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ACKGROUND: Cloprostenol, as a common clinically used PGF,a analogue, is widely

employed in veterinary practice to induce parturition. It is main action, as a potent luteo-
lytic, carried by vasoconstriction of the blood vessels that supply the corpus luteum. While
vascular endothelial growth factor (VEGF) is a key regulator of angiogenesis. Objective: This
study aimed to investigate the precise effects of PGF,a analogue (cloprostenol) on the VEGF
gene expression. Methods: Chorioallantoic membranes (CAM) of local chicken fertilized eggs
were used at 6 and 9 days of incubation. The control group, without treatment, and other groups
treated with (22.5ug/egg) of cloprostenol sodium (Galapan)® and eggs were re-incubated.
CAM blood vessels were observed and documented and samples of them were isolated at 1, 2,
4, 6, 12, and 24 hours after incubation. mRNA was isolated and converted to cDNA, and RT-
PCR was done to determine the gene expression of VEGF. Results: It shows that the peak of
gene expression of VEGF gene was at 24 hours of day 9 of incubation. Furthermore, the best
antiangiogenic effects were at the same time of 6 hours of day 6 of incubation. Conclusion:
It could be concluded that PGF,a analogue (cloprostenol) has vasoactive properties depend
particularly on the VEGF, this action is in a time-dependent manner and may be based on the
hypoxia-induced pathways that elicited by vasoconstrictive action of cloprostenol.
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Introduction

The chorioallantoic membrane (CAM) of a
chicken egg is considered a unique experimental
model that is applied to trails of blood vessels
[1]. Numerous advantages, including simplicity
of manipulation, adequacy of naked-eye
observations, and inexpensiveness, put this
model at the top of experimental approaches were
utilized during investigations of blood vessel
biology [2]. On the other hand, cloprostenol is
a synthetic analogue and structurally related to
PGF,a [3]. Itis widely used in veterinary clinics to
induce luteolysis (particularly for synchronization
of estrus cycle in farms). It is also indicated for
induction of labor, for termination of unwanted

pregnancies, mummified fetuses, pyometra, or
luteal cysts [3].

However, the formation of blood from
new blood vessels from pre-existing one
(angiogenesis) is a critical physiological process
for growth and development, also it»s vital for
wound healing and granulation tissue formation
[4, 5], but unfortunately, tumors utilize this
process, angiogenesis, to «transform» from
benign to a malignant state. Thus, angiogenesis
inhibitors are widely applied for the conflict of
cancers [6]. Though, angiogenesis as a process
seems to be under control of a wide variety
of biological factors, such as prostaglandins,
integrins, and many growth factors, among
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these factors, vascular endothelial growth factor
(VEGF) plays a key role in angiogenesis. VEGF
also considers signaling protein that is involved in
both angiogenesis and vasculogenesis (formation
of new blood vessels in the embryo by de novo)
[7]. In addition, VEGF is as a soluble glycoprotein
exhibit it is effects through binding to its’ own
receptors, particularly two tyrosine Kkinase
receptors (VEGFR-1 and VEGFR-2), binding of
VEGF to these receptors triggers a cascade of
signaling events that result in phosphorylation of
phospholipase C, leading ultimately to elevated
levels of intracellular calcium and inositol 1,4,5
triphosphate (IP3) [8, 9]. So the aim of this
study was to investigate the particular properties
of PGF,a analogue (cloprostenol) on the gene
expression of VEGF gene.

Material and Methods

CAM manipulation

Local chicken eggs were used in all
experiments of this study. Egg weight 50+2 g, and
incubated in an ordinary incubator at a temperature
of 37 °C and humidity of 46%. Fertilized eggs at
age of 6™ and 9" day of incubation for groups
2 and 3 respectively, were used. The air space
was determined and the hard shell was removed
gently leaving a specific window (about 5 cm?)
in the shell. A sample without treatment respected
control groups was removed and kept in neutral
buffer formalin (NBF) at 4 °C for further work.

The treated groups (2 and 3) manipulate by
adding (22.5pg/egg) of cloprostenol sodium
(Galapan)®, window of the shell was closed with
melted parafilm and the melted eggs were re-
incubated for 1, 2, 6, 12 and 24 hours for group
2, and 1, 2, 6, and 12 hours for group 3. After
that it makes sure that the embryo was alive and
immediately the CAM was cut and kept in NBF
solution at4°C for further experiments. In addition,

TABLE 1. Mastermix components used for cDNA synthesis.

it should be mentioned that in all three groups,
and before removing of CAM, photography was
done to investigate «gross changes in CAM blood
vessels particularly the diameter of intended
blood vessels, and remarking the formation of
newly blood vessels, angiogenesis.

Molecular study

a. mRNA isolation: mRNA isolated from CAM
Samples by using the Hybrid-R™ kit (GeneAll,
Korea). Briefly, 100 mg of CAM sample was
homogenized in 1ml of RiboEx™ and then
incubated at room temp. (about 25 °C) for 5
min., the solution was centrifuged (12000
gx, for 10 min, at 4°C) and the supernatant
was get, 0.2 ml of chloroform was added to
the 1 ml of supernatant and the procedure
was completed according to the guide of
manufacturer instruction, in which ultimately
the pure mRNA were isolated.

b. ¢cDNA Synthesis: After isolation of mRNA,
cDNA was made by using WizScript™
cDNA synthesis kit (wizbiosolutions, Korea).
Mastermix of synthesis reaction was prepared
according to the instruction guide as follows
(Table 1), after that reverse transcription
reaction was performed (Table 2), and finally
cDNA samples get and Kept at -80 °C until
executing RT-PCR.

¢. RT-PCR: Consequently, real-time PCR was
carried out by employment of wizPure™
(wizbiosalations, Korea) and according to the
manufacturer guide (Table 3), two kinds of
primers were utilized, GAPDH primers that
consider an internal control (housekeeping
gene) and VEGF primers. Ultimately RT-
PCR reactions (Tables 4 and 5) were done by
employment of applied biosystem™ 7500 fast
real-time PCR system.

Component Volume (pl)
10X Reaction Buffer 2

20X dNTP mix 1

Random hexamer 2
WizScript™ RTase 1

RNase Inhibitor 0.5

RNase free Water 3.5

RNA Sample 10
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TABLE 2. Reverse transcription reaction protocol used for cDNA synthesis.

cDNA Synthesis Reaction Conditions

Step 1 Step 2
Temp (°C) 25 37
Time 10 min. 120 min.

Step 3 Step 4
85 4
5 min. -

TABLE 3. Primer sequences used for VEGF expression.

Primer Name Primer Sequence

F-5’AAAGCGAGGAAAGGGGAAGG’3

VEGF

R-5’TCTCCTCTCTGAGCAAGGCT’3

F-5GCAGATGCAGGTGCTGAGTA3Z’

GAPDH

R-5’GACACCCATCACAAACATGG3’

TABLE 4. Mastermix components used for Real-Time PCR.

MasterMix component Volume
2X SYBR-Green MasterMix 10 pl
Forward Primer (10uM) 1l
Reverse Primer (10uM) 1l
cDNA Template 2 ul
RNase-Free Distilled Water 6 ul
Total 20 pl
TABLE 5. Real-Time PCR Reactions.
PCR Step Temp (°C) Time Cycles
Initial denaturation 95 10 min. 1
Denature 95 15 sec.
Anneal 60 60 sec. 0
Melting curve 60-95 2-5s/step 1

d. Statistical analysis: The results of RT-PCR
were expressed as fold changes (Livak and
Schmittgen equation) for determination of
gene expression depending on the outcome of
RT-PCR (C, AC, and AAC, values) [10].

Results and Discussion

Figures 1 and 2, and table 5 revealed that the
greater gene expression of VEGF gene was in

group 2 at the 6 hours of incubation, and this may
be due to that this time is adequate for continuous
gene activation by cloprostenol, so these effects
seem to be as an accumulative response of the
gene. As well as, it can be noted that the effect was
increased with time (for 1, 2, 6, and 12 hours),
these results agree with many authors about the
progressive effect of cloprostenol on the VEGF
gene expression [11-13].
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Fig. 2. Gene expression of group 3.
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TABLE 6. Gene expression analysis of VEGF gene.

Incubation days VEGF-Ct GAPDH-Ct ACT AACT Fold change
1-Control ~ 29.697 29.024 0.673 0.000 1.000
2 30.017 29.638 0.378 -0.295 1.227

6 day 3 29.536 27.909 1.627 0.954 0.516
4 29.919 30.094 -0.175 -0.848 1.800
5 29.920 30.196 -0.276 -0.949 1.931
6 29.580 29.929 -0.349 -1.022 2.031
7-Control ~ 29.884 29.897 -0.013 0.000 1.000

9™ day 8 30.761 30.538 0.222 0.235 0.850
9 29.581 31.441 -1.860 -1.847 3.598
10 29.305 31.843 -2.538 -2.526 5.758
11 29.767 31.769 -2.002 -1.989 3.969

Moreover, the vasoconstrictive action of
cloprostenol in CAM blood vessels results in
low oxygen supply, thus, hypoxia here consider
the leading cause of upregulation of VEGF
gene expression, and this effect called hypoxia-
induced effect [14]. What is more, the authors
demonstrated that the last effect was regulated
by a complex interacting factors which called the
hypoxia-inducible factors (HIFs) [15]. Indeed,
these factors consider a specific sensor that support
candidate calls during episodes of hypoxia by
various compensatory mechanisms. At the heart of
these mechanisms is the angiogenesis, in addition
to the metabolic shift, immunosuppression, and
extracellular matrix remodeling [16, 17].

HIFs activate more than 200 genes that code
for proteins and factors which combat hypoxia
[15, 18]. However, HIFs not only promote
angiogenesis and cell proliferation, but also
enhances the synthesis of glucose transporter
1 (GLUT-1) that increase glucose uptake, thus
boosting anaerobic glycolysis [19].. Likewise,
HIFs suppress mitochondrial metabolism
by downregulation of genes and proteins of
oxidative phosphorylation pathway, this will lead
to a diminishing in the reactive oxygen species
(ROS), so minimizing the cytotoxic oxidative
stress [20, 21].

As noted in table 6, and Fig. 3, 4, and 5, the
effects of cloprostenol on VEGF gene expression
were fluctuating, and this result may be due to
that the VEGF receptors play a key role in this
response, and it is well known that their receptors
have wide variations depending on the age of
development (note the difference in response
between 6" and 9™ days of incubation). The
maturity of blood vessels may be contributed to
these variations, also the process of angiogenesis
requires more quantity and quality of blood
vessels in the embryo [22, 23]. Our results reveal
that the effects of PGF,a analogue on the blood
vessels may be influenced in a time-dependent
manner, so many interacting factors play a key
role in VEGF gene expression [24].

In addition, cloprostenol induced
vasoconstriction that causes hypoxia, as
mentioned above, will induces angiogenesis-
promoting cytokines (such as TGF-B and VEGF),
and these factors encourage endothelial cells to

initiate angiogenesis [25, 26].

Interestingly, during rapid cell proliferation in
cancer, the new fastly formed blood vessels seem
to be immature and have a poor permeability,
thus decreasing anticancer drug targeting [27,
28]. So antiangiogenic drugs (such as anti-
VEGEF antibodies were applied to reduce the fast

Egypt. J. Vet. Sci. Vol. 54, No. 3 (2023)



364 NABAA KH. ABDULLAH et al.

Before 60 minutes

120 minutes
Fig. 3. Group 2. The image showed after 60 minutes the occurrence of antiangiogenesis, while the image after 120
minutes led to the occurrence of angiogenesis, this result was identical with the result of the gene expression.

Before 9 hours
Fig. 4. Group 3. The image showed a very high angiogenesis occurrence, this result was identical with the result of
the gene expression.
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Before

formation of « immature» blood vessels and then
enhance access target anticancer drugs to tumor,
therefore antiangiogenic agents widely used (in
combination with anticancers) particularly in the
treatment of solid tumor (such as breast and ovary
cancers) [29-31].

Conclusion

From this work it could be concluded that
the cloprostenol as a PGF,a analogue has had a
vasoactive properties and depend particularly
on the VEGEF, this action seems to be a time-
dependent and may be based on the hypoxia-
induced pathways that elicited by vasoconstrictive
action of cloprostenol.
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60 minutes
Fig. 5. Group 3: The image showed after 60 minutes the occurrence of angiogenesis, but the effect was less than
the image after nine hours, this result was identical with the result of the gene epression.

References

1. Ahmed, T.A.E., Cristianne, M.M., Elebute,
C.O. and Hincke, M.T. Proteomic Analysis of
Chicken Chorioallantoic Membrane (CAM)
during  Embryonic  Development  Provides
Functional Insight. Bio.Med. Res. Int., 2022,
Article ID 7813921, 17 pages (2022). doi.
org/10.1155/2022/7813921.

2. Pizon, M., Schott, D., Pachmann, U., Schobert,
R., Pizon, M., Wozniak, M., Bobinski, R. and
Pachmann, K. Chick Chorioallantoic Membrane
(CAM) Assays as a Model of Patient-Derived
Xenografts from Circulating Cancer Stem Cells
(cCSCs) in Breast Cancer Patients. Cancers, 14,
1476 (2022). doi.org/10.3390/cancers14061476.

3. Papich Handbook of Veterinary Drugs. 5" edition.
Elsevier 2020. eBook ISBN: 9780323709583.

4. De las Rivas Ramirez, N., Luque Aranda, G. and Rius
Diaz, F. Risk factors associated with retinopathy
of prematurity development and progression. Sci.
Rep., 12, 21977 (2022). doi.org/10.1038/s41598-
022-26229-4.

5. Kumar, V., Abbas, A.K. and Aster, J.C. Robbins
Basic Pathology (11" ed.). Elsevier - Health
Sciences Division. (2020).

Egypt. J. Vet. Sci. Vol. 54, No. 3 (2023)



366

NABAA KH. ABDULLAH et al.

6. Lugano, R., Ramachandran, M. and Dimberg, A. Tumor

10.

11.

—_

12.

13.

14.

angiogenesis: causes, consequences, challenges and
opportunities. Cell. Mol. Life Sci.,77, 1745-1770
(2020). doi.org/10.1007/s00018-019-03351-7.

. Escudero Carlos, Acurio Jesenia, Lopez, Eduardo

Rodriguez, Andrés Benavente, Antonia Lara,
Evelyn Korzeniewski, and Steven, J. Vascular
endothelial growth factor and poor prognosis after
ischaemic stroke”. FEuro. J. Neurology, 28 (5),
1759-1764 (2020). doi:10.1111/ene.14641.

. Stuttfeld, E. and Ballmer-Hofer, K. Structure and

function of VEGF receptors. [UBMB Life, 61 (%),
915-922 (2009). doi:10.1002/iub.234.

. Holmes, K., Roberts, O.L., Thomas, A.M. and

Cross, M.J. Vascular endothelial growth factor

receptor-2:  structure, function, intracellular
signalling and therapeutic inhibition». Cellular
Signalling, 19 () +), 2003-2012 (2007).

doi:10.1016/j.cellsig.2007.05.013.

Livak, K.J. and Schmittgen, T.D. Analysis of
relative gene expression data using real-time
quantitative PCR and the 2(-Delta Delta C(T))
Method. Methods, 25(4),402-208 (2001). doi:
10.1006/meth.2001.1262.

Neuvians, T.P., Berisha, B. and Schams, D.
Vascular endothelial growth factor (VEGF) and
fibroblast growth factor (FGF) expression during
induced luteolysis in the bovine corpus luteum.
Mol. Reprod. Dev., 67, 389-395(2004). doi.
org/10.1002/mrd.20032.

Gabler, C., Plath-Gabler, A., Killian, G., Berisha,
B. and Schams, D. Expression Pattern of Fibroblast
Growth Factor (FGF) and Vascular Endothelial
Growth Factor (VEGF) System Members in Bovine
Corpus Luteum Endothelial Cells During Treatment
with FGF-2, VEGF or Oestradiol. Repr. Domes.
Anim., 39, 321-327(2004). doi.org/10.1111/j.1439-
0531.2004.00517.x.

Schams, D. and Berisha, B. Regulation of Corpus
Luteum Function in Cattle — an Overview. Repr.
Domes. Anim.,39,241-251(2004). doi.org/10.1111/
j.1439-0531.2004.00509.x.

Kumar, V., Abbas, A.K., Fausto, N., Robbins, S.L.
and Cotran, R.S. Robbins and Cotran Pathologic
Basis of Disease. 10" ed. Philadelphia: Elsevier
Saunders (2020).

Egypt. J. Vet. Sci. Vol. 54, No. 3 (2023)

15.

16.

17.

19.

20.

21.

Semenza, G.L. Hypoxia-inducible factors in
physiology and medicine. Cell, 148, 399-408
(2012). doi:10.1016/j.cell.2012.01.021.

Akman, M., Belisario, D.C., Salaroglio, I.C.,
Kopecka, J., Donadelli, M., De Smaele, E. and
Riganti, C. Hypoxia, endoplasmic reticulum stress
and chemoresistance: dangerous liaisons. J. Exp.
Clin. Cancer Res., 40 (1), 28 (2021). doi: 10.1186/
s13046-020-01824-3.

Chen, G., Wu, K., Li, H., Xia, D. and He, T. Role
of hypoxia in the tumor microenvironment and
targeted therapy. Front Oncol., 12, 961637(2022).
10.3389/fonc.2022.961637.

. Muz, B., de la Puente, P., Azab, F. and Azab,

A.K. The role of hypoxia in cancer progression,
angiogenesis, metastasis, and resistance to
therapy. Hypoxia., 3, 83-92 (2015). doi: 10.2147/
HP.S93413.

N.T., Mokhosoev, .M. and
Terentiev, A.A. Metabolic Heterogeneity of Cancer
Cells: An Interplay between HIF-1, GLUTs, and
AMPK. Cancers (Basel), 12, 862 (2020).

Moldogazieva,

Serocki, M., Bartoszewska, S., Janaszak-Jasiecka,
A., Ochocka, R.J., Collawn, J.F. and Bartoszewski,
R. miRNAs regulate the HIF switch during hypoxia:
a novel therapeutic target. Angiogenesis, 21, 183—
202 (2018). doi: 10.1007/s10456-018-9600-2.

Kung-Chun Chiu, D., Pui-Wah Tse, A., Law,
C.T., Ming-Jing Xu, 1., Lee, D. and Chen, M.
Hypoxia regulates the mitochondrial activity of
hepatocellular carcinoma cells through HIF/HEY 1/
PINK1 pathway. Cell Death Dis., 10, 934(2019).
doi: 10.1038/s41419-019-2155-3.

22. Nitzsche, B., Rong, W.W. and Goede, A. Coalescent

23.

24.

angiogenesis—evidence for a novel concept of
vascular network maturation. Angiogenesis, 25,
35-45(2022). doi.org/10.1007/s10456-021-09824-3.

Risau, W. Mechanisms of angiogenesis. Nature,
386, 671-674(1997). doi.org/10.1038/386671a0.

Richard, S., Brun, A. and Tedesco, A. Direct
imaging of capillaries reveals the mechanism
chick
chorioallantoic membrane. Commun. Biol., 1, 235
(2018). doi.org/10.1038/s420030229--018-x.

of arteriovenous interlacing in the



VEGF GENE EXPRESSION AND ANGIOGENESIS IN THE CHORIOALLANTOIC MEMBRANE ... 367

25.

26.

27.

28.

Xiang, W., Reglin, B. and Nitzsche, B.
Dynamic remodeling of arteriolar collaterals
after acute occlusion in chick chorioallantoic
membrane. Microcirculation, 24, 12351 (2017).

doi.org/10.1111/micc.12351

Pietrobon, V. and Marincola, F.M. Hypoxia and
the phenomenon of immune exclusion. J. Transl.
Med., 19 (1), 9 (2021). doi: 10.1186/512967-020-
02667-4.

Chen, G., Wu, K., Li, H., Xia, D., and He, T. Role
of hypoxia in the tumor microenvironment and
targeted therapy. Front. Oncol., 12, 961637(2022)
doi: 10.3389/fonc.2022.961637.

Augustin, H.G. and Koh, G.Y. Antiangiogenesis:
Vessel regression, vessel normalization, or
both?. Cancer  Res., 82(1), 15-17  (2022)

doi: 10.1158/0008-5472.

29. Jain, R.K. Normalization of tumor vasculature:

An emerging concept in  antiangiogenic
therapy. Science, 307 (5706), 58-62 (2005).

30.Li, Q., Wang, Y., Jia, W., Deng, H., Li, G. and Deng,

31.

W. Low-dose anti-angiogenic therapy sensitizes
breast cancer to pd-1 blockade. Clin. Cancer Res.,
26(7),1712-1724 (2020). doi: 10.1158/1078-0432.
CCR-19-2179.

Klemba, A., Bodnar, L., Was, H., Brodaczewska,
K.K., Wcislo, G. and Szczylik, C.A. Hypoxia-
mediated decrease of ovarian cancer cells
reaction to treatment: Significance for chemo- and
immunotherapies. Int. J. Mol. Sci., 24, 9492(2020).

doi: 10.3390/ijms21249492.

Egypt. J. Vet. Sci. Vol. 54, No. 3 (2023)



368

NABAA KH. ABDULLAH et al.

089 1 AL casdial) sLal) A 4y gadl Ao ¥ (psSiy VEGF < (i) )
J g g n 5l

"hhas Qe cli g TAALE A tea Cdl e WA LS

‘LLA}A” c&.\k«»ﬂ\ i,).@ﬂ\ w\;]\ ‘Q\A.DU ‘;\EJ\ )S)A\ M,.JLA.JJ\ 3.\.\535\ :ﬂ,ﬂﬁ\ ‘@\}._\;.ﬂ CL\J‘}I\ ul,.usﬁ (‘“’é \
X!

30 (Gom sl e pall Bl 5 ) ol A0S (915 A oLas€ll s ALl i ¥

okl lal) 8 alaaiul) al 5 (PGF20 (pSiSliu 5 ol Jilan 5 5) J sisins 5 0 IS0 ey rdgalad) 48180
el 835 3l 4y sl Ao 5W1 Gapanl IS (o V) pmsal iy i 1) alad (505 Calea¥) SlasY
sagd) A seall Do V) (0 oS5 3 st )l 53l VEGF (e sl ladl sadll ale canly Laiy Y
ol il el e i g0 IS 288N il e el a Allal) Al (e Casgd) oIS
3ol 45T emy et s zlas (and CAM epdiall GEHEU eLia)) aasinl ;48 )kl VEGF
Oe ol e 5 Ske TY,0 Ao o mslaall (3l il se Laiyy Alalas (452 8 phaguall Ao gane &S S5 (puaall
)5 CAM elial 4 geall dae V1 481 yo Caals ¢ pandl (pas de )5 ®(ULYS) o503 5em J siins 5 1K1
¢ cDNA ) 4lisais MRNA e i mmal) amydele YE Y 0T of o o) cli V) b Lgie cilie
e Sl o ) @ jelal i) i) jmeill a¥ RT-PCR asll) Juludiall 3 jald) Jelis g a5
e V) 0 sSal slima il Juadl OIS L ¢ @l 4 eny Guimal) (e delis Y€ 2m IS VEGF 0l s
Alay J sisinn 5 25180 PGF20 Jilan (b Al all 038 (g0 i) (S relaliliad) oU1 T en 4 5adl)
A8k ()5S LN 1385 VEGF Gl e sl ail) dale o il IS0 aatiny s Al 5l dalladl) il
b oo a3 Sl s Cpan V) i laniul <l e JYA (e @l Cuaay Lay y5 ¢ gl e sadies

) Ay pedl Lo DU dipnd) J sidias 5 535S 4llad

saill Jalad sal) uanl (st 53 IS ¢ pandiall EIEN SLERN (i sall B Y1 () 555 shgalifal) cilalSl)
) e

Egypt. J. Vet. Sci. Vol. 54, No. 3 (2023)



