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Abstract: Vascular Endothelial Growth Factor (VEGF) and Nitric Oxide (NO) play an important role for
maintaining endothelial integrity. The purpose is to investigate the VEGF alteration during early
atherosclerosis lesion formation in an animal model of hypercholesterolemia. We also measured nitrite to
observe the relationship between VEGF and endothelial NO production. 20 white male rabbits randomly
assigned in 2 groups (1% high-cholesterol diet, HC group, n = 14, or standard diet, control, n = &) for 4
weeks. The serum levels of VEGF and nitrite (NO metabolite) were determined. Fatty streaks were measured
in rabbit's aortas. The results indicated that the serum level of VEGF concentration was significantly higher
in hypercholesterolemic rabbits and negatively correlated with fatty streak lesions (r = -0.89, p<0.05). The
serum level of nitrite was significantly higher in HC group than the control (p<0.05). There was a significant
negative correlation between serum level of nitrite and VEGF (r = -0.55, p<0.05). It is concluded that, the
increased VEGF in early atherosclerosis may be regarded as a safeguarding response to endothelial injury,
which is responsible for maintaining endothelial integrity.
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Introduction

Atherosclerosis is the single most important cause of
cardiovascular disease - a predominant health problem
worldwide (Libby, 2002). The integrity and functional
activity of the endothelium play a critical role in
atherogenesis (Werner and  Nickenig, 2008).
Cardiovascular risk factors induce endothelial injury and
thus trigger a cascade of proinflammatory events,
resulting in infiltration of monocytic cells and smooth
muscle cell proliferation, which lead to the formation of
atherosclerotic lesions (Libby, 2002). VEGF, a 45 kDa
heparin-binding growth factor elicits an array of
biological effects on endothelial cells in vivo and in vitro
including survival, proliferation and migration NO

production and increases vascular permeability
(Shibuya, 2001; Zachary, 2003 ). Recently raised plasma
VEGF levels has been described in

hypercholesterolemia and atherosclerosis in several
studies (Blann et af, 2001; Couffinhal et af, 1997,
Giurgea et al.,, 2006; Trape et al, 2008). These studies
have obtained different conclusions as to whether VEGF
can either inhibit or promote atherosclerctic lesion
formation (Blann ef af, 2001; Couffinhal ef af, 1997;
Giurgea et al., 2006; Hiltunen et af, 2000; Howell et a/,
20035; Inoue et af, 1998; Kuzuya ef af., 2001, Laitinen ef
al, 1997; Rutanen et al, 2003). Up regulation of VEGF in
the vessel wall could account for the increased vascular
permeability and could be part of a vascular
inflammatory process (Couffinhal et af., 1997, Giurgea ef
al, 2006; Trape et al, 2006; Inoue et al, 1998). Although
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VEGF up regulation as a known endothelial survival
factor could constitute a vascular homeostatic
mechanism for compensating endothelial injury
(Hiltunen et al., 2000; Howell et al,, 2005; Laitinen et a/,
1997, Leppanen et al, 2005 ). Thus, the role of VEGF in
atherosclerosis is controversial. Accordingly in this study
we investigated the association of serum level of VEGF
with early atherosclerosis lesion formation in a rabbit
model of hypercholesterolemia. We also measured
serum concentration of nitrite to observe the relationship
between VEGF and endothelial NO production.

Materials and Methods

Animals and experimental design: This study was
reviewed and approved by the Ethics Committee of
Isfahan University of Medical Sciences. 20 white male
rabbits were obtained from the Pasteur Institute of Iran.
After 1-week acclimation pericd and an overnight fasting
blood samples were taken as pre-experiment sampling.
Collected blood samples were centrifuged (10,000g),
and the resulting serum was stored at -70°C until
measurements. The animals were then randomly
assighed in 2 groups. The rabbits were fed rabbit chow
supplemented with 1% cholesterol. (Hyperchole-
sterolemic diet) (HC group, n=14) or standard diet
(control group, n=6) for 4 weeks.

By the end of 4 weeks, the blood samples were taken
and the animals euthanized by an overdose of sodium
pentobarbital and exsanguinated. The serum was
stored again.
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Lipids measurement: Total cholesterol level was
measured by standard enzymatic kit according to
manufacture's instruction (Pars Azmoon Co, Iran)

Serum nitrite measurement: The serum level of nitrite
(stable NO metabolite) was measured using a
colorimetric assay kit (R and D Systems, Minneapolis,
USA) that involves the Griess reaction according to
manufactures instruction. Briefly, serums were added
into wells (96-well enzymatic assay plate). A
sulfanilamide solution was added to all experimental
samples and after incubation, N-1-naphtylethy-
lenediamine dihydrochloride solution was added. Then,
absorbance was measured by a microreader in 520 nm
wavelength. The samples NO concentration was
determined by comparison to nitrite standard reference
curve. The detection limit was 0.25 pM nitrite.

Serum VEGF measurement: Serum VEGF concentration
was measured using enzyme-linked immunosorbent
assay using available reagents and recombinant
standards (R and D Systems, Minneapoclis, MN)
according to manufactures instruction. Briefly, 50 pl of
standard or serum was added to the wells of the
microplate, which was precoated with monoclonal
antibody for VEGF and incubated for 2 h at room
temperature. After any unbound substances had been
washed away, an enzyme-linked polyclonal antibody
against VEGF was added to the wells and incubated for
2 h. After a wash, 100 ul substrate solution was added
to the wells and incubated for 30min. A 100ul stop
solution was then added for color development. The
optical density was determined at 450nm using a
microplate reader. The VEGF assay has a minimum
sensitivity of 3.0 pg/ml.

Pathological investigation: The abdominal acrta was
subjected to pathological investigation to verify fatty dot
or fatty streak lesions formation. Entire aorta, from the
aortic arch to the external iliac arteries, was dissected
out and cleaned of excess adventitial tissue. The aorta
was fixed in buffered 10% formalin for 24 h and then
embedded in paraffin. The paraffin - embedded
specimen was stained with haematoxylin and eosin,
sectioned at 5 pm (20 sections in succession) and
examined by light microscopy to measure fatty streaks
by two pathologists in a double-blinded manner.

Fatty streaks formation was determined by intima
thickness and media thickness measurement in all
sections. The data were averaged and were used to
obtain the IMT ratio (intima thickness / media thickness).

Statistical analysis: The data are reported as the
meantSEM. A statistical software package, SPSS
(version 13), was used to perform statistical analysis.
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The data were tested for normality and homogeneity of
variance. Otherwise, paired Student's t-test was used to
assess the significance of any change within groups,
while an unpaired Student's t-test (equal or unequal
variance assumed accordingly) was used to assess the
significance of any change between groups. The
Spearman’s rank correlation test was used to evaluate
relationships between variables. Statistical significance
was accepted at p<0.05.

Results

Serum lipids: The cholesterol-rich diet induced a
significant increase of total cholesterol in HC group
(2.8240.3 vs.55.1044.4 mmol/lL P < 0.05) while
cholesterol level in the control group remained
unchanged through the study (3.11£0.5 vs. 2.9010.8
mmol/L, P=0.05). After 4 weeks of cholesterol-rich diet,
animals of the HC group had significantly higher
cholesterol level than control group (p<0.03)

The effect of hypercholesterolemia on serum level of
VEGF: The cholesterol-rich diet induced VEGF increment
in HC group (30.9646.6 vs. 239.91+78.2 pg/ml, P>0.05)
(Fig. 1), while VEGF levels in the control group remained
unchanged through the study (36.62+20.0 vs.
48.17424.8 pg/ml, P=0.05) (Fig.1). After 4 weeks of
cholesterol-rich diet, animals of the HC group had
significantly higher VEGF level than control group
(p<0.05) (Fig. 1).

The effect of hypercholesterolemia on serum level of
nitrite: There were no significant changes in serum level
of nitrite of HC and control groups through the
experiment (9.99+0.7 vs. 8.93+£1.09 pmole/l, p>0.05). By
the end of study, the serum level of nitrite was
significantly higher in HC group than the control groups
(12.6640.7 vs 9.2110.6 pmolefl , p<0.05) (Fig. 2). There
was a significant negative correlation between serum
level of nitrite and VEGF concentration in HC group (r =
-0.55, p<0.05).

Fatty streaks formation: By the end of study, there were
no fatty streaks lesions in control group aortas whether
IMT ratio was 0.33+0.1 in HC group (p=0.07). There was
a significant negative correlation between fatty streaks
and VEGF concentration in HC group (r=-0.89, p<0.05).

Discussion

The role of VEGF as a specific endothelial cells mitogen
and survival factor responding for maintaining and or
restoring endothelial integrity following arterial injury has
remained less appreciated. This study was designed to
investigate the VEGF alteration in an animal model
using hypercholesterolemia as an endothelial cell
stressor during early atherosclerosis lesion formation.
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Fig. 1. Serum VEGF concentration (pico mol/l) before
and after experiment. Serum VEGF concentration
significantly increased in hypercholesterolemic
(HC) group (p<0.05) while remained unchanged
in control group. Serum VYEGF concentration in
HC group was significantly higher than control
group (p<0.05)

As the results of our study showed, VEGF significantly
increased in hypercholesterolemic animals. This is in
agreement with other studies who found higher VEGF
concentration in patient with hypercholesterolemia and
atherosclerosis than normal subject (Blann et af,, 2001,
Giurgea et al., 2006; Trape et al., 2006).

The contribution of VEGF to atherogenesis has been
challenged and still remained unclear. Although the
progressive expression of VEGF-A in activated
endothelial cells, macrophages and differentiated
smooth muscle cells in atherosclerotic lesions might be
suggesting a proinflammatory role of VEGF in
atherogenesis but it has been shown in several studies
that periadventitial and intra-arterial gene transfer of
VEGF - A, - C and -D has inhibited necintimal growth
(Hitunen ef al, 2000; Leppanen et af., 2004, Rutanen ef
al., 2005; Yla-Herttuala et a/., 2007). In addition systemic
adenoviral gene transfer of VEGF - A, - B, - C, or- D, as
well as recombinant VEGF-A administration, did not alter
plaque area or macrophage influx in LDLR/ApoB48
double knockout mice (Leppanen ef af, 2005).
Furthermore, VEGF-A polymorphism causing higher
VEGF-A expression recently was found to be associated
with a lower risk of coronary artery disease in an
epidemiological study (Howell et af, 2005). VEGF up
regulation has been also reported after arterial injury
(Tsurumi et al., 1997). As the result of our study showed
there was a negative correlation between VEGF
concentration and fatty streaks formation. Because of all
the above mentioned materials. It is tempting to
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Fig. 2. Serum NO concentration (umol/ly before and
after experiment. Serum NO concentration in
hypercholesterolemic (HO) group was
significantly higher than control group {p<0.03).

speculate that this over expression could be an
endothelial protecting response in early atherosclerosis.
Another open question in this field is the mechanism by
which hypercholesterclemia may induce VEGF up
regulation in the vessel wall, among the possible
pathophysiological stimuli are hypoxia, oxidative stress,
inflammation and low NO bioavailability (Rodriguez et
al., 2005). As our results showed there was a negative
correlation between NO and VEGF in
hypercholesterolemic rabbits. This is interesting in light
of Tsurumi and Murohara study who found NO attenuate
VEGF expression in a concentration dependent manner
by inhibition of binding of the transcription factor activator
protein-1 (AP-1) to the VEGF promoter (Tsurumi ef af.,
1997). In their study, VEGF up regulation varies in
reciprocal fashion with level of NO secreted from
regenerating endothelium.

In summary, a wide array of cytokines, growth factors
and other molecules is released in response to vascular
injury, which is essential for the repair process. VEGF as
a specific endothelial mitogen and survival factor is one
of these molecules, which have been shown to release
from smooth muscle cells, macrophages and platelet
after endothelial injury. So increased VEGF in early
atherosclerosis may be regarded as a safeguarding
response to endothelial injury, which is responsible for
maintaining endothelial integrity.

Acknowledgment

This study was supported by lIsfahan University of
Medical sciences, Isfahan, Iran and Stem Cell
Technology CO. Tehran, Iran (Grant # 384151).



Haghjooyjavanmard et al.: VEGF and Nitrite Concentrations in Early Stage of Atherosclerosis in Rabbits

References

Blann, A.D., F.M. Belgore, J. Constans, C. Conriand G.Y.
Lip, 2001. Plasma vascular endothelial growth
factor and its receptor Flt-1 in patients with
hyperlipidemia and atherosclerosis and the effects
of fluvastatin or fenofibrate. Am. J. Cardiol. 8710:
1160-1163.

Couffinhal, T., M. Kearney, B. Witzenbichler, D. Chen, T.
Murohara, D.W. Losordo, J. Symes and J.M. Isner,
1997. Vascular endothelial growth factorfvascular
permeability facter VEGF/NVPF. in normal and
atherosclerotic human arteries. Am. J. Pathol.,
1505: 1673-1685.

Giurgea, A.G., C. Margeta, T. Maca, A. Rezaie-Majd, R.A.
Bucek, M. Manavi, R. Afarideh, E. Minar and M.
Baghestanian, 2006. Simvastatin reduces serum
level of wvascular endothelial growth factor in
hypercholesterolemic  patients. J. Cardiovasc
Pharmacol., 471: 30-36.

Hiltunen, M.O., M. Laitinen, M.P. Turunen, M. Jeltsch, J.
Hartikainen, T.T. Rissanen, J. Laukkanen, M. Niemi,
M. Kossila, T.P. Hakkinen, A. Kivela, B. Enholm, H.
Mansukoski, A.M. Turunen, K. Alitalo and S. Yla-
Herttuala, 2000. Intravascular adenovirus-mediated
VEGF-C gene transfer reduces necintima formation
in balloon-denuded rabbit aorta. Circulation, 10218:
2262-2268.

Howell, W.M., S. Ali, M.J. Rose-Zerilli and S. Ye, 2005.
VEGF polymorphisms and severity of
atherosclerosis. J. Med. Genet., 426: 485-490.

Incue, M., H. ltch, M. Ueda, T. Naruko, A. Kojima, R.
Komatsu, K. Doi, Y. Ogawa, N.Tamura, K. Takaya, T.
Igaki, J. Yamashita , T.H. Chun, K. Masatsugu, A.E.
Becker and K. Nakao, 1998. Vascular endothelial
growth factor VEGF. Expression in human coronary
atherosclerotic lesions: Possible pathophysiol.
significance of VEGF in progression of
atherosclerosis. Circulation, 9820: 2108-2116.

Kuzuya, M., M.A. Ramos, S. Kanda, T. Koike, T. Asai, K.
Maeda, K. Shitara, M. Shibuya and A. Iguchi, 2001.
VEGF protects against oxidized LDL toxicity to
endothelial cells by an intracellular glutathione-
dependent mechanism through the KDR receptor.
Arterioscler Thromb Vasc Biol, 215: 765-770.

Laitinen, M., |. Zachary, G. Breier, T. Pakkanen, T.
Hakkinen, J. Luoma, H. Abedi, W. Risau, M. Soma,
M. Laakso, J.F. Martin and S. Yla-Herttuala, 1997.
VEGF gene transfer reduces intimal thickening via
increased production of nitric oxide in carotid
arteries. Hum. Gene Ther., 815 1737-1744.

Leppanen, P., S. Koota, |. Kholova, J. Koponen, C.
Fieber, U. Eriksson, K. Alitalo and S. Yla-Herttuala,
2005. Gene transfers of vascular endothelial growth
factor-A, vascular endothelial growth factor-B,
vascular endothelial growth factor-C and vascular
endothelial growth factor-D have no effects on
atherosclerosis in hypercholesterolemic low-density
lipoprotein - receptor / apolipoprotein B48 - deficient
mice. Circulation, 1129: 1347-1352.

89

Leppanen, O., J. Rutanen, M.O. Hiltunen, T.T. Rissanen,
M.P. Turunen, T. Sjoblom, J. Bruggen, G. Backstrom,
M. Carlsson, E. Buchdunger, D. Bergqvist, K. Alitalo,
C.H. Heldin, A. Ostman and S. Yla-Herttuala, 2004.
Oral imatinib mesylate STIS71/gleevec. improves
the efficacy of local intravascular wvascular
endothelial growth factor - C gene transfer in
reducing neointimal growth in hypercholesterolemic
rabbits. Circulation, 1099: 1140-1146.

Libby, P., 2002. Inflammation in atherosclerosis. Nature
. 4206917 868-874.

Rodriguez, J.A., B. Nespereira, M. Perez-llzarbe, E.
Eguinoa and J.A. Paramo, 2005. Vitamins C and E
prevent endothelial VEGF and VEGFR-2
overexpression induced by porcine hypercholest-
erolemic LDL. Cardiovasc Res., 653: 665-673.

Rutanen, J., P. Leppanen, T.T. Tuomisto, T.T. Rissanen,
M.O. Hiltunen, |. Vajanto, M. Niemi, T. Hakkinen, K.
Karkola, S.A. Stacker, M.G. Achen, K. Alitalo and S.
Yla-Herttuala, 2003. Vascular endothelial growth
factor-D expression in human atherosclerotic
lesions. Cardiovasc Res., 594: 971-979.

Rutanen, J., A.M. Turunen, M. Teittinen, T.T. Rissanen, T.
Heikura, J.K. Koponen, M. Gruchala, M. Inkala, S.
Jauhiainen, M.O. Hiltunen, M.P. Turunen, S.A.
Stacker, M.G. Achen and S. Yla - Herttuala, 2005.
Gene transfer using the mature form of VEGF-D
reduces neointimal thickening through nitric oxide-
dependent mechanism. Gene Ther., 1212: 980-987.

Shibuya, M., 2001. Structure and function of VEGF/VEGF-
receptor system involved in angiogenesis. Cell
Struct Funct., 261: 25-35.

Trape, J., C. Morales, R. Molina, X Filella, J.M. Marcos,
R. Salinas and J. Franquesa, 2006. Vascular
endothelial growth factor serum concentrations in
hypercholesterolemic patients. Scand J. Clin. Lab.
Invest., 663: 261-267.

Tsurumi, Y., T. Murohara, K. Krasinski, D. Chen, B.
Witzenbichler, M. Kearney , T. Couffinhal and J.M.
Isner, 1997. Reciprocal relation between VEGF and
NO in the regulation of endothelial integrity. Nat.
Med., 38: 879-886.

Werner, N. and G. Nickenig, 2006. Influence of
cardiovascular rigsk factors on endothelial progenitor
cells: limitations for therapy? Arterioscler Thromb
Vasc Biol., 262: 257-266.

Yla-Herttuala, S., T.T. Rissanen, |. Vajanto and J.
Hartikainen, 2007. Vascular endcthelial growth
factors: Biclogy and current status of clinical
applications in cardiovascular medicine. J. Am. Coll.
Cardiol,. 4910: 1015-1026.

Zachary, |., 2003. VEGF signalling: Integration and multi-
tasking in endothelial cell biclogy. Biochem. Soc.
Trans., 31Pt, 6: 1171-1177.



	PJN.pdf
	Page 1


