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ABSTRACT

Leptin is a 16 KDa protein, consists of 167 amino acid residues. It has many
functions including angiogenesis. Leptin either induces angiogenesis itself or
influences the levels of other angiogenic factors. The aim of the present investigation
was to study the effect of leptin on the levels of the angiogenic factors: vascular
endothelial growth factor (VEGF) and thymidine phosphorylase (TP) enzyme activity
in prepubertal female albino rats. Twenty prebubertal female albino rats were divided
randomly into two groups; 1% group (group I); rats were injected intraperitoneally
with saline alone and considered as control group. The 22 group (group 11); its rats
were daily intraperitoneally injected with leptin (recombinant rat leptin (L5073),
Sigma-Aldrich) in a dose of 3 pg/g. body weight in 100 pl saline for 10 days.
Obtained results revealed that leptin increased significantly the serum levels of both
VEGF levels and TP activity. In addition, there was a positive correlation between
VEGF levels and TP activity.

INTRODUCTION

Leptin is a 16 KDa protein,
discovered in 1994 in mutant obese
mice'! although its effects were
discovered in 1950". Leptin consists
of 167 amino acid residues and
although mainly produced by white
adipose tissue cells, it is also produced
by brown adipose tissue cells,
placenta, ovaries, mammary epithelial
cells, pituitary, bone marrow, liver
and stomach®. Leptin has many
physiological functions, mainly it
binds to receptors in the hypothalamus
to regulate energy balance and it plays
a role in thermogenesis, reproduction,
bone formation, hematopoiesis, and
inflammation  in  addition  to
angiogenesis'*”. Leptin was found to
influence the proliferative activity and
vascular endothelial growth factor

(VEGF) release from cultured mouse
endothelial cells in vitro!®. Leptin was
found to act as a growth factor
through several pathways, including
mitogen-activated protein kinase
(MAPK), Janus kinase 2-signal
transducer  and activator  of
transcription 3 (JAK2-STAT3) and
phosphatidylinositol-3-kinase—protein
kinase B (PI3K-AKT)"!.

Vascular  endothelial  growth
factor (VEGF) is an endothelial cell
specific growth factor. Five VEGF
isoforms are generated as a result of
alternative splicing from a single
VEGF gene. These isoforms differ in
their molecular mass and in biological
properties"”.  The expression of
VEGF is potentiated in response to
hypoxia, by activated oncogenes, and
by a variety of cytokines. VEGF
induces endothelial cell proliferation,
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promotes cell migration, and inhibits
apoptosis. VEGF induces
angiogenesis, increases the
permeability of blood vessels and
regulates vasculogenesis. Deregulated
VEGF expression contributes to the
development of solid tumors by
promoting tumor angiogenesis and to
the etiology of several additional
diseases that are characterized by
abnormal angiogenesis'" .

Thymidine phosphorylase (TP,
EC 2. 4 2. 4) is an enzyme catalyzes
the reversible conversion of thymidine
to thymine!""!. TP is present in many
tissues and cells in addition to blood
plasma and serum and was found to
play an important role in female
reproductive cycle!'?. Platelet-derived
endothelial cell growth factor (PD-
ECGF) is a protein that induces
endothelial cell migration in vitro and
angiogenesis in vivo”!l It was
isolated in 1987 from human blood
platelet™. PD-ECGF was found to
have TP activity and the amino acid
sequence of both proteins was
identical?,

The aim of the present
investigation was to study the effect of
leptin on the levels of the angiogenic
factors: VEGF and TP in prepubertal
female albino rats.

MATERIALS & METHODS

1- Animals:

The study included 20
prebubertal female Albino rats
obtained from the Animal House of
Faculty of Medicine,  Assiut
University. All animals were housed
in Animal House, Sohag Faculty of
Medicine under constant
environmental conditions at 25°C and

12-hours light dark cycle. Before
study commencement; animals were
adapted to diet and housing conditions
for one week and had free access to
standard laboratory chow and water
during the study period. The rats were
divided randomly into two groups; 1%
group (group 1), its rats were injected
intraperitoneally with saline alone and
considered as control group. The 224
group (group II); its rats were
intraperitoneally injected daily with
leptin (recombinant rat leptin (L5073),
Sigma-Aldrich) in a dose of 3 pg/g.
body weight in 100 pl saline for 10
days. Leptin was expressed as
lyophilized powder vial. The content
of the vial was reconstituted by adding
Iml sterile tris HCL, PH 8.0, to
prepare a working stock solution of 1
mg/ml. After reconstitution, the vial
was stored at 2-8°C according to
product instructions. At the end of the
experiment, the rats were
anaesthetized with  ethanol and
dissected, blood samples from the
heart of each animal were collected
for VEGF and thymidine
phosphorylase activity assay. Blood
samples were kept in 37°C water bath
for 30 minutes to enhance coagulation
then centrifuged at 3000 r.p.m. for 10
minutes to separate serum which was
kept in deep freeze at (-20 C°) till the
time of assay.

2- Assay of VEGF:

VEGF was assayed using rat
vascular endothelial growth factor
ELISA Kit, Cat. No., BEK-2109-2P
according to the manufacture
instructions.
3-Assay of thymidine phosphorylase
activity:

Assay of TP activity was done
based on the difference in extinction
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coefficient between thymine and
thymidine (obtained from Sigma, Cat.
No. T1895) at Aygonm. One unit will
convert 1.0 uM of thymidine and
phosphate to thymine and 2-
deoxyribose 1-phosphate per minute
at pH 7.4 and 25°C"¥. The activity of
the enzyme in the two groups was
measured at different substrate
concentrations and Linweaver-Burk
plot was made by graphing 1/V versus
1/S.

STATISTICAL ANALYSIS:

Data were expressed as mean %
SD and analyzed using Mann Whitney
test and Spearman correlation
analysis.

RESULTS

1- VEGF levels:

Obtained results revealed that
VEGF levels increased significantly in
group II than in group I (p<0.5) as
shown in fig. 1
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Fig.1. mean = SD levels (pg/ml) of VEGF in the two groups of rats

2- TP enzyme activity:

Results showed that TP enzyme activity increased significantly in group II than
in group I (P< 0.05). Fig.2. Linweaver-Burk plot of TP activity was shown in
(Fig.5&6). There was positive correlation between TP activity and VEGF in both
groups (r =0.83 in group I & 0.87 in group II Fig.3&4).
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activity in group II

DISCUSSION

In the present investigation, the
effect of leptin on the levels of the
angiogenic factors; VEGF and TP in
prepubertal female albino rats was
studied. Obtained results revealed that
leptin injection significantly increased
VEGF levels and TP activity.
Angiogenesis is defined as the
formation of new blood vessels from
preexisting ones. It may be
pathological or  physiological™.
However, angiogenesis is generally a
quiescent process in the healthy adult
male, in the female it is highly
regulated and turned on for brief
periods of time in selected organs
such as the ovary and the
endometrium. Examples of such
regulated  angiogenesis include
follicular growth, corpus Iuteum
formation, endometrium
differentiation and repair, and embryo
implantation and development!'®.
Leptin was found to generate a growth
signal via a tyrosine kinase-dependent
pathway and promote angiogenic
processes via activation of the leptin
receptor (Ob-R) in  endothelial
cells"”. In-vivo and in-vitro assays
revealed that leptin has an angiogenic
activity and that vascular endothelium
is a target for leptin[18]. In contrast to
the leptin-deficient ob/ob mice, where
no vascular fenestrations are detected,
capillary fenestrations are found in
leptin producing adipose tissue in lean
mice. Thus, leptin plays a critical role
in the maintenance and the regulation
of vascular fenestrations in adipose
tissue. Furthermore, leptin, fibroblast
growth factor (FGF)-2 and VEGF
synergistically stimulate
angiogenesis'"”. Our results regarding
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the increase of VEGF in rats injected
by leptin were in accordance with
those obtained by other
investigators®* . Janus kinase (JAK)
and phosphatidylinositol -3- kinase
(PI3K) signaling seem to be crucial to
leptin-induced upregulation of the
expression of VEGF and its receptor
VEGFR-2, since treatment with
specific inhibitors of these pathways
blocks the upregulatory effects
exerted by leptin on VEGF and
VEGFR-2. The mitogen-activated
protein kinase (MAPK) pathway also
mediates leptin-enhanced VEGFR-2
expression and is partially involved in
the induction of VEGF expression®'.
TP and PD-ECG are synonyms
that refer to the same identical protein.
TP induces endothelial cell migration
in vitro and angiogenesis in vivo and
in the chicken chorio-allantoic
membrane (CAM) assay'"?. Several
studies revealed an association
between the expression of VEGF and
thymidine phosphorylase®*?!. The TP
gene is localized on chromosome
22q13 and is composed of ten exons
dispersed over a 4.3 kb region. The
TP promoter lacks a ““TATA’’ and a
“CCAAT” box, sequences
recognized by RNA polymerase II,
prevalent in most eukaryotic genes.
However, it contains a cluster of six to
nine  SPl-binding  motifs, just
upstream of the transcription start site.
The transcription factor SP1 is
activated by protein kinase A, which
is in turn activated by cyclic
adenosine monophosphate (cAMP).
SP1 sites are also involved in the
transcription of VEGFP". Interferon-y
(INF- v), tumor necrosis factor-o
(TNF- o) and interleukins induce the
expression of TP. INF- y and TNF- a

induce the expression of TP by
activation of JAK-STAT pathway,
which also activated by leptin. In
conclusion, the intraperitoneal
injection of leptin in premature albino
rats caused an increase in VEGF
levels and TP activity, indicating an
additional angiogenic effect of leptin
and as angiogenesis is an important
process in tumor development, so
disrupting the leptin  signaling
pathway may help to treat tumors.

REFERENCES

1. Zhang Y., Proenca R., Maffei
M., Barone M., Leopold L.,
Friedman J.M. (1994):
"Positional cloning of the mouse
obese gene and its human
homologue". Nature 372 (6505):
425-432.

2. Ingalls A.M., Dickie M.M.,
Snell G.D. (1950): "Obese, a new
mutation in the house mouse". J.
Hered. 41 (12): 317-8.

3. Margetic S., Gazzola C., Pegg
G.G., Hill R.A. (2002): "Leptin:
a review of its peripheral actions
and interactions". Int. J. Obes.
Relat. Metab. Disord. 26 (11):
1407-1433.

4. Anifandis G., Koutselini E.,
Louridas K., Liakopoulos V.,
Leivaditis .K, Mantzavinos T.,
Sioutopoulou D.,
Vamvakopoulos N. (2005):
Estradiol and leptin as conditional
prognostic IVF markers.
Reproduction 129 (4): 531-534

5. Hamrick M.W. and Ferrari
S.L. (2008): Leptin and the
sympathetic connection of fat to
bone. Osteoporos Int., 19 (7):
905-912.

57



Bull. Egypt. Soc. Physiol. Sci. 33 (1) 2013

Moghazy & Mahmoud

6.

10.

11.

6-Mabuchi T., Yatsuya H.,
Tamakoshi K., Otsuka R.,
Nagasawa N., Zhang H,,
Murata C., Wada K., Ishikawa
M., Hori Y., Kondo T.
Hashimoto S., Toyoshima H.
(2005):  Association  between
serum leptin concentration and
white blood cell count in middle-
aged Japanese men and women.
Diabetes Metab. Res. Rev., 21
(5): 441-447.

Jong-Kil Joo, Bo-Sun Joob,
Seung-Chul Kima, Jong-Ryeol
Choia, Sae-Hee Parkb,Kyu-Sup
Leea (2010): Role of leptin in
improvement of oocyte quality by
regulation of ovarian
angiogenesis. Animal
Reproduction Science 119(3-4):
4329-334.

Misztal-Dethloff B., Stepien H.,
Komorowski J. (2004): Effect of
leptin on proliferative activity and
vascular endothelial growth factor
(VEGF) secretion from cultured
endothelial cells HECal0 in vitro.
Endocr Regul.,38(4):161-6.
Ané, S. & Catalano, S. (2012):
The multifactorial role of leptin in
driving the breast cancer
microenvironment. Nat. Rev.
Endocrinol., 8(5): 263-275.
Leppénen V., Jeltsch M.,
Anisimov A., Tvorogov D., Aho
K., Kalkkinen N., Pyry
Toivanen P., Ylad-Herttuala S.,
Ballmer-Hofer K. and Alitalo

K. (2011): Structural
determinants of vascular
endothelial  growth  factor-D

receptor binding and specificity.
Blood 117(5): 1507-1515.

Furukawa T., Yoshimura A.,
Sumizawa T., Haraguchi M.,

12.

13.

14.

15.

16.

17.

Akiyama S., Fukui K., Ishizawa

M., Yamada Y. (1992):
Angiogenic factor. Nature
356(6371):668.

Bronckaers A., Gago F,,

Balzarini J., and Liekens S.
(2009): The Dual role of
thymidine  phosphorylase  in
cancer development and
chemotherapy. Medicinal
Research Reviews 29(6): 903--
953.

Miyazono K., Okabe T., Urabe
A., Takaku F., Heldin C.H.
(1987): Purification and
properties of an endothelial cell

growth factor from human
platelets. J. Biol.  Chem.,,
262(9):4098—4103.

Krenitsky T.A. and Bushby

S.RM. (1979): United States
Patent 4,178,212, 1-8, Burroughs
Wellcome Co., Research Triangle
Park, NC

Douglas D.C., Nakhuda G.S.,
Sauer M.V., Zimmermann R.C.
(2005): Angiogenesis and
Ovarian Function. .Journal fiir
Fertilitdit und Reproduktion; 15
(4):7-15.

Islami D., Bischofl P. and
Chardonnens D. (2003):
Modulation of placental vascular
endothelial growth factor by
leptin  and hCG. Molecular
Human Reproduction .9(7): 395-
398.

Park H.Y., Kwon H.M., Lim
H.J., Hong B.K., Lee J.Y., Park
B.E., Jang Y., Cho S.Y. and
Kim H.S. (2001): Potential role
of leptin in angiogenesis:leptin
induces endothelial cell
proliferation and expression of
matrix metalloproteinases in vivo

58



Bull. Egypt. Soc. Physiol. Sci. 33 (1) 2013

Moghazy & Mahmoud

18.

19.

20.

21.

22.

and in vitro. Exp. Mol. Med.,
33(2): 95-102.
Sierra-Honigmann M.R., Nath
A.K., Murakami C., Garcia-
Cardena G., Papapetropoulos
A., Sessa W.C., Madge, L.A.,
Schechner, J.S., Savwabb,
M.B., Polveriui, P.J. and
Flores-Riveros J.R. (1998):
Biological action ofleptin as an
angiogenic factor. Science
281(5383): 1683-1686.

Cao R., Brakenhielm E.,
Wahlestedt C., Thyberg J. and
Cao Y. (2001): Leptin induces
vascular permeability and
synergistically stimulates
angiogenesis with FGF-2 and
VEGF. Proc. Natl. Acad. Sci.
USA, 98(11) : 6390-6395.
Bouloumie A., Drexler H. C.,
Lafontan M. and Busse, R.
(1998): Leptin, the product of Ob
gene, promotes angiogenesis.
Circ. Res., 83(10):1059-1066.
Gonzalez R.R., Cherfils S.,
Escobar M., Yoo J.H., Carino
C., Styer A.K., Sullivan B.T.,
Sakamoto H., Olawaiye A.,
Serikawa T., Lynch M.P.,
Rueda  B.R.(2006):  Leptin
signaling promotes the growth of
mammary tumors and increases
the expression of vascular
endothelial growth factor (VEGF)
and its receptor type two (VEGF-
R2). J. Biol. Chem., 281(25):
26320-26328.

Gonzalez-Perez RR, Xu Y, Guo

S, Watters A, Zhou
W, Leibovich SJ. (2010): Leptin
upregulates VEGF in breast

cancer via canonic and non-
canonical signaling pathways and

23.

24.

25.

26.

27.

NF«B/HIF-1aactivation. Cell
Signal 22(9): 1350-1362

Park M. J., Park S. H., Lee S.
K., Moon S. E., Moon H. S.,
Sun Joo B. S. (2011): Expression
of SDF-1a and leptin, and their
effect on  expression  of
angiogenic factors in mouse
ovaries. Clin. Exp. Reprod. Med.,
38(3):135-141.

Toi M., Inada K., Hoshina S.,
Suzuki H., Kondo S., Tominaga
T. (1995): Vascular endothelial
growth factor and platelet-derived
endothelial cell growth factor are
frequently coexpressed in highly
vascularized ~ human  breast
cancer. Clin. Cancer Res., 1(9) :
961-964.

Toi M., Gion M., Biganzoli E.,
Dittadi R., Boracchi P., Miceli
R., Meli S., Mori K., Tominaga
T., Gasparini G. (1997): Co-
determination of the angiogenic
factors thymidine phosphorylase
and vascular endothelial growth
factor in node-negative breast
cancer: Prognostic implications.
Angiogenesis 1(1):71-83.
Amaya H., Tanigawa N., Lu C.,
Matsumura M., Shimomatsuya
T., Horiuchi T., Muraoka R.
(1997): Association of vascular

endothelial growth factor
expression with tumor
angiogenesis,  survival  and

thymidine phosphorylase/platelet-
derived endothelial cell growth
factor expression in human
colorectal cancer. Cancer Lett.,
119(2):227-235.

Fukuiwa T., Takebayashi Y.,
Akiba S., Matsuzaki T.,
Hanamure Y., Miyadera K.,
Yamada Y., Akiyama S. (1999):

59



Bull. Egypt. Soc. Physiol. Sci. 33 (1) 2013

Moghazy & Mahmoud

28.

29.

Expression of thymidine
phosphorylase  and  vascular
endothelial cell growth factor in
human head and neck squamous
cell carcinoma and their different
characteristics. Cancer
85(4):960-969.

Kojima H., Shijubo N., Abe S.
(2002): Thymidine phosphorylase
and vascular endothelial growth
factor in patients with Stage I
lung adenocarcinoma. Cancer
94(4):1083-1093.

Fujiwaki R., Hata K., lida K.,
Maede Y., Miyazaki K. (2000):
Vascular  endothelial  growth

30.

factor expression in progression
of cervical cancer: Correlation
with thymidine phosphorylase
expression, angiogenesis, tumor
cell proliferation, and apoptosis.
Anticancer Res., 20(2 B):1317—
1322.

Zhu G.H., Lenzi M., Schwartz
E.L. (2002): The Spl
transcription factor contributes to
the tumor necrosis factor-induced
expression of the angiogenic
factor thymidine phosphorylase in
human colon carcinoma cells.
Oncogene 21(55):8477—-8485.

45 Ao oY) (985 Al g (il

*¥Jgane Spble Sule g #i5 jlta dhaa o0
£ o el -l S - HHE I gon ) oLiasSI ¥l L gl padl) as

OsSiAlee ghann il g Bams o g8 585 aa) Gaaes VIV (e 05SD (s 0 5 oke G
Sl sall e alale (5 gia e il Ll Al o e dad jall o388 330 4y sad dse
w335 A sadl e 31 Ay e e Jrany (301 o) Lot s 3 g e 5l 055 e s
Gl o Yo dae e Al jall claidl § ol A pe (L ol3 jad) GU) (8 5 ) st Gaasedil)

A G s puinll 055 G pl o /el s S A8 a8 Gll) (e Ao o a3 A0
o Aibiaa) Ao cldaly ) (A ot Rl o @ & jedal g oLl 6 e Baal G gh pall Ll

Ao ) Ay g e Jany (531 Jabal) (s Ayl L) 483l 3 55 Jan 51 LS (plilall 5 sise

O sied Cpadill o) 33) 5 4 seal)

60



