin-stimulated ICAM-
1 and COX-2 expression showed that a maximal
effect was observed at 10®M concentration
and 48hr incubation in aort from rat. In sum-
mary these demonstrated that leptin exerts a
direct effect on endothelium inducing ICAM-1
and COX-2 expression. The result confirm the
relevance of leptin-stimulates ICAM-1 and
COX-2 activity for leptin angiogenesis.

Discussion

It is well known that endothelial cells exert criti-
cal functions in the maintenance of vascular
homeostasis; therefore any perturbation of
these cells may be initiating the expression of
proinflammatory adhesion molecules that may
be associated with atherosclerosis and cardio-
vascular disease. It has been demonstrated
that adipose tissue secretes bioactive sub-
stances that positively or negatively modulate
endothelial function; thus leptin may induce
monocyte adhesions and expression of vascu-
lar cell adhesion molecule which causes signifi-
cant endothelial dysfunction [12-14].

195

There are several reports showing that hyper-
leptinemia positively correlates with atherogen-
ic process including promotion of platelet
aggregation, thrombosis, and production of
inflammatory cytokines, e.g., TNF alpha, IL 6
[15, 16]. Thereby endothelial dysfunction takes
place and underlies metabolic and vascular
alterations that contribute to the development
of both cardiovascular disease and type 2 dia-
betes [17, 18]. It has been also proposed that
endothelial dysfunction may antecede the
development of insulin resistance and diabe-
tes. Endothelial cells participate in vasoregula-
tion by the modulation of nitric oxide production
and prostaglandin; in addition these cells are
major vector in angiogenesis and recruitment
of leukocytes and adhesion molecules.
Nevertheless mechanisms underlying vascular
dysfunction remain to be fully elucidated.

This experiment in vitro revealed that the addi-
tion of leptin to cultivated endothelial cells elic-
ited a significant molecular expression of both
COX 2 and ICAM-1: in addition, the response
showed a positive relationship with leptin con-
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centration and the time of incubation. Thus, it
may be suggested that leptin acts directly on
the endothelium by activating its specific recep-
tor which in turn initiates the molecular
response related with the production of factors
involved in the inflammatory response.
Alterations on prostaglandins and recruiting
molecules of adhesion are relevant stages of
the endothelial damage.
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