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Abstract
Background: Several studies have shown that leukemia inhibitory factor (LIF) is one of the most important cytokines
participating in the process of embryo implantation and pregnancy, while, the role of this factor on vascular endothe-
lial factor-A (VEGF-A), as one of the most important angiogenic factor, has not been fully investigated yet. The aim
of this study was to evaluate the effect of LIF on gene expression of VEGF in the choriocarcinoma cells (JEG-3).

Materials and Methods: In this experimental study, JEG-3 choriocarcinoma cells were treated with different concen-
trations of LIF (1, 10, and 50 ng) for 6, 12, 24, 48 and 72 hours. Expression of VEGF was analyzed by real-time PCR.
Delta CTs were subjected to one-way analysis of variance (ANOVA) and a post hoc Tukey’s test by SPSS version 25.0
software for data analyzing.

Results: In the stimulated cells, different concentrations of LIF caused significant decrease of VEGF gene expres-
sion (P<0.05) at 12, 24 and 48 hours. In contrast, it was increased after 72 hours (P<0.001). Analysis of data after 6
hours also showed that level of VEGF gene expression was significantly decreased by increasing LIF concentration
(P<0.001).

Conclusion: Expression level of VEGF gene was decreased in trophoblast cells (except after 72 hours) under the
effect of different concentrations of LIF in a time-dependent manner. So, this study showed that further studies are

needed to determine the effect of LIF on other angiogenic factors in trophoblast cells.
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Introduction

Leukemia inhibitory factor (LIF) is a glycoprotein cy-
tokine with a molecular weight of 38-67 kDa. That is a
member of the interleukin 6 family. LIF receptor is a het-
erodimer composed of two chains, gp130 and leukemia
inhibitory factor receptor- (LIFR-B) expressing on the
surface of trophoblast cells (1, 2). LIF induce tyrosine
phosphorylation in signal transducers and transcription
factors of several trophoblast cell types, like choriocarci-
noma cell line (JEG-3) (3, 4). Phosphorylation and signal
transduction lead to migration, invasion, stimulation or
suppression of various categories of genes in trophoblast
cells (5, 6). Janus kinase 1 (JAK-1) and Signal transducer
and activator of transcription 3 (STAT-3), play important
roles in the signal transduction factors and activation of
transcription in the LIF signaling (7, 8). VEGF is a ho-
modimer glycoprotein which can stimulate angiogenesis
and vasculogenesis by two types of its receptors like Fms-

like tyrosine kinase 1 (FItl) and kinase insert domain
receptor (KDR) (9, 10). VEGF has many roles in early
pregnancy, such as oocyte maturation and development,
trophoblast proliferation, placenta angiogenesis, embryo
implantation, maternal blood vessel growth and develop-
ment of the embryonic blood vessels (11). Formation of
the placenta in uterus depends on differentiation of ex-
travillous cytotrophoblast (EVT) for invasion to the uter-
ine stroma and forming endovascular trophoblast (12, 13).
Incorrect differentiation of EVT cells leads to disruption
of spiral artery remodeling, and this impairment in spiral
artery remodeling can lead to preeclampsia and defective
development of the fetus (13). Trophoblast invasion is a
localized and temporary process. That is the main factor
in the regulation of implantation and supply of oxygen
to the fetus. By VEGF gene inactivation, invasion and
migration of trophoblast cells are reduced (14). VEGF-A
is one of the main factors of EVT differentiation to the
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endovascular trophoblast (15). Anti-angiogenic factors
that reduce the amount of VEGF-A is one of the factors
inhibiting formation of spiral arteries, which eventually
associated with the creation of preeclampsia (16). VEGF-
A is one of the factors encoded by VEGF gene. Studies
have shown that among all growth factors encoded by
this gene, VEGF-A is the most potent type in stimulating
angiogenesis (17). During formation of placenta, EVTs,
involving in vascular reconstruction, acquire the features
associated with epithelial cells, following the production
of VEGF and its receptor expression on the surface (12,
18). These cells migrate to decidua, followed by replace-
ment of the endothelial cells in the spiral arteries to form
spiral arteries (19). In this study, a choriocarcinoma cell
line JEG-3 (derived from fetal trophoblast tumor) was
used as EVTs (20). This cell line has many biological and
biochemical features of EVTs (Cells lining the blood ves-
sels of villus in the placenta) (21). This cell line is able to
produce progesterone, hCG, steroids and other hormones
in the placenta (22). In this study we aimed to evaluate
VEGF gene expression levels in trophoblast tumor cell
line (JEG-3) at different times, while these cells were
treated by different concentrations of LIF.

Materials and Methods

This experimental study approved by Ethics Committee
of Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran (Ethics code: IR. AJUMS.REC.1395.577).

Cell culture and treatment

JEG-3 choriocarcinoma cells were purchased from the
Pasteur Institute of Iran (Tehran, Iran). These cells were
maintained in Dulbecco’s modified Eagle’s medium-F12
(DMEM-F12; GIBCO, Ireland) supplemented with 10%
heat-inactivated fetal bovine serum (FBS; GIBCO, Ire-
land) along with penicillin (Bioldea, Iran;100 units/ml)
and streptomycin (Bioldea; 100pg/ml). All JEG-3 cul-
tures were commenced at 106 cells/175-cm? flask and
maintained under standardized conditions (37°C, 5% CO,,
humidified atmosphere). The cells were trypsinized twice
a week when confluence was estimated at over 75%. For
all assays, JEG-3 cells were adjusted to 10° cells/ml. The
cells (10°cell/ml) were seeded in six-well plates, follow-
ing the resuspension in complete growth media. Before
adding the stimuli, the cells were starved for 2 hours in
medium without FBS. The cells were cultured per well
in the presence and absence of different concentrations (1
ng/ml, 10 ng/ml, 50 ng/ml) (23, 24) of human LIF (Sig-
ma-Aldrich, Germany), while non-stimulated cells were
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included as controls. Treated and non-treated cells were
incubated for 3, 6, 12, 24, 48 and 72 hours at 37°C with
5% CO,. The cell culture supernatants were then collected
by aspiration and centrifugation at 1000 g for 5 minutes
and they were stored at -70°C until cytokine analysis.
JEG-3 cells were harvested and kept at -70°C until total
ribonucleic acid (RNA) extraction.

Ribonucleic acid (RNA) isolation and real-time poly-
merase chain reaction (PCR) analysis

RNA was isolated using TRI Reagent (SinaClonCo.,
Iran). According to the manufacturer’s protocol, and the
purity of extracted RNA was determined by the A260/
A280 ratio (A260/A280 ratio was 1.8). 50-100 ng RNA
was reverse transcribed using cDNA synthesis kit (Sina-
ClonCo.) and relative changes in VEGF mRNA level
was quantified by real-time reverse transcription PCR
(RT-PCR). Expression level of VEGF was determined
by quantitative RT-PCR (qRT-PCR) using SYBR Green
® Premix Ex Taq (Takara, Japan) dye detection method
on ABI StepOne PCR instrument (Applied Biosystems,
USA), compared to GAPDH as an internal control. Initial
denaturation at 95 C for 10 minutes, 40 cycles of anneal-
ing at 95 C for 15 seconds and extension at 68 C for 60
seconds. Rest 2009 and Excel software were used for the
analysis of gene expression ratio. Gene-specific primers
for VEGF and GAPDH are summarized in Tablel. The
fold change for target genes normalized by internal con-
trol was determined by the formula 224¢, All reactions
were run in duplicate.

Statistical analysis

All of the experiments were repeated in triplicates and
data were demonstrated as means =+ standard error (SE).
Statistical software SPSS 25.0 and Graphpad Prism 8.0.1
were used for data analysis. Delta CTs were subjected to
one-way ANOVA and a post hoc Tukey’s test, while the
non-parametric Kruskal-Wallis test was used to compare
the results of different experimental days. P values lower
than 0.05 were considered statistically significant.

Results

Effects of different concentrations of LIF on VEGF
gene expression level This study evaluated the effects
of different concentrations of LIF on VEGF gene ex-
pression in different time periods, compared to untreat-
ed cells. The results are described (Fig.1, 2) in more
details.

Table 1: Gene specific primers used for RT-PCR

Primer (accession) Sequence (5'-3") T, Amplicon size
VEGF (NM_001287044.1) F: AGGAGGAGGGCAGAATCATCA 60 76 bp

R: CTCGATTGGATGGCAGTAGCT
GAPDH (NM_002046.5) F: TGGGCTACACTGAGCACCAG 60 72 bp

R: CAGCGTCAAAGGTGGAGGAG
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Fig.1: VEGF gene expression level at different time points, under treatment with different concentrations of LIF. The effect of different concentrations of
LIF (1, 10 and 50 ng) on VEGF gene expression after A. 6 hours; B. 12 hours; C. 24 hours; D. 48 hours; and E. 72 hours. Cells that did not treated by LIF were
considered at any time as control, and the VEGF gene expression was measured in treated cells relative to these untreated cells. *; P<0.05, **; P<0.01, and

", P<0.001
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Fig.2: Comparing total VEGF gene expression at different time (6, 12, 24,
48 and 72 hours) under the treatment of different concentrations of LIF.
" P<0.05, *; P<0.01, **; P<0.001) , and h; Hours.

Six hours treatment

An analysis of 6 hours data showed that by increasing
LIF concentration, level of VEGF gene expression was
decreased. In this time point, there is a significant differ-
ence (P<0.001) between the rate of VEGF gene expres-
sion in comparison with each other at different concentra-
tions and control (Fig.1A).

Twelve hours treatment

After 12 hours, there was a significant reduction in the
VEGF gene expression in all three concentrations of LIF
treatment than control (P<0.001). The lowest VEGF gene
expression level was observed at 1 ng concentration of
LIF. The results of 10 ng concentration of LIF were al-
most similar to the 1 ng (the difference between 1 and 10
ng was not significant). At 50 ng concentration of LIF,
VEGF expression level was higher than the both concen-
trations of 1 and 10 ng (P<0.05, Fig.1B).

Twenty-four hours treatment

Twenty-four hours after cells treatment with different
concentrations of LIF, the results showed lowest expres-
sion of the VEGF gene at the concentration of 10 ng
(P<0.001). Using 10 ng (P<0.001) and 50 ng (P<0.01)
concentrations, there was a significant decrease in gene
expression compared to control, but at 1 ng concentration,
there was no significant decrease in the gene expression
(P=0.324). Comparing gene expression between differ-
ent concentrations of LIF showed a significant difference
between the concentration of 1 ng and 10 ng (P=0.004,
Fig.1C).

Forty-eight hours treatment

After 48 hours, like 12 and 24 hours, VEGF gene ex-
pression was decreased by treating with different concen-
trations of LIF, compared to control (P<0.001), and the
lowest gene expression was observed at 1 ng in compari-
son with 10 ng (P<0.01) and 50 ng (P<0.05). VEGF gene
expression was more in 10 ng than the other two concen-
trations (1 and 50 ng) of LIF (P<0.01; Fig. 1D).
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Seventy-two hours treatment

After 72 hours, effect of LIF on the VEGF gene expres-
sion was reversed, and contrary to the previous times, in
all three concentrations of LIF, we observed a dramatic
increased expression of the VEGF gene, in comparison
with control (P<0.001; Fig.2). The maximum VEGF gene
expression was observed at 10 ng of LIF concentration,
which had significant difference in comparison with 1
ng concentration of LIF (P<0.05). But, the difference be-
tween 50 ng and 10 ng LIF concentrations was not signifi-
cant (Fig.1E).

VEGEF gene expression at different time points

As shown in Figure 3, VEGF gene expression was dra-
matically decreased (P<0.001) at 12, 24, and 48 hours af-
ter cell treatment with LIF, in comparison with 6 hours
treatment. In contrast to decrease in the VEGF gene ex-
pression at 12, 24 and 48 hours, we determined a signifi-
cant increase (P<0.001) in VEGF gene expression at 72
hours compared to other time points.
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Fig.3: Changes in VEGF gene expression at different time points of induct-
ing LIF to the cells. *; P<0.05, **; P<0.01, ***; P<0.001.

Discussion

Pregnancy is a complex process that depends on many
factors. Studies have shown that cytokines, growth fac-
tors and several transcription factors play important roles
in embryo implantation. For example, production of LIF
by endometrial cells is essential for the beginning of im-
plantation (25, 26). Data obtained from mice and humans
have shown that among the all molecules expressed in
uterus, LIF plays the most important role in embryo im-
plantation (27). Formation of new blood vessels is called
angiogenesis and it accompanies with migration, growth
and differentiation of endothelial cells (28). Angiogen-
esis usually occurs during the menstrual cycle or estrus
to convert the ovulation follicles to corpus luteum which
leads to the synthesis of progesterone and restructure of
the endometrium. This culminates in maintenance of em-
bryo implantation (29). Angiogenesis and vasculogenesis
are essential processes for increasing blood flow to the fe-
tus and, consequently, supplying the nutrients and oxygen
needed by fetus (13, 30, 31). Several growth factors con-
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trol angiogenesis and vasculogenesis during pregnancy.
Among these factors, VEGF plays a critical role in the
development of the placenta and formation of vesJahan-
bin sels. Carmeliet et al. (32) showed that deactivation
of onlyone VEGF allele leads to fetal death through an-
giogenesis disruption. Shalaby et al. (33) by disrupting
Vascular endothelial growth factor receptor 1 (VEGFR1),
Fong et al.(34) by disrupting VEGFR2 and Tsoi et al.
(35) by disruption of neuropilin-1 and -2 (all of them are
VEGF receptors) determined similar results to Carmeliet
etal. (32). Adequate blood supply to the placenta is highly
dependent on regulated invasion and trophoblast vascular
remodeling in uterus (36, 37). Extravillous trophoblast
(EVT) is a subset of trophoblasts that play the most im-
portant role in invasion (the same mechanism as cancer-
ous cells for invasion) to the mother's uterus and vascular
remodeling. This eventually acquires the phenotype of
endothelial cells and improves artery formation (37). Pre-
vious studies have shown that EVTs have receptors for
VEGEF at their surface and message through these recep-
tors which stimulate invasion, switch phenotype to endo-
vascular cells and tube formation in EVT cells (37, 38).
Defects in EVT invasion and angiogenesis have been ob-
served in disorders, such as preeclampsia and intrauterine
growth restriction (IUGR) (37). Due to the vital role of
vascular formation by trophoblast cells (especially EVTs)
in pregnancy and implantation, in this study, we decided
to investigate the effect of LIF on one of the most impor-
tant angiogenic factors, VEGF, in EVTs. For this purpose,
we had to select an appropriate cell line with similar fea-
tures to EVT cells. According to the previous studies (20,
39), JEG-3 cell line was selected. The results of this study
showed that LIF could have a dual effect on VEGF gene
expression with respect to time. So that at 12, 24, and 48
hours, VEGF gene expression was decreased, while it was
increased at 6 and 72 hours (the increase of VEGF gene
expression at 6 hours depended on the concentration of
LIF showing a significant decrease at 50 ng concentration
of LIF in contrast to 1 and 10 ng).

Considering the mentioned roles for VEGF during preg-
nancy and relevant disorders, as well as the important role
of LIF during pregnancy, we decided to investigate the
effect of LIF on the level of VEGF gene expression in
trophoblast cells. Regarding to the results, it was found
that the expression of the VEGF gene in trophoblast tu-
mor cells treated by LIF was reduced in concentration-
and time-dependent manners. Although expression of the
VEGF gene was significantly increased after 72 hours, a
study has previously shown that half-life of the LIF at-
tachment to its receptor is slightly more than 24 hours
(40). It can be concluded that after 72 hours, interactions
between LIFs and their receptors are broken-down and
the LIF signaling from their receptors are ended in troph-
oblast cells. As the results of this study showed. different
concentrations of LIF can reduce the rate of VEGF gene
expression depending on the time. So given the fact that
VEGF gene expression level was decreased in LIF-treat-
ed cells, assessment of the production and secretion of
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VEGEF protein in treated trophoblast cells is vital. Further
investigations have to be performed on the other angio-
genic factors to clarify the role of LIF on angiogenesis
procedure in trophoblast cells.

Conclusion

In conclusion, recent studies have shown that both LIF
and VEGF are essential for maintaining and initiating the
pregnancy process. It has also been found that angiogen-
esis process is a critical procedure in embryonic troph-
oblast cells for a normal pregnancy. VEGF-A is one of
the most important angiogenic factors. Therefore, in this
study we investigated the effect of LIF on VEGF gene
expression in JEG-3 cell line as extravillous trophoblast
cells. According to the results of this study, LIF causes a
significant decrease in gene expression level of VEGF-A
in JEG-3 cells. Further studies are needed to determine
the action mechanism of LIF in angiogenesis of tropho-
blast cells.

Acknowledgements

Ahvaz Jundishapur University of Medical Sciences has
financially supported this study. This article is the result
of thesis for Khodakaram Jahanbin to obtain a master de-
gree in Immunology (Grant number: FIRC-9507). There
is no conflict of interest in this study.

Authors’ Contributions

M.G., M.R.; Contributed to concept and design and
were responsible for overall supervision. K.J.; Contrib-
uted to all experimental work, data and statistical analy-
sis, as well as interpretation of data. M.G.; Drafted the
manuscript, which was revised by K.J. All authors read
and approved the final manuscript.

References

1. Sun X, Bartos A, Whitsett JA, Dey SK. Uterine deletion of Gp130
or Stat3 shows implantation failure with increased estrogenic
responses. Mol Endocrinol. 2013; 27(9): 1492-1501.

2. Nicola NA, Babon JJ. Leukemia inhibitory factor (LIF). Cytokine
Growth Factor Rev. 2015; 26(5): 533-544.

3. Suman P, Malhotra SS, Gupta SK. LIF-STAT signaling and
trophoblast biology. JAKSTAT. 2013; 2(4): €25155.

4. Morales-Prieto DM, Barth E, Murrieta-Coxca JM, Favaro RR,
Gutiérrez-Samudio RN, Chaiwangyen W, et al. Identification
of miRNAs and associated pathways regulated by Leukemia
Inhibitory Factor in trophoblastic cell lines. Placenta. 2019; 88: 20-
27.

5. Chen X, Tong C, Li H, Peng W, Li R, Luo X, et al. Dysregulated
expression of RPS4Y1 (Ribosomal Protein S4, Y-Linked 1)
impairs STAT3 (Signal Transducer and Activator of Transcription
3) signaling to suppress trophoblast cell migration and invasion in
preeclampsia. Hypertension. 2018; 71(3): 481-490.

6. Massimiani M, Vecchione L, Piccirilli D, Spitalieri P, Amati F, Salvi
S, et al. Epidermal growth factor-like domain 7 promotes migration
and invasion of human trophoblast cells through activation of
MAPK, PI3K and NOTCH signaling pathways. Mol Hum Reprod.
2015; 21(5): 435-451.

7. Takahashi Y, Takahashi M, Carpino N, Jou ST, Chao JR, Tanaka
S, et al. Leukemia inhibitory factor regulates trophoblast giant cell
differentiation via Janus kinase 1-signal transducer and activator
of transcription 3-suppressor of cytokine signaling 3 pathway. Mol



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Endocrinol. 2008; 22(7): 1673-1681.

Murphy MJ, Halow NG, Royer PA, Hennebold JD. Leukemia
inhibitory factor is necessary for ovulation in female rhesus
macaques. Endocrinology. 2016; 157(11): 4378-4387.

Xiao Z, Li S, Yu Y, Li M, Chen J, Wang F, et al. VEGF-A regulates
sFlt-1 production in trophoblasts through both FIt-1 and KDR
receptors. Vascular permeability factor/vascular endothelial growth
factor: a critical cytokine in tumor angiogenesis and a potential target
for diagnosis and therapy. Mol Cell Biochem. 2018; 449(1-2): 1-8.
Dvorak HF. Vascular permeability factor/vascular endothelial
growth factor: a critical cytokine in tumor angiogenesis and a
potential target for diagnosis and therapy. J Clin Oncol. 2002:
4368-43890.

Red-Horse K, Zhou Y, Genbacev O, Prakobphol A, Foulk R,
McMaster M, et al. Trophoblast differentiation during embryo
implantation and formation of the maternal-fetal interface. J Clin
Invest. 2004; 114(6): 744-754.

Pollheimer J, Vondra S, Baltayeva J, Beristain AG, Knofler M.
Regulation of placental extravillous trophoblasts by the maternal
uterine environment. Front Immunol. 2018; 9: 2597.

Maynard SE, Karumanchi SA. Angoing factors and preeclampsia.
Semin Nephrol. 2011; 31(1): 33-46.

Dubinsky V, Poehlmann TG, Suman P, Gentile T, Markert UR,
Gutierrez G. Role of regulatory and angiogenic cytokines in invasion
of trophoblastic cells. Am J Reprod Immunol. 2010; 63(3): 193-199.
Li Y, Zhu H, Klausen C, Peng B, Leung PC. Vascular endothelial
growth factor-A (VEGF-A) mediates activin A-induced human
trophoblast endothelial-like tube formation. Endocrinology. 2015;
156(11): 4257-4268.

Helmo FR, Lopes AMM, Carneiro ACDM, Campos CG, Silva PB,
dos Reis Monteiro MLG, et al. Angiogenic and antiangiogenic
factors in preeclampsia. Pathol Res Pract. 2018; 214(1): 7-14.
Arutyunyan |, Fatkhudinov T, Kananykhina E, Usman N, Elchaninov
A, Makarov A, et al. Role of VEGF-A in angiogenesis promoted by
umbilical cord-derived mesenchymal stromal/stem cells: in vitro
study. Stem Cell Res Ther. 2016; 7: 46.

Babischkin JS, Aberdeen GW, Lindner JR, Bonagura TW, Pepe
GJ, Albrecht ED. Vascular endothelial growth factor delivery to
placental basal plate promotes uterine artery remodeling in the
primate. Endocrinology. 2019; 160(6): 1492-1505.

Tessier DR, Yockell-Lelievre J, Gruslin A. Uterine spiral artery
remodeling: the role of uterine natural killer cells and extravillous
trophoblasts in normal and high-risk human pregnancies. Am J
Reprod Immunol. 2015; 74(1): 1-11.

Olivares EG, Mufoz R, Tejerizo G, Montes MJ, Gémez-Molina F,
Abadia-Molina AC. Decidual lymphocytes of human spontaneous
abortions induce apoptosis but not necrosis in JEG-3 extravillous
trophoblast cells. Biol Reprod. 2002; 67(4): 1211-1217.

Drwal E, Rak A, Gregoraszczuk EL. Differential effects of ambient
PAH mixtures on cellular and steroidogenic properties of placental
JEG-3 and BeWo cells. Reprod Toxicol. 2019; 86: 14-22.

Hu W, Gao F, Zhang H, Hiromori Y, Arakawa S, Nagase H, et al.
Activation of peroxisome proliferator-activated receptor gamma and
disruption of progesterone synthesis of 2-ethylhexyl diphenyl phosphate
in human placental choriocarcinoma cells: comparison with triphenyl
phosphate. Environ Sci Technol. 2017; 51(7): 4061-4068.

Fitzgerald JS, Tsareva SA, Poehlmann TG, Berod L, Meissner
A, Corvinus FM, et al. Leukemia inhibitory factor triggers
activation of signal transducer and activator of transcription 3,
proliferation, invasiveness, and altered protease expression in

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Jahanbin et al.

choriocarcinoma cells. Int J Biochem Cell Biol. 2005; 37(11):
2284-2296.

Suman P, Gupta SK. STAT 3 and ERK 1/2 cross-talk in leukaemia
inhibitory factor mediated trophoblastic JEG-3 cell invasion and
expression of Mucin 1 and Fos. Am J Reprod Immunol. 2014;
72(1): 65-74.

Cheng J, Rosario G, Cohen TV, Hu J, Stewart CL. Tissue-specific
ablation of the LIF receptor in the murine uterine epithelium results
in implantation failure. Endorinology. 2017; 158(6): 1916-1928.
Bulun SE. Steroids, cytokines, and implantation. Endocrinology.
2017; 158(6): 1575-1576.

Red-Horse K, Zhou Y, Genbacev O, Prakobphol A, Foulk R,
McMaster M, et al. Trophoblast differentiation during embryo
implantation and formation of the maternal-fetal interface. J Clin
Invest. 2004; 114(6): 744-754.

Chun CZ, Sood R, Ramchandran R. Vasculogenesis and
angiogenesis. In: North PE, Sander T, editors. Vascular tumors and
developmental malformations. New York: Springer; 2016; 77-99.
Tamanini C, De Ambrogi M. Angiogenesis in developing follicle and
corpus luteum. Reprod Domest Anim. 2004; 39(4): 206-216.

Lang U, Baker RS, Braems G, Zygmunt M, Kinzel W, Clark KE.
Uterine blood flow-a determinant of fetal growth. Eur J Obstet
Gynecol Reprod Biol. 2003; 110(Supp! 1): S55-S61.

Tal R, Dong D, Shaikh S, Mamillapalli R, Taylor HSJBor. Bone-
marrow-derived endothelial progenitor cells contribute to
vasculogenesis of pregnant mouse uterus. Biol Reprod. 2019;
100(5): 1228-1237.

Carmeliet P, Ferreira V, Breier G, Pollefeyt S, Kieckens L,
Gertsenstein M, et al. Abnormal blood vessel development and
lethality in embryos lacking a single VEGF allele. Nature. 1996;
380(6573): 435-439.

Shalaby F, Rossant J, Yamaguchi TP, Gertsenstein M, Wu
XF, Breitman ML, et al. Failure of blood-island formation and
vasculogenesis in Flk-1-deficient mice. Nature. 1995; 376(6535):
62-66.

Fong GH, Rossant J, Gertsenstein M, Breitman ML. Role of the Flt-
1 receptor tyrosine kinase in regulating the assembly of vascular
endothelium. Nature. 1995; 376(6535): 66-70.

Tsoi SC, Wen Y, Chung JY, Chen D, Magness RR, Zheng J. Co-
expression of vascular endothelial growth factor and neuropilin-1
in ovine feto-placental artery endothelial cells. Mol Cell Endocrinol.
2002; 196(1-2): 95-106.

Burton GJ, Woods AW, Jauniaux E, Kingdom JC. Rheological and
physiological consequences of conversion of the maternal spiral
arteries for uteroplacental blood flow during human pregnancy.
Placenta. 2009; 30(6): 473-482.

Lala PK, Nandi P. Mechanisms of trophoblast migration, endometrial
angiogenesis in preeclampsia: The role of decorin. Cell Adh Migr.
2016; 10(1-2): 111-125.

Lala N, Girish GV, Cloutier-Bosworth A, Lala PK. Mechanisms in
decorin regulation of vascular endothelial growth factor-induced
human trophoblast migration and acquisition of endothelial
phenotype. Biol Reprod. 2012; 87(3): 59.

Zygmunt M, Hahn D, Minstedt K, Bischof P, Lang U. Invasion
of cytotrophoblastic JEG-3 cells is stimulated by hCG in vitro.
Placenta. 1998; 19(8): 587-593.

Hilton DJ, Nicola NA. Kinetic analyses of the binding of leukemia
inhibitory factor to receptor on cells and membranes and in
detergent solution. J Biol Chem. 1992; 267(15): 10238-10247.

121

Int J Fertil Steril, Vol 14, No 2, July-September 2020



	first
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13



