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2 Abstract  
 

 

Preeclampsia, a pregnancy specific vascular disorder, is one of the leading causes of 

maternal and fetal morbidity and mortality worldwide. Abnormal placental angiogenesis 

resulting from altered levels of angiogenesis regulators, such as soluble fms-like tyrosine 

kinase (sFLT-1), vascular endothelial growth factor (VEGF) and placental growth factor 

(PLGF) has been implicated to be central in the pathophysiology of preeclampsia. sFLT-1 

and PLGF have been recently proposed as one of the potential biomarkers to aid in the 

clinical diagnosis and prediction of preeclampsia.  However, the molecular mechanisms 

underlying placental dysregulation of angiogenic molecules leading to endothelial 

dysfunction in preeclampsia remains as an enigma.  Along with sFLT-1, factors such as 

corticotrophin releasing hormone (CRH) and cortisol that are secreted by placenta are 

elevated in serum of preeclamptic women. Recent studies have illustrated a cardinal role 

of the CRH family of peptides in the regulation of VEGF in various cells. Accumulating 

evidence suggests a mechanistic association between CRH related peptides and 

regulators of angiogenesis. Thus, this project aims to investigate their interactions in 

trophoblast and endothelial cells and establish a potential link between their signaling 

pathways, using in vitro models under altered oxygen tension. This project will also focus 

effect of SFLT-1 rich media on fusogenic machinery and endocrine capacity of BEWO cells 

under altered oxygen tension.  

Using various techniques (western blot, ECLIA, QRT PCR, ELISA and MSD human 

angiogenesis panel assay), my preliminary data from BEWO and HUVECs cellular models 

showed that CRH related peptides probably regulates sFLT-1 and PLGF protein secretion 

in HUVECs, HTR8/SVneo cells but not in BEWO cells. In HTR8 cells, CRH has no effect on 

sFLT-1 transcription under normal and low oxygen tension, but increases sFLT-1 release 

under low oxygen tension. Under altered oxygen tension, CRH increases VEGF mRNA 

more compared to PLGF mRNA. a trend towards an increase in PLGF release by CRH is 

seen.  CRH regulates angiogenic factors in trophoblasts under altered oxygen tension. 

CRH possibly favors angiogenic state under low oxygen tension at the transcription level, 
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although CRH appears to increase sFLT-1/PLGF ratio at protein secretion level.  Hypoxia 

increases CRHR1 and decreases CRHR2 transcription.   CRH decreases transcription at 

CRHR1 and CRHR2 mRNA under high oxygen tension. CRH reduces hypoxia induced 

upregulation of CRHR1 but not CRHR2 mRNA.  

CRH was unable reverse hypoxia mediated impaired fusogenic machinery and 

biochemical differentiation in BEWO cells and unable to restore the 

syncytialization. Hypoxia increases CRHR1 and CRHR2 expression in BEWO 

cells. CRHR2 more predominately being expressed than CRHR1 in hypoxia. CRHRs are 

differentially regulated in syncytialised BEWO cells under altered oxygen tension. CRH 

blocks upregulation of CRHR1 gene expression in differentiated BEWO cells under 

high oxygen tension. CRH blocks CRHR1 in undifferentiated BEWO cells under low 

oxygen tension. CRHR1 is down regulated in syncytialised BEWO cells when exposed 

to altered oxygen tension. CRH when added to differentiating cells under low oxygen 

tension has no effect on its receptors. Moreover, sFLT-1 rich media mediates fusogenic 

machinery and under low oxygen tension. CRH further impairs this and CRHR1  is down 

regulated which is reversed under low oxygen tension. 

 

Preliminary data from BEWO and HUVECs cellular models showed that CRH related 

peptides probably regulate sFLT-1 and PLGF protein secretion in HUVECs and 

HTR8/SVneo cells, but not in BEWO cells; CRH’s effect varies in altered oxygen conditions. 

CRH possibly favors angiogenic state under low oxygen tension at the transcription level, 

although CRH appears to increase sFLT-1/PLGF ratio at protein secretion level. CRH was 

unable reverse hypoxia mediated impaired fusogenic machinery and biochemical 

differentiation in BEWO cells and unable to restore the syncytialization. When added to 

differentiating cells under low oxygen tension, CRH has no effect on 

its receptors. Moreover, sFLT-1 rich media mediates fusogenic machinery under low 

oxygen tension. CRH further impairs this and CRHR1 is downregulated which is reversed 

under low oxygen tension. The next step in research should focus on assessing the 

regulation of SFLT-1 and PLGF at transcriptional, translational and secretion level under 

altered oxygen tension and confirm the involvement of CRHRs in regulation of angiogenic 

and anti angiogenic factors. 
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3 Abbreviations 
 
º C;   Degree Celsius 
‘;   Minutes  
11 β-HSD2;   11 Beta Hydroxysteroid Dehydrogenase 2 
ACTH;    Adreno Corticotropic Hormone 
AKT;    Serine/threonine-specific protein kinase or protein kinase B 
Ang II;   Angiotensin II 
AT 1AA;   Angiotensin II type I receptor Agonistic Autoantibodies 
BCL-2;    B Cell Lymphoma 2 
BMI;    Body mass index 
cAMP;  Cyclic Adenosine Mono Phosphate or 3',5'-cyclic Adenosine Mono                    

Phosphate 
CB;    Carbenoxolone 
cGMP;    Cyclic Guanosine Mono Phosphate 
CRH;    Corticotrophin Releasing Hormone 
CRHR;    Corticotrophin Releasing Hormone Receptor 
eNOS;    Endothelial Nitric Oxide Synthase  
ET1;    Endothelin 1 
FORSKOLIN;   Forskolin 
FBS;    Fetal Bovine Serum 
FLT- 1;   Fms-Like Tyrosine kinase 1 
GR;   Glucocorticoid Receptor 
H;   Hours 
HELLP syndrome;  Hemolysis Elevated Liver enzymes and Low Platelets syndrome  
HIF-1α;    Hypoxia Inducible Factor 1-alpha 
HPA;    Hypothalamus Pituitary Adrenal axis 
KDR;    Kinase insert Domain Receptor 
MR;    Mineralocorticoid Receptor 
mRNA;   Messenger Ribo Nucleic Acid 
NO;    Nitric Oxide 
NOS;   Nitric Oxide Synthase  
PBS;    Phosphate Buffer Saline 
PLGF;    Placental Growth Factor 
sENG;    soluble Endoglin 
sFLT-1;   soluble Fms-Like Tyrosine kinase 1 
sGC;   soluble Guanylate Cyclase  
STBM;    Syncytiotrophoblast microparticles 
TBS;    Tris Buffer Saline 
TGF -β 1;  Transforming growth factor beta 1 
UCN2;    Urocortin 2 
VEGF;    Vascular Endothelial Growth Factor  
β HCG;   Beta Human Chorionic Gonadotrophin 
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4 Introduction 

 
4.1 Trophoblast differentiation  
 
 
Normal placental development and function have long been identified to be very critical 

not only for the fetal development and survival in utero and its later life after birth but 

also for the well being of the mother during pregnancy and postpartum. Placentation 

involves trophoblast invasion and transformation of the maternal intramyometrial 

portion of the spiral arterioles, leading to the development of a low- impedance 

uteroplacental circulation. During embryonic development, an oxygen tension gradient 

exists between the villous placenta and maternal decidua. Hypoxia stimulates 

proliferation of cytotrophoblast and inhibits invasion of trophoblasts(Genbacev, Joslin et 

al. 1996).  

 

 At around 12 weeks' gestation, the intervillous space switches from relative hypoxia to 

a state of high oxygen tension (PO2 65 mm Hg). The stem cell of the placenta is the 

progenitor cytotrophoblast cell which proliferate throughout gestation, and differentiate 

along two pathways to form villous cytotrophoblast. This eventually can become 

syncytiotrophoblasts (outer cellular layer) or extravillous cytotrophoblasts (inner cellular 

layer; EVT); the latter has a proliferative component, an invasive component and a 

migratory EVT. Invasive EVT that invades decidua is called interstitial EVT, whereas EVT 

that invades and remodels the spiral arteries is called endovascular EVT. Endovascular 

invasion involves replacement of vascular smooth muscle and endothelial cells and 

transforms the spiral arteries into wide uteroplacental arteries. The occurrence of 

anastomoses between the dilated spiral arteries and endometrial veins form maternal 

sinusoids, thus leading to the development of the uteroplacental circulation. Endothelial 

cell surface markers are essential for endovascular EVT invasion. This is further supported 

with the research work which showed that in preeclampsia, the expression of endothelial 

cell markers in EVTs were reduced(Aplin 1991, Genbacev, Joslin et al. 1996)  

 

The turnover of villous cytotrophoblast involves cytotrophoblasts’ proliferation, 

differentiation and fusion or syncytialization, with the overlying syncytiotrophoblast 

(STB), thus causing syncytiotrophoblast to be continuously supplied with compounds 
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derived from the fusing cytotrophoblasts. This is further balanced by a concomitant 

release of apoptotic material as syncytial knots from the STB to the maternal circulation. 

The fusion or syncytialization is critical step for ensuring production of hormones and 

nutrient exchanges between the mother’s and fetal blood. And thus essential for the 

maintenance of pregnancy and for fetal growth. The initiation of fusion has been shown 

to be regulated by key factors including protein kinases, cytokines, hormones, 

transcription factors, membrane proteins and proteases. Dysregulation of one or more 

of factors of fusion negatively affects the placental barrier maintenance and integrity. 

Fusion is defective in pregnancy-related complications such as  preeclampsia, 

intrauterine growth restriction or trisomy 21(Gauster, Moser et al. 2009). 

Signaling machinery: Studies have shown that adenylyl cyclase (AC) activation leads to 

enhanced expression of fusogenic gene mRNA and hormone secretion such as human 

chorionic gonadotropin (hCG) from placenta. Forskolin induced a rapid phosphorylation 

of ERK1/2 and p38MAPK; which further required PKA–AKAP interactions and led to 

downstream phosphorylation of CREB-1/ATF-1 via ERK1/2-dependent but p38MAPK-

independent mechanisms. Both p38MAPK and ERK1/2 were involved in hCG-secretion 

induced by forskolin, suggesting the existence of additional p38MAPK-dependent but 

CREB-1/ATF-1-independent pathways. Upregulation of  the mRNA expression of syncytin-

1 and -2 (by 3- and 10-fold, respectively) the transcription factors such as old astrocyte 

specifically induced substance (OASIS) and glial cells missing a (GCMa) (by 3- and 6-fold, 

respectively) and the syncytin-2 receptor, major facilitator superfamily domain 

containing 2 (MFSD2) (by 2-fold) and AKAP79 and AKAP250 (by 2.5- and 4-fold, 

respectively) was seen in forskolin-treated BEWO cells. The effect of Forskolin on all these 

genes were suppressed by p38MAPK inhibition, whereas only few genes were sensitive 

to inhibition of ERK1/2(Shi, Lei et al. 1993, Keryer, Alsat et al. 1998, Daoud, Amyot et al. 

2005, Vaillancourt, Lanoix et al. 2009, Delidaki, Gu et al. 2011).  

In general, the initiation of cell-cell fusion occurs with the recognition and adhesion 

between two potentially fusing cells. This is further followed by formation of fusogenic 

pore, mixing of the cell surface bilayers resulting in cytoplasmic continuity. Trophoblast 

fusion is also implied to be controlled by the regulation of cell surface antigen, CD98, 

expressed in cytotrophoblast, ADAM proteins particularly ADAM12, calcium influx, AKT 
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activity as well as exposure of phosphatidylserine to the outer membrane leaflet syncytin 

1 and 2 are thought to interact with neutral amino acid receptors, ASCT1 or 2 that 

function as syncytin receptors. Caspase 8 activation, microtubule associated protein 

stathmin, transcription factor GCMa and reduction of protein tyrosine phosphatase 

activity implicating increased tyrosine kinase activity are thought to be involved in the 

fusion process(Pötgens, Drewlo et al. 2004).  

 

4.1.1 The role of oxygen in placental development 
 
The placenta undergoes proliferation in hypoxic environment. Oxygen is a key regulator 

of trophoblast differentiation, proliferation, and migration in the development and 

function of placenta.  During the initial low oxygen tension phase, the EVTs undergo key 

changes including a change in the expression of integrin profile, become migratory, and 

invade the decidual interstitium (interstitial EVT) and maternal spiral arteries 

(endovascular EVT). Although placental villi are bathed in maternal blood, prior to 10 

weeks’ gestation maternal blood flow to the placenta is blocked by endovascular EVT 

plugs. Thus, early development of placenta and embryo occurs in hypoxic environment, 

with nutrients supplied by maternal plasma and maternal endometrial glands 

secretion(Pijnenborg, Bland et al. 1981, Jauniaux, Jurkovic et al. 1991, Jaffe and Woods 

1993, Burton, Jauniaux et al. 1999). This is further confirmed by doppler studies which 

showed the absence of blood flow into the intervillous space (IVS) prior to 10 weeks’ 

gestation in normal pregnancies, with in vivo measurements indicating pO2 <20 mmHg. 

Excess reactive oxygen species as a result of premature perfusion of this IVS during this 

first 10 weeks’ gestation increases the risk of pregnancy loss(Jauniaux, Watson et al. 

1999, Jauniaux, Watson et al. 2000). Subsequently, the endothelial cells are replaced by 

EVTs within the maternal spiral arteries, the vascular smooth cells undergo apoptosis, 

and the lumen diameter increases, creating low resistance, high capacitance vessels that 

increase uteroplacental perfusion(Rodesch, Simon et al. 1992, Kam, Gardner et al. 1999, 

Pijnenborg, Ball et al. 2006).  

 

The role of O2 in regulating EVT invasion may on one hand, depend on the cell types 

studied, conditions of study (in vitro versus in vivo), and gestational age from which the 

trophoblast cells are obtained. On the other hand, while the behavior of trophoblasts (ie, 
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proliferation and invasion) are sensitive to oxygen tension, the effect of persistent 

placental hypoxia, in vivo, on EVT proliferation/invasion in the endometrium may differ 

from those occurring in in vitro conditions. The role of hypoxia in EVT behavior thus 

remains a bit unclear. Initial studies have demonstrated that hypoxia promotes 

proliferation of trophoblasts, whereas high oxygen (O2) tension induces differentiation 

of trophoblasts. This is further supported by studies which showed that, proliferation was 

increased in 2% O2 compared to 21% O2, while invasion was inhibited, in isolated 

cultured CTBs, thus suggesting low O2 conditions inhibit invasion of endovascular EVTs. 

In contrast to this, a few studies have also shown that a hypoxia may promote EVT 

invasion(Rodesch, Simon et al. 1992, Genbacev, Zhou et al. 1997).  

 

After 11 weeks of pregnancy, maternal blood from the decidual spiral arterioles circulates 

through the intervillous space so as to give appropriate nutrition for the fetus for the 

remaining gestation. By the third trimester of pregnancy, as fetoplacental oxygen 

consumption increases, free-floating villi that are exposed to an ambient pO2 of 60 mm 

Hg gradually declines to about 40 mm Hg(Soothill, Nicolaides et al. 1986) . Importantly, 

from here on, the delivery of oxygen and nutrients to the fetus is primarily the job of the 

free floating villi, with their bi-layer covering of trophoblasts normally bathed in 

maternalblood. During the first trimester, maternalspiral arteries maldevelopment 

predisposes to placental dysfunction and sub-optimal pregnancy outcomes in the second 

half of pregnancy.  

Low oxygen tensions limit the cultured trophoblasts differentiation from uncomplicated 

pregnancies. This is reflected by impaired formation of differentiated 

syncytiotrophoblasts and decreased human chorionic gonadotropin and human 

placental lactogen secretions compared to trophoblasts exposed to standard 

conditions(Kudo, Boyd et al. 2003). Forskolin treated BEWO cells showed reduced 

intercellular fusion when cultured under limited oxygen tension (2% oxygen)(Kudo, Boyd 

et al. 2003). Syncytin is a retroviral gene product expressed in villous trophoblasts that 

reflects trophoblast differentiation as this protein is partly responsible for fusion of 

cytotrophoblasts with syncytiotrophoblasts (Blond, Lavillette et al. 2000, Frendo, Olivier 

et al. 2003).  Moreover, preeclamptic placental villi exhibit decreased syncytin expression 
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and in vitro low oxygen tension decreases syncytin gene expression. Furthermore, under 

hypoxic conditions, reduced expression of  syncytin and its receptor compared to control 

conditions (20% oxygen) in BEWO was observed. Moreover, at high altitude in vivo, third 

trimester villi exposed to hypoxia exhibit enhanced cytotrophoblast proliferation and 

decreased syncytiotrophoblasts fusion. In summary, these studies show that hypoxia 

impedes villous syncytiotrophoblast differentiation and thereby, may contribute to the 

altered cytodifferentiation as seen  preeclamptic villi(Ali 1997, Lee, Keith et al. 2001, 

Knerr, Beinder et al. 2002, Mayhew, Bowles et al. 2002, Kudo, Boyd et al. 2003). 

HIF-1  is a known transcriptional factor activated by hypoxia in many tissues for cellular 

adaptation to hypoxic conditions, by reducing oxygen consumption and metabolic 

activity. HIF-1, composed of HIF-1α and HIF-1β, may form a heterodimer, and then binds 

to promoters of oxygen-responsive genes. HIF-1 alpha expression is higher in the first 

trimester villi and the expression of HIF 1 alpha reduces in villi as the products of 

conception are exposed to oxygen tensions with the maternalblood perfusing the 

intervillous space. HIF-1α via the regulation of genes such as p53, p21, and Bcl-2 , may 

also regulate cellular proliferation and apoptosis(Carmeliet, Dor et al. 1998, Majmundar, 

Wong et al. 2010). The downstream regulation of several genes including the glucose 

transporter glut 1 and TGF beta3, whose expression in the placenta is known to inhibit 

differentiation, is affected by HIF1 alpha. Placentas of high altitude pregnancies showed  

a decreased expression of the GLUT 1 glucose transporter on the trophoblast basal 

plasma membrane, thus limiting the glucose transfer to yield smaller birthweight in 

conditions such as preeclampsia (Luscher, Marini et al. 2017) . HIF-1 alpha and TGF beta3 

expressions are upregulated in preeclamptic placenta, which may limit the trophoblast 

differentiation during the second half of pregnancy. Soluble vascular endothelial growth 

factor receptor-1 (soluble fms-like tyrosine kinase 1, sFLT-1), which binds VEGF and 

placental growth factor (PLGF), is one of the downstream target genes of HIF-1 alpha. 

Higher maternal sFLT-1 secretions potentially sequester a bulk of free serum VEGF and 

could thereby impair the regulatory action of the growth factor. Taken together, these 

observations suggest that higher HIF-1 alpha expression in placental villi exposed to 

hypoxic conditions, such as preeclamptic pregnancy may adversely alter multiple 

placental functions(Kendall and Thomas 1993, Caniggia, Mostachfi et al. 2000). 
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Multiple cytokines are released differentially into the maternalcirculation by placental 

villi from preeclamptic compared to normotensive pregnancies. Similarly, the secretion 

of these cytokines are altered in cultured trophoblasts exposed to hypoxia. For example, 

hypoxia reduces IL-10 secretion but hypoxia increases IL-6 and IL-8 secretion. Moreover, 

hypoxia induces higher secretions of TNF alpha, IL-1 alpha, and IL-1 beta from cultured 

villi than control levels. TNF alpha was one of the first cytokines identified to induce 

apoptosis in placenta in vitro, and enhanced levels of TNF alpha released in response to 

villous hypoxia may contribute to the enhanced apoptotic turnover of trophoblasts in 

preeclampsia as described below. Collectively, these studies suggest that the response 

of villous trophoblast to hypoxia yields a cytokine secretion profile that is pro-

inflammatory(Benyo, Miles et al. 1997, Maynard, Min et al. 2003, Keelan and Mitchell 

2005). 

 
4.2 Angiogenesis  
 

Sprouting new blood vessels from existing ones is called angiogenesis(Chen and Zheng 

2014). In a healthy adult body, after injury or insult, angiogenesis occurs for wound 

healing to restore blood flow to tissues. In female eutherians, angiogenesis occurs 

normally during the menstrual or estrous cycle to transform the ovulated follicles into 

the corpus luteum for synthesis of progesterone and to rebuild the uterine endometrium 

receptive for the implanting embryos. Angiogenesis also occurs in various pathological 

conditions such as cancer and retinopathy (Carmeliet 2003).  This involves steps such as  

proliferation, migration, and differentiation of endothelium within the preexisting blood 

vessels as they send out capillary sprouts to initiate the new tube-like structures 

formation, and secondary vasodilatation to enhance oxygen and  nutrient uptake and 

circulation(Chen and Zheng 2014).  This multi-step process commences with an increase 

in local and/or systemic angiogenic factors, followed by endothelial basement membrane 

breakdown to facilitate migration and proliferation of endothelium. The  differentiation 

of endothelium leads to formation of new  tube-like structures that stabilizes as mature 

vessels with the pericytes or smooth muscle cells recruitment(Carmeliet 2000). Aberrant 

angiogenesis majorly contributes to the pathogenesis of numerous vascular diseases that 

are caused by either excessive angiogenesis in tumors, and cavernous hemangioma and 

retinopathy, or defective angiogenesis in diabetes, atherosclerosis, restenosis and 
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hypertension(Carmeliet 2003). 

 

In eutherians, shortly after the embryo implantation, its trophectoderm develops into 

the placenta. It supports the fetal growth, development, and survival. The placental 

formation, growth, and function are regulated and coordinated with precision to operate 

the bi-directional nutrients and respiratory gases (oxygen and carbon dioxide) exchange 

and to exhaust metabolic wastes between mother and fetus at the maximal efficiency, 

which is executed through the circulatory system at the maternal, fetal and placental 

unit. This is to provide the support needed for early life of a mammal in the womb (Cross, 

Werb et al. 1994, Reynolds and Redmer 2001). 

 

Angiogenesis in the placenta takes similar steps as it occurs in any other organs; it also 

requires proliferation, migration, and differentiation of endothelial cells within the 

preexisting trophoblastic micro vessels(Kaufmann, Mayhew et al. 2004). However, unlike 

pathological angiogenesis, angiogenesis occurring in the placenta is a normal 

physiological process that must be tightly regulated during pregnancy. Deranged 

placental vasculature has been identified in multiple pregnancy complications in women 

as well as animals(Mayhew, Charnock-Jones et al. 2004, Redman and Sargent 2005, 

Reynolds, Caton et al. 2006), thus emphasizing the importance of placental angiogenesis 

during pregnancy. Further investigations for in-depth understanding of the genetic, 

epigenetic, molecular, physiological and pathological regulation of placental 

angiogenesis are warranted, which enables to use placental angiogenesis as a target for 

the diagnostic and therapeutic purpose for pregnancy complications. 

 
4.2.1 Placental vascular formation and development 
 

Carcinogenesis is the process of de novo vascular formation that occurs during 

embryogenesis which commences with the formation of the angioblasts, endothelial 

progenitor cells in the extraembryonic mesoderm allantois(Cross 2003). During 

pregnancy, The vasculature of placenta further expands and elaborates with the 

placental morphogenesis(Burton, Charnock-Jones et al. 2009). Angiogenesis occurs in 

both the maternaland fetal placental tissues in an extensive way, thus leading to the 

development of placenta as a highly vascularized organ during late gestation. For 
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example, the capillary network in a normal human placenta is estimated to be 550 km in 

length and 15 square meters in surface area(Burton and Jauniaux 1995) . Extensive 

placental neovascularization is associated with periodic increase in the blood flow in 

uterine and placental during gestation. during implantation and placentation, Blood 

flows to the maternal- feto-placental units are established, gradually increases 

throughout the gestation, essentially keeping pace with the rate of the growing fetus 

(Reynolds and Redmer 2001). studies in animals have clearly shown that uterine and 

placental vessels vasodilatation and angiogenesis are the two important mechanisms to 

increase placental (umbilical cord) blood flow during late gestation, which is essential for 

normal growth and survival of fetus and is also directly linked to the maternalfetal well-

being during pregnancy and postpartum (Reynolds, Caton et al. 2006). 

 

4.2.2 Trophoblast regulation of placental angiogenesis 
 

Since trophoblast cells are in close contact with the endothelial cells in the placenta; 

trophoblast-derived factors are thought to have a key role in the regulation of vascular 

formation and morphogenesis of placenta.  As a primary active site of angiogenesis, the 

placenta is one of the important sources of both pro- and anti-angiogenic factors. During 

the third trimester of both human and ovine pregnancy, the period of exponential 

maternal-fetal interface vascular growth, blood flow, and fetal weight, the maternal- 

fetal compartments of the placentas produce numerous angiogenic factors, including 

PLGF, VEGF, endocrine gland-derived-VEGF, FGF2, transforming growth factor-β1 (TGF-

β1), angiopoietins, leptin, and Slit/Robo signaling cues. Placenta also synthesizes a large 

number of anti-angiogenic factors, i.e., soluble VEGFR1 (sFLT-1) and soluble TGF-β1 

receptor endoglin, etc., that are important for the fine tuning of placental 

angiogenesis(Senger, Galli et al. 1983, Derynck, Jarrett et al. 1985, Gospodarowicz, 

Ferrara et al. 1987, Keck, Hauser et al. 1989, Leung, Cachianes et al. 1989, Maglione, 

Guerriero et al. 1991, Zhang, Proenca et al. 1994, Sato, Tozawa et al. 1995, LeCouter, 

Kowalski et al. 2001, Levine, Maynard et al. 2004). 

 
4.2.3 Angiogenesis: branching and non-branching  
 

During the course of 9 months, the human placenta develops into an organ of a highly 

vascular capillary networks. These are essential for effective materno-fetal exchange, but 
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also plays a key mechanistic role in the elaboration of the placental villous tree. 

Vasculogenesis and subsequent angiogenesis are therefore of pivotal importance in 

placental development, and it is imperative that they are appropriately regulated. Failure 

of appropriate regulation of placental angiogenesis results in impoverished development 

of the placenta, leading ultimately to  poor obstetric outcome such as IUGR, PE(Burton, 

Charnock-Jones et al. 2009).         

  

 

Vasculogenesis begins as early as the third week post-conception. Under the influence of 

factors such as VEGF secreted by the overlying trophoblast, Hemangioblastic cell cords 

differentiate in situ from mesenchymal cells in the villous cores. The cords through cell 

recruitment and proliferation and, elongate and connect with the vasculature of the 

developing fetus. By around 8 weeks of gestation, a feto-placental circulation starts. The 

capillaries elongation outstrips that of the containing villi, leading to looping of the 

vessels. Both capillary loops and new sprouts obtrusion results in the terminal villi 

formation. Therefore, Branching and non-branching angiogenesis play important roles in 

villous morphogenesis throughout pregnancy. The circulating levels of VEGFA and 

placental growth factor in maternal sera vary across normal pregnancy, and in 

complicated pregnancies. It is difficult to determine the impact of these changes on 

placental angiogenesis, because the relationship between growth  factors levels in the 

maternal circulation and their effects on fetal vessels within the placenta remains 

unclear. Moreover, the trophoblast releases large amounts of soluble receptors 

influencing their bioavailability by  binding to both growth factors. The endothelial cells 

in placenta are prone to oxidative stress leading to the activation of the apoptotic 

cascade(Leach and Leach 2002, Kaufmann, Mayhew et al. 2004, Tertemiz, Kayisli et al. 

2005, Jirkovska, Janacek et al. 2008, Burton, Charnock-Jones et al. 2009).  

 

Oxidative stress correlated with the onset of the maternal circulation, and with 

incomplete spiral arteries remodeling in pathological pregnancies, plays an important 

role in sculpting the villous tree. A major switch in the pattern of angiogenesis within the 

placenta during pregnancy has been postulated. While the branching angiogenesis, the 

formation of new vessels through sprouting, occurring from day 32 pc to week 24, the 

non-branching angiogenesis, the formation of capillary loops through elongation, 
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predominates thereafter until term(Kaufmann, Mayhew et al. 2004, Benirschke, 

Kaufmann et al. 2006). This postulated hypothesis is based on the assumption that the 

during the second half of pregnancy, terminal villi elaboration, is driven by the capillary 

loops obstruction from the surface of intermediate villi as described previously. 

Furthermore, an increase in maternal PLGF levels during mid gestation causing 

suppression of VEGF A activity inhibit capillary sprouting. This change in angiogenic 

profile is linked to the increase in concentrations of intraplacental oxygen and is 

associated with maternal circulation onset. This hypothesis is challenged by the three-

dimensional reconstructions evidence, which regularly demonstrated mature placentas 

terminal villi containing blind-ending capillary sprouts(Jirkovska, Janacek et al. 2008). 

During the second half of gestation, when the terminal villi in the placenta are formed, 

the occurrence of increased capillary branching has been suggested from the data 

obtained from high altitude pregnancies.  

 

During pregnancy, the growth factors bioavailability at the villous level is difficult to 

predict due to the secretion of soluble receptors. The mode and rate of angiogenesis is 

unlikely to be dictated by one factor alone, but rather by a complex series of signaling 

mechanisms. Two important contributors are oxygen and growth factors. Indeed, an 

analysis of villous vascularization quantitatively across the first to second trimester 

transition revealed no sudden changes in response to the rising oxygen levels. During 

pregnancy, although there may be changes in the pattern of angiogenesis in placenta, 

the hypothesis that there is a dichotomous sFLT-1 from branching to non-branching 

angiogenesis during mid-pregnancy in a clear cut manner no longer appears 

justifiable(Jauniaux, Burton et al. 1991).  

 

4.2.4 Mechanical factors in the regulation of placental angiogenesis 

 
In comparison with oxygen and growth factors, surprisingly, the role of mechanical forces 

in the regulation of placental angiogenesis in placenta has not received attention, despite 

the existence of evidence indicating that they are powerful inducers of endothelial cell 

motility and proliferation. Some evidence that may be vital in the placenta is postulated 

by the observation that until the beginning of the second trimester of pregnancy, by 

which time a fetal circulation through the organ has been established,  the recruitment 
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of perivascular cells as precursor smooth muscle cells, and the transformation into 

arteries and veins, is not observed(Kaufmann, Mayhew et al. 2004, Shiu, Weiss et al. 

2005).  

 
Shear stress may be an essential factor in the larger vessels of stem and intermediate 

villi, but at the level of terminal villi, the flow rate is not likely to be adequate to generate 

significant forces.  Given the fact that acute changes in direction must take place within 

the capillary plexus, cyclic strain is probably more vital at these sites. This may elucidate 

the dilated sinusoids location at the apices of capillary loops(Burton, Tham et al. 1992). 

The observation that the capillary sinusoids are capable of compression / expansion 

dependent upon the pressure differential between the maternal and fetal circulations 

suggests that the capillary walls have elastic properties(Karimu, Burton et al. 1994, 

Karimu and Burton 1994, Mayhew, Charnock Jones et al. 2004). The pressure differential 

is likely to increase during pregnancy as the fetal heart matures, and so one might predict 

a continually elevating distending force being applied. This will be challenged by the 

complement of intermediate fibres within the endothelial cells, and also by the 

extracellular matrix composition and the existence of encircling collagen fibres. The 

communication between local growth factors and mechanical forces in sculpting 

vasculosyncytial membranes requires further investigation, for these sites are of key 

significance to materno-fetal exchange. 

 

 

4.2.5 Dysregulation of angiogenesis in diseases 
 

Several pathological conditions occur either by excess, dysregulated angiogenesis such 

as rheumatoid arthritis, retinopathy, psoriasis and tumor diseases, myocardial and limb 

and  ischemia(Mayhew, Charnock Jones et al. 2004). 

 

 

4.2.6 Dysregulation of placental angiogenesis in pathological pregnancies 
 
 

Placental insufficiency causes the baby to receive inadequate  oxygen  and nutrients 

from the mother, due to inadequate functioning of placenta. This results in fetal stress, 
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challenging the growth of the baby. Placental Vascular development is frequently 

disturbed  in pregnancy complications(Mayhew, Charnock-Jones et al. 2004). Although 

the changes may be inflicted by several potential factors in the intrauterine 

environment, significant attention has been focused on oxygen; both placental hypoxia 

and hyperoxia. Hypoxia, due to the maternal arterial supply compromise, is believed to 

cause exaggerated branching of capillaries and villi. These are most likely due to subtle 

alterations in the VEGF: PLGF ratio, however no firm evidence exists to confirm this 

hypothesis. Enhanced  branching may enhance placental efficiency by offering more 

arterio-venous circuits functioning in parallel, returning fetal blood soon after it has 

equilibrated with that in the intervillous space, to the umbilical cord. Nevertheless, 

exaggerated stimulation of the endothelial cells with hypoxia result in benign tumors 

termed chorioangiomas. In some forms of the tumor, development of large vessels 

occurs and can lead to detrimental arterio-venous shunts, whereas in others there is 

only disorganized endothelial hyperplasia. Chorioangiomas often occurs at high 

altitudes in excess of 4000 m, thus indicating that hypoxia plays an important role in 

their etiology(Reshetnikova, Burton et al. 1996). 

Hyperoxia is thought to have the opposite effect, causing decreased capillary branching 

and terminal villi. It is argued that these changes will decrease oxygen extraction from 

the intervillous space, so fostering further hyperoxia. While this may be factual it is a 

rather circular argument, and the initial aggravating cause of the vascular 

maldevelopment of placenta is not clear(Kingdom, Kaufmann et al. 1997). 

Hypoxia and hyperoxia are relative terms, and as reviewed earlier the maternalblood 

flow pattern through the placental lobule means that villi in various regions will 

experience different concentrations of oxygen. The terms thus have to be qualified 

according to the location and the stage of pregnancy that is being considered. 

Consistency of the prevailing concentration of oxygen may be a more important than the 

absolute value. It has been hypothesized that the inadequate conversion of the 

maternalspiral arteries in association with the large number of pregnancy complications 

enhances the risk of spontaneous vasoconstriction, and hence predisposes the placenta 

to ischemia–reperfusion-type injury. High levels of oxidative stress occur in the 

trophoblast and endothelial cells, occur When normal placental explants are exposed to 
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hypoxia–reoxygenation in vitro, thus mimicking the changes seen in preeclampsia. 

Placenta from uncomplicated pregnancies following labour and vaginal delivery has 

shown same distribution of oxidative stress, while it is absent from those delivered by 

caesarean section(Hung, Skepper et al. 2001, Cindrova-Davies, Yung et al. 2007). 

Oxidative stress is a powerful inducer of apoptosis, and this  has been observed following 

labor and also hypoxia–reoxygenation in vitro via activation of the executioner caspase-

3 in villous endothelial and trophoblast cells. It has thus been speculated that oxidative 

stress, as a result of impaired spiral artery conversion, leads to arrest of angiogenesis in 

placenta or even deterioration of existing capillaries. Consequently, high-resistance 

waveforms are observed in the umbilical circulation, and the reduced diffusing capacity 

of the organ is associated fetal hypoxia and growth restriction(Kuzmina, Hubina-Vakulik 

et al. 2005).  

 

4.2.7 Oxygen as a regulator of placental angiogenesis 
 

VEGF, PLGF can be acutely regulated by the local oxygen concentration, and hence 

attention has recently been focused on oxygen as a key factor controlling placental 

development. VEGFA is modulated at the level of transcription  and also through mRNA 

stability, with low- concentrations of oxygen inducing the  expression in placental 

fibroblasts(Wheeler, Elcock et al. 1995, Burton, Charnock-Jones et al. 2009). The 

translation of protein is also acutely modulated by the local oxygen concentration. PLGF 

is regulated in a similar fashion but in an opposite direction, being inhibited at low oxygen 

concentrations(Ahmed, Dunk et al. 2000). It is now widely accepted that the during the 

first trimester of pregnancy, the development of human placenta takes place in the 

absence of a significant maternal blood flow, conditions that would be expected to 

support vasculogenesis and angiogenesis. In the absence of experimental manipulations, 

it is difficult to establish how critical this environment is, but there is indirect evidence 

that this may be important. First, enhanced numbers of hemangiogenic cords are 

observed in early placental villi from pregnancies complicated by maternalanemia, when 

the oxygen levels in the developing placenta might be expected to be even lower than 

normal. Second, comparisons between central and peripheral regions of the placenta villi 

suggest  that hyperoxia has the opposite effect. Ultrasonography has shown that 

maternalcirculation to the placenta begins at the end of the first trimester in a 
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peripheral–central fashion. As a result, the oxygen tension will be higher in the periphery, 

which is further supported by increased oxidative stress concentration. These peripheral 

villi either contain degenerate capillaries or are avascular, coherent with VEGF support 

withdrawal secondary to a hyperoxic environment(Zhang, Proenca et al. 1994, Jauniaux, 

Hempstock et al. 2003). Similar changes are evident in missed miscarriage placentas that 

are retained in utero, where there is premature onset of the maternal blood flow. At the 

end of the first trimester, oxygen levels within the intervillous space of placenta normally 

increases upto threefold. Which gradually falls from 16 weeks, from ∼60 to 40 mmHg at 

term, as oxygen consumption within placenta and fetus rise(Jauniaux, Watson et al. 

2000). The latter figures were obtained at the time of cordocentesis by aspiration of 

intervillous blood through the chorionic plate; and while providing an essential guide to 

placental oxygenation, they however do not consider the regional variations in oxygen 

levels that may play a key role in regulating the morphogenesis of villi. Hence, when 

maternal blood from the spiral arteries is supplied into the placenta, it is directed to the 

center of a placental lobule, from which it then infiltrates to the periphery. Thus, creating 

an oxygen gradient across the lobule, but for practical and ethical reasons, this cannot be 

confirmed by direct analysis using current technologies. However, the analysis of 

expression and activity of antioxidant enzyme in villous tissues obtained from different 

sites within placental lobules support this hypothesis. It is also notable that dilated 

capillary sinusoids and vasculosyncytial membranes are predominant in the peripheral 

regions of placental lobule, where low oxygen concentrations are expected(Fox 1967, 

Critchley and Burton 1987).  
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Figure 1  

Pathogenesis of preeclampsia  

(http://www.haderermuller.com/portfolio-item/placenta-in-preeclampsia/; 
http://www.biochemsoctrans.org/content/37/6/1237.full;  https://www.semanticscholar.org/paper/Angiogenesis-
Related-Biomarkers-(sFLT-1%2FPLGF)-in-of-Herraiz-Simón/a600e04d87aa0e1affad0f698a943de707f39df4/figure/0; 
https://www.sciencedirect.com/science/article/abs/pii/S0196978105004705) 
 
 
 
4.2.8 Angiogenic growth factors and their receptors:  
 

4.2.8.1 The VEGF/VEGFR Family 

 
 VEGF-VEGFR system plays autocrine and paracrine role in the regulation of angiogenesis 

in placenta. The VEGF/VEGFR family consists of three membrane bound receptors: 

VEGFR-1 (also known as FLT-1), VEGFR-2 (also known as KDR in humans; Flk-1 in rodents) 

and VEGFR-3. The three VEGF receptors can interact with up to five ligands: VEGF (also 

known as VEGF-A), VEGF-B, VEGF-C, VEGF-D, and PLGF. A number of coreceptors, 

principally neuropilin-1 (NRP-1) and neuropilin-2 (NRP-2), have also been identified that, 

when integrated into the receptor-ligand complex, further increases ligand mediated 

signaling (Ferrara, Gerber et al. 2003). These are all tyrosine kinases receptors. Following  
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in the maternal circulation 7 (left). Maternal serum concentrations of the sFLT-1/PlGF ratio
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represented in blue and mean values at the time of diagnosis of preeclampsia are
represented in dark red. sFLT-1/PlGF ratio cutoff of 85 is shown as a black horizontal.
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ligand binding, the receptors dimerise before undergoing auto phosphorylation, leading 

to activation of the receptor.  

 
Tyrosine kinase receptors play key roles in modulating the cellular metabolism, cell 

proliferation, migration, differentiation, apoptosis and cell cycle. The VEGF family plays a 

crucial role  not only in vasculogenesis, angiogenesis and lymphangiogenesis, but also in 

non-vascular roles, such as in ovarian follicle formation and menstruation, fetal lung 

development, renal glomerular development and function, bone formation and  

haematopoiesis, neurogenesis and motor neuron survival(Ferrara, Gerber et al. 2003, 

Qiu, Hoareau-Aveilla et al. 2009). Both VEGFR1 and VEGFR2 is structurally distinct from 

VEGFR3. VEGF-C and VEGF-D binds to VEGFR3. VEGFR3 appears essential during 

lymphangiogenesis as well as embryogenesis for the cardiovascular system development, 

as evident with dying VEGFR-3 null mice at embryonic day E9.5 with cardiovascular 

failure. VEGFR-1 and VEGFR-2, in contrast to VEGFR-3,  are structurally homologous both 

consisting of an extracellular domain containing seven immunoglobulin (Ig)-like domains, 

a transmembrane domain and an intracellular tyrosine kinase domain(Takahashi 2011).  

 

Both soluble and membrane bound VEGFR-1 bind VEGF, VEGF-B, and PLGF, whereas 

VEGFR-2 binds VEGF, as well as processed forms of VEGF-C and VEGF-D. Although both 

soluble and membrane bound VEGFR-1 are structurally homologous and can bind to 

VEGF, their roles are suggested to be significantly different. VEGFR-1 primarily has been 

thought to act as ‘VEGF trap’, thus sequestering VEGF and deviating this ligand away from 

VEGFR2. Both VEGF-C and VEGF-D are synthesized as pre-pro-proteins and requires the 

proteolytic cleavage of both C- and N-terminal regions to produce the fully processed 

forms which have higher affinity for both receptors - VEGFR-2 and VEGFR-3. VEGFR-1 is 

may block the mitogenic effects of VEGF. This is further proved by the death of VEGFR-1 

null mice at E8.5 which displayed other features such as profound endothelial 

overgrowth and formation of disorganized vasculature. Subsequently, it was also 

observed that mice with a homozygous deletion of the intracellular tyrosine kinase 

domain of VEGFR-1 undergoes normal development, albeit with impaired migration of 

monocytes. The presence of the extracellular ligand-binding region of VEGFR-1, and its 

high affinity for VEGF, is thought to be important to promote normal embryonic 

vasculogenesis and angiogenesis.  
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Importantly, depending on the type of angiogenesis, VEGFR-1 exerts different roles. 

VEGFR-1 by antagonizing VEGF, during embryogenesis, regulates negatively physiological 

angiogenesis and is known to disrupt angiogenesis in some tissues, including the cornea. 

Nevertheless, in pathological angiogenesis, membrane-bound VEGFR-1 has an altered 

role, though it performs based on the PLGF co-expression. Regardless of PLGF being 

inactivated in vivo, mice are proficient of developing normally, nevertheless is 

characterized by impaired angiogenesis. PLGF signaling via FLT1 is essential in 

pathological angiogenesis evident by in vivo models. Moreover, via VEGFR-2, PLGF acts 

in synergy with and augments VEGF mediated angiogenesis. VEGFR-2 regulates 

proliferation, angiogenesis, haematopoiesis and vascular permeability. At E8.5, Both 

VEGFR-1 and VEGFR-2 null mice, is embryonic lethal, and is associated with absence of 

vascular formation mature endothelial cells, and haematopoiesis. Three of the major 

phosphorylation sites namely Tyr951, Tyr1175 and Tyr1214 are linked with the 

downstream VEGFR-2 signaling. Mice lacking Tyr1173 are lethal embryonically and shares 

a similar phenotype to VEGFR-2-/- mice, including decreased hematopoietic progenitors 

and lack of blood vessels. VEGFR-2 mediated Proliferation can be transduced via 

activation of extracellular-signal-regulated kinase-1/2 (ERK1/2). In the developing kidney 

of mice, lack of VEGF bioavailability can produce proteinuria. VEGF acts in a paracrine 

manner for endothelial cell survival and maintenance of fenestration, but it also confirms 

the VEGF’s autocrine action on epithelial podocytes survival. VEGF via NO and PGI2 

production modulates vascular tone and permeability. VEGF, via VEGFR-2, causes eNOS 

serine 1177 phosphorylation, and NO production. VEGF and PLGF  synergistically act   in 

pathological angiogenesis.  PLGF is thought to   in amplify action of VEGF in endothelial 

cells. VEGF mechanism in a PKC-dependent manner, via a post-transcriptional induces 

synthesis of PLGF and   amplify its effects on endothelial cells, and acts as a link between 

PKC inhibition in the angiogenic disorders development and betterment of vascular 

complications. Consequential to  increased soluble VEGFR-1 (sFLT-1) production, 

decreased  activity of VEGF-A results in preeclampsia.(Carmeliet 2000, Maynard, Min 

et al. 2003, Ahmad and Ahmed 2004). Other than sFLT-1 regulating activity of VEGF 

(Kendall, Wang et al. 1996), VEGFR-2-mediated proliferation of endothelial cells and 

tumor growth is regulated negatively by membrane-bound FLT-1 (Ahmed, Dunk et al. 

1997, Rahimi, Dayanir et al. 2000, Bussolati, Dunk et al. 2001, Dunk and Ahmed 2001, 
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Zeng, Zhao et al. 2002). Receptor Heterodimerization usually  has been reported in G-

protein-coupled receptors and in RTK systems(Prinster, Hague et al. 2005, Barnes 

2006). 

 

VEGF-A via NO release regulates vascular tone, which is further dependent on eNOS 

activation. Also, eNOS phosphorylation and NO release are necessary for VEGF-

mediated angiogenesis (Murohara, Asahara et al. 1998, Bussolati, Dunk et al. 2001). 

VEGF mediated vasorelaxation depends on the VEGFR-1 homodimer and/or the 

VEGFR1−2 heterodimer, and does not need the VEGFR-2 homodimer. Endothelial 

VEGFR1−2 activation also leads to phosphorylation of eNOS and NO release. (Murohara, 

Horowitz et al. 1998). VEGF-A via negative feedback systems; including release of 

sVEGFR-1 and NO, regulates its own bioactivity (Ahmed, Dunk et al. 1997, Ahmad, 

Hewett et al. 2011). Both of these are positively regulated by VEGFR1−2 activation. 

VEGFR-1 negatively  regulates endothelial and tumor proliferation mediated by 

VEGFR-2 (Ahmed, Dunk et al. 1997, Rahimi, Dayanir et al. 2000, Zeng, Zhao et al. 2002). 

Heterodimerization between subunits of VEGFR-1 and VEGFR-2, negatively regulates 

cellular response and signaling of VEGFR-2 homodimer and, which may be necessary 

for endothelial cell angiogenesis and homeostasis. (Cudmore, Hewett et al. 2012).  

 

Vascular endothelial growth factor (VEGF)

 

stimulates angiogenesis in a variety of 

physiological and pathological processes including corpus luteum formation (2), 

embryogenesis (1), wound healing (4), tumor growth (3), and compensatory angiogenesis 

in the heart (5). additionally, in vivo, VEGF stimulates vascular permeability (6) and exerts 

procoagulant activity in endothelial cells and monocytes (8)(Senger, Galli et al. 1983, 

Clauss, Gerlach et al. 1990, Breier, Albrecht et al. 1992, Brown, Yeo et al. 1992, Plate, 

Breier et al. 1992, Ravindranath, Little-Ihrig et al. 1992, Barnes 2006). VEGF also attracts 

peripheral blood monocytes, increases the levels of intracellular Ca

 

(18), and stimulates 

the production of tissue factor(Clauss, Gerlach et al. 1990) (8). Only one specific binding 

site has been seen on cells of the macrophage/monocyte lineage, Contrary to the 

expression of both VEGF receptors in endothelial cells. A high molecular weight band 

corresponding to a tyrosine-phosphorylated protein was detected Upon VEGF 

activation(Shen, Clauss et al. 1993) (18).  
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Based on amino acid and cDNA sequences, Placenta growth factor (PLGF) has been 

recently described to have a strong homology to VEGF. PLGF is localized in placenta and 

HUVECs(Maglione, Guerriero et al. 1991) (19, 20). PLGF is a very weak stimulator of 

endothelial proliferation and chemo- taxis (20), a finding which can be elucidated. By the 

hypothesis that PLGF exhibits lower affinity to one or both of the two VEGF receptors. 

Certainly, with extracellular domains from either Flk-1/KDR or FLT-1, when binding 

competition studies are performed, PLGF appears to bind with FLT-1 but not to KDR/Flk-

1(Park, Chen et al. 1994) (Kendall and Thomas 1993)(12, 21).  

The close sequence homology between VEGF and PLGF (53% based on amino acid 

comparison) led to the indication that these polypeptides may mediate biological 

activities in a similar way. Nevertheless, when VEGF was compared to PLGF in terms of 

their abilities to induce proliferation of endothelial cells, PLGF was observed to be much 

less active than VEGF(Maglione, Guerriero et al. 1991) (20, 30). This may be because of 

the preferential binding of PLGF to FLT-1, in comparison to Flk-1/KDR, as observed in 

studies using soluble VEGF receptors(Kendall and Thomas 1993, Park, Chen et al. 1994) 

(12, 21). FLT-1 “knockout” mouse embryos was observed to have defective functionality 

of vascular tubes, suggesting  that FLT-1 plays an key role in endothelium luminal 

differentiation or endothelium interactions  with the extracellular matrix (Fong, Rossant 

et al. 1995)(33).  

 

4.2.8.2 PLGF 

 

4.2.8.2.1 Cellular activities and molecular mechanisms 

 

Placental growth factor is a member of the vascular endothelial growth factor (VEGF) 

family, consisting of 4 ligands (VEGF-A, -B, -C and PLGF) and five receptors (VEGFR-1, -2, 

-3 and NRP1 and NRP2) (Maglione et al. 1991; Hauser and Weich 1993; Cao et al. 1997; 

Yang et al. 2003). VEGFR-1 and VEGFR-2 are expressed in the cell surface of most blood 

endothelial cells. In contrast, VEGFR-3 is largely restricted to lymphatic endothelial cells.  

PLGF is localized in the placental trophoblasts. PLGF is also found in low levels in many 

other tissues, including the skeletal muscle, heart, thyroid, lung, liver, and bone. The 
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human PLGF gene is situated on chromosome 14q14 and encodes 4 isoforms. The 

sequence of PLGF spans an 800-kb long DNA segment comprising seven exons. While 4 

isoforms of PLGF has been described in humans, mice only express one isoform 

equivalent of PLGF-2. Both PLGF-1 and PLGF-3 exclusively bind to VEGFR-1, that is highly 

expressed in endothelial cells. Both neuropilin-1 (NRP1) and neuropilin-2 (NRP1), are also 

expressed in endothelial cells, to which PLGF binds. Distinct to VEGF, PLGF binding to 

VEGFR-1 results in alternative tyrosine residues phosphorylation and gene expression in 

endothelial cells. PLGF is released as a glycosylated homodimer. While PLGF-2 and PLGF-

4 consists of heparin binding domains, PLGF-1 and -3 are diffusible isoforms. A common 

regulation mechanism appears to be present amongst PLGF1 and 2, since they are 

secreted in a strongly correlated manner during pregnancy. The presence of a heparin 

binding domain indicates that PLGF-2 and -4 act in an autocrine manner and remain cell 

membrane-associated, while the diffusible forms of PLGF affect targets in a paracrine 

fashion. Yang et al. 2003). 

 

 

PLGF affects not only endothelial cells but also a whole array of other cell types, and its 

broad spectrum of pleiotropic activities in various biological processes continues to 

expand. Unlike VEGF, PLGF redundant for developmental and physiological processes but 

is more important in diverse conditions such as tissue ischemia, malignancy, 

inflammation, and multiple other diseases. Precisely because PLGF has a negligible role 

in health, it has been suggested that PLGF blockade might inhibit these disease processes 

without affecting normal health. Meanwhile, clinical evaluation of the therapeutic 

potential of an anti-PLGF monoclonal antibody (mAb) for cancer has commenced. The 

proangiogenic activity of PLGF relies on direct effects on endothelial and mural cells, as 

well as on indirect effects on nonvascular cells with proangiogenic activity. PLGF 

enhances the proliferation, migration, and survival of endothelial cells, although some of 

these effects remain debated. This cytokine also stimulates proliferation of mesenchymal 

fibroblasts and regulates the contractile response of mural cells, organized around the 

endothelium during collateral vessel growth. Moreover, PLGF attracts and activates 

macrophages, which interferes with dendritic cell differentiation , as well as with antigen 

recognition,  has the capacity to  secrete angiogenic and lymphangiogenic factors 

(Selvaraj et al. 2003), (Lin et al. 2007; Rolny et al. 2011). PLGF induces migration of 
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keratinocyte in wound healing, increases retinal pigment epithelial cells chemotaxis, 

recruits mesenchymal progenitors in endochondral ossification. It also promotes axon 

growth, promotes survival of cortical neurons, and stimulates Schwann cells migration 

and proliferation. PLGF stimulates hematological and solid tumors growth (Fiedler et al. 

2005), (Failla et al. 2000), (Hollborn et al. 2006). (Du et al. 2010), (Cheng et al. 2004), 

(Chaballe et al. 2011a). (Fischer et al. 2008; Schmidt et al. 2011). 

 

Despite weak tyrosine kinase activity, it was thought initially that membrane-anchored 

FLT1 functions as a ligand trap, due to its high affinity for VEGF. According to this model, 

PLGF induce indirectly growth of endothelial cell via VEGF displacement from the FLT1 

decoy receptor, thus releasing VEGF for VEGFR-2 activation. Accumulating evidence 

indicates additional mechanisms. For instance, PLGF increases angiogenic factors 

expression such as basic fibroblast growth factor (FGF2), VEGF, matrix 

metalloproteinases (MMPs), platelet derived growth factor b (PDGFB), among other 

molecules. Moreover, FLT1 activation by PLGF stimulates an intermolecular FLT1: VEGFR-

2 cross talk that amplifies VEGF/VEGFR-2 signaling, indicating that endothelial cells have 

the capacity to enhance their own ability to respond to VEGF by displacing PLGF. PLGF 

via FLT1 activation, stimulates signaling pathways different from those induced by VEGF. 

This occurs in macrophages, where FLT1 is expressed exclusively, but also occurs in 

endothelial cells, which increases FLT1 expression in pathological conditions (Autiero et 

al. 2003). As demonstrated by mass spectrometry, VEGF and PLGF stimulates 

phosphorylation of distinct tyrosine residues of FLT1, thus emphasizing that VEGF and 

PLGF via FLT1 transmit distinct angiogenic signals. Furthermore, it was recently observed 

that in response to its different ligands, FLT1 transmits distinct intracellular signals, with 

only VEGF-B but not VEGF or PLGF inducing trans-endothelial lipid uptake. Other studies 

reported contradictory findings about the PLGF’s biological activity, and some of its 

activity profile remains argued. For example, PLGF has been stated to be ineffective in 

inducing endothelial cell growth and migration in vitro, a finding recognized to the weak 

FLT1’s tyrosine kinase signal activity. It should be noticed, however, that endothelial cells 

synthesize abundant PLGF in culture, saturating FLT1 and thereby making it insensitive 

to exogenous PLGF. Such a hypothesis is supported by findings that PLGF knockout mice’s 

endothelial cells are capable of responding to exogenous PLGF and that loss of PLGF 
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decreases response to endothelial cells(Carmeliet et al. 2001; Schmidt et al. 2011), (Park 

et al. 1994). (Roy et al. 2005; Marcellini et al. 2006). (Autiero et al. 2003). 

 

 PLGF suppresses tumor angiogenesis when overexpressed to supraphysiological levels 

in cancer cells that coexpress VEGF. In such scenarios, at the cost of several proangiogenic 

VEGF: VEGF homodimers, VEGF: PLGF heterodimers are formed, illustrating the reduced 

tumor angiogenic activity (Eriksson et al. 2002; Xu et al. 2006; Schomber et al. 2007). 

Likewise, in tumor cells, overexpression of a PLGF variant containing an endoplasmic 

reticulum retention signal induced VEGF: PLGF heterodimer formation and reduced 

tumor growth and angiogenesis. Furthermore, a PLGF variant, still capable of 

heterodimerizing with VEGF, but incapable of binding to FLT1, also decreased VEGF- and 

PLGF-dependent angiogenesis in tumors (Tarallo et al. 2010). However, the precise role 

of the VEGF: PLGF heterodimers remains arguable, as proangiogenic but not 

antiangiogenic effects of these heterodimers have been stated (DiSalvo et al. 1995; Cao 

et al. 1996a, b; Autiero et al. 2003). Not much is known about the proangiogenic or 

antiangiogenic activity of VEGF: PLGF heterodimers that are occurring naturally in 

physiological settings in vivo. It thus remains unclear if the PLGF: VEGF heterodimers’ 

antiangiogenic activity only becomes obvious when PLGF at supraphysiological levels is 

overexpressed. A proangiogenic effect of PLGF has been observed when it is expressed 

by stroma or tumor cells endogenously, or when a PLGF transgene is modestly 

overexpressed by cancer cells (Hiratsuka et al. 2001; Adini et al. 2002; Li et al. 2006; 

Marcellini et al. 2006; Kerber et al. 2008; Tarallo et al. 2010). Moreover, PLGF’s genetic 

neutralization of PLGF, rather than promoting,  inhibits vascular growth in adipose tissue, 

tumors,  and other injured, ischemic,  or inflamed tissues. 
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4.2.8.2.2 PLGF and angiogenesis 

  

 

PLGF is also not necessary for exercise-induced angiogenesis in the skeletal muscle or 

heart (Gigante et al. 2004). This redundancy in health is moreover demonstrated by an 

observation that sFLT-1 trap which neutralizes VEGF, VEGF-B, and PLGF stimulates a 

similar phenotype as an anti-VEGF antibody in healthy animals (Malik et al. 2006).  

 

Although PLGF is expressed by trophoblast cells and placental villi in pregnancy (Munaut 

et al. 2008; Depoix et al. 2011), PLGF-deficient mice are fertile (Carmeliet et al. 2001). 

Nevertheless, increased placental levels of sFLT-1 most likely neutralize local PLGF 

(Kendall et al. 1996; Cindrova-Davies et al. 2011; Furuya et al. 2011 PLGF also modulates 

the endometrial uterine natural killer cells maturation required for trophoblast invasion 

(Tayade et al. 2007). Thus, though during development, PLGF is expressed, its role is 

largely redundant. Placental growth factor is pro-angiogenic as it stimulates VEGF’s 

activity  by binding competitively to the VEGFR-1 receptor, thus causing   VEGF to bind to 

VEGFR-2 which has potent tyrosine kinase activity. Nevertheless, PLGF also exerts its 

effect via other mechanisms such as VEGFR-2’s intermolecular transphosphorylation 

following VEGFR-1 activation, which amplifies response of VEGFR-2 to binding of VEGF. 

In addition, PLGF forms a heterodimer with VEGF, which may either have pro- or anti-

angiogenic effects (Autiero et al., 2003). PLGF-deficient mice exhibit normal health, 

development, viability, indicating that endogenous PLGF may not be necessary for 

vascular development (Carmeliet et al., 2001). 

 

In normal endothelial cells, rather than vasculogenesis, PLGF most likely may influence 

angiogenesis by amplifying VEGF’s effects. Nevertheless, PLGF and FLT1 play a role in the 

mesenchymal endothelial precursor cells’ mobilization  that contribute to vasculogenesis 

(Li et al. 2006). PLGF also induces release of NO (Bussolati et al., 2001) and prolongs 

capillary networks’ survival and stability (Cai et al., 2003). Studies in vivo have observed 

that during new vasculature formation in the adult, endothelial cells become more 

responsive to VEGF via PLGF and VEGFR-1 upregulation. PLGF binds to FLT1 and directly 

affects endothelial cells, thereby stimulating its own signaling as well as amplifying VEGF-

mediated angiogenesis (Carmeliet et al., 2001). PIGF also appears to be involved in local 
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tissue specific homeostasis of endothelial cells, where VEGFR-1 activation appears 

protective against liver toxicity via inducing local tissue specific growth factors release 

(LeCouter et al. 2003). 

 

The explanation possibly for the significant role of PLGF in tissues other than the placenta 

is angiogenesis in response to pathological injury or ischemia is that its levels or 

expression is undetectable or low in most of the healthy tissues, but significantly up-

regulated in pathologies (Marrony et al. 2003; Fischer et al. 2008). In line herewith, the 

expression of FLT-1 is also up-regulated in disease (Fischer et al. 2008). Knockout mice 

(PLGF−/−) have defective arteriogenesis and angiogenesis during pathological conditions 

such as limb, heart and ocular ischemia. Physiological exercise induced ischemia in 

cardiac and skeletal muscle does not induce PLGF synthesis but upregulation of PLGF is 

seen  in pathological conditions characterized by aberrant angiogenesis such as cancer , 

coronary artery disease, and diabetes (Carmeliet et al., 2001). Expression of PLGF is part 

of the angiogenic switch that supports vascularization of tumor. Angiogenesis and growth 

in tumor is inhibited in transgenic mice bearing truncated/signaling-inactive VEGFR-1 or 

PLGF null mice.  

 

PLGF deficient mice demonstrated significantly decreased neovascularization and growth 

(Carmeliet et al., 2001). There appears to be a positive correlation between PLGF 

expression and protein and cancer severity, with an inverse relationship between PLGF 

and survival. There appears to be a positive correlation between PLGF expression and 

protein and cancer severity, with an inverse relationship between PLGF and survival. (Cai 

et al., 2003). nevertheless, unlike overexpressed VEGF in most tumors, increased 

expression of PLGF occurs in only a few cancers such as a subset of meningiomas, 

melanomas, hypervascular renal cell carcinomas (Lacal et al., 2000), (Donnini et al., 

1999).  

 

PLGF expression in heart induces wound healing (Iwama et al., 2006) and after acute 

myocardial infarction, improves performance of heart (Roncal et al., 2010) PLGF appears 

to induce collateral growth in the ischemic heart and limb (Pipp et al., 2003, Luttun et al., 

2002, Kolakowski et al., 2006). On the other side, PLGF is involved in inflammatory 

angiogenic disorders such as arthritis or atherosclerosis (Pilarczyk et al., 2008) (Yoo et al., 
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2009). Since macrophages and monocytes express VEGFR-1 receptors, PLGF promotes 

inflammation and acts as a chemoattractant by increasing expression of tissue factor 

production of cytokines and migration of monocytes (Clauss et al., 1996), (Fu et al., 2009) 

(Carmeliet et al., 2001). In pathological conditions, the specific PLGF expression presents 

itself as a good opportunity for targeted therapy. In patients with recurrent glioblastoma 

multiforme,  in combination with anti-VEGF antibody bevacizumab , A phase 1 study of 

an anti-PLGF monoclonal antibody did not demonstrate  improved survival.6 studies have 

further been conducted in patients with metastatic colorectal or ovarian cancer and 

hepatocellular carcinoma but results have not been published. 

 

4.2.8.2.3 PLGF, redundant in development and health 

 

 

 Given its pleiotropic activities, it is not surprising that PLGF stimulates different biological 

effects in vivo. PLGF-deficient mice display normal health, development, viability, 

suggesting that endogenous PLGF is unessential for homeostasis and vascular 

development in the adult (Carmeliet et al. 2001). PLGF is also not necessary for exercise-

induced angiogenesis in the skeletal muscle or heart (Gigante et al. 2004). This 

redundancy in health is further demonstrated by the fact that like an anti-VEGF antibody 

in healthy animals, a similar phenotype is induced by a sFLT-1 trap that neutralizes VEGF, 

VEGF-B, and PLGF (Malik et al. 2006). A possible explanation for the more important 

pathological role of PLGF is that its low expression in healthiest tissues, but up-regulated 

significantly in pathologies (Marrony et al. 2003; Fischer et al. 2008). In line herewith, 

expression of FLT1 is also increased in pathologies (Fischer et al. 2008). During pregnancy, 

although expression of PLGF is seen by trophoblast cells (Munaut et al. 2008; Depoix et 

al. 2011), PLGF-deficient mice are fertile (Carmeliet et al. 2001). Nevertheless, increased 

levels of sFLT-1 in the placenta most likely neutralize local PLGF (Kendall et al. 1996; 

Cindrova-Davies et al. 2011; Furuya et al. 2011). PLGF also modulates endometrium’s 

uterine natural killer cells maturation required for trophoblast invasion (Tayade et al. 

2007). Overall, during development, although PLGF is expressed, its role is largely 

redundant. 
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4.2.8.2.4 PLGF in reproduction 

 

In reproduction, the role of PLGF is still remains to be understood. Since PLGF knockout 

mice are fertile and pups have similar growth potential compared to wild type mice, PLGF 

is thought to be redundant in reproduction. (Binder, Evans et al. 2016). Nevertheless, 

during the secretory phase of the human menstrual cycle, endometrial tissue has been 

reported to release PLGF. The presence of PLGF during this window supports a role of 

PLGF in influencing implantation of embryo, but this has yet to be further illustrated. 

differences in the development of adult and fetal brain have recently been reported, 

despite PLGF knockout mice appear to be normal. (Luna, Kay et al. 2016). The preliminary 

data in the children of women with preeclampsia indicates mild differences in vascular 

development of brain, which appears to be related to intrauterine events. Therefore, 

despite PLGF appear not to be required to reproduction, it is still likely to be an important 

influence on vascular development in pregnancy(Dang, Croy et al. 2016). 

 

4.2.8.2.5 The role of PLGF in placental development 

 

Maternal PLGF concentrations is prominently increased during gestation. PLGF promotes 

the maturation and development of the placental vascular system. Implantation sites of 

PLGF knockout mice show abnormal placental vasculature(Ratsep, Carmeliet et al. 

2014).https://www.nature.com/articles/jhh201761 - ref10 There is increased lacunarity  

and reduced branching in the anti-mesometrial (feto-placental) vessels, suggesting a lack 

of uniformity in the formation of vasculature. Utero-placental vasculature shows reduced 

branching, but decidual invasion remains unaffected. Lymphatic vessels of uterus of 

mouse are also abnormally developed. In human placenta, PLGF expression corresponds 

with different stages in placental development with maturation of the utero-placental 

circulation and non-branching angiogenesis of the feto-placental circulation coinciding 

with increased PLGF expression during later stages of pregnancy. Distinctly, placental 

circulation development is influenced by PLGF even though the lack of PLGF does not 

lead to the death in offspring of knockout mice. (Kang, Park et al. 2014). In contrast, a 

mouse knock-in with PLGF expressed in T cells showed reduced angiogenesis in offspring, 
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suggesting that, the effect of PLGF in pregnancy is specific to situation corresponding to 

the alterable role of PLGF in a life cycle of tumor. When hypothesizing possible effects in 

human pregnancy from the findings in rodent studies, differences in physiology of 

placenta between species must be illustrated. The effects of aberrant placental 

development may not be readily evident in mice, despite abnormal implantation 

apparent in PLGF knockout mice may not lead to embryonic or fetal death. Contrast to 

human pregnancy, placenta in mouse does not invade into the myometrium and limited 

endovascular invasion is seen. As a consequence, abnormal remodeling of mice’s spiral 

arteries does not lead to insufficiency of placenta or abnormal regulation of blood 

pressure. (Burke, Barrette et al. 2010). Processes in the development of human placenta 

may be more extensively facilitated by PLGF. PLGF is expressed in placenta profoundly 

from the second trimester when the utero-placental circulation is advancing, beginning 

at 16–18 weeks’ gestation, with remodeling of myometrial spiral arteries in a ‘second 

wave’ of invasion. However, there have been contradictory reports as to whether PLGF 

causes invasion of trophoblasts (Athanassiades and Lala 1998, Knuth, Liu et al. 2015). 

Trophoblast acquire invasive characteristics in response to high oxygen tension and 

expression of PLGF also increases with improved oxygenation of placenta. It is however 

uncertain whether these two events have a directly linked regulatory mechanism. In non-

trophoblast cells, hypoxia upregulates PLGF expression. In contrast, normoxia increases 

and hypoxia suppresses transcriptional activity of PLGF in trophoblast thus indicating   a 

specific regulatory function and mechanism in these cells. PLGF influences uterine natural 

killer cells Differentiation and these cells may in turn facilitate trophoblast invasion into 

the decidua. (Tayade, Hilchie et al. 2007).  PLGF increases trophoblast’s proliferation. 

PLGF decreases trophoblast apoptosis when they are starved, but not when subjected to 

inflammatory cytokines(Desai, Holt-Shore et al. 1999, Arroyo, Price et al. 2014). This may 

manifest as enhanced circulating trophoblast debris found in cases of pre-eclampsia 

(which is associated PLGF deficiency), but the exact role of PLGF mediated reduction of 

apoptosis in the development of placenta is not clear. 
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4.2.8.2.6 PLGF levels in normal pregnancy 

 

 

While generally, maternal total VEGFA levels gradually increase throughout pregnancy, 

low Concentrations of PLGF are found in the first trimester of an uncomplicated 

pregnancy and rises from week 11 to 12 onwards to a peak at week 30, after which it 

reduces. This is contrary to sFLT-1, which elevates towards the end of gestation. This 

normal discrepancy of levels of angiogenic factors occurs as the bioavailability of PLGF is 

decreased by binding to sFLT-1. Normal concentrations of PLGF are dependent on 

gestational age, with the lower limit of normal (defined as the 5th centile) ranging from 

a peak of approximately 141 pg ml−1 at around 30 weeks’ pregnancy to 23 pg ml−1 at 

term. Maternal plasma levels of PLGF gradually rise during gestation to reach a peak at 

~30 weeks of pregnancy. These profiles are altered in pre-eclampsia, where 

concentrations of PLGF are comparatively reduced throughout gestation. The expression 

of PLGF in placenta exponentially increases from the mid pregnancy, corresponding with 

non-branching angiogenesis of feto-placental vessels and maturation of the utero-

placental blood flow. Placental growth factor may contribute to increased proliferation, 

invasion and reduced apoptosis of trophoblasts(Saffer, Olson et al. 2013). 

 

4.2.8.2.7 PLGF in pre-eclampsia 

 

Urinary and Serum PLGF is observed to be decreased in women both during the time of 

diagnosis with pre-eclampsia and well in advance of onset of syndrome. The PLGF 

deficiency is possibly due to a combination of reduced PLGF expression and free PLGF 

due to sFLT-1 binding, which is increased in affected women. (Levine, Maynard et al. 

2004). In early pregnancy, lower concentrations of PLGF are seen in women who 

subsequently develop preeclampsia than those with normal pregnancy, but levels of 

sFLT-1 are no different, indicating that expression of PLGF in the placenta is reduced. 

However, towards end of pregnancy, a reciprocal relationship between sFLT-1 and PLGF 

is observed with increased total (free and bound to VEGF or PLGF) sFLT-1 and decreased  

free PLGF levels(Maynard, Min et al. 2003). This indicates that low PLGF levels occur in 

the latter half of pregnancy, predominantly due to PLGF sequestration by sFLT-1. 
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Reduced PLGF concentrations is possibly both a contributing factor to continued 

abnormal growth during the latter half of pregnancy and a consequence of abnormal 

early events in placentation. The hypothesis that PLGF is an indicator of abnormal 

placentation is supported by the observation that women without pre-eclampsia who 

give birth to small for gestational age babies also have reduced  PLGF concentrations 

early in pregnancy(Poon, Zaragoza et al. 2008). The data regarding the PLGF expression 

in placenta is contradictory. PLGF expression is hypothesized to be decreased due to 

suppression by consistent placental hypoxia occurring due to an immature utero-

placental blood flow. However, studies have also observed in pre-eclamptic placental 

tissue, no change or increase in expression of PLGF(Khaliq, Dunk et al. 1999, Hoeller, 

Ehrlich et al. 2017). Although regulation of PLGF expression is ambiguous, several 

mechanisms have been explored such as epigenetic changes altering the effect of the 

hypoxia-inducible factor-1α (HIF1-α) and endoplasmic reticulum stress.  The role of HIF1-

α in growth of trophoblasts is debated. Inflammation may also influence expression of 

PLGF as concentrations of PLGF are increased in sepsis(Gobble, Groesch et al. 2009). 

 

4.2.8.2.8 PLGF for the prediction and diagnosis of pre-eclampsia 

 

The differences in the levels of circulating angiogenic factors between normal and pre-

eclamptic pregnancies has led to the investigation into whether these factors can 

recognize women who require close monitoring. The only therapy for preeclampsia is the 

delivery of the placenta. Several  studies of PLGF testing have focused on either 

confirmation of the diagnosis or prediction of preeclampsia,  once preeclampsia is 

suspected, included in the review by Kleinrouweler et al (Kleinrouweler, Wiegerinck et 

al. 2012). PLGF has been demonstrated to be an influential component of prediction of 

preeclampsia at 11 to 13 weeks. (Akolekar, Syngelaki et al. 2011). . A systematic review 

indicated that prediction of preeclampsia may improve by inclusion of this biomarker into 

a clinical multivariable model and another reported that PLGF is cost-saving if utilized 

before 35 weeks of pregnancy for predicting preeclampsia requiring delivery within a 

specified time (Frampton, Jones et al. 2016). In women with suspected pre-eclampsia, 

but not yet satisfying diagnostic criteria, the plasma PLGF alone or sFLT-1: PLGF ratio is 
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beneficial as a ‘rule out’ test with a high negative predictive value. Maternal serum PLGF 

levels less than the 5th centile for pregnancy during the presentation time did better than 

combination of 5 factors that are commonly used clinical parameters (systolic and 

diastolic blood pressure, uric acid, alanine transferase, and dipstick proteinuria) (ROC 

area 0.87 vs 0.70 P<0.001) in identifying women with pre-eclampsia necessitating 

delivery within 2 weeks. (Chappell, Duckworth et al. 2013, Chau, Hennessy et al. 2017). 

low PLGF reflects placental disease which is further supported by the fact that low PLGF’s 

sensitivity was highest for the small for gestational age delivery. from studies reporting 

the PLGF usage as a prognostic test for women with suspected or confirmed 

preeclampsia, a systematic review of the findings found that , in women with 

hypertensive disorders of pregnancy, PLGF could be a marker for the preterm delivery’s 

prediction, due to maternal and fetal indications(Ukah, Hutcheon et al. 2017).  

 

 

In prediction of pre-eclampsia, the angiogenic factors’ utility such as PLGF, VEGF, and 

sFLT-1 is limited likely by the heterogeneity of pathology that triggers the spectrum of 

clinical presentation of pre-eclampsia. Affected women range from those with mild 

symptoms presenting at term to others with early-onset disease and severe intrauterine 

growth restriction. Severe, early disease is in strong association with abnormal 

placentation and abnormal production of angiogenic factors are more pronounced in 

these patients. Abnormal sFLT-1: PLGF ratio and consistent low PLGF levels throughout 

pregnancy recognizes a subset of women with an early and more severe presentation of 

the disease. The angiogenic factors may be utilized in classifying patients with 

preeclampsia to promote more directed research specific to pre-eclampsia subtypes 

Chau, 2017 #583}. 

 

4.2.8.3 sFLT-1  

 

The human placenta is a vascular organ and its function is to develop a large vascular 

network (thus, being a site of active angiogenesis and vasculogenesis) allowing for 

nutrient, waste, and gas exchange between the fetal and maternal circulations. Indeed, 

the placenta produces a variety of angiogenic factors such as vascular endothelial growth 
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factor (VEGF), placental growth factor.(Ahmed, Dunk et al. 2000), alongside with their 

receptors FLT-1 and KDR (Clark, Smith et al. 1998). Pseudovasculogenesis is the process 

where Cytotrophoblasts invade the maternal spiral arterioles and acquire properties of 

endothelial cells (Zhou, Ahmad et al. 2007). Vascular remodeling depends on a fine 

balance between antiangiogenic and proangiogenic factors modulate. VEGF stimulates 

angiogenesis interacting with 2 high-affinity receptors, VEGF receptor-1 (VEGFR-1, also 

known as FLT-1) and VEGF receptor-2 (VEGFR-2, also known as KDR/Flk-1). In the final 

stage of the gestation, when continued placental growth is no longer required, the 

production of different antiangiogenic factors is promoted such as a soluble form of 

VEGFR-1 (sFLT-1). sFLT-1 sequesters extracellular VEGF and placental growth factor, 

inhibiting their angiogenic functions. VEGF with its receptors is fundamental for the 

physiological development and function of the placenta as well as for promotion and 

maintenance of the established maternal vasculature. VEGF is not uniquely expressed by 

placenta and endothelium. It also expressed by different cells, e.g., smooth muscle, 

monocytes/macrophages, and poly- morphonuclear neutrophils (PMNs). VEGF acts 

through Fms-like tyrosine kinase 1 (FLT-1)/ VEGF receptor-1 and VEGF receptor-2 (FLK-

1/KDR(Luttun, Autiero et al. 2004, Krysiak, Bretschneider et al. 2005). 

 

The full-length  RNA coding for FLT1 contains 30 spliced exons and is translated into a 

∼200 kDa transmembrane protein with an extracellular N-terminal ligand-binding 

domain, a single membrane-spanning segment, and a C-terminal intracellular segment 

presenting two tyrosine kinase domains. Soluble VEGFR-1/sFLT-1 presents the ligand-

binding domain (the first 13 exons, 687aa) as well as the full-length VEGFR-1/FLT1, while, 

in lieu of the membrane-spanning and C-terminal domains, (Kendall and Thomas 1993). 

sFLT-1 contains a 31 amino acid C-terminal sequence (Maynard, Venkatesha et al. 2005). 

 

sFLT-1 consists of 6 immunoglobulin-like domains, with a binding site for VEGF and PIGF 

within the second domain from the N-terminus.[(Kendall and Thomas 1993 Besides sFLT-

1, other soluble forms have also been reported  {Sela, 2008 #540, Thomas, Andrews et 

al. 2009) . sFLT-1 can effectively dimerize, but the absence of a kinase domain makes 

tyrosine phosphorylation impossible upon ligand binding(Thadhani, Kisner et al. 2011). 

As a result, sFIt-1 effectively sequesters agonists of FIt-1, and is involved in the regulation 
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of this receptor in tissues such as  kidney, liver, and brain(Maynard, Epstein et al. 

2008).The theoretical molecular weight of sFLT-1 is around 78 kDa, but the experimental 

size range is 85–120 kDa. Indeed, sFLT-1 is secreted as a ∼100 kDa protein, that by 

binding circulating VEGF and PLGF antagonizes their functions. 

 

Initially it was proposed that low levels of VEGF in maternal decidua may contribute to 

preeclampsia condition because of aroused levels of endogenous sFLT-1, which may 

antagonize the beneficial effects of VEGF in this disorder(Luft 2014).The main source of 

sFLT-1 during pregnancy is thought to be the placenta even though also endothelial cells 

and monocytes contribute to its production(Kendall and Thomas 1993, Maynard, Min et 

al. 2003) (Maynard, Venkatesha et al. 2005) sFLT-1 mRNA is highly expressed in the 

placenta, and a drastic decrease of serum concentration of sFLT-1 follows delivery of the 

placenta (Hornig, Barleon et al. 2000, Koga, Osuga et al. 2003). There exist different 

isoforms of sFLT-1 and sFLT-1 e15a is the one mainly transcribed from FLT-1 within the 

placenta (Jebbink et al. 2011). While sFLT-1- e15a is placental specific, it also appears 

specific to humans and higher order primates(Sela, Itin et al. 2008, Thomas, Andrews et 

al. 2009).). sFLT-1 i13 is secreted by different types of cells, in particular by the 

endothelial ones. Hence, its serum levels of sFLT-1 i13 could increase in other maternal 

inflammatory conditions in the absence of preeclampsia, such as obesity and gestational 

diabetes mellitus 

 

FLT-1 gene splicing and therefore its expression is influenced by several factors such as 

short-term regulation by oxygen, nitric oxide levels, and genetics. Notably, hypoxic 

conditions induces sFLT-1 expression. In physiological pregnancy conditions, the placenta 

development occurs in a hypoxic environment, triggering a significant increase in sFLT-1 

expression(Shibata, Rajakumar et al. 2005). In early-onset preeclamptic patients, this 

increase is predicted to be up to 43 times more pronounced. In a rat model of 

preeclampsia impairment of nitric oxide signaling has been associated with serum sFLT-

1 increase and possibly constitutes a secondary factor contributing to sFLT-1 trend of 

expression in human preeclampsia.[(Sela, Itin et al. 2008, Thomas, Andrews et al. 2009).  

 

The VEGFR-1 (FLT-1) gene has 2 mRNAs: one is a long form of approximately 8 kb, and 

the other is a short form of 2.5 to 3.0 kb. (Shibuya, Yamaguchi et al. 1990). in normal 
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placenta, the short mRNA is expressed highly, encoding a soluble form of FLT-1 known as 

sFLT-1. The sFLT-1 consists of 6 Ig-like domains with a short, 31 amino acid–long tail 

derived from the 5ʹ region of intron 13 and demonstrates a strong binding ability to VEGF-

A, PLGF, and VEGF-B(Kendall and Thomas 1993, Kondo, Hiratsuka et al. 1998)  

4.2.8.3.1 The many variants of sFLT-1 

 

sFLT-1 occurs due to alternative splicing of the FLT-1 pre-mRNA and in recent years 

multiple sFLT-1 splice variants have been recognized. The importance of these different 

splice variants remains unknown. Alternative splicing is comparatively new concept, but 

has been shown to occur in more than 80% of genes in the human genome.  The majority 

of splicing events that are affecting the coding sequence, are regulated by cis and trans-

elements. The former are sequences within the pre-mRNA that assist to direct splicing. 

These include intronic counterparts (ISE’s and ISS’s), exon splicing enhancers or silencers 

(ESE’s or ESS’s respectively), as well as polyadenylation signals within the sequence. 

Trans-elements are cellular factors, that can be either RNA or protein that controls 

splicing. A family of proteins named for the long repeats of serine (S) and arginine (R) 

residues present. They act in both the regulation and performance of splicing. 

(He, Smith et al. 1999, Matlin, Clark et al. 2005, Chasin 2007, Palmer, Tong et al. 2017).  

 

The FLT-1 gene encodes four soluble alternative sFLT-1 splice variants and the full-length 

membrane bound FLT-1 receptor (VEGFR-1). As can be demonstrated all transcripts are 

similar to exon 13, with the soluble transcripts each recognized by a unique C-terminal 

region. Of these, sFLT-1 i13, sFLT-1 v4 and sFLT-1 e15a are translated into protein with 

only the former two being increased in pre-eclampsia(Thomas, Andrews et al. 2009). The 

FLT-1 gene encodes an mRNA transcript consisting of 30 exons. The FLT-1 pre-mRNA has 

been reported to produce four truncated soluble splice variants and full-length 

membrane bound FLT-1. Of these, three sFLT-1 variants were thought to be translated 

into protein, two of which are highly expressed in pre-eclamptic placenta. (Heydarian, 

McCaffrey et al. 2009).  

 

These two variants will be referred to as sFLT-1 i13 (also known as sFLT-1; sFLT-1_v1) and 

sFLT-1 e15a (also known as sFLT-1_v2; sFLT-1 14). While differing only at their C-terminus, 
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these splice variants share sequence homology significantly with the full-length FLT-1 

receptor. sFLT-1 i13 was the first sFLT-1 recognized and consists of the first 13 exons of 

FLT-1 with an exon 13 extension into the intronic sequence because of a read-through of 

the exon 13-14 splice site. Intron 13 consists of two widely separated polyadenylation 

signal sequences that are cis-elements controlling the alternative splicing of the i13 

variant. This synthesizes either a short or long 3’-untranslated region (UTR) depending 

on which polyadenylation sequence is utilized. The consequence of alterations in the 3’-

UTR are unknown as of now, but have been indicated to possibly modulate expression of 

mRNA in a temporal or tissue-specific fashion, or regulate mRNA stability or its 

translational efficiency(Thomas, Andrews et al. 2007) . Consequently, after 657 amino 

acids, the i13 protein deviates from full length FLT-1. i13 producing an 85-95 kDa protein, 

encodes a distinct 31 amino acid C-terminal tail (not present on FLT-1). Comparatively, 

sFLT-1 e15a was recognized more recently. This variant is more specific to higher order 

primates and humans, and is a consequence of insertion of an AluSq sequence into the 

primate genome following a retro transposition event that occurred around 40 million 

years ago. sFLT-1 e15a ends within an alternatively spliced exon 15a.  This encodes a 

unique polyserine tail and is followed proximally by an AluSq sequence. This is a 3’-

poly(A) tail which is analogous to the majority of Alu sequences. (Thomas, Andrews et al. 

2007) observed that it has two polyadenylation signal sequences which causes cleavage 

of mRNA. (Sela, Itin et al. 2008) also recognized the presence of this novel sFLT-1e15a 

variant (which they named sFLT-1 14). They were able to show that it begins from using 

a previously unknown splice acceptor site within intron 14 synthesizing a protein made 

up of the first 14 exons of FLT-1 followed by a 480 nucleotide stretch of intronic sequence. 

This encodes the unique exon 15a followed by a 3’-UTR containing the complete AluSq 

sequence. Thus, this splice variant encodes a protein that shares 706 amino acids with 

FLT-1 and has a unique 28 amino acid tail, synthesizing a protein that is heavily 

glycosylated and 95-135 kDa in size. Notably, except humans and higher order primates, 

sFLT-1 e15a is not present from all mammals, emphasizing it as possibly the variant 

underlying pre 22 Alu sequences were inserted into the primate genome by 

retrotransposons. It now denotes between 6-13% of human genomic DNA. AluSq is one 

amongst 12 identified sub-families, and has been inserted approximately 44 million years 

ago. (Thomas, Andrews et al. 2009).They are seen commonly within intronic and non-

coding DNA, however, are capable of affecting transcription of genes. They consist of 
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many stop codons and can also affect splicing to synthesize truncated proteins. Through 

their impact on splicing they have been linked to a number of human diseases, such as 

Alport syndrome ,neurofibromatosis, and familial hypercholesterolemia (Mighell, 

Markham et al. 1997) .  

 

Within the placenta, trophoblasts situated between the maternal and fetal compartment 

express sFLT-1 preferentially with the possibility that sFLT-1 acts as a biochemical barrier 

between maternal and fetal compartment in the placenta by inhibiting excess 

angiogenesis and abnormal vascular permeability. VEGF’s overtrapping may lead to 

severe problems in the placental circulation, thus the sFLT-1 level at physiological range 

would be suitable. Interestingly enough, abnormal placental SFLT-1 overexpression was 

seen in diseases such as preeclampsia.  

 

Although it was earlier thought that sFLT-1 was restricted to the maternal circulation, 

recent studies have demonstrated non pregnant women has the detectable 

concentrations of sFLT-1, of monocytes and endothelial origin. (Major, Cambell et al. 

2014). This suggested that sFLT-1 might be a regulator of VEGF bioavailability, which is of 

importance as continuous low VEGF concentrations are required for proliferation and 

survival of endothelial cells. It has been suggested that sFLT-1 via its heterodimerisation 

with VEGF receptors may regulate the VEGF bioavailability, hence eliminating VEGF-

mediated signal transduction.  

 

In the placenta and serum of pregnant women with preeclampsia, the existence of sFLT-

1 in vivo was confirmed subsequently.  (Clark, Smith et al. 1998) showed that the sFLT-1 

production antagonized VEGF’s actions and high concentrations of VEGF was seen in 

these women.  

Furthermore, Levine et al. observed an intimate relationship between the degree of 

preeclampsia and plasma concentrations of sFLT-1. (Levine, Maynard et al. 2004). This 

strongly indicates that abnormal VEGF-A suppression by sFLT-1 results in hypertension 

and proteinuria. Maynard et al. further reported that in pregnant rats , an artificial sFLT-

1 expression with a vector system causes  symptoms such as hypertension and 

proteinuria, suggesting  that sFLT-1, partially, causes preeclamptic syndromes(Koga, 
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Osuga et al. 2003, Maynard, Min et al. 2003). . in mice, a podocyte-specific knockout of 

the VEGF-A gene showed loss of glomerular microvasculature and proteinuria. Thus, in 

preeclampsia, a severe decrease and block in the VEGF-A concentrations in the kidney 

due to overexpressed sFLT-1 may lead to proteinuria and glomerular dysfunction. 

Interestingly, cancer patients under anti–VEGF-VEGFR therapy demonstrated similar 

symptoms (hypertension and proteinuria). 

Expression of sFLT-1 appears to be mainly regulated by hypoxia, such as in the case of 

preeclampsia. Nevertheless, its expression is also influenced in a tissue-specific fashion. 

sFLT-1 is expressed in corneal epithelial cells, indicating that sFLT-1 maintains the corneal 

avascularity and transparency of the eye and inhibits angiogenesis near the lens.  

(Ambati, Nozaki et al. 2006). sFLT-1 also aids in impermeability of blood brain barrier. 

Moreover, expression of sFLT-1 is also developmentally regulated, where it plays a key 

role information of early placenta, with persevering low-grade expression throughout 

normal pregnancy. So, while sFLT-1 in a spatial and tissue-dependent fashion is expressed 

physiologically, the mechanisms that control its expression remain unknown. While many 

studies have recognized hypoxia as the key factor in pathophysiology of pre-eclampsia, 

that contributes to the increased expression of sFLT-1, the cellular mechanism through 

which hypoxia produces this effect is yet to be established. HO-1 has been recognized as 

a possible candidate. In response to hypoxia, the expression of HO-1 is downregulated, 

where its reduction is associated with rise in sFLT-1. Moreover, enhanced production of 

anti-angiogenic protein appears to occur due to decreased activation of AKT potentially 

secondary to decreased HO-1 expression in pre-eclamptic placenta. This pathway 

nevertheless fails to explain the differential expression patterns of splice variant 

observed within the pre-eclamptic placenta(George, Colson et al. 2012). 

The oxygen sensing jumonji domain containing protein 6 (Jmjd6) was observed to 

regulate FLT-1’s splicing pattern in endothelial cells. Under normoxia, Jmjd6 was able to 

apply its normal enzymatic functions and hydroxylate a component of the splicing 

machinery, U2 small nuclear ribonucleoprotein auxillary factor 65-kilodalton subunit 

(U2AF65). This leads to the splicing machinery generating the full-length membrane-

bound FLT-1 transcript. Boeckel et al (2011) showed that under the influence of hypoxia, 

Jmjd6 was rendered inactive and thus unable to hydroxylate U2AF65. Consequently, the 

splicing machinery synthesizes a shorter alternatively spliced sFLT-1 transcript 
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instead(Boeckel, Guarani et al. 2011, George, Colson et al. 2012). Both sFLT-1 variants of 

appear bioactive since they are capable of antagonizing its actions by binding to VEGF. 

Given that pre-eclampsia appears to be exclusive to humans, compared to i13, the e15a 

variant is the predominant isoform in human placenta. It is the main variant in rhesus 

monkey placenta. Moreover, sFLT-1 e15a appears to be expressed by the human 

placenta almost exclusively where its expression is ≥600-fold higher than in the other 

organ systems. sFLT-1 e15a is the predominant isoform of FLT-1 mRNA in placenta, 

comprising >80% of transcripts compared to sFLT-1 i1(Palmer, Tong et al. 2017). 

 

 

 
 

Figure 2  

sFLT-1 is an inhibitor of VEGF and PLGF activity 
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4.2.9 Signaling regulation of placental angiogenesis 

 

4.2.9.1 The MAPK pathways 

 

The mitogen-activated protein kinase (MAPK) pathways are evolutionarily conserved 

signal transduction cascades involved in the regulation of different cellular responses 

such as proliferation, differentiation and cell death. In vertebrates, different isoforms of 

MAPK have been identified and classified into three subfamilies, i.e., the extracellular 

signal-regulated kinases (ERKs), p38MAPK, and the Jun N-terminal kinases (JNKs) or 

stress-activated protein kinases. The MAPK signaling transmits extracellular signals 

including growth factors, hormones, and chemokines, etc., into the intracellular targets 

for the vast majority of the fundamental cellular processes. The p38MAPK subfamily 

includes p38α/MAPK14, p38β/MAPK11, p38γ/MAPK12, and p38δ/MAPK13 (Cargnello 

and Roux 2011). Targeted disruption of the p38α gene leads to in embryonic mice death 

at mid-gestation due to severe placental defects (Adams, Porras et al. 2000, Mudgett, 

Ding et al. 2000). p38α-knockout mice, show placental defects around E10.5, which is 

evidenced by sparse vascularization and sustained cell apoptosis in the labyrinth layer 

(100)(Mudgett, Ding et al. 2000). An essential role of P38α in mouse placental 

development and angiogenesis has been confirmed by specific placental expression of 

p38α using lentiviral gene delivery technology. Introduction of p38α into p38α-knockout 

mouse placenta, rescues the embryo of the mutant mice which presents a normal 

placental vascularization (Okada, Ueshin et al. 2007)(Yamamoto, Flannery et al. 1998, 

Hatano, Mori et al. 2003) .  
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4.2.9.2 The PI3K/AKT pathways 

 

 

The V-AKT murine thymoma viral oncogene homolog 1 (AKT1) family of kinases has three 

isoforms (e.g., AKT1, 2, and 3), that are encoded by distinct genes In mammals, following 

induction with growth factors, hormones, and cytokines, etc., activation of 

phosphotidylinositol-3-kinase (PI3K) phosphorylates phosphatidylinositol 4,5-

bisphosphate [Ptdlns(4,5)P2] at the D-3 position of the inositol ring to produce 

PtdIns(3,4,5)P3, which is then converted to PtdIns(3,4)P by 5ʹ-phosphatase 

(Vanhaesebroeck, Leevers et al. 1997). The activation process of AKT by phosphorylation 

is initiated by low micromolar concentrations of Ptdlns(3,4,5)P3 or Ptdlns(3,4)P2 

interaction (Alessi, James et al. 1997). Activated AKT can phosphorylates the B-cell 

CLL/lymphoma (Bcl-2)-associated death promoter (BAD) which interacts with the Bcl 

family member BclxL, thus blocking cellular apoptosis, phosphorylate glycogen synthase 

kinase-3 and 6-phosphofructo 2-kinase that are essential for insulin signaling and protein 

synthase.  (Cross, Alessi et al. 1995, Zha, Harada et al. 1996, Deprez, Vertommen et al. 

1997). AKT1 disruption leads to significant growth retardation in mice AKT1-null mouse 

placentas exhibits significant hypotrophy, with decidual basalis reduction.  Moreover, the 

placentas also displays reduced vascularization, leading to placental insufficiency, 

reduced fetal growth and neonatal mortality (Chen, Xu et al. 2001, Cho, Thorvaldsen et 

al. 2001, Yang, Tschopp et al. 2003). eNOS-NO and AKT1 but not AKT2 and AKT3 are 

essential for placental angiogenesis. This is further supported by the fact that placentas 

of the AKT1-null pregnant mice are associated with significantly decreased AKT1 and 

eNOS phosphorylation. AKT2-null mice display a type-II diabetes-like syndrome and mild 

growth-retardation and age-dependent loss of adipose tissue (113). AKT3 appears to be  

important in postnatal brain development (Yang, Tschopp et al. 2003),(Woulfe, Jiang et 

al. 2004, Easton, Cho et al. 2005). 
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Several studies reported that activation of the MAPK (ERK1/2, JNK1/2, and p38MAPK), 

PI3K/AKT1, and eNOS/NO pathways is very important/necessaire for VEGF- and FGF2-

induced angiogenesis in diverse endothelial cells. It has been demonstrated that in 

placental endothelial cells, activation of the MAPK pathways play an important for the 

differential regulation of placental endothelial cell proliferation, migration and tube 

formation (i.e., in vitro angiogenesis) in upon VEGF and FGF2 stimulation in vitro (Cho, 

Thorvaldsen et al. 2001, Mata-Greenwood, Liao et al. 2008, Feng, Liao et al. 2012, Feng, 

Zhang et al. 2012). ). Inhibition of the ERK1/2 pathway moderately reduces the FGF2-

stimulated cell proliferation, while it completely inhibits  VEGF-stimulated cell 

proliferate and VEGF- and FGF2-stimulated cell migration (Zeng, Zhao et al. 2002, Liao, 

Feng et al. 2009, Feng, Liao et al. 2012, Feng, Zhang et al. 2012). Cell migration stimulated 

by VEGF also involves stress fiber formation and focal adhesion via the tyrosine kinase 

Src-mediated phosphorylation of the small actin binding protein cofilin-1 and FAK kinase 

(Liao, Feng et al. 2009). Inhibition of p38MAPK blandly inhibits FGF2-stimulated cell 

proliferation and migration, while it does not affect VEGF-induced cell proliferation and 

migration (Zeng, Zhao et al. 2002, Liao, Feng et al. 2009). Inhibition of 

JNK1/2 prevents cell migration stimulated by VEGF. Activation of AKT1 is necessaire for 

VEGF- and FGF2-induced eNOS activation and NO generation  (Zheng, Bird et al. 1999, 

Zeng, Zhao et al. 2002, Mata-Greenwood, Liao et al. 2008) and in vitro angiogenic 

responses such as cell proliferation and migration and tube formation (Zeng, Zhao et al. 

2002, Liao, Feng et al. 2009). However, only FGF2 induces eNOS mRNA and protein 

expression through ERK1/2 activation and AP-1 dependent transcription in placental 

endothelial cells (Mata-Greenwood, Liao et al. 2008, Mata-Greenwood, Liao et al. 2010). 

This remarks that placental angiogenesis is regulated by an intricate network.  
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4.3 CRH family of peptides  

 

4.3.1 CRH 

 

4.3.1.1 Gene expression 

CRH is a 41-amino acid peptide extracted from the hypothalamus of sheep. The gene 

encoding CRH in the human genome is positioned on the long arm of chromosome 8 

(Arbiser, Morton et al. 1988). The human, and sheep and rat, CRH gene comprises of two 

exons that is separated by an intron in its 5ʹ-untranslated region.  This region may play a 

key role in the regulation of CRH gene (Shibahara, Morimoto et al. 1983, Roche, Crawford 

et al. 1988, Suzuki, Kawasaki et al. 2009) because of their alignment which reveals the 

highest homology (94%) in the 330-bp proximal segment of the 5ʹ-flanking region of the 

genes. Essentially, there is complete conservation of several consensus regulatory 

elements, including a 1/2 estrogen response element (ERE), cAMP response element 

(CRE), human placental-specific regulator, an ecdysone regulatory element, and two 

TATA boxes (Scatena and Adler 1998). 

CRH-synthesizing neurons are situated in the paraventricular (PVN) nucleus of the 

hypothalamus, and CRH is secreted into the hypophyseal portal blood system, which 

transports it to the anterior pituitary gland. Within the central nervous system, CRH has 

also been identified  in many areas outside the PVN, including the central nucleus of the 

amygdala and limbic structures , prefrontal cortical area, locus coeruleus, the dorsal 

raphe, inferior oliva nucleus, and Barrington’s nucleus, where CRH may function as  a 

neurotransmitter or neuromodulator(Swanson, Sawchenko et al. 1987). The 

immunoreactivity of CRH has also been demonstrated in a number of tissues outside the 

central nervous system, including the pancreas, lungs, liver, adrenal, stomach, and small 

intestines (Suda, Tomori et al. 1984). In addition, CRH immunoreactivity has been shown 

in several reproductive tissues such as germ cells , Leydig cells, spermatozoa(Yoon, Sklar 

et al. 1988, Audhya, Hollander et al. 1989) , myometrium(Clifton, Telfer et al. 1998), 

ovary(Mastorakos, Webster et al. 1993) , placenta (Shibasaki, Odagiri et al. 1982) 

endometrium (Petraglia, Tabanelli et al. 1992) uterine cervix(Klimaviciute, Calciolari et al. 
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2006). Despite profound glucocorticoid deficiency, CRH-deficient mice exhibited normal 

postnatal growth, fertility, and longevity(Arbiser, Morton et al. 1988). The development 

of fetus however, was profoundly affected by this deficiency. Due to lung dysplasia, the 

progeny of homozygous CRH- deficient mice all died within the first 12 h after birth. 

Additionally, marked atrophy of the zona fasciculata of the adrenal gland, that is  involved 

in corticosterone production in mice, was observed, although the pituitary gland 

appeared normal. These observations indicate that CRH plays a critical role during stress. 

 

4.3.1.2 Placental localization and expression 

 

CRH expression was localized in human placenta, 20 years ago; it is now known that CRH 

production in placenta is confined to anthropoid but not prosimian primates(Grino, 

Chrousos et al. 1987, Smith 2007). From an evolutionary point of view this is interesting, 

because the hypothalamic CRH/CRH receptor system is conserved across vertebrates 

extensively, emphasizing its critical role in species survival. What is even more fascinating 

is that other placental mammals, including the rodents, use the CRH/CRH receptor in a 

similar way as humans to regulate a number of diverse physiological mechanisms, such 

as HPA axis activation, neuroendocrine control of the cardiovascular and immune 

systems. During the evolution of the endocrine control of pregnancy in mammals, the 

placental CRH system may have been preserved (or developed de novo) in primates for 

unknown reasons to influence the physiological outcome of pregnancy. The mature CRH 

is produced as part of a prohormone that is enzymatically processed from placental 

tissues. It is similar to the hypothalamic CRH in immunoreactivity, structure, and 

bioactivity (Chan, Thomson et al. 1988, Sasaki, Tempst et al. 1988). immunoreactive CRH 

and CRH mRNA, and protein expression is higher in placenta at term than at early 

gestation., the reticular layer of the chorion, the decidual stromal cells, the subepithelial 

layer of amnion and human umbilical vein endothelial cells also produce CRH and CRHR2 

mRNA. Additionally, CRH mRNA is expressed in the cervix of the uterus, but at low levels 

in corpus. Enhanced CRH expression is seen in the placenta than in the myometrium, 

which further leads to high maternal plasma CRH levels(Shibasaki, Odagiri et al. 1982, 

Petraglia, Sawchenko et al. 1987, Saijonmaa, Laatikainen et al. 1988, Sasaki, Tempst et 

al. 1988, Riley, Walton et al. 1991, Simoncini, Apa et al. 1999, Grammatopoulos 2008). 
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the P4 synthesis inhibitor trilostane and Antiprogestin RU486 have inducing  effects 

on  gene transcription of CRH in a dose-dependent manner, thus supporting that  

endogenous P4 has a tonic inhibitory effect on synthesis of placental CRH. (Ni, Hou et al. 

2004). 

 

4.3.1.3 Regulation of placental secretion 

Some mechanisms influencing placental CRH release are similar to those modulating CRH 

in the medial hypothalamic eminence of the brain. PGs, neurotransmitters 

(norepinephrine, acetylcholine), and neuropeptides (angiotensin II, arginine 

vasopressin), and IL-1 all induce release of CRH from cultured placental cells in vitro. CRH 

synthesis in placenta is reduced by estrogen, progesterone (P4), and by nitric oxide 

(Petraglia, Sutton et al. 1989, Petraglia, Garuti et al. 1990) . glucocorticoid-mediated 

inhibition of CRH release inhibits inappropriate overactivity of the ‘stress’ axis at the 

hypothalamic level, which can cause homeostatic mechanisms derangement; thus 

resulting in development of various, neuroendocrine, psychiatric and neurological 

illnesses, such as c, melancholic and atypical depression, the metabolic syndrome, 

chronic anxiety disorder and gastrointestinal disease. However, Contrary  to the 

hypothalamic CRH system, the placental CRH production  is up-regulated positively by 

glucocorticoids(Robinson, Emanuel et al. 1988) . This positive feed-forward system is a 

distinctive characteristic of placental CRH, representing a different role in pregnancy. this 

further indicates that as pregnancy progresses toward term, such “safety switch-off” 

mechanisms are not required by CRH and that the necessity for CRH actions rises. CRH is 

regulated differentially by various molecules(Simoncini, Apa et al. 1999) including 17β-

estradiol , forskolin, progesterone, prostaglandin 2α, interleukin-1β  and endothelin-1, 

and are potent mediators of CRH release. Molecules like dexamethasone reduces release 

of CRH.  CRH exerts potent vasoactive effects on feto–placental compartment. 

administration of prostaglandin for induction of labour enhances levels of bioactive CRH 

via an enhanced levels of maternal plasma CRH and decreased levels of circulating CRH-

BP. The resulting prostaglandin’s positive feedback effect on release  of maternal CRH 

might contribute to active labour(Florio, Lowry et al. 2007) . 
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CRH levels are very low (around 15 pg/ml) or undetectable in the sera of nonpregnant 

women. Contrasting to other CRH-related peptides, as human pregnancy progresses 

towards term,  the placental-derived CRH levels rise exponentially, thus indicating  that 

CRH may act as a ‘placental clock’ regulating  the length of pregnancy (Smith 2007). 

Within 24 h after delivery, the peptide is undetectable (Goland, Wardlaw et al. 1986, 

Economides, Linton et al. 1987). There is a mid-pregnancy peak in production of placental 

CRH in monkeys and marmosets. There is an exponential increase only in great apes 

(chimpanzees, and gorillas) similar to that in humans and great apes also synthesize a 

circulating binding protein for CRH (CRH-BP) (Petraglia, Potter et al. 1993). Towards the 

end of gestation, CRH concentrations reduce, thereby enhancing CRH’s  bioavailability. 

In humans, women destined to have premature labour  have enhanced CRH 

concentrations during mid-pregnancy than those who deliver at term, CRH may be 

utilized as a marker for identifying  women at risk of prematurity(McLean, Bisits et al. 

1995) . CRH is also localized in cord sera and amniotic fluid  (Maser-Gluth, Lorenz et al. 

1987, Nagashima, Yagi et al. 1987). CRH in fetal plasma  is almost exclusively of placental 

origin are is secreted at half of  maternal plasma(Mastorakos and Ilias 2003) .  

 

There is a substantial rise in maternal circulating concentrations of CRH, possibly 

suggesting  adaptive ‘stress-related’ placental mechanisms activation  in abnormal 

pregnancy states (e.g. in pre-eclampsia and intrauterine growth retardation), (PERKins, 

Linton et al. 1995) . In idiopathic preterm labour, CRH concentrations rises up to 10 weeks 

before the development of any symptoms. There is a correlation between maternal 

estradiol and CRH thus indicating that CRH might be involved in  placental estrogen 

biosynthesis. 

 

 

 

 

 



 60 

4.3.1.4 Functional diversity of CRH system 

  

 

4.3.1.4.1 CRH and hormone secretion 

 

Multiple fetal–maternal tissues, including placenta, myometrial smooth muscle, fetal 

adrenals, fetal membranes, and (Grammatopoulos 2007, Smith 2007) are targeted by 

CRH during pregnancy. CRH mediates different actions in the placenta and fetal 

membranes, including: 1) human trophoblast cell growth and invasion via regulation of   

carcinoembryonic antigen-related cell adhesion molecule-1; 2) tissue remodeling via  

modulation of matrix-degrading protease matrix metalloproteinase-9 (MMP-9) release; 

3) placental vascular tone control via NO pathway activation; and 4) direct regulation of 

the, PG , ACTH synthesis, and bioavailability and endocrine function (Jones and Challis 

1989, Clifton, Read et al. 1994, Li and Challis 2005, Bamberger, Minas et al. 2006, Gao, 

He et al. 2007, Grammatopoulos 2007). Antalarmin, CRHR1 antagonist reduces secretion 

of PG E2 (PGE2), while, the CRHR2 antagonist, astressin-2b, does not alter placental 

release of PGE2, suggesting that CRH and CRH-related peptides synthesized locally exert 

different effects on PG synthesis via primarily interacting with CRHR1 and not CRHR2. 

CRHR1 and CRHR2 displays distinct effects on PGs production  and metabolism In 

placental and chorionic tissues, indicating  that in intrauterine tissues, CRH related 

peptides effect on output of PG are dependent on context of cell  (Gao, He et al. 

2007).CRH induces  inositol triphosphates synthesis (Karteris, Grammatopoulos et al. 

2001), which may play as  signal to biosynthesis of PG secondary to PGHS-2 induction in 

decidua , amnion, chorion, placenta, in vitro(Jones and Challis 1989, Jones and Challis 

1990, McKeown and Challis 2003) .  

 

4.3.1.5 CRH and immune function 

The CRH system regulates these events including peripheral vascular changes, including 

enhanced angiogenesis and /or permeability, are a major component of the 

inflammatory process. For instance, as shown by paw edema assays, CRH related 

peptides initiated mast cell degranulation in skin and increased vascular permeability, 

(Saijonmaa, Laatikainen et al. 1988, Grammatopoulos 2008); (Riley, Walton et al. 1991). 
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during vascular inflammation,  CRHR1 applied vasoprotective effects: CRHR1 blockade 

enhanced significantly the tumor necrosis factor-mediated vascular adhesion molecule-

1 and E-selectin expression in human aortic endothelial cells(Simoncini, Apa et al. 1999). 

Moreover, because CRH/CRHR1 stimulated inflammatory and endogenous  vascular 

growth, whereas UCN III/CRHR2 blocked  these responses,  it was established that both 

CRH receptors  have divergent effects on intestinal angiogenesis (Lovejoy and Balment 

1999). 

CRH is thought to regulate embryo implantation. Implantation consists of several steps 

resulting in effective cross talk among invasive trophoblast cells, various types of immune 

and nonimmune cells, and maternal endometrium. an intrinsic network of locally acting 

peptides has been established to control the formation of the adhesive endometrium 

and the inflammatory-like process of blastocyst implantation,  and the subsequent 

processes of trophoblast invasion and placentation(Anin, Vince et al. 2004, van den Brule, 

Berndt et al. 2005) (Runic, Lockwood et al. 1996, Uckan, Steele et al. 1997, Xerri, Devilard 

et al. 1997, Huppertz, Frank et al. 1998, Runic, Lockwood et al. 1998, Bossi and Griffiths 

1999, Kauma, Bae-Jump et al. 1999, Payne, Smith et al. 1999, Chatzaki, Makrigiannakis et 

al. 2001, Abrahams, Straszewski-Chavez et al. 2004). In certain cell types, including 

trophoblasts, CRH modulates expression of FasL expression via CRHR1. Minas et al. 

observed  that FasL expression in DL is associated with spontaneous abortion in humans, 

along with enhanced Fas expression, and apoptosis of EVT in situ(Dermitzaki, Tsatsanis 

et al. 2002, Minas, Jeschke et al. 2007). During early implantation, by stimulating 

apoptotic FasL expression on invasive extravillous trophoblast and maternal decidual 

cells at the fetal-maternal interface, CRF binding to CRF-R1 results in the physiological 

immune tolerance. Unbound CRF levels increase during pregnancy and that CRF 

enhances vasodilation of placenta and myometrial contractility. 

Placenta-derived CRH has been thought to act key role in the regulating mechanisms for 

maintenance of pregnancy in humans. CRH inhibits EVT invasion in vitro  by CRHR1 

activation(Phillips, Ni et al. 1999, Hillhouse and Grammatopoulos 2006). This effect 

includes the down-regulation of carcinoembryonic antigen-related cell adhesion 

molecule 1 production by EVT. Antalarmin enhanced EVT invasion by approximately 60%. 

Thus, enhanced EVT invasion may result in placenta accreta, and on the other hand, 
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aberrant invasion of cytotrophoblast has been implied in preeclampsia, indicating that 

the aberrant regulation of the CRH/CRHR1 system may result in placenta accreta and 

preeclampsia. CRH is thought to play a key role in  events of implantation, ranging from 

endometrial decidualization to blastocyst invasion and fetal immunoescape from 

maternalrejection in response to physiological and pathological conditions, At the 

maternal–fetal interface, trophoblast cells are key in synthesis of significant 

proinflammatory cytokines (Griesinger, Saleh et al. 2001, Abrahams and Mor 2005) CRH 

has been reported to be  released in high levels at the inflammatory sites locally and has 

a proinflammatory function by activating the immune/inflammatory response 

(Zoumakis, Margioris et al. 2000, Agelaki, Tsatsanis et al. 2002, Makrigiannakis, Zoumakis 

et al. 2003). CRH regulates myometrial expression of proinflammatory cytokine during 

human pregnancy(Aggelidou, Hillhouse et al. 2002). In TLR family, TLR-4 is the major 

receptor that responds to LPS, and it is localized in trophoblast cells. Enhanced expression 

of TLR-4 is seen  in CRH treated cultured HTR-8/SVneo cells, indicating  that the 

trophoblast’s sensitivity to LPS may be modulated by CRH at the level of TLR-4 

expression(Guleria and Pollard 2000, Aggelidou, Hillhouse et al. 2002, Holmlund, Cebers 

et al. 2002, Kumazaki, Nakayama et al. 2004, Tsatsanis, Androulidaki et al. 2006) . 

 

4.3.1.5.1  CRH in Cardiovascular Function 

Administration of CRH or UCN I Systemically might be in opposition of  the CNS effects 

and thus reduce blood pressure by enhancing vasodilation in specific vascular beds 

(Goland, Wardlaw et al. 1986). Moreover, UCNs were observed to have a protective 

effect in heart failure and myocardial infarction, possibly via CRHR2 activation.42 

cardiomyocytes were protected by UCN II and UCN III from hypoxia and  infarct size 

decreased by anti- apoptotic ERK1/2 pathway activation(Economides, Linton et al. 1987, 

Maser-Gluth, Lorenz et al. 1987). In comparison to  wild-type mice , CRHR2-null mice 

showed increased mean arterial pressure and diastolic pressure, indicating  that changes 

in blood pressure  and cardiac function are critically dependent on CRHR2.45 (Suda, 

Tomori et al. 1984, Petraglia, Sutton et al. 1989). The mechanism by which the CRH 

system controls vasodilation is not yet clear. Vasodilation may be regulated by 

endothelial NO release and the subsequent activation of the guanylyl cyclase signaling 
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pathway.46 Alternatively, endothelium-independent relaxation may occur via  cAMP-

dependent protein kinase A activation, which decreases the calcium sensitivity of 

contraction(Smith 2007). 

 

4.3.1.5.2  CRH and vascular tonus 

CRH is an effective, potent vasoactive molecule. Binding sites for CRH are localized on 

human vascular endothelium as well as smooth muscle. CRHR2 subunits, specially  the 

isoform CRH2β, are localized in the vasculature(Dashwood, Andrews et al. 1987, Rohde, 

Furkert et al. 1996) . CRH causes  vasodilatation of various vascular beds (Lei, Richter et 

al. 1993, Jain, Vedernikov et al. 1999, Harville, Savitz et al. 2008). Chronic administration 

of CRH in pregnant rats reduces blood pressure (Jain, Shi et al. 1998). Furthermore, CRH-

induced vasorelaxation is a receptor-mediated, specific, endothelium-dependent effect 

via nitric oxide-cGMP pathway as well as endothelial-derived hyperpolarizing factor 

(epoxy eicosatrienoic acid), but not prostacyclin(Clifton, Read et al. 1995, Jain, Shi et al. 

1998). CRH’s vasoactive properties may be of great importance during human pregnancy 

physiologically, and the fetoplacental circulation is a direct target for CRH.  

CRH perfusion of human placental lobules perfusion with CRH initiates a potent 

vasodilatation, that is mediated via a nitric oxide-cGMP pathway,(Clifton, Read et al. 

1995). Furthermore,  significance of CRH in the regulation of human fetoplacental 

circulation are given indirectly by pregnancies complicated by preeclampsia and 

intrauterine growth retardation, which are supplemented with abnormal placental 

vascular resistance and elevated concentrations of  umbilical vein CRH (Trudinger, Giles 

et al. 1985, Goland, Jozak et al. 1993) . 

Umbilical vein endothelial cells are potential target and a source for CRH. In umbilical 

vein endothelial cells, CRH is observed to be positively regulated by cAMP and is induced 

by forskolin. CRH at the endothelial level may be possibly involved in the local regulation 

of the immune-inflammatory processes (Karalis, Sano et al. 1991, Vamvakopoulos and 

Chrousos 1994). In vascular endothelium, the cross talk between CRH and cytokines may 

denote a novel mechanism for the local regulation of the immune-inflammatory 

responses mediated by this neuropeptide. 



 64 

 

Downregulation of placental CRH-R expression also was observed in abnormal 

pregnancies, including  pre-eclampsia(Karteris, Goumenou et al. 2003) . An accelerated 

release of CRH observed in pre-eclamptic pregnancies might act as a counter-regulatory 

mechanism to compensate for the decreased receptor expression and signaling 

efficiency. Moreover, due to their respective receptors’ downregulation, several 

hormonal signals that control expression and activity of nitric oxide synthase (NOS) have 

weakened effects. These include other G-protein-coupled receptors (GPCRs), such as 

CRLR and RAMP1, CRH-R type 1 and type 2, The reduced expression may  have important 

functional consequences, including   dampening of CRH and UCNs actions on mRNA 

expression of eNOS, NOS activation and production of cGMP, leading to  compromised 

responses and decreased feto–placental vasorelaxation from pre-eclamptic 

placentas(Vatish, Randeva et al. 2006). 

 

4.3.1.5.3 CRH and delivery 

 

CRH (and possibly CRH-related peptides) appear to target multiple feto–maternal tissues, 

including the fetal adrenals, placenta and fetal membranes and myometrial smooth 

muscle during human pregnancy  (Grammatopoulos 2007, Smith 2007). During the 

second trimester, Enhanced concentrations of placental CRH modulates  the fetal 

pituitary-adrenal axis, that might be  mature (Mastorakos and Ilias 2003). This causes 

enhanced fetal adrenal steroids output and would lead to maturation of fetal lungs in a 

synchronized mode of action with forces that prompt the labour onset. This occurs via 

direct fetal adrenal CRH-R1 activation by CRH (and UCNI), which results in downstream 

cortisol and DHEAS increased levels that can be utilized for placental estrogen synthesis. 

This action might be further augmented via expression of CRH-induced ACTH receptor, 

that may increase responsiveness of fetal adrenal to circulating ACTH and contribute to 

the late gestational increase in release of cortisol from fetal adrenals. Thus intracellular 

signals cascade causing pre-term labour might be initiated  by maternal stress(Wadhwa, 

Culhane et al. 2001, Sirianni, Mayhew et al. 2005, Rehman, Sirianni et al. 2007).  

  

   



 65 

CRH targets the myometrial smooth muscle in humans; thus supporting CRH’s role in 

regulation of myometrial contractility/quiescence during pregnancy and labour. During 

pregnancy and labour, the myometrium expresses functional CRH-R (both type 1 and 

type 2) whose expression and activity appears to be regulated dynamically. Their role is 

not clearly stated, however their presence in the myometrium is linked  to the pattern of 

release of placental CRH, which peaks at term and the labour onset, (Keller, Kirkwood et 

al. 2003) . in vitro studies however indicates  the possible role of CRH is thought to avoid  

premature myometrial contractions, increases myometrial contractions at term to 

facilitate  pregnancy to reach term to enhance survival chances of 

fetus(Grammatopoulos 2007, Smith 2007). labour is linked with the two splicing events 

induction modulating  myometrial CRH-R1 variants expression  by deleting sequentially 

exons 6 and 13(Grammatopoulos and Hillhouse 1999)  to produce  CRH-R1α and CRH-

R1d mRNA respectively, a process that reduces expression of  mRNA of the ‘pro-CRH-R1’ 

receptor variant, CRH-R1β.  

 

Distinct functional roles of CRHRs appear to exist in the control of myometrial 

contractility. recent isometric contractility and mathematical modeling studies in 

myometrial tissue strips  provides evidence that The R1 subtype activate intracellular 

signals in the myometrium such as cAMP, cGMP and NO(Grammatopoulos, Stirrat et al. 

1996, Grammatopoulos and Hillhouse 1999, Aggelidou, Hillhouse et al. 2002)  that 

further reduces  key contractile protein myosin light chain (MLC20) phosphorylation, and 

thus facilitating smooth muscle relaxation resulting  to a quiescence state of 

myometrium. This is reduced with the labour onset due to reduced expression levels of 

key signaling proteins, such as Gsα-protein, thus shifting the balance of intracellular 

microenvironment towards myometrial contractility. Contrary to this, R2 activation 

induces signaling pathways, such as the RhoA-MAPK pathway, which enhances MLC20 

phosphorylation and myometrial contractility. CRH-R2 is one of the genes in fundus that 

is  significantly elevated during labour(Europe-Finner, Phaneuf et al. 1994, Karteris, 

Hillhouse et al. 2004, Mignot, Paris et al. 2005, Bukowski, Hankins et al. 2006). The full 

spectrum of the role of CRH-R2 in myometrium has not yet been elucidated. Other than 

signaling pathways modification, myometrial CRHR2 exert transcriptional effects since it 

can activate molecules including ERK1/2 and direct them to the nucleus to regulate as 

yet unidentified, specific genes activity. 
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Either at term or pre-term, myometrial CRH-R1s, localized in the lower segment of the 

uterus, is up-regulated with labour onset (Markovic, Vatish et al. 2007). It is likely that 

the CRH-R1 in myometrium exerts a multifaceted role and can cause diverse biological 

responses during different stages of gestation and labour. Indeed, its ability to and 

activate and couple multiple G-proteins (and subsequently signaling cascades) allows 

such diverse functions. The circulating CRF levels progressively rises during pregnancy. At 

the end of pregnancy, CRF-binding protein concentrations fall dramatically, so free CRF 

levels rises: this leads to the induction of uterine smooth muscle contractions and labor. 

 

4.3.1.5.4 CRH and preterm labor 

In the presence or absence of amniotic cavity’s microbial invasion, preterm labor leading 

to preterm delivery was related with enhanced concentrations of CRH as well as lower 

CRHBP in both umbilical cord and maternal plasma than term pregnancies. Nevertheless, 

preterm labor with uterine cavity microbial invasion was correlated with significantly 

elevated  plasma CRH concentrations  than those seen in preterm labor without microbial 

invasion (Tropper, Warren et al. 1992, Warren, Patrick et al. 1992, PERKins, Eben et al. 

1993, Petraglia, Aguzzoli et al. 1995, BERKowitz, Lapinski et al. 1996, Florio, Woods et al. 

1997, Nodwell, Carmichael et al. 1999). 

mRNA expression of CRH, but not CRHBP, is elevated  in both term and preterm labor 

(PERKins, Eben et al. 1993, Florio, Woods et al. 1997, Petraglia, Florio et al. 1997, Nodwell, 

Carmichael et al. 1999, Gibb and Challis 2002, Menon, Arora et al. 2008). The enhanced 

MRNA  expression of CRH observed in placenta is in support with data reporting elevated  

maternal and fetal plasma CRH levels during term and preterm labor, thus indicating 

placenta to be a  main source of CRH during  labor(McLean and Smith 1999) . Decreased 

CRHBP concentrations seen in the maternal circulation than in fetal circulation suggest 

that CRHBP arises from fetal source and, accordingly, that changes in cord plasma CRHBP 

are associated with the events of parturition(PERKins, Linton et al. 1995, BERKowitz, 

Lapinski et al. 1996, Florio, Woods et al. 1997).McLean et al.  demonstrated that second 

trimester CRH concentrations were significantly elevated in women who subsequently 

delivered preterm and were reduced in women who progressed post term. The presence 
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of a “placental clock,” involving CRH that was active from the early stages of gestation 

was speculated, which determines the duration of pregnancy and the timing of labor.  

maternal serum CRH levels has been thought to be a predictive marker to the early 

recognition of patients at risk of preterm birth. (BERKowitz, Lapinski et al. 1996) . 

(Korebrits, Ramirez et al. 1998) essentially it was observed CRH could be used as a 

predictor of preterm labor only in patients after 30 wk gestation. Before 28 wk 

pregnancy, CRH was not useful when infection rather than activation of fetal or maternal 

HPA is the main driver to preterm birth. (Smith, Smith et al. 2009) reported  maternal 

plasma CRH percentage-daily-change was elevated  in preterm than term. It was 

correlated positively with the P/E3 and E3/E2 ratios and E3 surge, steroid hormone 

changes that are linked to the labor onset. The combination of  mid trimester levels of 

CRF with α-feto protein and a clinical risk factor score increases all single markers 

sensitivity without compromising  specificity (McLean, Bisits et al. 1999, Sandman, Glynn 

et al. 2006). Based on the maternal CRH concentrations, the critical period for the early 

prediction of preterm delivery related to the time interval between 26 and 31wk. 

Nevertheless, in general, due to poor predictive values and  low sensitivity of a single CRH 

measurement, there is little support for the clinical use of plasma CRH alone as a 

predictor of preterm delivery(Inder, Prickett et al. 2001) . 

The CRH system modulates gastrointestinal tract stress-related changes. Subsequently, 

it has been associated as a therapeutic target for IBS treatment. When  CRH related 

peptides are administered centrally,  it mimics the stress-induced response in colon: (1) 

by activating CRHR2, CRH, UCN I, and UCN II delays  gastric emptying and inhibits 

propagative contractions(Taché and Bonaz 2007).(Lenz, Burlage et al. 1988). (2) CRH and 

UCN I reduces transit and motility of small intestine but  they inhibit gastric transit to a 

greater extent because autonomic control is more prominent in the stomach than small 

intestine (Lenz, Raedler et al. 1988, Stengel and Taché 2010). (3) CRH and UCN I via CRHR1 

activation, independent of HPA axis activation, increase colonic motility2,3. CRH and UCN 

I, when administered peripherally, via CRHR2 activation, inhibits gastric emptying, and 

via CRHR1 activation, increases colonic motility and  delays small intestinal 

transit(Martıńez, Wang et al. 2002). 
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CRH family mediating signaling pathways and Cellular responses may also affect intestinal 

inflammation. While CRHR1 Activation enhances  dextran sodium sulfate-induced colitis, 

CRHR2 activation decreased it(Im, Rhee et al. 2010). (Anton, Gay et al. 2004, Kokkotou, 

Torres et al. 2006).CRH when centrally administered, decreased inflammation in 

trinitrobenzenesulfonic acid-induced colitis(Million, Taché et al. 1999). 

4.3.1.5.5 CRH in Angiogenesis 

As a critical pathological component of gastrointestinal diseases, including IBD and colon 

cancer, angiogenesis promotes the progression of the disease by providing essential 

nutrients and by facilitating the immune cells recruitment and the release of chemokines, 

and cytokines, and matrix-degrading enzymes(Jackson, Seed et al. 1997). Regulators of 

angiogenesis, including basic fibroblast growth factor, vascular endothelial growth factor 

(VEGF), and interleukin-8, are potential targets for the treatment of several diseases 

related to vasculature.  

Current evidence indicates that the CRH family is a novel regulator of angiogenesis in the 

endogenous vasculature development and in tumor and inflammatory angiogenesis and 

is thought to be a potential therapeutic target for vascular disease, which includes the 

treatment of chronic inflammatory diseases and cancer. In contrast to conventional 

angiogenic factors such as basic fibroblast growth factor and VEGF, the CRH family does 

not cause angiogenesis in all settings. Similar to angiopoietin-1, a potent angiogenic 

factor in the skin, the CRH family does not promote corneal neovascularization, thus 

indicating that the CRH family specifically targets certain vascular beds(Suri, McClain et 

al. 1998). A recent preclinical study showed that  synthetic CRH, corticorelin acetate (CrA) 

when administered as a single agent, significantly delayed growth of tumor possibly by 

inhibiting tumor angiogenesis(Gamez, Ryan et al. 2011). Furthermore, when CrA 

administered along with bevacizumab, an anti-VEGF antibody, improved therapeutic 

outcomes were seen.  

Given that on-going pre-clinical studies hint toward the use of the CRH family members 

as anti-angiogenic agents, additional studies are recommended to determine the 

mechanistic basis for novel therapeutic approaches for vascular diseases. The probable 

role of the CRH family in angiogenesis is further discussed. The endogenous role of the 
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CRH system in development of vasculature was first examined by Bale et al.28 

hypervascularization in CRHR2-deficient mice by postnatal day 21 suggested that CRHR2 

inhibited postnatal neovascularization(Bale, Giordano et al. 2002).  

The underlying mechanisms included inhibition of proliferation of smooth muscle cell 

(SMC), decreased release of VEGF from SMCs, and inhibition of angiogenesis in 

endothelial cells in vitro. Moreover, hypervascularity in CRHR2-deficient mice affected 

both capillaries and large vessels. Also, hypervascularization failed to occur during 

development but progressed from birth into adulthood. CRHR2 could affect the 

development of vasculature via two mechanisms: nitric oxide (NO) production and 

hypoxia(Bale, Giordano et al. 2003). NO regulates angiogenesis by increasing endothelial 

cell survival (Tsurumi, Murohara et al. 1997). CRHR2-induced NO production might affect 

local VEGF concentration, resulting in formation of vasculature. Hypoxia via expression 

of hypoxia inducible factor-1α, increases synthesis of VEGF. In hypertensive CRHR2-

deficient mice, vasoconstricted vessels caused tissue hypoxia, which in turn leads to 

production of hypoxia inducible factor- 1α and VEGF. 

4.3.1.5.6 CRH in Tumor Angiogenesis 

CRHR2 is thought to be an endogenous inhibitor of angiogenesis and that antagonism of 

CRHR2/UCN might facilitate tumorigenesis. In a mouse xenograft model, CRH-

overexpressing epithelial tumor cells enhanced angiogenesis and tumor growth by 

inducing endothelial chemotaxis, without an apparent effect on migration of smooth 

muscle cells(Arbiser, Karalis et al. 1999) . UCN reduced the tumor angiogenesis via the 

activation of CRHR2 and thus suppressed the tumor growths(Wang, Xu et al. 2008). 

CRH belongs to a family of mammalian ‘stress’ peptides, including the urocortins (UCNs-

UCNI, UCNII and UCNIII), which exert actions that are complementary or contrasting to 

fine-tune the actions of CRH.  CRH is identified as a hypothalamic neurohormone 

regulating release of ACTH from the anterior pituitary lobe, which in turn induces release 

of cortisol from the adrenal cortex. Thus, CRH is a major regulator of several stress-

induced behavioral, visceral and autonomic changes.  
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Figure 3   

CRH actions in pregnancy (adapted from Grammatopoulos D.K. Journal of Neuroendocrinology 
2009) 

 
4.3.2 UCN  
 
4.3.2.1 Gene expression 

Three CRH-like paralogs in mammals have been recognized since the CRH isolation: UCN 

I, UCN II (stresscopin-related peptide), and UCN III (stresscopin)(Vaughan, Donaldson et 

al. 1995, Hsu and Hsueh 2001, Vitoratos, Papatheodorou et al. 2006). a 40-amino acid 

peptide, UCN I, isolated from the rat midbrain, and UCN II and III, two 38-amino acid 

peptides, shares 45%−18% homology, respectively, with rat/human CRH (Imperatore, 

Florio et al. 2006). UCN  shares a similar bioactivity and primary structure to both CRH 

and urotensin 1 (Skelton, Owens et al. 2000). The UCN genes for various species, 

including human, have been predicted or cloned and reported to be similar across species 

(Donaldson, Sutton et al. 1996, Zhao, Donaldson et al. 1998, Boorse, Crespi et al. 

2005).The human UCN gene is located on chromosome 2  and codes for a 122-residue 

preprotein (2p23-p21). Similar to the CRH gene , It has two exons, with the coding region 

located in the second exon,(Donaldson, Sutton et al. 1996). By sequence homology, 

several possible transcription factor-binding sites have been identified in the promoter 

of UCN. Accepted regulatory elements include a a CCAAT enhancer-binding protein 

transcription factor-binding site,  GATA-binding sites, , a binding site for the POU (Pit Oct 

Grammatopoulos D.K. Journal of Neuroendocrinology 2009



 71 

Unc) domain transcription factor Brn-2, TATA box, and a CRE (Zhao, Donaldson et al. 

1998).  

UCN has high affinity for CRHR1 and CRHR2 families and the CRH-binding protein (CRHBP) 

(Behan, Khongsaly et al. 1996, Lewis, Li et al. 2001). despite both CRHR1 and CRHR2 are 

activated by UCN2, the absence of a pervasive UCN projection to CRHR2-expressing cells 

and the lack of CRH/UCN projections to brain anxiety centers suggested the presence  of 

additional CRH-related peptides(Bittencourt, Vaughan et al. 1999, Weninger, Dunn et al. 

1999). At the N terminus, the predicted structures of mature UCN2 and UCN3 are 

different from those of other family peptides, despite CRH/UCN family peptides share 

similar secondary structures. Similar structure is shared by the mature peptides of CRH, 

UCN, urotensin I, and sauvagine with an N-terminal random coil followed by an extended 

α-helix structure. 

Human UCN1 mRNA is expressed in various central nervous system cells and various 

peripheral tissues including gastrointestinal tract, heart, placenta, decidua, 

endometrium, fetal membranes. CRHRs are expressed in the human cardiovascular 

system. UCN2 and UCN3 is distributed in the heart, and causes sustained, direct and 

potent endothelium-independent vasodilating effects in an in vitro human internal 

mammary artery model of endothelin-1 stimulated constrictions and protects the heart 

against ischemic injury. UCN acts on calcium channels directly without binding to CRHR2. 

It decreases L-type and T-type calcium currents of acute isolated cardiac myocytes and 

blocks vascular smooth muscle cells’ calcium channels. In other studies, UCN through 

increased ATP-sensitive potassium channels expression(Tao and Li 2005) produced 

endothelium-dependent vasodilating effects. Enhanced UCN concentrations are 

associated with the decrease in blood pressure and appetite via an increase in cardiac 

activity , contractility, and anxiety (Petraglia, Florio et al. 1996, Hsu and Hsueh 2001, 

Kalantaridou, Makrigiannakis et al. 2003).  In the pancreatic alpha and beta cells, UCN3 

was expressed and secreted during embryonic development in mice. 

Endogenous UCN does not mediate in the HPA axis-mediated stress response. in the 

elevated plus maze and open-field tests, increased anxiety- like behaviors was shown in 

Urocortin-deficient mice; but their acute restraint-mediated response to stress did not 

differ from those in wild-type controls.  UCN regulates anxiety via CRHR2. This is further 
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supported with a study which observed UCN null mice displaying the enhanced anxiety-

like behavior, which was due to reduced CRHR2 MRNA levels in the lateral septum. 

Despite induction of a stress response and suppression of food intake by UCN 

administration, endogenous UCN deficiency did not alter the basal feeding behavior. 

Moreover, UCN is expressed in central auditory pathways, where it regulates auditory 

function. Accordingly, hearing was defective in UCN-deficient mice(Bittencourt, Vaughan 

et al. 1999, Vetter, Li et al. 2002). 

4.3.2.2 Placental localization and expression  

UCN is widely present in heart , small intestine and colon, immunological tissue, adipose 

tissue, skin, as well as syncytiotrophoblast, but is rarely found within mesenchymal cells 

of placental villi or cytotrophoblast(Muramatsu, Fukushima et al. 2000, Slominski and 

Wortsman 2000, Uzuki, Sasano et al. 2001, Kimura, Takahashi et al. 2002). UCN2 and 

UCN3 are widely distributed in muscle, colon, small intestine, peripheral blood cells, 

stomach, thyroid, adrenal, heart pancreas, brain, adrenal, and spleen and placenta. 

Although UCN2 and UCN3 are expressed in extravillous trophoblast (EVT) cells and 

syncytiotrophoblast, UCN2 is expressed to endothelial cells of blood vessels, thus 

indicating UCN2 to play a role in placental vascular endothelial cells. With respect to the 

fetal membranes, UCN and CRH are both expressed in amnion and chorion. While UCN2 

is expressed only in amnion, UCN3 is seen in both amnion and chorionic cells (Imperatore, 

Florio et al. 2006). 

4.3.2.3 Regulation of placental secretion  

UCN regulates stress-related behavior and neuroendocrine activity and is expressed in  

paraventricular, arcuate, supraoptic, nuclei in the hypothalamus (Ikeda, Tojo et al. 1998). 

in human gestational trophoblasts in vitro, mRNA expression and release of UCN are not 

influenced  by hypoxia, nevertheless UCN production was upregulated in hypoxic 

cardiomyocytes(Reyes, Lewis et al. 2001).  

Not many studies are available on placental UCN2 and UCN3 regulation. UCN2 regulates 

fetal adrenal C19 steroid precursors conversion into E2 in placenta and this occurs by 

upregulating expression of P450 aromatase through CRHR2. CRH has been reported to 

directly enhance fetal adrenal C19 estrogen precursors output. Thus, CRH family peptides 
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is thought to have a role in the estrogen biosynthesis, eventually in  physiological events 

of pregnancy and parturition (Imperatore, Li et al. 2009). In first trimester and in term 

trophoblasts, UCN expression is upregulated in a hypoxic environment via a hypoxia-

inducible factor 1α-dependent manner. On the other hand, hypoxia decreases enzyme 

11b-hydroxysteroid dehydrogenase type 2 expression, through which cortisol is 

inactivated by conversion to cortisone. Thus, in hypoxia with little amounts of cortisol 

inactivated, upregulation of CRH and UCN is observed within the placenta, potentially 

causing the pathway to increase estrogen biosynthesis reduced tumor growth by 

inhibiting angiogenesis via CRHR2 activation in cancers including renal cell carcinoma, 

lung carcinoma, hepatocellular carcinoma, prostate carcinoma. 

4.3.2.4 Biological effects of UCN  

UCN is not likely a physiological HPA axis regulator. Normal basal and stress-induced HPA 

hormone levels were displayed in UCN-deficient mice (Venihaki and Majzoub 2002)(318). 

at the hypothalamic level , UCN2 and UCN3 regulate activity of  HPA-axis in a paracrine 

or autocrine fashion; indeed, they are enhanced  in the parvocellular PVN after 

immobilization/restraint stress (Tanaka, Makino et al. 2003, Venihaki, Sakihara et al. 

2004)(319, 320). Expression of Hypothalamic UCN2 is upregulated  by glucocorticoids 

(Hashimoto, Nishiyama et al. 2004, Chen, Zorrilla et al. 2006) (322). UCN2 mediates 

synthesis and release of catecholamines from the adrenal medulla.  In PC12 cells, it 

mediates release of  noradrenalin and phosphorylation of tyrosine hydroxylase via 

protein kinase A and protein kinase A-ERK1/2 pathways, respectively (Nemoto, Mano-

Otagiri et al. 2005). PVN UCN injection in rats up-regulated plasma leptin concentration, 

concluding that leptin could mediate anorexigenic effects of UCN (Kotz, Wang et al. 

2002). NPY treatment causes a rapid induction of neuronal UCN mRNA(Gaszner, Korosi 

et al. 2007). In this sense, it appears that UCN provides a negative feedback to counteract 

the stimulatory effect of NPY on feeding. Gonzalez-Rey et al suggested therapeutic 

effects of UCN in colonic mucosa of mice, where UCN decreases the local and systemic 

concentrations of a wide range of inflammatory mediators, including cytokines, and 

chemokines.  

In placental explants at term, UCN induced activin A (a member of the TGFβ superfamily) 

and PGE2 secretion in a dose-dependent manner; CRH and UCN –stimulated release of  
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PGE2 were almost similar and were reduced  by Astressin (Muramatsu, Sugino et al. 2001, 

Florio, Arcuri et al. 2002). Like CRH, UCN (not UCN2 and UCN3) causes uterine and 

placental vessels dilation and relaxation via NO/cGMP pathway,  via CRHR2 (Hsu and 

Hsueh 2001, Imperatore, Florio et al. 2006). high levels of maternal plasma CRF levels 

and reduced CRF-R1 expression are seen in Pregnancies characterized by abnormal 

placental function (e.g., preeclampsia)(Riley, Walton et al. 1991, Simoncini, Apa et al. 

1999, Grammatopoulos 2008). This is supported by a study which observed decreased 

response of cGMP to UCN perfusion in placental explants obtained from preeclamptic 

women (Karteris, Vatish et al. 2005). Similarly, during mid pregnancy, defective uterine 

artery circulation was in association with decreased circulating concentrations of UCN. 

Furthermore, both CRH and UCN (not UCN2 or 3) causes placental vasodilatation to 

maximize the in vivo  placental secretion  of PGs or ACTH (Clifton, Owens et al. 1995, 

Petraglia, Florio et al. 1999). This is supported by a study which observed that CRH and 

UCN reduces a PGE metabolizing enzyme, 15-hydroxyprostaglandin dehydrogenase gene 

and protein expression in placenta, an effect that is reversed by selective CRH-R2 

antagonist astressin. 

 

4.3.2.5 UCN and delivery 

 

4.3.2.6 UCN and preterm labor 

UCN is secreted predominantly from the fetoplacental circulation into the maternal 

compartment. This is supported by studies which observed UCN was increased 

significantly in fetal circulation than in maternal plasma. Similar concentrations of UCN 

was found in the umbilical cord vein, as seen in the artery but at significantly lower levels. 

The human myometrial status (quiescence or contractility) correlates to concentrations 

of maternal plasma UCN as observed by their rise in labor at preterm and term(Florio, 

Torricelli et al. 2005) and reduction in post term pregnancy in comparison to term 

pregnancy(Torricelli, Ignacchiti et al. 2006). The concentrations of UCN in maternal sera, 

umbilical cord artery are elevated in preterm and term laboring women than in those 

seen in elective cesarean section patients(Florio, Torricelli et al. 2005). 
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 Although mRNA levels of CRH in placenta and CRH levels in maternal plasma, rises 

throughout pregnancy, the levels of UCN does not(Dale 1906, Frim, Emanuel et al. 1988, 

Florio, Severi et al. 2002). The variable functions of CRH/UCN may have evolved so as to 

protect the fetus against environmental stress. However, under certain circumstances, it 

is possible that maternal or fetal stress could play a key role in triggering an intracellular 

signals cascade leading to preterm labor. A dual role for CRH/UCN is to promote 

relaxation of myometrium during most of pregnancy but stimulate the myometrial 

contractile response at term. This model proposes central role of CRH/UCN in 

coordinating the smooth transition from a state of quiescence to one of contractility 

emphasizing the importance of placental and fetal influence on the duration of human 

pregnancy, leading to postulate the existence of a placental as well as fetal clock that, 

through the CRF/UCN release, may determine the length of human pregnancy. 

mRNA expression of UCN was not seen to be different significantly in tissue samples 

obtained during pregnancy or after preterm, term labor, and elective cesarean section 

(Dale 1906). Early placenta expressed UCN2 and UCN3 mRNA as early as 6-9 wk 

pregnancy, which by 10–12 wk decline, then increases by late first trimester again. The 

increased expression of UCN correlates with a period of relative placental hypoxemia, 

and expression of placental UCN2 and UCN3 was markedly induced by decreased oxygen 

tension in a HIF1a-dependent manner. Increased placental expression of UCN from 

severe preeclamptic pregnancies is in accordance with these results and raises the 

possibility that in early pregnancy UCN peptides may be associated with aspects of 

trophoblast proliferation and, potentially, implantation.  

In patients with threatened preterm labor who later experience preterm delivery, 

maternal plasma concentrations of UCN are elevated. Furthermore, compared with 

those who deliver later, concentrations of UCN in women with preterm delivery are 

elevated in those who deliver before 7 d from admission. These findings, together with 

the  evidence in vitro  reported that UCN initiates contractile response in myometrium 

(Petraglia, Florio et al. 1999), support the hypothesis that maternal plasma levels of UCN 

are associated with the labor mechanisms and that increase in maternal plasma 

concentrations of UCN are associated with preterm labor. The evidence that maternal 

plasma levels of UCN is produced mainly from fetal sources raises new questions on the 



 76 

role executed by the cross talk between the maternal and fetus environment in 

maintaining quiescence of myometrium as well as in the labor onset. Maternal plasma 

concentrations of UCN are elevated in threatened preterm labor who delivered before 

34 weeks of gestation. Regardless of the physiological basis, this provides a potential tool 

to add significant prognostic information for predicting preterm delivery among at-risk 

women (Florio, Torricelli et al. 2005). Moreover, during the premature rupture of 

membranes (pPROM) with chorioamnionitis , CRH and its receptors are highly expressed 

in placenta, indicating that expression of stress-related pathways is activated in placenta 

during infective processes(Petraglia, Sawchenko et al. 1987).  

CRH concentrations are reduced, in comparison with term pregnancies out of labor, 

whereas those of UCN were unchanged in post term. Compared to those that remained 

undelivered, Enhanced UCN concentrations in pregnancies delivered within 12 h of 

labour induction would support the idea that the combined effects of both 

neuropeptides are relevant in predisposing a response of myometrium to labor inducers 

(i.e., PGs). It has been shown that concentrations of fetal UCN are higher, whereas those 

of CRH are considerably lower than those in the mother. Thus it is thought that CRH has 

a placental source and UCN is of fetal origin in maternal blood. 

1.1.1.1.1 Myometrium 

Human myometrium expresses myometrium(Clifton, Gu et al. 2000). During labor, High 

UCN expression is seen in the myometrium and fetal membranes. The addition of UCN 

does not itself stimulate significant changes of myometrial contractility, but triggers 

response of myometrial contractility to endometrial prostaglandin F2a and the effect is 

abolished completely by astressin (Petraglia, Florio et al. 1999, Aggelidou, Hillhouse et al. 

2002). UCN activates different intracellular signaling pathways that contribute to the 

myometrial contractility activation(Aggelidou, Hillhouse et al. 2002). The key factor is 

p42/p44, MAPK, which has been suggested to be associated in the myometrial 

contractility regulation by uterotonins. In cultured human pregnant myocytes, UCN via 

CRHR1(α) and CRHR2(β) stimulates MAPK activity thus initiating the cascade of events 

leading to contractility (Nohara, Ohmichi et al. 1996, Ohmichi, Koike et al. 1997). During 

human pregnancy, UCN2 regulates myometrial contractility, via CRHR2, and the 

sequential PKC activation, leading to the phosphorylation of MLC20(Tropper, Warren et 
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al. 1992). In the culture medium of amniotic epithelial cells,  chorionic trophoblast, and 

syncytiotrophoblast, UCN induces protein level of MMP-9 without change in tissue 

inhibitor of metalloproteinase-1(Li and Challis 2005). This effect is potentially at the 

posttranslational processing level, including protein synthesis and secretion. Similar to 

CRH, the UCN induces MMP-9 and may indicate a local role for these peptides in cervical 

ripening and tissue remodeling at the time of labor. 

At term, maternal plasma CRF and UCN levels are correlated to the onset of labour and 

are lower than at the beginning of pregnancy. In contrast, peptide levels do not reduce 

in post-term pregnancies. UCN correlates with the spontaneous abortion, labor onset, 

and pre-eclampsia(Hsu and Hsueh 2001). During the time of medical induction of post 

term labor, higher concentrations of UCN predict strongly a shorter time to 

delivery(Clifton, Read et al. 1996). The fine- regulated neuropeptides expression 

therefore, is important in regulating the length of human gestation(Clifton, Telfer et al. 

1998). Low amniotic  fluid UCN concentrations at mid-term may be thought  a sign of 

predisposition to preterm birth(Shibasaki, Odagiri et al. 1982). Preterm pregnancy may 

be in association with a reduced vascular resistance in the fetal cerebral 

circulation(Sherer 1998, Florio, Torricelli et al. 2006). Fetal UCN secretion correlates with 

perfusion of uteroplacental bed(Florio, Torricelli et al. 2006), and that UCN has sustained 

protective and hemodynamic compensatory effects against hypoxia in animals. Thus it is 

suggested that secretion of UCN may protect the fetus against hypoxic insults 

(Rademaker, Charles et al. 2002, Fan, Chen et al. 2009). UCN, via CRH-R2, also up- 

regulated myometrial proinflammatory cytokines expression. Between UCN and 

inflammatory cytokines, A positive feedback loop therefore probably exists because 

expression of UCN was increased by the inflammatory stimulus tumor necrosis factor 

alpha, via NF-kB signaling(Arbiser, Morton et al. 1988).   

4.3.2.6.1 Adrenals 

UCN2 and UCN3 are differentially expressed in Gestational tissues and don’t induce 

placental ACTH secretion(Imperatore, Florio et al. 2006). CRH, UCN, via CRHR1 induces 

human fetal adrenal glands DHEAS, which acts as a substrate for placental estrogen 

synthesis, further resulting in  important changes during  childbirth(Sirianni, Mayhew et 

al. 2005). Estrogens directly regulates transcription of  UCN(Haeger, Andres et al. 2006). 
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UCN plays a role in the tumorigenesis of different tissues(Florio, De Falco et al. 2006) and  

ovarian steroidogenesis. UCN1 is expressed in both theca and granulosa cells of atretic 

follicles, dominant and non-dominant follicles. During the mid- and late-phase corpus 

luteum , UCN1 was also expressed in luteinized granulosa and thecal cells(Gonzalez-Rey, 

FeRNAndez-Martin et al. 2006). Maternal serum concentrations of UCN are elevated in 

women with endometriomas, thus to distinguish between other benign ovarian cysts and 

endometriosis.  

4.3.2.6.2 Ovary  

 Immunohistochemistry methods also revealed that regressing corpus luteum expressed 

significantly higher MRNA levels of CRH and CRHR1 compared to either the mid-luteal 

phase or pregnant corpus luteum[21] Nevertheless, the expression of these genes in the 

mid-luteal phase of the menstrual cycle was not significantly different than  early 

pregnancy(Gonzalez-Rey, Fernandez-Martin et al. 2006). During the menstrual cycle, 

mRNA of UCN has been observed to be expressed in endometrial stromal and epithelial 

cells during both endometrial proliferative and secretory phases. High expression of UCN 

is seen during secretory phase(Torricelli, De Falco et al. 2007, Xu, Xu et al. 2007) 

Although there is a similarity substantially in CRF and UCN actions regarding myometrial 

contractility and placental functions, similar relationships were not shown when 

examining the ability of the placenta to produce UCN(Petraglia, Florio et al. 1999). It has 

already been observed that the placenta produces sufficient quantities of CRF, but it has 

been reported that the placenta does not produce sign cant quantities of UCN (Glynn, 

Wolton et al. 1998). UCN binding to CRH-R1a activates both the Gs and Gq in human 

myometrium and human embryonic kidney via activation of pathways such as  adenylyl 

cyclase/protein kinase A and the phospholipase C/protein kinase C and ERK1/2 

(Papadopoulou, Chen et al. 2004).  

 

4.3.3 CRHR signalling characteristics  
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Table 1:  

CRHR signalling characteristics  

(https://academic.oup.com/view-large/61436623) 
 

  CRHR1  CRHR2  

Chromosome  17q21.31  7q14.3  

Peptide length 
(amino acids)  415–446  397–438  

Splice variants  
CRHR1A;CRHR1C,E,H;CRHR1B,F; 
CRHR1G,D  CRHR2A; CRHR2B; CRHR2C  

Endogenous 
ligands  CRH, UCN  UCN, UCN2, UCN3  

Peripheral 
distribution  

Placenta, ovary, skin, adrenal gland, 
endometrial cells, mast cells  

Placenta, blood vessels, 
heart, skeletal muscle, 
gastrointestinal tract  

 
 

 

CRHRs belong to the “brain-gut” neuropeptide receptors superfamily, which include 

receptors for vasoactive intestinal peptide, calcitonin, adenylate cyclase- activating 

peptide, PTH, secretin, glucagon, and GH-releasing factor(Segre and Goldring 1993). 

CRHR1 and CRHR2 differentially bind to each of the CRH family members. CRH has high 

affinity only for CRHR1, UCN shows approximately the same affinity for both receptors, 

whereas UCN2 and UCN3 bind with high affinity only to the CRHR2 (Grigoriadis, 

Lovenberg et al. 1996, Aguilera, Nikodemova et al. 2004). Compared to CRH, UCN-I, UCN-

II and UCN-III are more potent at binding and activating CRH-R2 receptors, and these 

peptides are hence thought to be the native agonists for the CRH-R2 receptor. Estrogen 

regulates CRHR expression.  

CRHRs has seven-transmembrane helical domains. Both CRHRs share 70% identity at the 

amino acid level, and several variants are produced  as a result of differential RNA splicing 

(Dieterich, Lehnert et al. 1997). The CRH-R1 variants are produced by many partial or 
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complete exon(s) insertions or deletions (Pisarchik and Slominski 2001, Teli, Markovic et 

al. 2008). The CRHR1α subtype has been cloned from several species including mouse 

and human (Perrin, Donaldson et al. 1993, Vita, Laurent et al. 1993, Tsai-Morris, Buczko 

et al. 1996). In all species, mRNAs of CRHR1α encode proteins of 415 amino acids that 

are 98% identical to one another. Another variant of CRHR1, CRHR1β, consists of an 

additional 29 amino acids inserted into the first intracellular loop and has been 

recognized in the human pituitary. An additional presence of 29 amino acids in CRHR1β 

impedes with the receptor’s signal transduction properties and decreases adenylate 

cyclase coupling(Chen, Lewis et al. 1993). CRHR1C, another variant of the human 

CRHR1α, has a 40-amino acid deletion in the N-terminal domain of the receptor (Ross, 

Kostas et al. 1994). CRHR1δ, a splice variant of the CRHR1α, with a deletion of 14-amino 

acid within the seventh transmembrane domain has been identified in myometrium and 

fetal membranes. CRHR1δ binds with high affinity and specificity to human CRH (Kd = 3.3 

± 0.45 nM) and is coupled functionally to adenylate cyclase (Hillhouse and 

Grammatopoulos 2001). 

CRH-R2 gene demonstrates a completely distinct splicing pattern compared to CRH-R1, 

probably relevant to its distinct role in mammalian physiology. All CRH-R2 variants are 

different only in their N-terminal extracellular domains. However, different N-termini do 

not alter various CRH-related peptides’ agonist binding and signaling properties 

significantly. three known isoforms of CRHR2 are present : CRHR2α, CRHR2β, and 

CRHR2γ(Hillhouse and Grammatopoulos 2001). CRH-R2α mRNA variant, encoding for a 

soluble protein, might play a role as a circulating binding protein for UCNs. This sCRH-

R2α diminishes cellular responses to CRH and UCN, thus being a biological modulator of 

CRH and CRH-related peptides. CRHR2α is 411 amino acids in length, shares homology to 

CRHR1 approximately around 71% (Lovenberg, Chalmers et al. 1995, Liaw, Lovenberg et 

al. 1996, Valdenaire, Giller et al. 1997, Catalano, Kyriakou et al. 2003). CRHR2β, The 

alternatively spliced form, is 431 amino acids in length and is distinct from CRHR2α where 

the first 34 amino acids in the N-terminal extracellular domain are replaced by 54 

different amino acids (Ardati, Goetschy et al. 1999, Evans and Seasholtz 2009). Similarly, 

CRHR2γ, has an N terminus with no significant homology to the CRHR2α and CRHR2β 

subtypes and encodes for 397 amino acids and is found in human brain(Horlick, Sperle et 

al. 1997, Kostich, Chen et al. 1998).  
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Generally, “fight-or-flight” stress response is mediated by CRHR1 via the CRH-ACTH-

glucocorticoid axis, whereas stress-coping responses is mediated by CRHR2 via UCN II 

(stresscopin) and UCN III (stresscopin-related peptide)(Hsu and Hsueh 2001). CRHR1-

deficient mice exhibited a marked decrease in the size of the zona fasciculata region of 

the adrenal gland and thus had a low plasma concentration of corticosterone. (Smith, 

Aubry et al. 1998).  Although basal ACTH secretion was normal in these mice, restraint 

stress did not increase circulating ACTH levels. Within 2 days after birth, homozygous 

mutant females’ progeny exhibited lung dysplasia with alveolar collapse and emphysema 

and died. Corticosterone treatment in utero rescued the phenotype. The mutant mice 

were less responsive to anxiogenic-like stimuli, indicating that CRHR1 is necessary for a 

normal anxiety response. CRHR2-deficient mice exhibited increase in anxiety-like 

behavior, and hypersensitivity to the HPA axis-mediated stress response(Bale, Contarino 

et al. 2000). A decreased appetite, increased anxiety, and thus reduced food intake in 

response to food deprivation stress was observed in mice, despite the normal food intake 

pattern and weight changes. In the mutant mice, Intravenous UCN infusion did not 

decrease the mean arterial pressure but the nitric oxide-mediated vasodilation was 

normal in the peripheral blood vessels. Thus, CRHR1 mutant mice is thought to show 

decreased anxiety-like behavior, and CRHR2 mutant mice show increased anxiety-like 

behavior.  

4.3.3.1 Placental localization and expression  

CRH-binding sites are mainly expressed by the syncytiotrophoblast sites in human 

placenta (Clifton, Owens et al. 1995, Hatzoglou, Margioris et al. 1996, Grammatopoulos, 

Dai et al. 1999). CRHR1α and CRHR1χ, CRHR1δ and CRHR2β expressed Human 

syncytiotrophoblast, amnion, and chorion, but not scattered cytotrophoblast cells within 

the chorionic villi (Grammatopoulos, Dai et al. 1999). Three CRHR subtypes: 1α, 1β, and 

2β are expressed in nonpregnant human myometrium. Myometrium begins to express 

CRHR2α, as pregnancy progresses. At term, additionally, the 1c and 1d receptor subtypes 

are expressed in the myometrium(Ross, Kostas et al. 1994). It was shown that CRHRs to 

be expressed on resident macrophages ,endothelial cells, trophoblast, myometrium, 

decidua, and fetal membranes.(Wetzka, Sehringer et al. 2003). 
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Although a significant rise  in accumulation of total inositol phosphate (IP3, IP2, IP) was 

observed in response to CRH (Carsten and Miller 1985). CRHRs do not couple to Gs and 

adenylate cyclase in human placenta and fetal membranes. In most tissues, CRHRs are 

preferentially coupled to phospholipase C and adenylate cyclase (Ulisse, Fabbri et al. 

1990). The CRHR may be coupled to the alpha-subunit of Gq, which subsequently results 

in phospholipase C activation rather than Gs, thus eventually leading to adenylate cyclase 

activation in the fetoplacental unit (Karteris, Grammatopoulos et al. 2001). CRH 

stimulation of placental membranes increased Gq, Go, and Gz labeling, but not Gi and 

Gs, whereas CRH stimulation of fetal membranes increased Go and Gq labeling, but not 

Gi, Gs, and Gz(Karteris, Grammatopoulos et al. 2000) . 

 

 

 

 
 

Figure 4   
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Stressed placenta leads to stressed mother. 

 

 
Figure 5   

Unestablished relationship between CRH release and SFLT-1/PLGF ratio 

 
 

4.4 Hypothesis  
 
 
 
SFLT-1/PLGF ratio is recently proposed as one of the biomarkers that may be useful in 

the diagnosis and management of placental insufficiency syndromes such as 

preeclampsia. The placental CRH/UCN are suggested as important neuroendocrine 

mediators in the physiology of pregnancy and parturition(Petraglia, Imperatore et al. 

2010). CRH family of peptides appear to be important regulator of angiogenesis in various 

human physiological systems. The reduces placental CRHR expression and elevated 

placental CRH secretion seen in preeclamptic women, may reflect an adaptation of the 

fetus in hypoxemic stress and provide a strong rationale for targeting CRH for protection 

against preeclampsia. Thus it is hypothesized that CRH regulates two important placental 

functions, trophoblast differentiation and angiogenesis in various gestational cellular 

models under altered oxygen tension representing placental related pregnancy disorders 

such as preeclampsia.  
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This study describes a series of analyses conducted with the aim to investigate the 

molecular mechanisms underlying placental dysregulation of angiogenic molecules 

leading to endothelial dysfunction in trophoblast and endothelial cells, and establish a 

potential link between their signaling pathways using in vitro models under altered 

oxygen tension. This project also explored the effect of SFLT-1 rich media on the 

fusogenic machinery and endocrine capacity of BEWO cells under altered oxygen tension.  

 

 

 
Figure 6   

Diagrammatic representation of hypothesis (Gerbaud 2015) 
https://www.frontiersin.org/articles/10.3389/fphar.2015.00202/full 
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Research questions :  

 

1. What is the role of CRH family of peptides on trophoblast differentiation under 

altered oxygen tension? 

2. What is the role of CRH family of peptides on trophoblast invasion under altered 

oxygen tension? 

3. What is the role of CRH family of peptides on placental angiogenesis under altered 

oxygen tension?  

Overall, can CRH family of peptides influence hypoxia mediated impairment of 

the functions of trophoblast and  endothelial cells in placenta, so as to significantly 

alter the biological effects of trophoblast and endothelial cells?   

 

To address question 1, BEWO cellular model was  used, which were stimulated by CAMP 

activator, forskolin, so as to differentiate cytotrophoblasts to syncytiotrophoblasts. The 

cells were treated with CRH related peptides under 21% O2 and 3% O2.  RNA, proteins 

of syncytins and B-HCG, Estradiol and Progesterone were quantified using QRT – PCR, 

Western blot and ELISA.  

To address question 2, HTR8/SVneo cellular model was used. The cells were treated with 

CRH related peptides under 21% O2 and 3% O2. RNA, proteins of SFLT-1 and PLGF 

were quantified using QRT PCR, Western blot and ELISA. 

To address question 3, HUVEC cellular model was used. The cells were treated with CRH 

related peptides under 21% O2 and 3% O2. RNA, proteins of SFLT-1 and PLGF were 

quantified using QRT PCR, Western blot and ELISA. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

rekha
Highlight
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5 Materials and methods 
 
5.1 Materials 
 
Table 2:  

List of chemical reagents  

Chemical reagents Product code Manufacturer 
   
Amersham ECL Prime Western Blotting 
Detection Reagent 

12316992 Thermo Scientific 
Pierce 

Bovine Serum Albumin (BSA) 29130 Gibco, UK 
Carbenoxolone disodium salt C4790 Sigma Aldrich, UK 
Dimethyl Sulfoxide (DMSO ) 10103483 Gibco, UK 
Dulbecco's Modified Eagle 
Medium(DMEM)  

11995-065 Gibco, UK 

Ethanol 32221 Sigma Aldrich, UK 
Fetal Bovine Serum (FBS) 41G5240K Gibco, UK 
Forskolin 3828S Cell Signalling 

Technology, USA 
Gentamycin / Amphotericin antibiotics 
(500X) 

R-015-10 Gibco, UK 

GenElute Mammalian Total RNA Miniprep 
Kit 

 

RTN70 Sigma, UK 

Glycine  G/0800/60 Fluka,UK 
Ham's F-12K (Kaighn's) Media 21127-030 Gibco, UK 
High capacity RNA-to-cDNA kit Applied 
Biosystems  

 

Part Number: 
4387406 

Fisher Scientific, UK  

Human corticotrophin releasing hormone 
(CRH) Acetate salt 

H-2435 Bachem, Germany 

Human Recombinant VEGF-165 (VEGF) 8065SC Cell Signalling 
Technology, USA 

Human Urocortin II Trifluroacetate salt 
(UCN2) 

H-5852 Bachem, Germany 

Hydrocortisone, 98% 10062031 Gibco, UK 
Isopropanol W292907 SAFC,UK 
L Glutamine (100X), liquid 200mM 11534546 Gibco, UK 
LSGS kit S-003-10 Gibco, UK 
MCDB 131 media 11513407 Gibco, UK 
Media 200  M-200-500 Gibco, UK 
2-Mercaptoethanol  161-0710 BioRad, UK 
Methanol 322415 Sigma Aldrich, UK 
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OdysseyTM Blocking Buffer (TBS) 927-50000 LI-COR Biosciences UK 
Ltd. ®, UK 

On-Column DNase I Digestion Set  

 

DNASE10 and 
DNASE70 

Sigma, UK 

PageRuler(TM) Plus  Pre-stained Protein 
Ladder 

11832124 Thermo Scientific 
Pierce 

Pierce phosphatase inhibitor mini tablets, 
EDTA-free 

13424676 Thermo Scientific 
Pierce 

Pierce protease inhibitor mini tablets, 
EDTA-free 

13437766 Thermo Scientific 
Pierce 

Pierce™ BCA Protein Assay Kit 23227 Thermo Scientific 
Pierce 

Potassium chloride (KCl) P9541 Sigma Aldrich, UK 
Potassium phosphate monobasic (KH2PO4 

) 
P0662 Sigma Aldrich, UK 

5X Protein Loading Buffer EC-887 National Diagnostics 
30% Protogel EC-890 National Diagnostics 
ProtoGel Resolving Buffer (4X) EC-892 National Diagnostics 
ProtoGel Stacking Buffer EC-893 National Diagnostics 
Proteome Profiler Human Angiogenesis 
Array Kit 

Ary007 R & D systems, UK 

Radioimmunoprecipitation assay buffer 
(RIPA) lysis Buffer  

10017003 Thermo Scientific 
Pierce 

Recombinant Human Epidermal Growth 
Factor (EGF) 

10533084 Gibco, UK 

RPMI 1640 media 11875-093 Gibco, UK 
Bioline SensiFAST SYBR Lo-ROX kit  BIO-94020 

 
Bioline, UK 

Sodium Chloride (NaCl) S9625 Sigma Aldrich, UK 
Sodium dodecyl sulfate (SDS) S/P530/48 Fisher Scientific, UK 
TEMED T-9281 Sigma Aldrich, UK 
TRIS base  BP152-1 Fluka, UK 
Tris Glycine SDS  Running buffer (10X) EC-870 National Diagnostics 
Tris-Glycine Electroblotting Buffer (10X) EC-880 National Diagnostics 
Trizma® hydrochloride (Tris HCl) T-5941 Sigma Aldrich, UK 
Trypan blue solution (0.4%) 15250-061 Gibco, UK 
Trypsin EDTA solution (0.25%) 11538876 Fisher Scientific, UK 
Tween 20 10485733 Gibco, UK 
V-PLEX Human FLT-1 Kit K151RZD-1 Meso Scale Discovery, 

USA 
V-PLEX Human PLGF Kit K151MED-1 Meso Scale Discovery, 

USA 
V-PLEX Human VEGF Kit K151RHD-1 Meso Scale Discovery, 

USA 
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Table 3:  

List of buffers and solutions  

 
Buffers and Solutions Components 
10%  Ammonium persulphate ( APS)  0.1g APS in 1ml double distilled 

water, made up prior to use and 
stored at 4⁰C for a week  

5%  Acetic acid  5% (v/v) acetic acid in double 
distilled water 

5%  BSA in TBST 1x TBS, 0.1% Tween-20 with 5% 
(w/v) BSA 

5%  Milk (Blocking buffer) 1x TBS,  with 5% (w/v) milk  
5%  Milk in TBST  1x TBS, 0.1% Tween-20 with 5% 

(w/v) milk  
Phosphate Buffer Saline (PBS) 0.2g/L KCl, 0.2g/L KH2PO4 

(anhydrous). 8.0g/L NaCl, 1.15g/L 
Na2HPO4 (anhydrous), pH 7.4 

Ponceau -S staining solution 0.5% (w/v) Ponceau -S, 1% (v/v) 
acetic acid in double distilled water 

10X SDS-PAGE  (polyacrylamide gel 
electrophoresis) running buffer 

30g Tris -HCl, 144g glycine, 10g SDS, 
double distilled water to 1000ml 

Stripping buffer (ECL Detection System) 6ml of 10% SDS, 1.875 ml of 1M Tris 
- HCl (pH 6.8), 233 μl β 
mercaptoethanol, double distilled 
water upto 30ml 

Stripping buffer (Odyssey Infrared Imaging 
System) 

25mM glycine pH 2, 2% (w/v) SDS 

10X Tris Buffer Saline (TBS)  24.2g Tris- base, 80g NaCl upto 
1000ml double distilled water, pH 
7.6 

10X TBS tween (TBST) 24.2g Tris- base, 80g NaCl upto 
1000ml double distilled water, pH 
7.6, 0.1% Tween- 20 

10X Transfer buffer 7.5g Tris HCl, 36g glycine, 500ml 
methanol, double distilled water to 
2500ml 

 
 
Table 4:  

List of cellular models  

Cells  Company 

BEWO American Type Culture Collection (ATCC), USA 



 89 

HMEC-1 Centre for Disease Control, USA 

HTR8/SVneo  Queen's University, Canada 

HUVEC Caltag Medsystems Ltd, UK 
 
 
Table 5:  

List of other consumables  

 
Materials Product size/code Manufacturer 
Cell scraper, small, Corning 3010 Appleton 

Woods 
Chromatography paper Grade No. 
3MM (filter paper, 0.34mm thick ) 

10441412 GE Healthcare 
Whatman 

Cell culture flasks 25/75cm2 Cellstar, UK 
Cryovials 1.5ml  
Eppendorfs 1.5/0.5/0.2 ml - 
Falcon tubes 15/50ml Greiner 
Fibre pad 11857653 Gibco, UK 
Cell culture plates 6 well Corning 

Incorporated 
costar, UK 

Mr Frosty-NALGENE® labware (Nalge 
Nunc) 

5100-0001 Thermo 
Scientific, UK 

Nitrocellulose membrane ( 
Amersham(TM) Protran Premium 
0.45µm) 

10600036 GE Healthcare 
Life Science 

Pipette tips 1000/200/100/20/10/1ul  
Serological pipettes 25/10/5ml Greiner 

 
 
 
 
Table 6:  

List of instruments  

 
Instruments Instrument 

details  
Manufacture
r 

Balance PF-6001 Fisherbrand 
Centrifuge Centrifuge 

Micro Centaur  
 

MSE 

Sorvall Legend 
RT 

Thermo 
Scientific 
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Sorvall 
Evolution RC 

Thermo 
Scientific 

Rotor: 
Aluminum 
Fixed Angle, 
SS-34 

 

FAST 7500 qPCR machine 
 

FAST 7500 Thermo 
Scientific 

G:BOX Chemi XX6  GeneSys 
v1.4.1.0 

Syngene, UK 

Heat block  QBT4 Digital 
Block Heater 

Grant 

Haemocytometer 
  

MSD SECTOR ® Imager 6000 Version 3.0 Meso Scale 
Discovery 
(MSD), 
Gaithersburg, 
MD, USA 

IKA® VXR basic Vibrax® orbital shakers  Sigma Aldrich, 
UK 

pH meter Orion ROSS 
Ultra pH/ATC 
Triode 

Thermo 
Scientific 

Pipette aid  Sartorius, UK 
Pipettes Pipetteman 1-

10/10-100/30-
300/100-1000 
µL 

Gilson, UK 

Tecan microplate reader MagellanV5.0
3 

Tecan, 
Switzerland 

Stirrer stir, CB161  Stuart 
Super-Q plus water system Carbon filter 

Ion exchange 
Durapore 0.2 
µM 

Millipore 

Vortex VX100 Labnet MO BIO 
Laboratories, 
Inc 

Western blot apparatus  Mini Trans-
Blot® cell 

BioRad, UK 

Odyssey Infrared imaging system Version 3.0 LI-COR, UK 
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5.2 Methods 
 
5.2.1 Cell culture methods 
 
5.2.1.1 Cell cultures  

5.2.1.1.1 Trophoblast cell lines 

5.2.1.1.1.1 BEWO cell line 

BEWO, a human choriocarcinoma cell line, is a well-established model for placental 

differentiation. It is maintained in an undifferentiated state that further differentiates in 

presence of forskolin(Wice, Menton et al. 1990, Lin, Xu et al. 1999).  

5.2.1.1.1.2 HTR-8/SVneo cell line 

 HTR-8/SVneo cell line is often used to model the physiologically invasive extravillous 

trophoblasts (EVT) and was originally isolated from 1st trimester trophoblasts.  HTR-

8/SVneo cell line is a transformed EVT cell line that is established by immortalizing 

physiologic EVT cell via transfection with a plasmid containing the simian virus 40 large T 

antigen (SV40)(Graham, Hawley et al. 1993). It is obtained from Queen’s University, 

Canada. This model will be used to study characteristic features of EVT such as 

proliferation, invasion and migration.  

5.2.1.1.2 Endothelial cell lines  

5.2.1.1.2.1 Human Umbilical Vein Endothelial cells (HUVECs) 

HUVECs that are isolated from fetal umbilical cords and maintained in primary cell culture 

will be used to study endothelial cell function. The experiments will be performed 

between 3-5 passages as some of the key molecules of target, such as eNOS expression 

will decrease in higher passaged cells.  

5.2.1.1.2.2 Human Microvascular Endothelial Cells (HMEC-1) 

HMEC-1 is established by transfecting dermal human microvascular endothelial cells 

from human foreskin with a plasmid containing the simian virus 40A gene(Ades, Candal 
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et al. 1992). They are maintained in continuous cell culture. Their advantages are similar 

to that of any continuous cell line.  

All cell culture work was carried in Class II; type A laminar flow culture hood assigned for 

handling animal tissues or human material, using aseptic precautions.  The media for 

each cell line was prepared as per table below. 

 

Table 7:  

Media composition for each cell line  

 

Cells  Media 

BEWO F12K Media with 10% FBS, 10 µg/ml gentamycin and 

0.25 µg/ml amphotericin B 

 

HUVEC Media 200, Low Serum Growth Supplement kit (2% v/v 

FBS; 1 µg/ml hydrocortisone; 10 ng/ml human epidermal 

growth factor; 3 ng/ml basic fibroblast growth factor; 10 

µg/ml heparin); 10 µg/ml gentamycin and 0.25 µg/ml 

amphotericin B 

 

HTR8/SVneo  RPMI 1640 media, FBS to a final concentration of 5%, 10 

µg/ml gentamycin and 0.25 µg/ml amphotericin B 

 

HMEC-1 MCDB131, 10ng/mL Epidermal Growth Factor (EGF), 1 

µg/mL Hydrocortisone, 10 mM Glutamine, FBS to a final 

concentration of 10%, 10 µg/ml gentamycin and 0.25 

µg/ml amphotericin B 

 

 
 
This thesis focuses on experiments (biological replicate n=3, technical replicate n=3) in 

BEWO, HTR8/SVneo, HMEC-1 and HUVEC models.  
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Briefly, cells were recovered from cryopreservation and thawed rapidly within 2 minutes 

in 37°C water bath by gentle agitation. Under strict aseptic precautions, cells were 

transferred to centrifuge tube containing complete culture media and spinned at 125xg 

for 5-7 minutes. The cell pellet obtained were resuspended with recommended complete 

media and dispensed into T75 culture flask.  The culture was incubated in a humidified 

incubator at 37°C in a 5% CO2 in air atmosphere. The media was renewed after 24 hours 

of establishing a culture from cryopreserved cells. For subsequent subcultures, the media 

was changed every 48 hours until the culture is approximately 70-80% confluent.  Once 

confluent, the culture media was discarded and the cell layer was rinsed with 1X PBS 

to remove all traces of serum, which contains trypsin inhibitor.  Cells were incubated 

with 0.25% (w/v) Trypsin-0.53 mM EDTA solution at 37°C for 3 minutes. Cells were 

observed under an inverted microscope so as to confirm the entire cell layer to be 

detached.  After adding complete growth media, cells were centrifuged and cell pellet 

was resuspended with recommended complete media. Around 20µl cell suspension were 

removed from the vial and was diluted in 20 µl of 0.4% trypan blue solution. Using a 

haemocytometer, number of viable cells per ml was determined.  

 
% viable cells = [1.00 – (Number of blue cells ÷ Number of total cells)] × 100 
 

The cell suspension was diluted to a concentration of 25,000 viable cells/ml using the 

supplemented media.   

 

5.2.1.2 Cryopreservation of cells 

 

For long term storage, after trypsinization, cell pellet was resuspended in complete 

culture media supplemented with cryoprotective agent (7-10% DMSO).  Cells were frozen 

in Mr Frosty containing isopropanol at -80⁰C, which were subsequently transferred to 

liquid nitrogen after 24 hours.  
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5.2.1.3 Stimulants  

 

Cells (BEWO/HUVEC) were treated with chemicals listed in table below for various time 

points depending on experiment protocol, which are explained in detail later in this 

report. 

 

Table 8:  

Concentration used for various stimulants during cell culture 

 
Chemical 
reagents 

Vehicle Stock 
Concentration 

Desired 
Concentration 

Storage 

Carbenoxolone Water 100mM 100μM Aliquots at -
20°C 

CRH Water 1mM 100nM Aliquots at -
20°C 

Forskolin DMSO 100mM 100μM Aliquots at -
20°C 

UCN2 5% Acetic 
acid 

1mM 100nM Aliquots at -
20°C 

VEGF PBS 50μg/ml 20ng/ml Aliquots at -
20°C 

 



 95 

5.2.2 Western Blot 
 

5.2.2.1 Protocol  

5.2.2.1.1 Soluble proteins preparation from cultured cells  
 

All the steps involving sample preparation was carried on ice. Supernatants were 

collected for MSD assay and stored at -80⁰C.  Stimulation of cells was terminated by 

addition of ice cold PBS and cells were lysed with 100μl lysis buffer supplemented with 

protease and phosphatase inhibitors.  Cells were immediately scraped off the plate and 

transferred into eppendorf and sonicated for 30 seconds for complete release of cellular 

proteins.  After centrifugation at 13000 rpm for 15 minutes at 4⁰C, protein concentration 

was determined using bicinchoninic acid (BCA) protein assay kit. Samples were prepared 

by mixing cell lysates with 5X loading dye and denatured at 95⁰C for 10 minutes on heat 

block and then cooled immediately on ice. Samples were stored at -20°C until required.  

 

5.2.2.1.2 Determination of protein concentration  
 

The protein concentrations of lysates were determined using BCA Protein Assay Kit 

according to the manufacturer's manual.  Protein lysates were diluted in 1 x RIPA and 1 

in 5 dilutions was used for the assay. Protein concentration was determined by 

comparison of target samples to Bovine Serum Albumin (BSA) standard diluted in 1X RIPA 

buffer.  1X RIPA buffer was used as blank and was subtracted from each standard and 

sample. Tecan microplate reader (Magellan V5.03), Tecan, Switzerland, was used to 

determine the unknown protein concentration in the samples.  The lysates were 

measured at 570nm absorbance.  

 

5.2.2.1.3 SDS PAGE Electrophoresis 
 

SDS PAGE mini gel glass plates were assembled according to manufacturer’s instruction.  

10% resolving gel and 4% stacking gel were prepared. 
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Table 9: 

 Composition of 10% resolving gel and 4% stacking gel 

 

10% Resolving gel 2 gels  

Double Distilled Water  7.8ml 

30% Acrylamide 6.6ml 

Resolving buffer 5.2ml 

10% APS 150μl 

TEMED 15 μl 

 

 

4% Stacking gel 2 gels  

Double Distilled Water  6.1ml 

30% Acrylamide 1.3ml 

Stacking buffer 2.5ml 

10% APS 50μl 

TEMED 10 μl 

 

10% resolving gel was poured between two glass plates, which were further topped up 

by a short 4% stacking gel. Once polymerized, gels were placed in running apparatus.  Cell 

lysates were subjected to 10% SDS – PAGE for separation of protein mixtures by size.  

Biotinylated protein ladder was loaded to determine molecular weights.  25μg of cellular 

lysate was loaded per lane. Ishikawa cells were used as a known source of target protein.  

The positive control was used to confirm the activity of antibodies as well as identity of 

target protein since it will produce a reference band on the blot showing expected 

migration of target protein.  The electrophoresis was run at 70V for initial 30 minutes, 

followed by 140V for 1 hour until the dye front had migrated to the bottom of the gel.  
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5.2.2.1.4 Transfer of separated proteins to a blotting membrane   
 

Electrophoretic transfer was accomplished under wet conditions where the gel and 

nitrocellulose membrane were assembled into sandwich along with filter paper and fibre 

pad.  The membrane was sandwiched between gel and positive electrode so that 

negatively charged proteins migrate from gel onto membrane. The cassette was 

immersed in a buffer tank containing 1x transfer buffer containing 20% methanol and 

transfer was run for 1 hour.  After blotting, the apparatus was disassembled and the 

membrane was stained using reversible stain Ponceau S to confirm transfer. The 

membrane was thoroughly washed with 1x TBST (0.1% tween 20) until clear liquid is 

seen.  

 

5.2.2.1.5 Immunodetection  
 

After Ponceau S staining, the membrane was cut so as to separate into two blots – one 

for target protein and one for β-Actin, an internal control.  β-Actin was used so as control 

for inconsistencies that arises during sample preparation, loading and transfer steps.  The 

membrane was blocked for 1 hour at room temperature with LICOR blocking buffer in 1x 

TBS (1: 1). The membrane was further incubated with primary antibody diluted in 5% BSA 

in TBST overnight at 4⁰C. Different dilutions (1 in 100, 1 in 250, 1 in 500, 1 in 1000, 1 in 

2000, and 1 in 3000) were optimized for each antibody (data not shown). 
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Table 10:  

List of primary antibodies used for western blot analysis  

Primary antibody 

Catalogue 

number Species Dilution 

Manufacturer 

AKT 2920 mouse 

1 in 1000 

in 5% BSA 

in TBST 

Cell Signalling 

Technology, 

USA 

Phospho AKT (ser 473) 4060 rabbit 

1 in 1000 

in 5% BSA 

in TBST 

Cell Signalling 

Technology, 

USA 

Phospho AKT (thr 308) 13038 rabbit 

1 in 500 in 

5% BSA in 

TBST 

Cell Signalling 

Technology, 

USA 

eNOS 5880 mouse 

1 in 500 in 

5% BSA in 

TBST 

Cell Signalling 

Technology, 

USA 

Phospho eNOS (ser 

1177) 9570 rabbit 

1 in 250 in 

5% BSA in 

TBST 

Cell Signalling 

Technology, 

USA 

BCL 2 15071 mouse 

1 in 250 in 

5% BSA in 

TBST 

Cell Signalling 

Technology, 

USA 

β-Actin 8457 rabbit 

1 in 3000 

in  5% BSA 

in TBST 

Cell Signalling 

Technology, 

USA 

Phospho P38 MAPK ( 

thr180/tyr182) 9216 mouse 

1 in 250 in 

5% BSA in 

TBST   

Cell Signalling 

Technology, 

USA 
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Following day, the blots were washed three times for 10 minutes with 1X TBST at room 

temperature. The blots were incubated with secondary antibody for 1 hour at room 

temperature. Different dilutions (1 in 5000, 1 in 10,000, 1 in 15,000, and 1 in 20,000) 

were optimized for each antibody (data not shown). 

 
 

p38 MAPK 8690 rabbit 

1 in 2000 

in  5% BSA 

in TBST 

Cell Signalling 

Technology, 

USA 

Phospho MTOR (ser 

2448) 2971 rabbit 

1 in 250 in 

5% BSA in 

TBST 

Cell Signalling 

Technology, 

USA 

MTOR 2972 mouse 

1 in 2000 

in  5% BSA 

in TBST 

Cell Signalling 

Technology, 

USA 

Phospho CREB  

(ser133) 9198 rabbit 

1 in 250 in 

5% BSA in 

TBST 

Cell Signalling 

Technology, 

USA 

CREB 9197 mouse 

1 in 2000 

in  5% BSA 

in TBST 

Cell Signalling 

Technology, 

USA 

Phospho AMPK (Thr 

172)  50081 rabbit  

1 in 250 in  

5% BSA in 

TBST 

Cell Signalling 

Technology, 

USA 

AMPK 2793 mouse 

1 in 2000 

in  5% BSA 

in TBST 

Cell Signalling 

Technology, 

USA 

HIF -1alpha 36169 rabbit 

1 in 2000 

in  5% BSA 

in TBST 

Cell Signalling 

Technology, 

USA 
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Table 11:  

List of secondary antibodies used for western blot analysis  

 
Secondary Antibody catalog

ue 

numbe

r 

Sp

eci

es                  

Dilution Manufacture

r 

Detection 

method 

IRDye 680RD Goat anti-

Mouse IgG (H+L) 

926-

68070 

m

ou

se 

1 in 15,000 in 

LICOR buffer in 

1x TBST 

LI-COR 

Biosciences 

UK Ltd. ®, UK 

Odyssey 

Imaging 

System 

 IRDye 800CW Goat anti-

Rabbit IgG (H + L) 

926-

32211  

ra

bbi

t 

1 in 10,000 in 

LICOR buffer in 

1x TBST 

LI-COR 

Biosciences 

UK Ltd. ®, UK 

Odyssey 

Imaging 

System 

Peroxidase-Conjugated 

Goat Anti-Mouse 

Immunoglobulins 

P04470

1-2 

m

ou

se 

1 : 1000 in 5% 

milk in TBST 

Dako UK Ltd, 

UK 

ECL 

Peroxidase-Conjugated 

Goat Anti-Rabbit 

Immunoglobulins 

P04480

1-2  

ra

bbi

t 

1 : 1000 in 5% 

milk in TBST 

Dako UK Ltd, 

UK 

ECL 

  
The membranes were washed two times for 10 minutes with 1X TBST and 1 time for 10 

minutes with 1x TBS at room temperature. 

 

5.2.2.1.6 Detection methods 

5.2.2.1.6.1 Detection of proteins using LI-COR Odyssey Infrared Imaging System 
 

Fluorescent signal intensity of phosphorylated AKT, eNOS, p38 MAPK, AMPK, CREB, 

MTOR and total AKT, eNOS, BCL-2, p38 MAPK, AMPK, HIF-1 alpha, CREB, expression was 

determined using Odyssey software version 3.0.  For antibodies labelled with Alexa Fluor 

or IR 680, channel 700 was selected and for antibodies labelled with IR 800, channel 800 

was used. Intensity 5 was used for imaging.  Background subtraction was done from all 

the samples including loading controls during quantification.  Image Studio™ Lite 5.x 
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software was used to measure average intensity of signal for each band. The phospho 

protein and total protein values were normalized to loading control (β-Actin, 42kDa) and 

then the data was expressed as phospho/total ratio.  All images shown in this report are 

representative of biological replicate (n=3), technical replicate (n=3).  

5.2.2.1.6.1.1 Stripping of membranes following LI-COR detection 
 

Some of the blots were stripped and reprobed with antibody against total protein (data 

not shown). Membranes were washed two times for 15 minutes in ECL stripping buffer 

consisting of 25mM glycine buffer, pH 2 and 2% SDS at room temperature. Membranes 

were washed two times for 15 minutes with TBS, blocked again with LICOR Buffer in 1x 

TBS and reprobed with appropriate antibody. 

 

5.2.2.1.6.2 Detection of proteins using enhanced chemiluminescense (ECL) 
 

Phosphorylated and total AKT, eNOS, BCL-2 protein levels were initially detected using 

ECL method, as a part of optimization (data not shown). Later, LICOR imaging system was 

used to image membranes.  Briefly, the membranes were blocked 5% milk in 1x TBS for 

1 hour at room temperature, probed with primary antibody overnight at 4⁰C, washed 

3x10 minutes with 1x TBST, probed with horseradish peroxidase conjugated secondary 

antibody for 1 hour at room temperature. After 3 x 10 minutes wash with 1x TBST, 

membranes were incubated with ECL reagents as per manufacturer’s instructions. The 

blots were detected using G: BOX Chemi XX6, Syngene, UK. Band densities were 

quantified using GeneSys v1.4.1.0 software.  The membranes were stripped and 

reprobed with appropriate antibody. 

 

5.2.2.1.6.2.1 Stripping of membranes following ECL detection 
 

Membranes were incubated at 55°C in stripping buffer consisting of 62.5mM Tris HCL pH 

6.8, 100mM β mercaptoethanol and 2% SDS for 30 minutes with occasional stirring.  

Membranes were further washed 3x 15 minutes with 1xTBST. Further steps were carried 

from blocking as described above.  
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5.2.2.2 Experimental protocol for western blot analysis of protein expression in 

BEWO 

 

BEWO cells were plated in 6 well plates (50,000 cells / 2 ml/ well) in triplicates in 

complete growth media until 70% confluency.  Heat inactivated FBS was used for all 

experiments related to forskolin to prevent the degradation of cyclic adenosine 3ʹ, 5ʹ-

monophosphate (cAMP).   Cells were further serum starved overnight in growth media 

containing 0.2% FBS.  Media was collected before (baseline) and after (SSM baseline) 

serum synchronization and stored at -80°C.  Cells were stimulated with CRH (100μM) and 

forskolin (F; 100μM) and combination of both for 24 hours.  Some cells were pretreated 

with CRH for 6hours, followed by presence or absence of CRH along with forskolin for 

24hours. The procedure was exposed to low (3%O2) and high oxygen tension (21%O2). 

For some cells, co ells were exposed to low oxygen tension after pretreatment with CRH. 

Appropriate controls (H20 and DMSO) were added at each time point. Cells were washed 

with 1X PBS before and after changing media throughout the experiment.  All the 

supernatants were further collected and stored at -80⁰C. The pretreatments were 

collected before adding stimuli and stored at -80⁰C.  The stimulation was terminated by 

addition of ice cold PBS.  Protein levels of expression of different proteins were measured 

by using western blot analysis. 

 

 

5.2.2.3 Experimental protocol for western blot analysis of activation and 

expression of proteins in BEWO 

 

BEWO cells were plated in 6 well plates (50,000 cells / 2ml/ well) in triplicates in complete 

growth media until 70% confluency.  Cells were further serum starved overnight in 

growth media containing 0.2% FBS.  The next day, cells were stimulated with CRH 

(100nM) or UCN2 (100nM) for varying periods of time. Stimulation was terminated by 

addition of ice cold PBS.  The western blot protocol was further followed. Protein levels 

of phosphorylation and expression were measured at each time point by using western 

blot analysis. 
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5.2.3 MSD human angiogenesis panel assay 
 

 VEGF, PLGF and sFLT-1 biomarker levels were determined in cell free supernatants using 

angiogenesis panel assay kit according to manufacturer’s instructions 

www.mesoscale.com/~/media/files/product%20inserts/angiogenesis%20panel%201%2

0human%20insert.pdf.  This assay is based on sandwich immunoassay principle.  Briefly, 

MSD plate was pre coated with capture antibodies on independent and well defined 

spots.  The nonspecific binding sites were blocked and antigen containing samples were 

added to the plate.  Samples were brought to room temperature and centrifuged at 1000 

rpm for 10 minutes before adding to plate.  Detection antibodies conjugated with 

electrochemiluminescent labels were further added.  Analytes in the samples bind to 

capture antibodies immobilized on working electrode surface, recruitment of detection 

antibodies by bound analytes complete the sandwich. The read buffer was added to 

create appropriate chemical environment for electrochemiluminescence and the plate is 

inserted into MSD SECTOR Imager 6000 (Meso Scale Discovery (MSD), Gaithersburg, MD, 

USA).  The intensity of emitted light was measured to provide quantitative measure of 

proteins in sample.  Different dilutions (1: 4, 1:16, 1: 20, 1:2) of samples were tested and 

optimized for the assay.  1 in 20 dilutions was chosen for BEWO samples and 1 in 4 

dilutions was used for HUVEC samples. Samples were tested in duplicates.  Data in each 

sample was normalized against total amount of cellular protein and was expressed as 

ng/ml/mg protein or pg/ml/mg protein. 

Dynamic Range  

The concentrations of calibration curve for each assay are optimized for a maximum 

dynamic range while maintaining enough calibration points near the bottom of the curve 

to ensure a proper fit for accurate quantification of samples that require high sensitivity.  
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Figure 7  

Standard curve of PLGF ELISA assay.  

 

Figure 8  

Standard curve of sFLT-1 ELISA assay. 

rekha
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Sensitivity  

The lower limit of detection (LLOD) is a calculated concentration corresponding to the 

average signal 2.5 standard deviations above the background (zero calibrator).  

The LLOD is a calculated concentration corresponding to the signal 2.5 standard 

deviations above the background (zero calibrator).  

The ULOQ is the highest concentration at which the CV of the calculated concentration is 

<20% and the recovery of each analyte is within 80% to 120% of the known value.  

The LLOQ is the lowest concentration at which the CV of the calculated concentration is 

<20% and the recovery of each analyte is within 80% to 120% of the known value.  

The quantitative range of the assay lies between the LLOQ and ULOQ. 

Accuracy and Precision: For most assays, control measurements results are within 20% 

of the expected concentration for each run. Precision is stated as the coefficient of 

variation (CV). Intra-run CVs fall below 7%, and inter-run CVs are typically below 15%.  
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Figure 9 

  MSD assay principle (https://www.mesoscale.com/en/technical_resources/our_technology/ecl) 

 

5.2.3.1 Experimental protocol for MSD assay 

 

Cells (HUVEC/BEWO) were plated in 6 well plates (50,000 cells / 2ml/ well) in triplicates 

in complete growth media until 70% confluency.  Cells were further serum starved 

overnight in growth media containing 0.2% FBS.   Media was collected before (baseline) 

and after (SSM baseline) serum synchronization and stored at -80°C.  The baselines were 

assessed for BEWO but not HUVECs. VEGF (20ng/ml) was used as a positive control to 

produce the expected effect with the assay or experimental set up.  Cells were stimulated 

with CRH (100nM), UCN2 (100nM), combination of CRH or UCN2 with VEGF, at 

designated time points.  Appropriate controls (H20, 5% acetic acid, PBS) were added for 

SULFO-TAGTM

LABEL
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each time point.  Cell free supernatants were collected and stored at -80⁰C.  Some wells 

in HUVEC culture were pretreated with CRH or UCN2 for 6 hours, which was further 

followed by various protocols for all the indicated time points (a) CRH or UCN2 in 

presence of VEGF [{CRH (CRH+VEGF)} or {UCN2 (UCN2+VEGF)}]; (b) VEGF only [CRH 

(VEGF) or UCN2 (VEGF)].  Cells were washed with 1X PBS before and after changing media 

throughout the experiment. The pretreatments were collected before adding stimuli and 

stored at -80⁰C. The stimulation was terminated by ice cold PBS.  Cell lysates were 

collected and protein concentration was determined. The frozen supernatants were 

thawed, brought to room temperature and sFLT-1, VEGF and PLGF release was 

determined by MSD assay. 

 

5.2.4 Electrochemiluminescence immunoassay (ECLIA)  
 

ECL (ElectroChemiLuminescence) is Roche’s technology for immunoassay detection 

www.cobas.com/content/dam/cobas_com/pdf/product/Elecsys%20Calcitonin/Elecsys

%20Calcitinin%20Fact%20Sheet.pdf. The development of ECL immunoassays is based on 

the use of a ruthenium-complex and tripropylamine (TPA). The chemiluminescence 

reaction for the detection of the reaction complex is initiated by applying a voltage to the 

sample solution resulting in a precisely controlled reaction. 

 

 

5.2.4.1 Experimental protocol for Electrochemiluminescence immunoassay 

(ECLIA) 

 

 BEWO cells were treated with appropriate stimulant (CRH 100μM and forskolin (F) 

100μM and combination of both for 24 hours. Some cells were pretreated with CRH for 

6 hours followed by forskolin with or without CRH for 24 hours. The experiment was 

exposed to low (3% O2) and high oxygen tension (21% O2). Some cells were exposed to 

low oxygen tension (3% O2) after the pretreatment with CRH. Heat inactivated FBS was 

used for all experiments related to forskolin to prevent the degradation of cAMP.  The 

supernatant as well as pretreatments were collected after 24 hours of incubation and 

centrifuged at 13,000 rpm for 5 min at 4⁰C.  Supernatants without cell debris were 

transferred to fresh eppendorfs and stored at -80⁰C until analysis.  Before analysis, 
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supernatants were thawed and brought to room temperature.  Endocrine differentiation 

was assessed by measuring BEWO cells’ capacity to secrete β-HCG, progesterone and 

estradiol. 1 in 10 dilutions was used for progesterone analysis. β-HCG, progesterone and 

estradiol concentration was analyzed by fully automated modular analytics E170 testing 

system from Roche Diagnostics (Mannheim, Germany) by department of Biochemistry at 

University Hospital Coventry and Warwickshire NHS trust.  

 

5.2.5 Proteome Profiler Human Angiogenesis Array 
 

A membrane-based multiplex antibody array for the parallel analysis of the relative levels 

of selected proteins related to angiogenesis. It is validated for analyte detection in cell 

culture supernates, cell lysates, tissue lysates, serum, plasma and saliva. The essential 

benefits include its capacity to detect 55 human angiogenesis-related proteins 

simultaneously and is compatible with detection methods such as LI-COR and 

chemiluminescence. The advantages of the array are its ability to detect multiple proteins 

in a single sample and thus be cost-effective and also save time and sample. 

 

5.2.5.1 Principle of the Assay 

 
The Proteome Profiler Human Angiogenesis Array Kit is a membrane-based sandwich 

immunoassay. A cocktail of biotinylated detection antibodies is added to the sample and 

then array membrane which is spotted in duplicate with capture antibodies to specific 

target proteins are incubated in them. Captured proteins are visualized using 

chemiluminescent detection reagents. The signal produced is proportional to the amount 

of bound analytes including extracellular matrix components, membrane-bound 

receptors, soluble growth and differentiation factors, proteases, and intracellular 

signaling molecules. 

 

5.2.5.2 Experimental protocol for Human Angiogenesis Array 

All reagents were brought to room temperature before use. Samples were placed on ice. 

The procedure was followed as per the manual instructions. Human Angiogenesis Array 

detects relative expression levels of individual analytes. Appropriate control samples 

were included.  Sample amount were empirically adjusted to attain optimal sensitivity 
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with minimal background. 250 μg for cell lysates were used. Control and CRH treated 

samples under high (21% O2) and low (3%O2) oxygen tension were used. Cell lysates 

were rinsed with PBS, making sure to remove any remaining PBS before adding lysis 

buffer. Cells at 1 x 10cells/mL were solubilized in lysis buffer and were pipetted up and 

down to resuspend and rock the lysates gently at 2-8 °C for 30 minutes. Cells were 

microcentrifuged at 14,000 x g for 5 minutes, and supernate was transferred into a clean 

test tube. Quantitation of sample protein concentrations using a total protein assay was 

done. Assay was performed. 2.0 mL of Array Buffer 7 was pipetted into each well of the 

4-Well Multi-dish to be used. Array Buffer 7 was served as a block buffer. Using at-tip 

tweezers, each membrane to be used was removed from between the protective sheets 

and place in a well of the 4-Well Multi-dish and incubated for one hour on a rocking 

platform shaker. While the membranes are blocking, samples were prepared by adding 

up to 1.0 mL of each sample to 0.5 mL of Array Buffer 4 in separate tubes. 15 μL of 

reconstituted Detection Antibody Cocktail were added to each prepared sample, mixed 

and incubated at room temperature for one hour. Array Buffer 7 from the wells of the 4-

Well Multi-dish was aspirated and sample/antibody mixtures was prepared as described 

above and incubated overnight at 2-8 °C on a rocking platform shaker. Each membrane 

was carefully removed and placed into individual plastic containers with 20 mL of 1X 

Wash Buffer. The 4-Well Multi-dish with deionized or distilled water was rinsed and dry 

thoroughly. Each membrane was washed with 1X Wash Buffer for 10 minutes on a 

rocking platform shaker. This was repeated two times for a total of three washes.  IRDye-

streptavidin was diluted in Array Buffer 5 using the dilution factor on the vial label. 2.0 

mL of diluted IRDye-streptavidin into each well of the 4-Well Multi-dish was pipetted. 

Each membrane was incubated for 30 minutes at room temperature on a rocking 

platform shaker. Membrane was washed and placed on the bottom sheet of a plastic 

sheet protector. 

 

5.2.5.3 Data analysis  

 
Fluorescent signal intensity of multiple protein expression was determined using Odyssey 

software version 3.0. Channel 800 was used. Intensity 5 was used for imaging. The 

average signal (pixel density) of the pair of duplicate spots representing each 

angiogenesis-related protein was determined. An averaged background signal was 
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subtracted from each spot. A signal from a clear area of the array or negative control 

spots as a background value was used. Corresponding signals on different arrays to 

determine the relative change in angiogenesis-related proteins between samples were 

compared. Histogram profiles for select analytes were generated by quantifying the 

mean spot pixel densities from the array membrane using image software. String 

software (Szklarczyk et al. Nucleic Acids Res. 2015 43(Database issue):D447-52) was 

further used to assess protein- protein interaction networks.  

 

 
 

 
Figure 10   

Angiogenesis array protocol 

 

5.2.6 QRT PCR  
 

5.2.6.1 RNA isolation  

5.2.6.1.1 Protocol 

Sigma’s GenElute Mammalian Total RNA Miniprep Kit provides a simple and convenient 

way to isolate total RNA from mammalian cells and tissues. The kit combines the 

advantages of a silica-based system with a microspin format and eliminates the need for 

cesium chloride gradients, alcohol precipitation, and hazardous organic compounds such 

as phenol and chloroform. Cells or tissues are lysed and homogenized in a buffer 

containing guanidine thiocyanate to ensure thorough denaturation of macromolecules 
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and inactivation of RNAses. Conditions during column binding and the rst wash remove 

RNAses. Addition of ethanol causes RNA to bind when the lysate is spun through a silica 

membrane in a microcentrifuge tube. After washing to remove contaminants, RNA is 

eluted in 50–100 μL of Elution Solution.  

The RNA isolation was carried as per the protocol associated with the kit. All steps are 

carried out at room temperature except where otherwise noted. All spins were carried 

at 14000 x g. Briefly, 250 μL of the Lysis Solution/2-ME Mixture for up to 10 cm2 of surface 

area was added and left for 2 minutes to lyse the cells and RNA is released. So as to enable 

RNA to bind to column, the lysate is transferred to filtration column and spinned for 2 

minutes.  Filtration column is discarded.  Equal volume of 70% ethanol is added to filtrate. 

the mixture is transferred to to binding column and spinned for 15 seconds. The flow-

through is discarded & repeat if necessary.  So as to remove contaminants, 250 μL Wash 

Solution 1 to column was added and spinned for 15 seconds. Even minor DNA 

contamination can give false positive detection for sensitive applications such as QRT 

PCR.  Significantly lower levels of DNA contamination can be achieved by digesting with 

DNase I using the On-Column DNase I Digestion Set (DNASE10 and DNASE70). 10 μL of 

DNase I (D2816) with 70 μL of DNase Digest Buffer (D1566) for each preparation was 

mixed. 80 μL of the DNase I/Digest Buffer mixture directly onto the lter in the Binding 

Column was added and incubated at RT for 15 minutes. 250 μL Wash Solution 1 to column 

was added and spinned for 15 seconds. The column is transferred to new collection tube. 

500 μL Wash Solution 2 to column was added. The tube was spinned for 15 seconds and 

Wash Solution was discarded. Second 500 μL Wash Solution 2 to column was added and 

spinned for 2 minutes to remove ethanol. So as to elute purified RNA, column was 

transferred to new collection tube.  50 μL elution solution to column was added and 

spinned for 1 minute.   

5.2.6.2 cDNA synthesis  

5.2.6.2.1 Protocol of cDNA synthesis 
 

High capacity RNA-to-cDNA kit Applied Biosystems (Fisher Scientific; Part Number: 

4387406) was used. Upto 2 μg of total RNA per 20-μL reaction. RT reaction mix (20-μL 
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per reaction) using the kit components before preparing the reaction plate/tubes was 

prepared. The kit components to thaw on ice.  

 

Table 12: 

 List of CDNA synthesis components 

 
Component  Volume/ Reaction (µL) 
 Sample Control 
2x RT Buffer 10 10 
20x RT Enzyme Mix 1 - 
Nuclease-free water *Variable *Variable 
RNA sample *25ng-2µg (<9 µL) *25ng-2µg (<9 µL) 
Total per Reaction 20µL 20µL 

 

11 μL of Master Mix was aliquoted into each reaction tube. Respective amount of RNA 

sample into reaction tube was added and made upto the volume to 20 μL by adding 

enough nuclease- free water and briefly centrifuge the tubes to spin down the contents 

and to eliminate air bubbles. The tube on ice was placed until ready to load into thermal 

cycler. The thermal cycler conditions were programed according to table below and cDNA 

tube was stored in -15 to -25 freezer. 

Table 13:  

Thermal cycler conditions for cDNA synthesis  

 
 

  
 

 
 
 

 
 

 

 

 

 

 Step 1 Step 2 Step 3 
Temperature 
(Celsius) 

37 95 4 

Time  60 min 5 min - 
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5.2.6.3 Real Time Quantitative PCR (qPCR) 

 
Protocol 

 
cDNA was diluted with molecular grade nuclease free H2O (check if it needs DEPC-treated 

or not) to 1:5 (most commonly used) or 1:3 in the labelled PCR tube. The tubes were 

spinned briefly to mix and bring down the solution. Total volume in single well should be 

= 20µl. (multiple by 2 if to make duplicates). 

20µl = 10 µl SYB Green 
  1 µl Forward Primer 
  1 µl Reverse Primer 
  1 µl diluted cDNA 
  7 µl nuclease -free H2O. 

 
All these were prepared in 1.5ml tube for all samples including duplicates, one for each 

gene. Therefore, e.g. for 10 well (duplicates included): 11x19 µl. 19 µl of master mix 

prepared was loaded above in each respective well and 11 µl cDNA was added. The 

plate was covered with sticky plastic film and spinned down at 300g for 3 min. The plate 

was run on the FAST 7500 qPCR machine. 

5.2.6.3.1.1 Real-time PCR primer design 
 

Primers for mRNA were synthesized by Sigma Aldrich and 100 uM stocks were 

prepared by dissolving the dried nucleic acids in nucleic acid nuclease-free water and 

stored at -20 °C. Design was performed using Ensemble Genome Browser Primers tool 

(http://www.ensembl.org/index.html) or Primer 3 (http://simgene.com/Primer3). 

Primer characteristics were evaluated through USCS Genome In-silico PCR 

(http://genome.uscs.edu/cgi-bin/hgPcr). The amplicon length should be approximately 

50–150 bp, since longer products do not amplify as efficiently. In general, primers should 

be 18–24 nucleotides in length. This provides for practical annealing temperatures. 

Primers should be designed according to standard PCR guidelines. They should be specific 

for the target sequence and be free of internal secondary structure. Primers should avoid 

stretches of homopolymer sequences (e.g., poly(dG)) or repeating motifs, as these can 

hybridize inappropriately. Primer pairs should have compatible melting temperatures 

(within 1°C) and contain approximately 50% GC content. Primers with high GC content 

can form stable imperfect hybrids. Conversely, high AT content depresses the Tm of 
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perfectly matched hybrids. If possible, the 3’ end of the primer should be GC rich to 

enhance annealing of the end that will be extended. Analyze primer pair sequences to 

avoid complementarity and hybridization between primers (primer-dimers). 

 

For qRT-PCR, primers were designed that anneal to exons on both sides of an intron (or 

span an exon/exon boundary of the mRNA) to allow differentiation between cDNA 

amplification and potential genomic DNA contamination by melt curve analysis. BLAST® 

search was performed against public databases to be sure that the primers only recognize 

the target of interest and thus confirm specificity of primers. A final concentration of 200 

nM for each primer was assessed to be effective for most reactions. 

 

Table 14: 

 List of Primers 

Gene (Human) Forward Sequence Backward Sequence  

Syncytin 1 CCCCATCGTATAGGAGTCTT 
 

CCCCATCAGACATACCAGTT 
 

Syncytin 2 GCCTGCAAATAGTCTTCTTT 
 

ATAGGGGCTATTCCCATTAG 
 

CRHR 1 a/b GGCAGCTAGTGGTTCGGCC  
 

5TCGCAGGCACCGGATGCTC  
 

CRHR 2a GAGCTGCTCTTGGACGGC 
 

GACAAGGGCGATGCGGTA  
 

VEGF TCGGGCCTCCGAAACCATGA 
 

CCTGGTGAGAG ATCTGGTTC 
 

PLGF GCCTGGATGAGAAACAGCTC  
 

GAGAATCTGGCTTGGCAGTC 
 

sFLT-1 CTAATTGTCAATGTGAAACC 
CCAG 
 
 

TATGTTTCTTCCCACAGTCCCAAC 
 

ICAM-1 GGCCGGCCAGCTTATACAC  
 

TAGACACTTGAGCTCGGGCA 
 

VCAM-1 TCAGATTGGAGACTCAGTCATGT  
 

ACTCCTCACCTTCCCGCTC 
 

B actin CACCATTGGCAATGAGCGGTTC 
 

AGGTCTTTGCGGATGTCCACGT 
 

GAPDH GTCTCCTCTGACTTCAACAGCG 
 

ACCACCCTGTTGCTGTAGCCAA 
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5.2.6.3.2 Data analysis Pt 1 
 

Fold-change calculations. ΔΔCt method was employed. 

 

a) ΔΔCt assumes that each reaction cycle gives a doubling of gene product, i.e. the PCR 

reaction is perfectly efficient for both GoI and reference gene. It calculates the 

difference in Ct value between reference and GoI (ΔCt) and compares this between 

a sample and a calibrator/control (ΔΔCt) or alternatively to an average ΔCt value for 

the complete sample set. It uses the equation: 

 

2(CtGoI-CtRef) cont – (CtGoI-CtRef) test where ‘cont’ is control/calibrator sample (or average 

value) and ‘test’ is individual sample being analyzed. 

 

- The ΔΔCt equation is also rearranged to allow separate efficiency values for GoI and 

ref genes. 

With the assumption of equal primer efficiency, double delta Ct analysis is used to 

test large amounts of DNA samples and a low number of genes. The average of the 

Ct values for the housekeeping gene and the gene being tested in the experimental 

and control conditions is assessed. The 4 values were Gene being Tested 

Experimental (TE), Housekeeping Gene Experimental (HE), Gene being Tested 

Control (TC), and Housekeeping Gene Control (HC). The differences between TC and 

HC (TC-HC) and TE and HE (TE-HE) are calculated so as to obtain ΔCt values for the 

experimental (ΔCTE) and control (ΔCTC) conditions, respectively. Then, the 

difference between ΔCTE and ΔCTC (ΔCTE-ΔCTC) is calculated to arrive at the Double 

Delta Ct Value (ΔΔCt). All the calculations are in logarithm base 2. Thus, each time 

when there is twice as much DNA, the Ct values will not halve but rather decrease 

by 1. So as to get the expression fold change, the value of 2^-ΔΔCt was calculated. 
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5.2.6.3.2.1 Melting curve (dissociation curve) 
 

A melting curve plots the change in fluorescence seen when double-stranded DNA 

(dsDNA) with incorporated dye molecules dissociates (“melts”) into single-stranded 

DNA (ssDNA) as the temperature of the reaction is raised. Post-amplification 

melting-curve analysis is a straightforward and simple way to investigate real-time 

PCR reactions for primer-dimer artifacts and to ensure specificity of a reaction.  

 

5.2.6.3.3 Data analysis Pt 2 – basic stats 
 

In general, though, for detection efficiency purposes it is best to use parametric methods 

where possible, provided the data meets requirements of normality and homogeneity of 

variance or can be transformed to do so. Experimental analysis statistics were conducted 

on raw or 

normalized Ct value and not on fold-change values. Gene fold-change data is typically not 

normally distributed. However, log transformation is usually sufficient to give an approx. 

normal distribution, which incidentally brings it down to the original Ct scale. 

Typical parametric analyses for column-style data will involve t-test or ANOVA. Welch’s 

correction allows normally distributed data with heterogeneous variance to be analyzed 

using these methods. For QRT PCR, standard deviation of the 2^-ddCT values of all the 

replicates were taken and divided the mean of the 2^-ddCT value of the control while 

presenting the data as fold change. 

 

5.2.6.3.3.1 Interpreting data  
 

Some considerations: 

 

- When comparing tissues at different developmental stages or following different 

treatments, does a GoI fold-change reflect a ‘true’ change in cellular expression level 

or is it a secondary result of a change in cell population? (e.g. Inflammatory cell influx 

at labour). 
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- When choosing a reference gene under conditions where profound changes in global 

mRNA expression patterns occur (e.g. altering metabolism/proliferation), 

normalization strategies are not straightforward. For example, if global mRNA 

synthesis is elevated then a reference that appears to stay constant, having already 

normalized the sample for RNA concentration, will really be one whose levels are 

relatively increased within the cellular pool. Whether this matters depends what you 

want from the data. 

- Similarly, changes in tissue mass due to e.g. increased fluid will result in lower 

effective protein concentrations invisible at the qPCR level. Overall, with most ligand-

receptor or enzymatic reactions it is component concentration, not even total 

amount that governs functional effects. 

- Is the protein of interest regulated at the level of steady-state mRNA expression? 
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5.2.7 Statistical analysis 
 

In this thesis, all data are expressed as mean ± S.D (Standard deviation).  Whether the data 

was distributed normally or not was assessed by Shapiro Wilk normality test. The effects of 

treatments, and their combinations at various time points were compared and analyzed by 

one way or two way ANOVA with tukeys multiple comparison method using graph pad 

software (San Diego, CA, USA).  Data was analyzed with student’s t test or Mann Whitney test 

where applicable. Differences were considered to be statistical significant at a value of p < 

0.05.  
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6 Results 
 
6.1 BEWO 
 
6.1.1 The effect of hypoxia on the expression of fusogenic genes 

 
 

 
 
 
Figure 11  

Hypoxia increases syncytin 1 and 2 MRNA expression in BEWO cells.QRT PCR analysis showed that the expression of (A) 
syncytin 1 and (B) syncytin 2 mRNA was significantly upregulated for 24h at 3% O2. *** p=.0002; n=3. Data expressed as 
fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were analysed using a two-
tailed unpaired t-test. 

 
6.1.2 The expression of fusogenic genes in syncytialised bewo cells 
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Figure 12  

CAMP/PKA signalling pathway increases syncytin 1 and 2 MRNA expression in BEWO cells. 1. Experiment protocol; where 
after 80% confluency, BEWO cells are treated with CAMP agonist for 24h. 2. QRT PCR analysis showed that the expression 
of (A) syncytin 1 and (B) syncytin 2 mRNA was significantly upregulated for 24h at 21% O2. ** .002 ,*** p=.0002; n=3. Data 
expressed as fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were analysed 
using a two-tailed unpaired t-test. 
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6.1.3 The effect of hypoxia on the expression of fusogenic genes in syncytialised bewo 
cells 
 

 
  
Figure 13  

Low oxygen tension impairs syncytin 1 and 2 gene expression induced by CAMP signalling pathway in BEWO cells. 1. 
Experiment protocol; where after 80% confluency, fresh media was added and some cells were incubated at 3% O2 for 24h. 
Cells were treated with 100um forskolin for 24h. 2. QRT PCR analysis showed that low oxygen tension abolished upregulation 
of (A) syncytin 1 and (B) syncytin 2 induced by CAMP agonist. p= ** .002 *** .0002 ****< .0001; n=3. Data expressed as 
fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were analysed using using 
two – way ANOVA with Tukeys multiple comparison test.  

 

 
6.1.4 Phospho CREB subcellular distribution induced by forskolin in BEWO cells : 

visualization by confocal microscopy  
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Figure 14  

 Forskolin induces BEWO cell fusion. Representative confocal microscopic images of sorted unfused BEWO cells and fused 
BEWO cells. 1. Experiment protocol; where after 80% confluency, cells were incubated with 100 µM forskolin for 15’ and 
phospho –CREB Ser133 subcellular distribution in BEWO cells were detected using confocal microscopy. Phospho CREB 
(green) and CREB (red) distribution was monitored over 15’ by indirect immunofluorescence using specific primary antibodies 
and FITC mouse 488 and Rabbit 563 secondary antibodies. Cell nuclei were stained with the DNA specific dye DAPI (blue) 
(data not shown). 2.(B) Confocal microscopy confirmed BEWO cells were mainly composed of fused cells characterised by a 
multinucleated syncytium. (A) In contrast, in absence of forskolin, the cell population contained mono-nucleated syncytium 
that displayed no change in cell size. Scale bar,20 µM; n=3. 

 
6.1.5 The effect of hypoxia on the release of   B-HCG, Progesterone and Cortisol in BEWO 

cells 
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Figure 15  
 
Hypoxia increases progesterone and cortisol release, but not B-HCG release in BEWO cells. ECLIA analysis showed that the 
release of (B) progesterone and (C) cortisol but not (A) B-HCG was significantly increased at 3% O2 at 24h. *p= 0.033; n=3. 
Data expressed as fold change of protein release, relative to control 24h, after normalising against IU/mg protein. Data were 
analysed using a two-tailed unpaired t-test. 

 
6.1.6 The secretion of B-HCG, Progesterone, Estradiol and Cortisol in culture medium of 

BEWO cells in response to CAMP agonist  
 

 
 
Figure 16  

CAMP/PKA signalling pathway increases protein release of B-HCG, progesterone but not estradiol and cortisol in BEWO 
cells. 1. Experiment protocol; where after 80% confluency, BEWO cells are treated with CAMP agonist for 24h. 2. MSD 
ECLIA assay showed that the release of (A) B-HCG and (B) progesterone, but not (C) estradiol and (D) cortisol was 
significantly increase for 24h at 21% O2. ****p< .0001; n=3. Data expressed as IU/mg protein concentration, relative to 
control 24h. Data were analysed using a two-tailed unpaired t-test. 
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6.1.7 The effect of hypoxia on the endocrine capacity and biochemical differentiation in 

syncytialised BEWO cells 

 
 
Figure 17  

Low oxygen tension impairs the enhanced release of B HCG and progesterone induced by cAMP signalling pathway in BEWO 
cells. Experiment protocol; where after 80% confluency, fresh media was added and some cells were incubated at 3% O2 for 
24h. Cells were treated with 100um forskolin for 24h. 2. ECLIA analysis showed that low oxygen tension impaired enhanced 
release of B HCG and abolished progesterone release induced by CAMP agonist. Estradiol and cortisol release remained 
unaffected by low oxygen tension. ****p< .0001; n=3. Data expressed as IU/mg protein concentration, relative to control 
24h. Data were analysed using two – way ANOVA with Tukeys multiple comparison test.  

 
To determine the effect of the oxygen tension on the cell fusion, BeWo cells were cultured in 

either 21% or 3% oxygen in the presence or absence of forskolin and then the mrna expression 

of syncytin 1 and 2 were measured. Forskolin, a small lipophilic molecule easily to be absorbed 
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and distributed, is a well-known adenylate cyclase activator and a widely reported 

differentiating agent in various tumors, including glioma cells [36,37] as well as in BEWO cells. 

Syncytin 1 and 2 mrna expression, the measure of Cell fusion, were stimulated by the 

presence of forskolin at 24 h at 21% oxygen, which is further abolished at 3% O2. An 

associated increase in forskolin-induced hCG secretion by BeWo cells, a marker of 

syncytialisation, was more marked in 21% oxygen (20000 IU/mg protein conc.) compared to 

3% oxygen(5000 IU/mg protein conc.). This was in accordance with 

https://www.sciencedirect.com/science/article/pii/S0925443903000437?via%3Dihub. This 

was further associated with an increase in progesterone release. The basal levels of estradiol 

(50000 IU/mg protein), progesterone (140 IU/mg protein) and cortisol (25 IU/mg protein 

conc.) in BEWO cells were increased at 3% O2. Hypoxia abolishes the increase in B-HCG (5000 

IU/mg protein conc.) and progesterone release in BEWO syncytialised cells. No effect on 

estradiol and cortisol release was seen. Fusion was assessed by co-staining nuclei with 

phospho and total creb. Confocal microscopy stained with Pcreb Ser133 for 15’ at 21% O2 

further confirmed BEWO cells were mainly composed of fused cells characterised by a 

multinucleated syncytium. Cell fusion, as defined by the presence of multinucleated cells, was 

seldom seen in control cells, but multinucleated cells containing more than four nuclei could 

always be seen in cell cultures treated with either 100 μM forskolin 24 h. This indicates that 

forskolin was effective in promoting cytotrophoblast cell differentiation. It was necessary to 

further determine the effect of crh on trophoblast fusion and the effect of both crh and 

forskolin under altered oxygen tension.  
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6.1.8 The effect of CRH on the expression of fusogenic genes in syncytialised bewo cells 
 

 
 
 
Figure 18  

CRH potentiates the actions of CAMP/PKA signalling pathway on the expression of syncytin 1 and 2 MRNA in BEWO cells. 
1. Experiment protocol; where after 80% confluency, BEWO cells are treated with 100nm CRH and 100um forskolin for 24h 
at 21% O2. 2. QRT PCR analysis showed that CRH potentiated the actions of forskolin on syncytin 1 and 2 in BEWO cells at 
24h. CRH alone had no effect on syncytin genes in BEWO cells at 24h. *p< 0.033, **p< .002, ****p< .0001; values are mean 
+/S.D.; n=3. Data expressed as fold change of gene expression, relative to control; at 24h, after normalising against B-actin. 
Data were analysed using a one way ANOVA with Tukeys multiple comparison test. 
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The effect of CRH on the expression of fusogenic genes in syncytialised bewo cells under 
altered oxygen tension

 
Figure 19 

 Hypoxia abolishes the potentiation of syncytin expression by CRH in BEWO syncytialised cells. 1. Experiment protocol; where 
after 80% confluency, fresh media was added and some cells were incubated at 3% O2 for 24h. Cells were treated with 100nm 
CRH and 100um forskolin for 24h. 2. QRT PCR analysis showed that under low oxygen tension, CRH was unable to potentiate 
the actions of forskolin on the MRNA expression of syncytin 1 and 2 in BEWO cells at 24h. CRH had no effect on syncytin 
genes expression under both high and low oxygen tensions. * p<0.033, ** .002, *** .0002 , ****p< .0001; values are mean 
+/S.D.; n=3. Data expressed as fold change of gene expression, relative to control at 24h, after normalising against B-actin. 
Data were analysed using a two way ANOVA with Tukeys multiple comparison test. 
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6.1.9 The effect of CRH on the endocrine capacity and biochemical differentiation in 
syncytialised BEWO cells 

 
 
e  
 

 
Figure 20  

CRH potentiates the actions of CAMP/PKA signalling pathway on progesterone release, but not B HCG, estradiol and cortisol 
in BEWO cells. 1. Experiment protocol; where after 80% confluency, BEWO cells are treated with 100nm CRH and 100um 
forskolin for 24h at 21% O2. 2. ECLIA analysis showed that CRH potentiated the actions of forskolin on progesterone protein 
release, but not B HCG, estradiol and cortisol release in BEWO cells at 24h. ** .002, ****p< .0001; values are mean +/S.D; 
n=3. Data expressed as IU/mg protein conc., relative to control 24h, after normalising against B-actin. Data were analysed 
using a one way ANOVA with Tukeys multiple comparison test. 
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The effect of CRH on the endocrine capacity and biochemical differentiation in syncytialised 
BEWO cells under altered oxygen tension

 
Figure 21 

 Under low oxygen tension, CRH reduces progesterone release in BEWO cells and CRH was unable to potentiate the actions 
of forskolin on progesterone at 24h.Under low oxygen tension, CRH reduces progesterone release in unsyncytialised BEWO 
cells and the potentiation of progesterone in syncytialised BEWO cells. Hypoxia reversed the actions of CRH on progesterone 
release in BEWO cells.  Hypoxia abolishes the potentiation of progesterone by CRH in BEWO syncytialised cells. Under low 
oxygen tension, CRH has no effect on B-HCG, estradiol and cortisol release in unsyncytialised and syncytialised BEWO cells. 
1. Experiment protocol; where after 80% confluency, fresh media was added and some cells were incubated at 3% O2 for 24h. 
Cells were treated with 100nm CRH and 100um forskolin for 24h. 2. ECLIA analysis showed that under low oxygen tension, 
CRH reduces progesterone release in BEWO cells and CRH was unable to potentiate the actions of forskolin on progesterone 
at 24h. ** .002, ****p< .0001; values are mean +/S.D; n=3. Data expressed as IU/mg protein concentration. Data were 
analysed using a two way ANOVA with Tukeys multiple comparison test. 

 
As camp is a key component of the signalling pathway that promotes cytotrophoblast fusion, 

it was queried whether crh has any effect on advancing bewo cell differentiation under 

altered oxygen tension. The effects of forskolin and crh on the molecular markers of 
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cytotrophoblast differentiation, syncytin mrna expression and hormone secretion (such as B 

HCG, Estradiol and progesterone) were determined by qrt pcr and elisa assay respectively 

under both 21 and 3% O2.  

CRH had no effect on syncytin 1 and 2 mRNA expression in BEWO cells at 21 % and 3% O2. In 

BEWO syncytialised cells, under low oxygen tension, the ability of CRH to potentiate the 

actions of forskolin on syncytin 1 and 2 mRNA expression in BEWO cells was lost. Forksolin 

and crh increases progesterone release at 21% o2. CRH potentiated the actions of forskolin 

on progesterone protein release, but not B HCG, estradiol and cortisol release in BEWO cells 

at 24h. cell differentiation is promoted by both forskolin and CRH. Hypoxia increases 

progesterone, estradiol and cortisol release in bewo cells.  

Under low oxygen tension, CRH has no effect on B-HCG, estradiol and cortisol release in 

unsyncytialised and syncytialised BEWO cells. Hypoxia reversed the actions of CRH on 

progesterone release in BEWO cells.  Hypoxia abolishes the potentiation of progesterone by 

CRH in BEWO syncytialised cells. Under low oxygen tension, CRH reduces progesterone 

release in unsyncytialised BEWO cells and the potentiation of progesterone in syncytialised 

BEWO cells.  Forskolin increases b-hcg release and the effect is reduced under low oxygen 

tension. Crh potentiates the actions of forskolin on b-hcg release and hypoxia abolishes it. Crh 

has no effect on b-hcg release under high and low oxygen tension.  

 
 
6.1.10 The effect of hypoxia on the expression of CRH receptors in BEWO cells  
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Figure 22  

Hypoxia upregulates the expression of CRHR-1 and 2 MRNA in BEWO cells. QRT PCR analysis showed that the expression 
of (A) CRHR 1 and (B) CRHR 2 mRNA was significantly upregulated for 24h at 3% O2. *** p=.0002; values are mean +/S.D 
; n=3. Data expressed as fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were 
analysed using a two-tailed unpaired t-test. 

  
 
The effect of CRH on the expression of CRHRs in syncytialised BEWO cells under altered 
oxygen tension  
 

 
 

Figure 23  

Hypoxia upregulates CRHR1 and CRHR2 MRNA expression in BEWO cells. CRH potentiates CRHR2 expression in syncytialised 
BEWO cells. 1. Experimental protocol.  2.  QRT PCR analysis showed that Forskolin increases (A) CRHR1 and (B) CRHR2 MRNA 
expression in BEWO cells. CRH has no effect on CRHR1 but increases CRHR2 mRNA expression in BEWO cells. CRH abolishes 
the effect of forskolin on MRNA expression of CRHR-1, but not CRHR2 in BEWO cells at 21% O2 at 24h. Hypoxia increases 
CRHR1 and CRHR2 expression in BEWO cells. Hypoxia reverses the effect of forskolin on CRHR1 expression in BEWO cells. 
Forskolin has no effect on CRHR2 MRNA expression in BEWO cells. Under low oxygen tension, CRH decreases CRHR1 but not 
CRHR2 MRNA expression in BEWO cells. Under low oxygen tension, CRH has no effect on CRHR1 expression but potentiates 
CRHR2 mrna expression in syncytialised BEWO cells. * 0.033, ** .002, *** .0002 , ****p< .0001; values are mean +/S.D; n=3. 
Data expressed as fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were 
analysed using a two-way ANOVA with Tukeys multiples comparison test. 

 

6.1.11 To determine the regulation of CRHRs by CRH and forskolin in BEWO cells under 
altered oxygen tension 

 
Since crh receptors are crucial in mediating crh bioactivities, lack of potentiation of 

trophoblast fusion in response to crh under altered oxygen tension prompted us to examine 

whether the regulation of crhr were being influenced by  oxygen  tension. Bewo cells were 
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treated with 100nm crh for 24h and the levels of crhr1 and crhr2 mrna were quantified by qrt 

pcr. Crh upregulated the expression of crhr2 (2 fold) but not crhr1. This is against the study 

which showed upregulation of both crhrs in bewo cells by crh 

.https://rbej.biomedcentral.com/articles/10.1186/1477-7827-11-30#CR24 .Thus indicated 

that the CRH signalling pathway is intact and that the potential for a positive feed-forward 

pathway exists in BeWo cells.  

It has been previously shown that 8-Br-cAMP increases CRH promoter activity in human 

primary placental cells [20]. The potential role of CRH on the cAMP-mediated effect on cell 

survival of BeWo cells under altered oxygen tension needs to be further explored. The effect 

of camp on crh promoter activity in bewo cells under altered oxygen tension as well needs to 

be further explored. The effect of forskolin on the expression of endogenous mrna encoding 

components of crh signalling pathway in bewo cells were examined. Bewo cells were treated 

with 100um forskolin and the level of crh receptors mrna was quantified by qrt pcr.  Mrna 

levels for crh receptors were stimulated by forskolin. Following exposure to forskolin, the 

increase of crhr1 and crhr2 mrna was around 3 fold.  This is similar to what has been reported 

earlier https://rbej.biomedcentral.com/articles/10.1186/1477-7827-11-30#CR5. In case 

mRNA is translated into protein, it may suggest that differentiated BeWo cells are more 

responsive to CRH cellular action. Hypoxia increases mrna expression of crhr1 (5.5 fold) and 

crhr2 (15 fold). Under altered oxygen tension, Forskolin reduces crhr1 mrna expression by 

50%. The effect seen may be due to basal elevation of crhr1 mrna expression. Hypoxia 

abolishes the forskolin effect on crhr2 mrna expression.  

 

Discussion 

The differentiation of villous cytotrophoblast cells, the main cellular component of the 

placenta, is critical for a normal pregnancy as they mediate such steps as implantation, 

pregnancy hormone production, immune protection of the fetus, and delivery [1, 2]. It is 

known that upon in vitro stimulation with cAMP-inducing agents, such as forskolin, 

cytotrophoblasts undergo fusion into syncytiotrophoblasts. A syncytiotrophoblast is defined 

as a giant cell with multiple nuclei sharing one cytoplasm, which expresses certain markers 

including syncytin 1 and human chorionic gonadotropin (hCG) [3, 4]. The syncytial mass, as 

assessed by the number of nuclei, increases exponentially across gestation [5]. Many factors 
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are involved in the process of syncytialisation in the placenta, including cAMP-dependent 

protein kinase A, various protein tyrosine kinases, protein tyrosine phosphatases, syncytin-1, 

and GCM1 [4, 6]. While the list of players involved in cytotrophoblast differentiation is rapidly 

growing, the mechanisms remain far from clear. However, it is remarkable that little is known 

about the trophoblast cell fusion process (syncytiotrophoblast formation or syncytialisation). 

Mi et al. [1] suggested that syncytin, a protein encoded by an envelope gene of the recently 

identified human endogenous retrovirus-W (ERV-W) [2], may mediate placental 

cytotrophoblast fusion in vivo, and thus be important in human placental morphogenesis. In 

primary culture of isolated cytotrophoblast cells, the transcript levels of syncytin increase 

with the differentiation and fusion of cytotrophoblasts into syncytiotrophoblasts [3]. Recent 

experiments showed that under normoxic conditions (20% O2), relative mRNA abundance for 

syncytin is enhanced and for its receptor, amino acid transport system B0 (ASCT2), is 

suppressed in BeWo cells during syncytialisation by forskolin [6]. It has been reported that 

placental syncytin mRNA expression level is reduced in pregnancies complicated with pre-

eclampsia [7] and its extreme form, hemolysis, elevated liver enzymes and low platelets 

syndrome [8]. The histological abnormalities of placentae in pregnancy associated with 

underperfusion and hypoxia are characterised by cytotrophoblast prominence and 

abnormalities in syncytiotrophoblast formation [10]. It also has been demonstrated that 

trophoblast cell fusion and differentiation are inhibited by hypoxia [11], [12], [13]. These 

observations have raised the possibility that low oxygen may, via regulation of syncytin gene 

expression and associated hormones such as B-HCG, suppress trophoblast cell fusion.  

Corticotrophin releasing hormone (CRH), one of the hypothalamic “stress” peptides, plays a 

pivotal role in mammalian survival and adaptation responses involving the activation of the 

hypothalamic pituitary adrenal (HPA) axis. Besides its presence in the central nervous system, 

CRH is also expressed in the human placenta [7]. Placental CRH becomes detectable in 

maternal plasma around 16~20 weeks gestation, and increases exponentially as pregnancy 

progresses towards term. The level of placental CRH in maternal circulation has been linked 

to the length of gestation [8, 9, 10]. Placental CRH appears to target multiple feto-maternal 

tissues, including the foetal adrenals, myometrial smooth muscle, placenta, placental 

vasculature and foetal membranes [11, 12, 13]. Through the various CRH receptor subtypes 

(CRHR1 and CRHR2) CRH plays diverse roles at different stages of pregnancy and labour. For 
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example, CRH stimulates the foetal pituitary-adrenal axis, modulates placental vascular tone 

and endocrine function (especially prostaglandin generation), controls myometrial 

contractility ⁄ quiescence, and regulates trophoblast cell growth and invasion [10]. 

Nevertheless, there is little research literature available on a role for CRH in trophoblast cell 

differentiation. 

Stimulation by 8-Br-cAMP of BeWo cells cultured in normal foetal calf serum resulted in 

higher levels of hCG and ERVW-1 [14]. The effect of 8-Br-cAMP on the expression of 

endogenous mRNA encoding components of the CRH signalling pathway was shown in BeWo 

cells. CRH promoter activity is increased by 8-Br-cAMP in human placental cells [15], while 

others have shown that CRH can act via CRH-receptors to increase cAMP production [16, 17]. 

Therefore, the potential roles of CRH on the differentiation of human trophoblast BeWo cells 

under altered oxygen tension were investigated. 

It was found that under low oxygen tension, syncytin 1 and 2 mrna expression, B –HCG release 

is reduced in bewo syncytialised cells. It is not known if the effects can be reversed and needs 

to be further investigated. The progesterone release is abolished. Estradiol and cortisol 

release remains unaffected. This is associated with downregulation of CRHR1 and inability of 

CRHR2 upregulation. Further investigation on syncytin proteins and its receptors, amino acid 

transport system B are necessary to be established which are thought to be involved in 

trophoblast cell fusion (as well as the activity of amino acid transport through this system) in 

a cell model of syncytialisation (BeWo cells following forskolin treatment). Hypoxia increases 

progesterone, estradiol and cortisol release except B-HCG release. This is further associated 

with CRHR2 mRNA being more upregulated compared to CRHR1. These observations suggest 

that under conditions of low ambient oxygen, dysregulation of expression of syncytin and 

hormones may suppress the normal process of cell fusion necessary for syncytiotrophoblast 

formation and contributes to syncytiotrophoblast abnormalities characteristic of pre-

eclampsia. This may perhaps be mediated via downregulation of crhr1 expression and loss of 

crhr2 upregulation.  

CRH is known to activate the cAMP/PKA (protein kinase A) pathway via its receptors, CRHR1 

and CRHR2, leading to phosphorylation of the cAMP response element binding protein 
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(CREB1) [25]. As a transcription factor, CREB1 binds to a cAMP response element (CRE) 

sequence in the promoter of target genes, regulating the transcription of those genes [26, 

27]. CRH has been studied as one of those target genes containing a CRE in the promoter, and 

the CRE has been shown to be crucial for CRH gene expression [28, 29, 30]. Furthermore, CRH 

and its receptors (CRHR1/R2) are expressed in placental tissues [9, 31] and CRH can bind to 

syncytiotrophoblast membranes [32]. So, the induction of CRH by cAMP hints that CRH may 

play a feedback role in cAMP mediated effects in placental trophoblasts.  

Under high oxygen tension, CRH potentiates syncytins mRNA and progesterone release in 

syncytialised BEWO cells. CRHR1 and CRHR2 expression remains unaffected. The CRH effect 

on syncytins genes and progesterone release is lost under low oxygen tension. This is further 

associated with CRH having no effect on the downregulated CRHR1 expression in BEWO 

syncytialised cells but upregulates CRHR2 expression.  

Since syncytialization was dysregulated if cells were cultured under altered oxygen tension, it 

led us to imply that CRH signal pathways may play a role in cAMP-mediated cell apoptosis and 

differentiation. The ability of CRH to regulate cell apoptosis in several cells of different origin 

has been reported [33, 34], and CRH has been shown to induce FASLG (Fas ligand) production 

and apoptosis in the rat pheochromocytoma cell line PC12 via activation of MAPK (p38 

mitogen-activated protein kinase) [22]. It can thus be further proposed that although CRH is 

produced by differentiated trophoblasts it may also play a role in regulating trophoblast 

viability, thereby helping to keep the syncytiotrophoblast pool in renewal and this may be 

altered under low oxygen tension. Nevertheless, the existence of CRH receptors in BeWo cells 

suggests that CRH could be involved in another bioactivity, such as modulation of 

differentiation or syncytialisation of trophoblast cells. Consistent with previously published 

data, it was demonstrated that CRH can induce cell differentiation, as evidenced by the 

induction of ERVW-1 and by cell fusion. For trophoblast cells, the widely accepted marker of 

differentiation is a combination of a biochemical index (induction of hCG and ERVW-1 

proteins) and a morphological index (formation of cell fusion), with the latter being more 

convincing. Recently, the reliability of hCG as a trophoblast differentiation marker has been 

called into question, due to dissociation of the two differentiation indexes. Similar to what 

has been published, It was shown here additional evidence that biochemical and 



      
 

136 
 

morphological differentiation can be dissociated, since CRH facilitates cell fusion without any 

induction of hCG secretion. Also, CRH stimulation induced ERVW-1 expression, without any 

induction of hCG secretion [35].  

Similar dissociations have been reported in villous cytotrophoblast cells cultured in the 

absence of serum [36] and in JEG3 cells stimulated by forskolin, where an induction of hCG 

occurred without any evidence of cell fusion [21]. Recently, it was reported that the PKA 

inhibitor, H89, can reverse forskolin-induced BeWo cell fusion without altering forskolin-

induced hCG secretion [37]. Therefore, hCG protein expression may not necessarily be linked 

to syncytial fusion. This study adds to the growing evidence that differentiation and fusion 

are related but distinct events [38]. However, the secretion of hCG can be enhanced by 8-Br-

cAMP but not by CRH, suggesting that CRH and 8-Br-cAMP may regulate cell fusion through 

different signal pathways. Indeed, others have shown that charcoal scavenged hormones, 

such as estradiol, glucocorticoids and hCG, play roles in trophoblast differentiation at 

different stages of pregnancy [39]. 

That the expression of CRHR1 and CRHR2 can be up regulated by 8-Br-cAMP and also by CRH 

itself. There may exist a positive feed-forward mechanism in the 

CRH/CRHR/cAMP/PKA/CREB1 signal pathway, and that this occurs at several different levels. 

The positive communication existing with CRH and its receptors has the potential to magnify 

CRH bioactivities by, for example, promotion of trophoblast cell syncytialization. Since 

placental CRH expression in trophoblast cells begins when the cells differentiate toward 

syncytialization, the positive feed-forward and promotion of syncytialization by CRH could 

explain the exponential increase of CRH detected in maternal plasma as pregnancy progresses 

towards term, particularly as syncytial nuclear numbers increase exponentially across 

gestation [5]. This may provide the mechanism that links maturation of the placental structure 

to the timing of birth. 
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Table 15 

 

 21%O2    3% O2    

 -Fsk  +Fsk  -Fsk  +Fsk  

 Ctrl CRH Ctrl CRH Ctrl CRH Ctrl CRH 

Syncytin 1 NS NS    NS NS NS 

Syncytin 2 NS NS    NS NS NS 

B-HCG NS NS  NS NS NS  NS 

Estradiol NS NS NS NS NS NS NS NS 

Progesterone NS      NS NS 

Cortisol NS NS NS NS  NS NS NS 

CRHR-1 NS NS      NS 

CRHR-2 NS   NS  NS NS  

 

 
Table 16 
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6.1.12 The effect of CRH receptor activation on fusogenic machinery in syncytialised 

BEWO cells  

 
 
 Figure 24  
 
priming BEWO cells with CRH potentiates the actions  of  CAMP signalling pathway on the expression of syncytin 1 but not 
syncytin 2 at 21% O2. 1.  Experimental protocol, where cells were primed with 100nM CRH for 6h for activating CRHRs. This 
was further followed by treating BEWO cells with CRH and forskolin for 24h and MRNA expression was investigated by QRT-
PCR. 2. QRT PCR analysis showed pretreating cells with CRH showed increased mrna expression of (A) syncytin1 but not 
(B) syncytin2 in bewo syncytialised cells. prolonged treatment with crh further showed loss of enhanced mrna expression of 
syncytin1. No change in the expression of syncytin 2 was seen.  **p= .002; n=3. Data expressed as fold change of gene 
expression, relative to control 24h, after normalising against B-actin. Data were analysed using a one-way ANOVA with 
Tukeys multiples comparison test. 
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Having established that CRH was unable to restore impaired differentiation in trophoblasts, 

it was further investigated whether priming cells with CRH, there by activating CRH receptors 

before differentiation of trophoblasts would influence syncytialization. Furthermore, it was 

assessed whether this mechanism was influenced by altered oxygen tension. This alteration 

in experimental set up was done to rule out the possibility that CRH forskolin interactions may 

interfere with CRH receptor expression and perhaps thus CRH is  not able to act on its 

receptors. Also, the role of CRH on activation of its receptors in differentiated BEWO cells as 

well as the influence of oxygen tension needs to be investigated. So as to test this hypothesis, 

BEWO cells were pre-treated with 100nM CRH for 6 hours. Supernatants were removed, and 

cells were further incubated with 100 nM CRH and 100 uM forskolin for 24h, under low and 

high oxygen tension. mrna expression of syncytin 1, 2; CRHR1 and CRHR2 were measured 

using QRT -PCR and the release of B-HCG, estradiol, progesterone and cortisol were measured 

by ECLIA. QRT PCR analysis showed pretreating cells with CRH showed increased mrna 

expression of (A) syncytin1 but not (B) syncytin2 in bewo syncytialised cells. prolonged 

treatment with crh further showed loss of enhanced mrna expression of syncytin1. No change 

in the expression of syncytin 2 was seen. hypoxia increased syncytin 1 but not syncytin 2 mrna 

expression. Hypoxia abolished the priming effect of crh on syncytin 1 expression, but 

potentiated the effect of extended CRH treatment on syncytin 2 expression in syncytialised 

bewo cells. priming BEWO cells with CRH potentiates the actions  of  CAMP signalling pathway 

on the release of B-HCG (25000 IU/mg protein conc.) at 21% O2. Further extended treatment 

with CRH showed potentiation of actions of CAMP signalling pathway on the release of 

progesterone (175 IU/mg conc.). No effect on estradiol release is seen.   

 

QRT-PCR analysis showed priming BEWO cells with CRH potentiate the actions of CAMP 

signalling pathway on the expression of CRHR1 and CRHR2 at 21% O2. Extended treatment 

with CRH potentiates CRHR2 expression but abolishes the potentiation of CRHR1 expression. 

ECLIA analysis showed priming cells with crh potentiated actions of forskolin on B-HCG and 

progesterone release in BEWO cells. Extended CRH treatment further potentiates 

progesterone release in BEWO cells at 21% O2. Hypoxia abolishes the effect of CRH  priming 

on forskolin mediated B-HCG and progesterone release in BEWO cells. 
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QRT PCR analysis showed Priming cells with CRH upregulates CRHR1 and CRHR2 mRNA 

expression in syncytialised bewo cells. Extended CRH treatment further potentiates the 

actions of forskolin on CRHR2 mrna expression at 21% O2. low oxygen tension reduces CRHR1 

and 2 mrna expression and abolishes the priming effect of crh on CRHR1 and 2 mRNA 

expression in syncytialised bewo cells.   

 

Syncytin 1 and 2 mrna expression, the measure of Cell fusion, were stimulated by the 

presence of forskolin at 24 h at 21% oxygen, which is further abolished at 3% O2. An 

associated increase in forskolin-induced hCG secretion by BeWo cells, a marker of 

syncytialisation, was more marked in 21% oxygen (20000 IU/mg protein conc.) compared to 

3% oxygen(5000 IU/mg protein conc.). This was in accordance with 

https://www.sciencedirect.com/science/article/pii/S0925443903000437?via%3Dihub. This 

was further associated with an increase in progesterone release. The basal levels of estradiol 

(50000 IU/mg protein), progesterone (140 IU/mg protein) and cortisol (25 IU/mg protein 

conc.) in BEWO cells were increased at 3% O2. Hypoxia abolishes the increase in B-HCG (5000 

IU/mg protein conc.) and progesterone release in BEWO syncytialised cells. No effect on 

estradiol and cortisol release was seen. This indicates that forskolin was effective in 

promoting cytotrophoblast cell differentiation. It was necessary to further determine the 

effect of crh on trophoblast fusion and the effect of both crh and forskolin under altered 

oxygen tension.  

 

 

 

 

 

 

 

 

 

 

 



      
 

141 
 

6.1.13 The effect of CRH receptor activation on biochemical differentiation and endocrine 
capacity  in syncytialised BEWO cells  

 

 
 

Figure 25  

priming BEWO cells with CRH potentiates the actions  of  CAMP signalling pathway on the release of B-HCG at 21% O2. 1.  
Experimental protocol, where cells were primed with 100nM CRH for 6h for activating CRHRs. This was further followed by 
treating BEWO cells with CRH and forskolin for 24h and protein release was investigated by ECLIA. 2. ECLIA analysis 
showed priming BEWO cells with CRH potentiates the actions  of  CAMP signalling pathway on the release of B-HCG at 21% 
O2. Further extended treatment with CRH showed potentiation of actions of CAMP signalling pathway on the release of 
progesterone. No effect on estradiol release is seen.  * 0.033, **p= .002; n=3. Data expressed as IU/mg protein concentration. 
Data were analysed using a one-way ANOVA with Tukeys multiples comparison test. 

As camp is a key component of the signalling pathway that promotes cytotrophoblast fusion, 

it was queried whether crh has any effect on advancing bewo cell differentiation under 

altered oxygen tension. The effects of forskolin and crh on the molecular markers of 

cytotrophoblast differentiation, syncytin mrna expression and hormone secretion (such as B 

HCG, Estradiol and progesterone) were determined by qrt pcr and elisa assay respectively 

under both 21 and 3% O2.  

CRH had no effect on syncytin 1 and 2 mRNA expression in BEWO cells at 21 % and 3% O2. In 

BEWO syncytialised cells, under low oxygen tension, the ability of CRH to potentiate the 

actions of forskolin on syncytin 1 and 2 mRNA expression in BEWO cells was lost. Forksolin 

and crh increases progesterone release at 21% o2. CRH potentiated the actions of forskolin 

on progesterone protein release, but not B HCG, estradiol and cortisol release in BEWO cells 
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at 24h. cell differentiation is promoted by both forskolin and CRH. Hypoxia increases 

progesterone, estradiol and cortisol release in bewo cells.  

Under low oxygen tension, CRH has no effect on B-HCG, estradiol and cortisol release in 

unsyncytialised and syncytialised BEWO cells. Hypoxia reversed the actions of CRH on 

progesterone release in BEWO cells.  Hypoxia abolishes the potentiation of progesterone by 

CRH in BEWO syncytialised cells. Under low oxygen tension, CRH reduces progesterone 

release in unsyncytialised BEWO cells and the potentiation of progesterone in syncytialised 

BEWO cells.  Forskolin increases b-hcg release and the effect is reduced under low oxygen 

tension. Crh potentiates the actions of forskolin on b-hcg release and hypoxia abolishes it. Crh 

has no effect on b-hcg release under high and low oxygen tension.  

 
 
6.1.14 The effect of CRH receptor activation on the expression of CRH receptors  in 

syncytialised BEWO cells  

 
 

Figure 26  

priming synyctialised BEWO cells with crh upregulates CRHR1 and CRHR2 mrna expression. 1. Experimental protocol, where 
cells were primed with 100nM CRH for 6h for activating CRHRs. This was further followed by treating BEWO cells with CRH 
and forskolin for 24h and MRNA fold change was investigated by QRT-PCR. 2. QRT-PCR analysis showed priming BEWO 
cells with CRH potentiate the actions of CAMP signalling pathway on the expression of CRHR1 and CRHR2 at 21% O2. 
Extended treatment with CRH potentiates CRHR2 expression but abolishes the potentiation of CRHR1 expression. p= * 0.033, 
** .002; *** .0002, n=3. Data expressed as IU/mg protein concentration. Data were analysed using a one-way ANOVA with 
Tukeys multiples comparison test. 
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Since crh receptors are crucial in mediating crh bioactivities, lack of potentiation of 

trophoblast fusion in response to crh under altered oxygen tension prompted us to examine 

whether the regulation of crhr were being influenced by  oxygen  tension. Bewo cells were 

treated with 100nm crh for 24h and the levels of crhr1 and crhr2 mrna were quantified by qrt 

pcr. Crh upregulated the expression of crhr2 (2 fold) but not crhr1. This is against the study 

which showed upregulation of both crhrs in bewo cells by crh 

.https://rbej.biomedcentral.com/articles/10.1186/1477-7827-11-30#CR24 .Thus indicated 

that the CRH signalling pathway is intact and that the potential for a positive feed-forward 

pathway exists in BeWo cells.  

 
6.1.15 The effect of CRH receptor activation on fusogenic machinery in syncytialised 

BEWO cells under altered oxygen tension 
 
 
 
 
 
 
  

 

 

 

 

 

 
 
 
 
 
 
 
 
Figure 27  
 
Low oxygen tension upregulates syncytin1 mrna expression and abolishes the priming effect of crh on syncytin 1 expression 
in syncytialised bewo cells. 1. Experimental protocol, where cells were incubated at 3% O2 for 24h, following which cells 
were primed with 100nM CRH for 6h for activating CRHRs. This was further followed by treating BEWO cells with CRH and 
forskolin for 24h and MRNA expression was investigated by QRT-PCR. 2. QRT PCR analysis showed hypoxia increases 
syncytin 1 but not syncytin 2 mrna expression. Hypoxia abolishes the priming effect of crh on syncytin 1 expression, but 
potentiates the effect of extended CRH treatment on syncytin 2 expression in syncytialised bewo cells. p= * 0.033, ** .002; 
*** .0002; ****p< .0001; n=3. Data expressed as fold change of gene expression, relative to control 24h, after normalising 
against B-actin. Data were analysed using a two-way ANOVA with Tukeys multiples comparison test. 
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It has been previously shown that 8-Br-cAMP increases CRH promoter activity in human 

primary placental cells [20]. The potential role of CRH on the cAMP-mediated effect on cell 

survival of BeWo cells under altered oxygen tension needs to be further explored. The effect 

of camp on crh promoter activity in bewo cells under altered oxygen tension as well needs to 

be further explored. The effect of forskolin on the expression of endogenous mrna encoding 

components of crh signalling pathway in bewo cells were examined. Bewo cells were treated 

with 100um forskolin and the level of crh receptors mrna was quantified by qrt pcr.  Mrna 

levels for crh receptors were stimulated by forskolin. Following exposure to forskolin, the 

increase of crhr1 and crhr2 mrna was around 3 fold.  This is similar to what has been reported 

earlier https://rbej.biomedcentral.com/articles/10.1186/1477-7827-11-30#CR5. In case 

mRNA is translated into protein, it may suggest that differentiated BeWo cells are more 

responsive to CRH cellular action. Hypoxia increases mrna expression of crhr1 (5.5 fold) and 

crhr2 (15 fold). Under altered oxygen tension, Forskolin reduces crhr1 mrna expression by 

50%. The effect seen may be due to basal elevation of crhr1 mrna expression. Hypoxia 

abolishes the forskolin effect on crhr2 mrna expression.  

 

6.1.16 The effect of CRH receptor activation on biochemical differentiation and endocrine  
capacity  in syncytialised BEWO cells under altered oxygen tension 
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Figure 28  

Hypoxia abolishes the effect of CRH  priming on forskolin mediated B-HCG and progesterone release in BEWO cells. 1. 
Experimental protocol, where cells were incubated at 3% O2 for 24h, following which cells were primed with 100nM CRH 
for 6h for activating CRHRs. This was further followed by treating BEWO cells with CRH and forskolin for 24h and protein 
release was investigated by ECLIA. 2. ECLIA analysis showed priming cells with crh potentiated actions of forskolin on B-
HCG and progesterone release in BEWO cells. Extended CRH treatment further potentiates progesterone release in BEWO 
cells at 21% O2. Hypoxia abolishes the effect of CRH  priming on forskolin mediated B-HCG and progesterone release in 
BEWO cells. p= * 0.033, ** .002; *** .0002; ****p< .0001 n=3. Data expressed as IU/mg protein concentration. Data were 
analysed using a two-way ANOVA with Tukeys multiples comparison test. 
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6.1.17 The effect of CRH receptor activation on the expression of CRH receptors  in 

syncytialised BEWO cells under altered oxygen tension 
 

         
 

 
 

Figure 29  

Hypoxia abolishes the effect of priming of cells with CRH on CRHRs expression in syncytialised bewo cells. 1.Experimental 
protocol, where cells were incubated at 3% O2 for 24h, following which cells were primed with 100nM CRH for 6h for 
activating CRHRs. This was further followed by treating BEWO cells with CRH and forskolin for 24h and MRNA expression 
was investigated by QRT-PCR. 2. QRT PCR analysis showed Priming cells with CRH upregulates CRHR1 and CRHR2 mRNA 
expression in syncytialised bewo cells. Extended CRH treatment further potentiates the actions of forskolin on CRHR2 mrna 
expression at 21% O2. low oxygen tension reduces CRHR1 and 2 mrna expression and abolishes the priming effect of crh on 
CRHR1 and 2 mRNA expression in syncytialised bewo cells.  p= * 0.033, ** .002; *** .0002; ****p< .0001; n=3. Data 
expressed as fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were analysed 
using a two-way ANOVA with Tukeys multiples comparison test. 

 

21% O2 3% O2

0.0

0.5

1.0

1.5

2.0

m
R

N
A 

fo
ld

 c
ha

ng
e

**

****

**
****
****

Fsk                  -       +      +           -      +       +
CRH                 -        -       +          -       -       +
CRH PreRx     -        +      +          -       +       +

CRHR-1

21% O2 3% O2

0

1

2

3

4

m
R

N
A 

fo
ld

 c
ha

ng
e ****

****

*

***

****

****

Fsk                  -       +      +           -      +       +
CRH                 -        -       +          -       -       +
CRH PreRx     -        +      +          -       +       +

CRHR-2

 A.     B.

1. 

2. 



      
 

147 
 

6.1.18 Characterization of signalling molecules in BEWO cells in response to camp agonist  
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Figure 30  

Under high oxygen tension (21%O2), Forskolin (Fsk) increases HIF-1a and AKT protein expression. 1. Experimental 
protocol; 2. Western blot analysis showed treating cells with 100um forskolin for 24h showed increased protein expression of 
HIF-1a, AKT but not AMPK, P38 MAPK and CREB. p= * 0.033, n=3. GAPDH was used as a loading control in each sample. 
Densitometric analysis was performed using Odyssey software and the relative value of the protein expression was normalised 
against GAPDH.  Data were analysed using a two tailed unpaired t test.  
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6.1.19 Characterization of signalling molecules in BEWO cells under altered oxygen tension 

in response to camp agonist  
 
 
 
 

 
 
 
 

 
Figure 31 
 
 Hypoxia increased the protein expression of HIF-1a, AKT, AMPK and CREB and reversed effects of CAMP signalling 
pathway on HIF-1a, reduced its effects on AMPK and CREB in BEWO cells. 1. Experimental protocol; 2. Western blot analysis 
showed that under low oxygen tension, increased protein expression of HIF-1a, AKT, AMPK and CREB was seen. The actions 
of forskolin on HIF-1a were reversed, abolished on AKT, reduced  on AMPK, CREB protein expression. GAPDH was used as 
a loading control in each sample. Densitometric analysis was performed using Odyssey software and the relative value of the  
protein expression was normalised against GAPDH.  p= * 0.033; *** .0002; ****p< .0001; n=3. Data were analysed using 
a two way ANOVA with Tukeys multiple comparison test.  
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Fsk    NS NS  NS NS 

CRH  NS NS NS NS NS NS NS NS 
CRH + Fsk NS NS NS NS NS NS NS NS 
NBI NS NS NS NS NS NS NS NS 
CRH + NBI NS NS NS NS NS NS NS NS 
CRH + Fsk + NBI NS NS NS NS NS NS NS NS 
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Figure 32 

 forskolin increases pAKT and pCREB expression at 15’. Crh increases pcreb and hypoxia abolishes the effect of forskolin 
and crh on pcreb in bewo unsyncytialised cells. CRH potentiates actions of forskolin on pCREB in low oxygen 
tension.1.Experimental protocol; 2. (A) Forskolin increases pAKT protein expression at 15’ at 21% O2. CRH increases pAKT 
expression in unsyncytialised and syncytialised bewo cells. (B) Forskolin and CRH (via CRHR1) increases pCREB expression. 
CRH has no effect on pCREB expression in syncytialised bewo cells. Hypoxia diminishes the effect of forskolin and crh on 
pcreb expression. Hypoxia potentiates the actions of  crh on pcreb expression in syncytialised bewo cells, which is further lost 
on blocking CRHR1. CRH is unable to increase pCREB expression on blocking crhr1 in both unsyncytialised bewo cells and 
syncytialised bewo cells in both 21 and 3%O2. Densitometric analysis was performed using Odyssey software and the relative 
value of the  protein expression was normalised against the total protein.  p= * 0.033; ** .002; *** .0002; ****p< .0001; 
n=3. Data were analysed using a two way ANOVA with Tukeys multiple comparison test.  

 
Table 18 

 PAKT  PCREB  

 21% O2 3% O2 21% O2 3% O2 

Ctrl NS NS NS NS 
Fsk NS NS   

CRH   NS  NS 

CRH + Fsk  NS NS  

NBI NS NS  NS 

CRH + NBI NS NS NS NS 
CRH + Fsk + NBI NS NS   

 
Bewo 15’ 
 

 
Figure 33 

 

 
Figure 34 
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3, 10 Corticotrophic releasing hormone (CRH)
4, 11   CRH + Fsk
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20, 25      Fsk + AntiSvg
26, 28       Ctrl 6h
27              CRH 6h



      
 

153 
 

Bewo 1H 

 
Figure 35 

 

 
Figure 36 
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Figure 38 

 
 

 
 
 
Figure 39 
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Figure 40 
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Figure 42 

 
Table 19 

 
1H CREB  S6K  MTOR  

 21% O2 3% O2 21% O2 3% O2 21% O2 3% O2 

UCN2 NS  NS NS NS NS 

UCN2 + 
Fsk 

 NS NS NS NS NS 

AntiSvg  NS NS NS NS NS 

CRH + 
AntiSvg 

NS NS NS NS  NS 

NBI + Fsk  NS NS NS NS  NS 

AntiSvg + 
Fsk  

NS NS NS NS  NS 

CRH + 
AntiSvg + 
Fsk  

  NS NS NS NS 

 
Bewo 24h  
 
 

 
Figure 43 

 

 

21 % O23 % O2

1, 7  Ctrl 
2, 8 CRH
3, 9  NBI 27914
4, 10 AntiSvg -30
5, 11 CRH + NBI 27914
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(70 kDa)
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(289 kDa)
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HIF – 1 alpha
(93 kDa)
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(85 kDa)

GAPDH
(37 kDa)
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Figure 44 

 

 
                                 

 
Figure 45  
 
Under low oxygen tension, forskolin increases HIF-1a and S6K expression. CRH increases HIF-1a in BEWO syncytialised 
cells. 1. Experimental protocol; 2. (A) Under low oxygen tension, forskolin increases HIF-1a expression (may be via CRHR2). 
Blocking crhr1 increases HIF-1a expression in BEWO syncytialised cells.  CRH increases HIF—1a expression in BEWO 
syncytialised cells and on blocking CRHR1 or CRHR2, showed no increase in HIF-1a expression. (B) CRH has no effect on 
MTOR expression in BEWO syncytialised cells. (C) CRH increases S6K expression in 21 and 3% O2. In 21% O2, CRH 
decreases S6K protein expression on blocking CRHR1. In low oxygen tension, CRH has no effect on S6K expression by 
blocking CRHR1 or CRHR2. In low oxygen tension, blocking CRHR1 or CRHR2 increases S6K expression in BEWO 
syncytialised cells. GAPDH was used as a loading control in each sample. Densitometric analysis was performed using 
Odyssey software and the relative value of the  protein expression was normalised against the GAPDH.  p= * 0.033; ** .002; 
*** .0002; ****p< .0001; n=3. Data were analysed using a two way ANOVA with Tukeys multiple comparison test.  
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24H HIF-1a  S6K  MTOR  
 21% O2 3% O2 21% O2 3% O2 21% O2 3% O2 
Fsk NS NS NS NS NS NS 
CRH + 
Fsk 

NS    NS NS 

21% O2 3% O2

0.000

0.005

0.010

0.015

0.020

H
IF

-1
α

 / 
G

A
PD

H
 ra

tio

Ctrl

CRH 

NBI

AntiSvg 

**
****

****
****

****

****

+Fsk

+CRH

+Fsk

+CRH

21% O2 3% O2

0.00

0.01

0.02

0.03

M
TO

R
/G

A
PD

H
 ra

tio

Ctrl

CRH 

NBI 

AntiSvg 

***
**

*

+Fsk

+CRH

+Fsk

+CRH

21% O2 3% O2

0.000

0.005

0.010

0.015

0.020

S6
K

/G
A

PD
H

 ra
tio

 

Ctrl

CRH 

NBI  

AntiSvg 
*

*
**

***

**
**

**

+Fsk

+CRH

+Fsk

+CRH

A. B.

C.

1. 

2. 



      
 

157 
 

Fsk + 
NBI 

NS  NS  NS NS 

Fsk + 
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NS  NS  NS NS 

Fsk + 
NBI + 
CRH  

NS NS  NS NS NS 

CRH + 
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+ Fsk  

NS NS  NS  NS 

 
Figure 46 
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Figure 47 Hypoxia increases phosphorylation of MTOR and CREB, expression of CREB, HIF-1 alpha, S6K and decreases 
expression of P38 MAPK, AKT in undifferentiated BEWO cells. BEWO cells were incubated with for 15 minutes for 
phosphorylation studies and 24h for expression studies under high (21%O2) and low oxygen tension (3% O2). In BEWO cells, 
under low oxygen tension (3% O2), phosphorylation of (A) CREB, (C) MTOR is increased by 50%, and 10 fold respectively. 
A trend towards an increase in phosphorylation of (E) S6K and expression of (J) AMPK is seen, despite failing to reach a 
statistical significance. Expression of (B) CREB, (G) HIF-1 alpha, (F) S6K is upregulated by 100 fold, 2 fold and 2 fold 
respectively under low oxygen tension. Hypoxia inhibits (H) p38 MAPK, (I) AKT by 80% and 50% respectively. No change in 
expression of (D) MTOR is seen. (n=3); (*p < 0.05). Data expressed as fold change after normalising phosphorylation of 
protein against total protein.  
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Figure 48  
 
At 15’, hypoxia increases phosphorylation of CREB, S6K, MTOR. At 1h, hypoxia increases CREB, S6K, HIF-1a, AMPK and 
reduces p38 MAPK, AKT expression. No effect on MTOR expression at 1h is seen . At 1h,  hypoxia reduces protein expression 
of AKT, MTOR, S6K70 and S6K85. At 24h, hypoxia reduces MTOR expression, increases S6K70 and S6K85 expression but 
no effect on AKT expression. GAPDH was used as a loading control in each sample. Densitometric analysis was performed 
using Odyssey software and the relative value of the  protein expression was normalised against the total protein.  p= * 0.033; 
** .002; *** .0002; ****p< .0001; n=3. Data were analysed using a two tailed unpaired t test.  
 
 
 
Table 21 

 15’ 1H 24H 

 3% O2 3% O2 3% O2 

PCREB  NS NS 

CREB NS  NS 

PS6K  NS NS 

S6K  NS  NS 

HIF-1a NS  NS 

P38 MAPK NS  NS 

AKT NS  NS 

AMPK NS  NS 

PMTOR  NS NS 

MTOR NS   

S6K70 NS   

S6K 85 NS   
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Figure 49  

At 21% O2, forskolin increases phosphorylation of CREB, MTOR and reduces AKT, low oxygen tension diminishes the effect 
of CAMP signalling pathway on phosphorylation of CREB and MTOR and abolishes the effect on pAKT. Forskolin has no 
effect on pS6K at 21 and 3% O2. Densitometric analysis was performed using Odyssey software and the relative value of the  
protein expression was normalised against the total protein.  p= * 0.033; ** .002; *** .0002; ****p< .0001; n=3. Data were 
analysed using a two tailed unpaired t test.  
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Figure 50  

Low oxygen tension reversed the effects of  camp signalling pathway on HIF-1a and CREB expression and blocks the effect 
on AKT expression and further reduces AMPK and p38 expression. GAPDH was used as a loading control in each sample. 
Densitometric analysis was performed using Odyssey software and the relative value of the protein expression was normalised 
against the total protein.  p= * 0.033; ** .002; *** .0002; ****p< .0001; n=3. Data were analysed using a two tailed unpaired 
t test.  

 

Table 22 

Fsk 21%O2 3%O2 

PCREB   

PAKT  NS 

PMTOR   

PS6K NS NS 

HIF-1a   

AKT  NS 

AMPK NS  

CREB   

P38 MAPK NS  
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Figure 51 

 At 21% O2, CRH increases phosphorylation of AKT, CREB, MTOR and S6K. Hypoxia abolishes the effect on AKT, MTOR, 
S6K but diminishes effect on CREB. Densitometric analysis was performed using Odyssey software and the relative value of 
the  protein expression was normalised against the total protein.  p= * 0.033; ** .002; *** .0002; ****p< .0001; n=3. Data 
were analysed using a two tailed unpaired t test.  

 

Table 23 
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Figure 52 
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Figure 53 

 
Table 24 

15’ PMTOR  PS6K  

 21% O2 3% O2 21% O2 3% O2 

UCN2 NS  NS  

UCN2 + Fsk  NS  NS 

AntiSvg  NS NS NS NS 

AntiSvg + Fsk NS NS NS NS 

CRH + Fsk NS NS NS NS 

Fsk + AntiSvg NS NS NS NS 
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Figure 55  
 
At 1h at 21% O2, forskolin increases CREB expression. CRH increases CREB expression in BEWO syncytialised cells, which 
is reduced on blocking CRHR1. CRH has no effect on CREB expression and blocking CRHR1 has no further effect.  At 3% 
O2, hypoxia increases CREB expression. Low oxygen tension reverses the effect of forskolin and CRH on CREB expression 
and blocks the effect of CRH in BEWO syncytialised cells. Blocking CRHR1 diminishes the effect of CRH on CREB expression. 
At1h, at 21% O2, forskolin and CRH increases S6K85 expression. CRH potentiates CREB expression in BEWO syncytialised 
cells. CRH does not increase S6K85 expression in unsyncytialised and syncytialised BEWO cells on blocking CRHR1. At 3% 
O2, hypoxia increases S6K85 expression. Hypoxia blocks the effect of forskolin and CRH on S6K85 expression. Hypoxia 
blocks the effect of CRH on s6k85 expression in BEWO syncytialised cells. CRH has no further effect on S6K85 expression in 
unsyncytialised and syncytialised BEWO cells on blocking CRHR1. GAPDH was used as a loading control in each sample. 
Densitometric analysis was performed using Odyssey software and the relative value of the protein expression was normalised 
against GAPDH.  p= * 0.033; ** .002; *** .0002; ****p< .0001; n=3. Data were analysed using a two way ANOVA with 
Tukeys multiple comparison test. 
 
Table 25 

 CREB  S6K85   

 21% O2 3% O2 21% O2 3% O2 

Ctrl NS  NS  

Fsk    NS 

CRH NS   NS 

CRH + Fsk    NS 

NBI NS   NS 

CRH + NBI NS NS NS NS 

CRH + Fsk + 
NBI 

  NS NS 

 

21% O2 3% O2

0.0

0.1

0.2

0.3

0.4

C
R

EB
 / 

G
A

PD
H

 ra
tio

 Ctrl

Fsk 
NBI****

****

****

****

****
****

****
****

****

****
****

****

*

**

****

+NBI +NBI+CRH +CRH

21% O2 3% O2

0.00

0.01

0.02

0.03

S6
K

 8
5 

 / 
G

A
PD

H
 ra

tio

Ctrl

Fsk 

NBI

****

*
***

****

**

***

****

**
****

****
****

*

*

+NBI +NBI+CRH +CRH

A. B.
2. 

1. 



      
 

170 
 

                               
 

 
 

0

1

2

3
10

15

20

pA
K

T 
/ A

K
T 

ra
tio

 
(fo

ld
 c

ha
ng

e)
 ****

****
****

*** Ctrl 

Fsk

CRH

0

10

20

30

40

pM
TO

R
 / 

M
TO

R
 ra

tio
 

(fo
ld

 c
ha

ng
e)

 

***

****
***

**

****
****

*
****

* Ctrl 

Fsk

CRH

NBI

CRH + Fsk

NBI

0.0

0.5

1.0

1.5

2.0

2.5

pS
6K

 / 
S6

K
 ra

tio
 

(fo
ld

 c
ha

ng
e)

 

****

*
**

**

NBI

Ctrl 

Fsk

CRH

CRH + Fsk

0

2

4

6

8

10

pC
R

EB
 / 

C
R

EB
 ra

tio
 

(fo
ld

 c
ha

ng
e)

 

****
***

**
****

**

***
***

**

Ctrl 

Fsk

CRH + Fsk

CRH

NBI

0.0

0.5

1.0

1.5

pA
K

T 
/ A

K
T 

ra
tio

 
(fo

ld
 c

ha
ng

e)
 

**
*** Ctrl 

Fsk

CRH

CRH + Fsk

NBI

NBI

0

1

2

3

4

pM
TO

R
 / 

M
TO

R
 ra

tio
 

(fo
ld

 c
ha

ng
e)

 

**

****
****

********

***
****

****

*
*

NBI

Ctrl 

Fsk

CRH

CRH + Fsk

NBI

0.0

0.5

1.0

1.5

pS
6K

 / 
S6

K
 ra

tio
 

(fo
ld

 c
ha

ng
e)

 

**
Fsk

Ctrl 

CRH

CRH + Fsk

NBI

0

1

2

3

4

pC
R

EB
 / 

C
R

EB
 ra

tio
 

(fo
ld

 c
ha

ng
e)

 

**

**
****

****

**** Ctrl 

Fsk

CRH

CRH + Fsk

NBI

NBI

A.  B.

C.  D.

E.  F.

G.  H.

21% O2 3% O2

1. 

2. 



      
 

171 
 

Figure 56  

 At 21% O2, forskolin decreases phosphorylation of AKT. CRH increases phosphorylation of AKT in unsyncytialised and 
syncytialised BEWO cells. Hypoxia abolishes all the effects. Blocking CRHR1  further makes no difference.  

At 21% O2, forskolin and CRH increases phosphorylation of MTOR. CRH further increases phosphorylation of MTOR in 
BEWO syncytialised cells. CRH reduces phosphorylation of MTOR by blocking CRHR1 in BEWO unsyncytialised and 
syncytialised cells. Hypoxia diminishes the effects of forskolin and CRH on pMTOR in unsyncytialised and syncytialised BEWO 
cells.  Crh has no effect on pmtor on Blocking CRHR1. On blocking crhr1, crh decreases pmtor in bewo syncytialised cells.  
 
Crh increases ps6k in unsyncytialised but not in syncytialised bewo cells. Forskolin has no effect on ps6k in bewo cells. Crh 
has no effect on ps6k in unsyncytialised and syncytialised bewo cells on Blocking crhr1. Hypoxia blocks effect of crh on ps6k 
in bewo cells. Crh reduces ps6k in bewo syncytialised cells on blocking CRHR1.  
 
Forskolin and crh increases pcreb. Crh has no effect on pcreb in syncytialised bewo cells. Crh has no effect on pcreb in 
unsyncytialised and syncytialised bewo cells on blocking crhr1. Hypoxia diminishes forskolin effect on pcreb. Crh has no effect 
on pcreb. Crh has increased effect on pcreb in bewo syncytialised cells. Crh decreses pcreb in bewo syncytialised cells on 
blocking crhr1. Crh has no effect on pcreb in bewo cells on blocking crhr1. 
 
GAPDH was used as a loading control in each sample. Densitometric analysis was performed using Odyssey software and 
the relative value of the protein expression was normalised against total protein.  p= * 0.033; ** .002; *** .0002; ****p< 
.0001; n=3. Data were analysed using a two way ANOVA with Tukeys multiple comparison test. 

 
Table 26 

 
 

15’ PAKT  PMTOR  PS6K  PCREB  

 21% O2 3% O2 21% O2 3% O2 21% O2 3% O2 21% O2 3% O2 

Fsk NS NS   NS NS   

CRH  NS  NS  NS  NS 

CRH + 
Fsk 

 NS   NS NS NS  

NBI NS NS   NS NS  NS 

CRH + 
NBI  

NS NS   NS NS NS NS 

CRH + 
Fsk + 
NBI  

NS    NS    
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Figure 57  

Time dependent increase in pcreb is seen with crh and forskolin at 21% O2. At 15’, Forskolin and crh increases pcreb. Crh 
has no effect on pcreb in syncytialised bewo cells. Crh has no effect on pcreb in unsyncytialised and syncytialised bewo cells 
on blocking crhr1. Hypoxia diminishes forskolin effect on pcreb. Crh has no effect on pcreb. Crh has increased effect on pcreb 
in bewo syncytialised cells. Crh decreses pcreb in bewo syncytialised cells on blocking crhr1. Crh has no effect on pcreb in 
bewo cells on blocking crhr1. At 1h, forskolin and crh increases pcreb. Crh increases pcreb in syncytialised bewo cells. Crh 
is unable to increase pcreb after blocking crhr1. Crh reduces pcreb in syncytialised bewo cells on blocking crhr1.  

Hypoxia reverses actions of forskolin and crh on pcreb. Hypoxia reverses the actions of crh on pcreb in syncytialised bewo 
cells. Crh reduces pcreb in unsyncytialised and syncytialised bewo cells on blocking crhr1. GAPDH was used as a loading 
control in each sample. Densitometric analysis was performed using Odyssey software and the relative value of the protein 
expression was normalised against total protein.  p= * 0.033; ** .002; *** .0002; ****p< .0001; n=3. Data were analysed 
using a two way ANOVA with Tukeys multiple comparison test. 
 
Table 27 

PCREB 15’  1H  

 21% O2 3% O2 21% O2 3% O2 
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CRH + Fsk NS    

NBI  NS   

CRH + NBI NS NS NS  

CRH + Fsk + 
NBI 

NS    

 
  
 
 

                              
 

 
 
Figure 58 

At 1h, Crh increases akt expression at 3% O2 via crhr1. Crh has no effect on akt expression on blocking crhr1 at 21% and 
3% O2. Crh increases akt expression on blocking crhr2 at 21% o2. On blocking crhr2, at 3% o2, crh increases akt expression.  
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Table 28 
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Figure 59  

At 24h, at 21% o2, crh decreases mtor expression in syncytialised bewo cells. Blocking crhr1 or crhr2 reduces mtor expression 
in syncytialised bewo cells. Crh has no effect on mtor expression on blocking crhr1 or crhr2. At 24h, at 3% o2, crh is unable 
to reduce mtor expression in syncytialised bewo cells. Blocking crhr2 but not crhr1 reduces mtor expression in syncytialised 
bewo cells. Crh reduces mtor expression on blocking crhr1 but not crhr2 in syncytialised bewo cells.  

 
 
 
 
Table 29 

 
MTOR 1H  24H  
 21% O2 3%O2 21%O2 3%O2 
UCN2 NS NS NS NS 
UCN2 + Fsk NS  NS NS 

NBI NS NS NS NS 
AntiSvg NS NS NS NS 
NBI + Fsk NS NS NS NS 
Fsk + AntiSvg NS NS NS NS 
CRH + AntiSvg   NS NS NS 

Fsk NS NS NS NS 
CRH + Fsk NS NS  NS 

NBI + Fsk  NS NS  NS 

AntiSvg + Fsk NS NS  NS 

CRH + NBI + Fsk  NS NS NS NS 

CRH + AntiSvg + 
Fsk 

NS NS NS NS 
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Figure 60 

At 1h, crh decreases pmtor expression. Forskolin has no effect on pmtor expression. Crh has no effect on pmtor expression on 
blocking crhr1. At 3% o2, the ability to reduce pmtor by crh is lost. Crh increases pmtor on blocking crhr2 more than blocking 
crhr1.  
 
Table 30 

 
1H PMTOR  MTOR  

 21% O2 3% O2 21% O2 3% O2 

Ctrl NS NS NS NS 
CRH   NS NS NS 

Fsk  NS NS NS NS 

CRH + Fsk NS NS NS NS 

0.0

0.5

1.0

1.5

2.0

pM
TO

R
 / 

M
TO

R
 ra

tio
 

***

**

***
CRH

Ctrl

CRH + Fsk 

Fsk

NBI AntiSvg

0.0

0.5

1.0

1.5

2.0

M
TO

R
 / 

G
A

PD
H

 ra
tio

****
****

AntiSvg

CRH + AntiSvg

Ctrl

 Fsk

UCN2

NBI

Fsk

0

1

2

3

4

pM
TO

R
 / 

M
TO

R
 ra

tio
 ****

*

NBI AntiSvg

CRH

Ctrl

Fsk

CRH + Fsk

0.0

0.5

1.0

1.5

M
TO

R
 / 

G
A

PD
H

 ra
tio

*

 Fsk

Ctrl

AntiSvg

CRH + AntiSvg

NBI

UCN2 Fsk

A. B.
21% O2 3% O2

C. D.

1H

1. 

2. 



      
 

177 
 

NBI NS NS NS NS 
CRH + NBI   NS NS NS 

AntiSvg NS NS NS NS 

CRH + AntiSvg NS NS  NS 

CRH + AntiSvg 
+ Fsk  

 NS NS NS 

UCN2 NS NS NS NS 

UCN2 + Fsk NS  NS  

Fsk + NBI  NS NS NS NS 

Fsk + AntiSvg  NS NS  NS 

CRH + Fsk + 
AntiSvg  

NS NS NS NS 
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Figure 61  

a. Crh decreases mtor expression in bewo syncytialised cells. Crh has no effect on mtor expression on Blocking crhr1 
or crhr2.  

 
b. Crh has no effect on mtor expression in bewo syncytialised cells. Blocking crhr2 reduces mtor expression in bewo 

syncytialised cells in hypoxia. Crh reduces mtor expression on blocking crhr1 but not crhr2 in bewo syncytialised 
cells.  

 
c. crh has no effect on mtor expression in bewo syncytialised cells. Blocking crhr 1 has no effect, but blocking crhr2 

increases mtor expression in bewo syncytialised cells. Crh increases mtor expression on blocking crhr2 in bewo 
syncytialised cells.  

 
Hypoxia decreases mtor expression at 21% O2 but increases at 3% o2.  
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Table 31 

24H MTOR  

 21% O2 3% O2  

Ctrl NS  

Fsk NS NS 

CRH + Fsk  NS 

NBI + Fsk  NS 

AntiSvg + Fsk   

CRH + NBI + Fsk NS  

CRH + AntiSvg + Fsk NS NS 

 
 

 

        
 
 

1. 

2. 
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Figure 62 

 crh has no effect on hif-1a expression at 21% o2, but increases 3% o2 in bewo syncytialised cells. Blocking crhr1 or crhr2 
increases hif-1a expression in bewo syncytialised cells. Crh has no effect on hif-1a expression in bewo syncytialised cells on 
blocking crhr1. Crh increases  hif-a expression on blocking crhr2 in bewo syncytialised cells. At 3% o2, blocking crhr1 or 
crhr2 increases HIF-1a expression in bewo syncytialised cells. Crh has no effect on hif -1 a expression on blocking crhr1 or 
crhr2 in bewo syncytialised cells. Hypoxia increase hif-1a expression.  

 

Table 32 

24H HIF-1a  
 21%O2 3%O2 
Ctrl NS  

Fsk NS NS 
CRH + Fsk NS  

NBI + Fsk   

AntiSvg + 
Fsk 

  

CRH+ Fsk + 
NBI 

NS NS 

CRH + Fsk + 
AntiSvg 

NS NS 
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Figure 63  

hypoxia decreases s6k70 and s6k85 expression. Crh decreases s6k70 expression at 21% o2 , but has no effect on s6k 70 
expression at 3% o2. Crh has no effect on s6k70 expresssion (but in d shows decrease)  on blocking crhr1 or crhr2 at 21 % 
o2 and 3% o2. Crh increases s6k85 expression in bewo syncytialised cells at both 21 % o2 and 3% o2. Blocking crhr1 or 
crhr2 increases s6k85 expression in bewo syncytialised cells at 21% o2 but not 3% o2. Crh decreases s6k85 expression at 
21% o2 but no effect on s6k85 expression at 3% o2 on blocking crhr1 or crhr2 in bewo syncytialised cells. 
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Table 33 

 S6k70  S6K85  
 21% O2 3% O2 21% O2 3% O2 
Ctrl NS  NS  

CRH   NS NS 

NBI   NS NS 

AntiSvg NS  NS NS 

CRH + 
NBI 

 NS NS NS 

CRH + 
AntiSvg 

 NS NS NS 

Fsk NS NS NS NS 
CRH + 
Fsk 

NS NS   

Fsk + NBI  NS NS   

Fsk + 
AntiSvg 

NS NS   

CRH + 
Fsk + NBI 

NS NS  NS 

CRH + 
Fsk + 
AntiSvg 

NS NS  NS 
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 Figure 64 
 
a. Forskolin increases s6k expression. Crh increases s6k expression in both unsyncytialised and syncytialised bewo 

cells.  
Crh has no effect on s6k expression on blocking crhr1 in both unsyncytialised and syncytialised bewo cells 
 
 

b. Hypoxia blocks the effect of forskolin and crh on s6k expression. Hypoxia blocks the effect of crh on s6k expression 
in bewo syncytialised cells. Crh decreases s6k expression on blocking crhr1.  

 
 
Table 34 

S6K/GAPDH ratio 
(24H) 

21%O2 3% O2 

Ctrl NS NS 
Fsk  NS 

CRH  NS 
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CRH + NBI NS NS 
CRH + NBI + Fsk NS NS 

UCN2 NS NS 
UCN2 + Fsk NS NS 
AntiSvg NS NS 

CRH + AntiSvg NS NS 

Fsk + NBI NS NS 
Fsk + AntiSvg NS NS 

CRH + AntiSvg + Fsk NS NS 

 
Bewo 15’ 
 
 

 
 
Figure 65 
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Figure 66 

 
Crh and ucn2 has no effect on pmtor at 21 and 3% o2. Crh increases pmtor on blocking crhr1 but not crhr2. At 3% O2, Crh 
has no effect on pmtor on blocking crhr1 or crhr2. Forskolin has no effect on pmtor at 21 and 3% o2. Crh has no effect on 
pmtor in bewo syncytialised cells at 21% o2 but increases pmtor at 3% o2. Blocking crhr1 or crhr2 does not affect pmtor in 
bewo syncytialised cells at 21% o2 and 3% o2. Ucn2 has no effect on pmtor at 21 and 3 % o2 in bewo cells. Ucn2 increases 
pmtor in bewo syncytialised cells at 21% o2 but not 3% o2. 
 
 
Table 35 

 
15’ PMTOR  PS6K  

 21%O2 3%O2 21%O2 3%O2 

Ctrl NS  NS NS 

CRH NS NS NS NS 

UCN2 NS NS NS NS 

NBI NS NS NS NS 

CRH + NBI  NS NS NS 

AntiSvg NS NS NS NS 

CRH+AntiSvg NS NS NS NS 

Fsk NS NS NS NS 

CRH + Fsk NS NS NS NS 

Fsk + NBI NS NS NS NS 

Fsk + AntiSvg NS NS NS NS 

UCN2 NS NS NS NS 

UCN2 + Fsk   NS NS NS 
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Bewo 1h  

 
Figure 67 
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Figure 68 

Hypoxia decreases akt expression. CRH has no effect on akt expression at 21% o2 and 3% o2. Forskolin increases akt 
expression and hypoxia blocks it. Blocking crhr1 has no effect on akt expression in bewo syncytialised cells at 21% o2. 
Blocking crhr2 increases akt expression at 3% o2, but not at 21% o2 in bewo syncytialised cells. crh and ucn2 reduces akt 
expression in bewo syncytialised cells. Crh increases akt expression on blocking crhr2. Crh has no effect but ucn2 increases 
akt expression in bewo syncytialised cells. Crh increases akt expression in bewo syncytialised cells on blocking crhr1. Crh 
reduces mtor expression and hypoxia blocks it. Forskolin has no effect on mtor expression in both 21 and 3% o2.  Crh has no 
effect on mtor expression on blocking crhr1. Crh increases mtor expression on blocking crhr2. Crh and ucn2 decreases mtor 
expression in bewo syncytialised cells at 21% o2. Crh increases mtor expression on blocking crhr2. Hypoxia – crh and ucn2 
has no effect on mtor expression in bewo syncytialised cells. Crh increases mtor expression on blocking crhr1 but no effect on 
mtor expression on blocking crhr2. 

 

Table 36 

1H AKT  MTOR  
 21%O2 3%O2 21%O2 3%O2 
Ctrl NS  NS  

CRH NS NS  NS 

UCN2 NS NS NS NS 
Fsk  NS NS NS 

NBI NS NS NS NS 
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CRH + 
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Figure 70 

 hypoxia increases creb expression. Hypoxia reverses the effect of forskolin and crh on creb expression. Hypoxia reverses th 
crh effect on creb expression in bewo syncytialised cells at 3% o2, crh has no effect on creb expression on blocking crhr1. Crh 
has no effect on creb expression in bewo syncytialised cells on blocking crhr1. Hypoxia blocks the increased s6k85 expression 
induced by forskolin and crh. Hypoxia blocks increased s6k 85 expression mediated by crh in bewo syncytialised cells. Crh 
has no effect on s6k85 expression on blocking crhr1 in unsyncytialised and syncytialised bewo cells at 21 % O2 and 3% o2.  

Table 37 

1H CREB  S6K85  

 21%O2 3%O2 21%O2 3%O2 

Ctrl NS  NS  

Fsk    NS 

CRH NS   NS 

CRH+Fsk    NS 

NBI NS  NS  

CRH + NBI NS NS NS NS 

CRH + Fsk + NBI   NS NS 
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Bewo 15’ 
 

 
Figure 71 

 
        
 
                        
 
 
 

 
 

 

Figure 72 

Forskolin and crh increases pmtor at 21% o2. Hypoxia blocks it. Crh increases pmtor in bewo syncytialised cells at 21% and 
3% o2.  Crh reduces pmtor on blocking crhr1. Crh has no effect on pmtor on blocking crhr1 in bewo syncytialised cells. At 
3% o2, Crh has no effect on pmtor on blocking crhr1 in bewo cells and unsyncytialised cells.  
 
 
  
Table 38 

 
15’ PMTOR  PS6K  

 21%O2 3%O2 21%O2 3%O2 
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Fsk  NS NS NS 
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 NS NS NS 

 
Bewo 24h  
 
 
 
 
 
 

 
 

Figure 73 

Table 39 

MRNA PLGF  VEGF  

 21% O2 3% O2 21% O2 3% O2 

Ctrl NS NS NS NS 

Fsk   NS  

CRH NS NS NS  

CRH + Fsk   NS  
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Figure 74 

 
Bewo 24h  
 

 
 

Figure 75 
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Bewo 24h 
 

  
 

 

Figure 76 

 
Bewo 15’ 
 

 
 

Figure 77 
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Bewo 15’ 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 78 

Crh has no effect on p-enos at 21 and 3% 02. Forskolin increases penos at 21% o2 but no effect on penos at 3% o2. Crh has 
no effect on penos at 21% o2 but increases penos at 3% o2 in bewo syncytialised cells. Crh increases pakt at 21% o2 but lost 
at 3% o2. Crh increases pakt at 21% o2 but blocked at low oxygen tension. Crh has no effect on pakt at 21% o2 but increases 
at 3% o2 in bewo syncytialised cells. Crh and forskolin has no effect on Pp38 mapk expression at 21 and 3% o2. Crh has no 
effect on pp38 mapk expression in bewo syncytialised cells at 21% o2 but increases pp38 mapk at 3% o2.  
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 21% O2    3% O2    
15’ Ctrl CRH Fsk CRH + 

Fsk 
Ctrl CRH Fsk CRH + 

Fsk 
PPENOS NS NS  NS NS NS NS  

PAKT 
THR308 

NS  NS NS NS NS NS  

PP38 
MAPK / 
GAPDH 
ratio 

NS NS NS NS NS NS NS  

PP38 
MAPK / 
P38 
MAPK 
ratio 

NS  NS NS  NS NS NS 
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Figure 79 
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Figure 80  

crh and forskolin has no effect on hif-1a expresion at 21% o2 but reduces hif-1a expression at 3% o2. Crh has no effect on 
hif-1a expression in syncytialised bewo cells at 21% o2 but decreases at 3% o2. Forskolin has no effect on akt expression at 
21% o2 and3% o2. Crh has no effect on akt expression in bewo syncytialised cells at 21% o2 and 3% o2. Crh increases creb 
expression at 21% o2 but hypoxia blocks it. Forskolin has no effect on creb expression but reduces creb expression at 3% o2. 
Crh has no effect on creb expression in bewo syncytialised cells at 21 and 3% o2.  

 
 
Table 41 
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Figure 81 

Hypoxia decreases pakt. Crh has no effect on pakt at 21 and 3% o2. Forskolin increases pakt and hypoxia potentiates it.  Crh 
decreases pakt in bewo syncytialised cells and hypoxia reverses it. Crh has no effect on pcreb at 21 and 3% o2. Forskolin 
increases pcreb at 21 and 3% o2. Crh increases pcreb in bewo syncytialised cells at 21% o2 and hypoxia potentiates it. Crh 
and forskolin has no effect on p38 mapk at 21 and 3% o2. Crh has no effect on p38 mapk in bewo syncytialised cells at 21 and 
3% o2. 
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Figure 83  

at 21% O2,  crh increases and forskolin reduces phosphorylation of akt and ampk in bewo cells. Crh reduces pakt and 
pampk in bewo syncytialised cells. 
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NS NS NS NS NS NS NS NS 
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Figure 84 

  

 
 
Figure 85 

 

  
  
Figure 86 
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In BEWO cells, Penos increases at 15’, 30’  and 24h. Crh increases at 15’. Pakt 308 increases 
15’ at 21 and 3% o2. Akt decreases at 15’. Crh has no effect. Pakt ser 473 decreases at 1h. 
Crh no effect. Akt increases at 15; Crh increases akt at 5’and decreases at 5’,30’. 
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Figure 88 
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Figure 89  

BCL2  increases at 1h in BEWO cells.  

 
 
Table 44 

 Ctrl     CRH     

 5’ 15’ 30’ 1H 24H 5’ 15’ 30’ 1H 24H 

PENOS NS   NS  NS  NS NS NS 

ENOS NS NS NS NS  NS NS  NS NS 

PAKT 
THR 
308 

NS  NS NS NS NS  NS NS NS 

PAKT 
SER 
473 

NS NS NS  NS NS NS NS NS NS 

AKT  NS NS NS NS NS NS NS NS NS NS 
BCL2 NS NS NS   NS NS    

 
 

 

Figure 90 

 

 
Figure 91 

The effect of UCN2 on pAKTthr308 at different time points in BEWO cells. 
T 
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Figure 92  

at 21% O2,  crh increases and forskolin reduces phosphorylation of akt and ampk in bewo cells. Crh reduces pakt and 
pampk in bewo syncytialised cells.  
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Figure 93 

VEGF increases AKT expression in BEWO cells under high oxygen tension.eNOS and 
BCL2 expression remains unaffected.   
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6.1.20 The effect of hypoxia on the expression of fusogenic genes 
 
 

 
Figure 94  

Hypoxia increases syncytin 1 and 2 MRNA expression in BEWO cells. QRT PCR analysis showed that the expression of (A) 
syncytin 1 and (B) syncytin 2 mRNA was significantly upregulated for 24h at 3% O2. *** p=.0002; n=3. Data expressed as 
fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were analysed using a two-
tailed unpaired t-test. 

 
6.1.21 The expression of fusogenic genes in syncytialised bewo cells 
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Figure 95  

 

CAMP/PKA signalling pathway increases syncytin 1 and 2 MRNA expression in BEWO cells. 1. Experiment protocol; where 
after 80% confluency, BEWO cells are treated with CAMP agonist for 24h. 2. QRT PCR analysis showed that the expression 
of (A) syncytin 1 and (B) syncytin 2 mRNA was significantly upregulated for 24h at 21% O2. ** .002 ,*** p=.0002; n=3. Data 
expressed as fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were analysed 
using a two-tailed unpaired t-test. 

 
6.1.22 The effect of hypoxia on the expression of fusogenic genes in syncytialised bewo 

cells 
 
 

 
  
Figure 96  

 Low oxygen tension impairs syncytin 1 and 2 gene expression induced by CAMP signalling pathway in BEWO cells. 1. 
Experiment protocol; where after 80% confluency, fresh media was added and some cells were incubated at 3% O2 for 24h. 
Cells were treated with 100um forskolin for 24h. 2. QRT PCR analysis showed that low oxygen tension abolished upregulation 
of (A) syncytin 1 and (B) syncytin 2 induced by CAMP agonist. p= ** .002 *** .0002 ****< .0001; n=3. Data expressed as 
fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were analysed using using 
two – way ANOVA with Tukeys multiple comparison test.  
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6.1.23 Phospho CREB subcellular distribution induced by forskolin in BEWO cells : 
visualization by confocal microscopy 
  

 

 
 

 
Figure 97  

 Forskolin induces BEWO cell fusion.  Representative confocal microscopic images of sorted unfused BEWO cells and fused 
BEWO cells. 1.Experiment protocol; where after 80% confluency, cells were incubated with 100 µM forskolin for 15’ and 
phospho –CREB Ser133 subcellular distribution in BEWO cells were detected using confocal microscopy. Phospho CREB 
(green) and CREB (red) distribution was monitored over 15’ by indirect immunofluorescence using specific primary antibodies 
and FITC mouse 488 and Rabbit 563 secondary antibodies. Cell nuclei were stained with the DNA specific dye DAPI (blue) 
(data not shown). 2.(B) Confocal microscopy confirmed BEWO cells were mainly composed of fused cells characterised by a 
multinucleated syncytium. (A) In contrast, in absence of forskolin, the cell population contained mono-nucleated syncytium 
that displayed no change in cell size. Scale bar,20 µM; n=3. 

 
6.1.24 The effect of hypoxia on the release of   B-HCG, Progesterone and Cortisol in BEWO 

cells 
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Figure 98 
 

 Hypoxia increases progesterone and cortisol release, but not B-HCG release in BEWO cells. ECLIA analysis showed that the 
release of (B) progesterone and (C) cortisol but not (A) B-HCG was significantly increased at 3% O2 at 24h. *p= 0.033; n=3. 
Data expressed as fold change of protein release, relative to control 24h, after normalising against IU/mg protein. Data were 
analysed using a two-tailed unpaired t-test. 

 

6.1.25 The secretion of B-HCG, Progesterone, Estradiol and Cortisol in culture medium of 
BEWO cells in response to CAMP agonist  
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Figure 99  

CAMP/PKA signalling pathway increases protein release of B-HCG, progesterone but not estradiol and cortisol in BEWO 
cells. 1. Experiment protocol; where after 80% confluency, BEWO cells are treated with CAMP agonist for 24h. 2. MSD 
ECLIA assay showed that the release of (A) B-HCG and (B) progesterone, but not (C) estradiol and (D) cortisol was 
significantly increase for 24h at 21% O2. ****p< .0001; n=3. Data expressed as IU/mg protein concentration, relative to 
control 24h. Data were analysed using a two-tailed unpaired t-test. 
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6.1.26 The effect of hypoxia on the endocrine capacity and biochemical differentiation in 
syncytialised BEWO cells 

 

 
 
Figure 100  

Low oxygen tension impairs the enhanced release of B HCG and progesterone induced by cAMP signalling pathway in BEWO 
cells. 1. Experiment protocol; where after 80% confluency, fresh media was added and some cells were incubated at 3% O2 
for 24h. Cells were treated with 100um forskolin for 24h. 2. ECLIA analysis showed that low oxygen tension impaired 
enhanced release of B HCG and abolished progesterone release induced by CAMP agonist. Estradiol and cortisol release 
remained unaffected by low oxygen tension. ****p< .0001; n=3. Data expressed as IU/mg protein concentration, relative to 
control 24h. Data were analysed using two – way ANOVA with Tukeys multiple comparison test.  

To determine the effect of the oxygen tension on the cell fusion, BeWo cells were cultured in 

either 21% or 3% oxygen in the presence or absence of forskolin and then the mrna expression 

of syncytin 1 and 2 were measured. Forskolin, a small lipophilic molecule easily to be absorbed 

and distributed, is a well-known adenylate cyclase activator and a widely reported 

differentiating agent in various tumors, including glioma cells [36,37] as well as in BEWO cells. 
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Syncytin 1 and 2 mrna expression, the measure of Cell fusion, were stimulated by the 

presence of forskolin at 24 h at 21% oxygen, which is further abolished at 3% O2. An 

associated increase in forskolin-induced hCG secretion by BeWo cells, a marker of 

syncytialisation, was more marked in 21% oxygen (20000 IU/mg protein conc.) compared to 

3% oxygen(5000 IU/mg protein conc.). This was in accordance with 

https://www.sciencedirect.com/science/article/pii/S0925443903000437?via%3Dihub. This 

was further associated with an increase in progesterone release. The basal levels of estradiol 

(50000 IU/mg protein), progesterone (140 IU/mg protein) and cortisol (25 IU/mg protein 

conc.) in BEWO cells were increased at 3% O2. Hypoxia abolishes the increase in B-HCG (5000 

IU/mg protein conc.) and progesterone release in BEWO syncytialised cells. No effect on 

estradiol and cortisol release was seen. Fusion was assessed by co-staining nuclei with 

phospho and total creb. Confocal microscopy stained with Pcreb Ser133 for 15’ at 21% O2 

further confirmed BEWO cells were mainly composed of fused cells characterised by a 

multinucleated syncytium. Cell fusion, as defined by the presence of multinucleated cells, was 

seldom seen in control cells, but multinucleated cells containing more than four nuclei could 

always be seen in cell cultures treated with either 100 μM forskolin 24 h. This indicates that 

forskolin was effective in promoting cytotrophoblast cell differentiation. It was necessary to 

further determine the effect of crh on trophoblast fusion and the effect of both crh and 

forskolin under altered oxygen tension.  
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6.1.27 The effect of CRH on the expression of fusogenic genes in syncytialised bewo cells 
 

 
 
 
Figure 101 

 CRH potentiates the actions of CAMP/PKA signalling pathway on the expression of syncytin 1 and 2 MRNA in BEWO cells. 
1. Experiment protocol; where after 80% confluency, BEWO cells are treated with 100nm CRH and 100um forskolin for 24h 
at 21% O2. 2. QRT PCR analysis showed that CRH potentiated the actions of forskolin on syncytin 1 and 2 in BEWO cells at 
24h. CRH alone had no effect on syncytin genes in BEWO cells at 24h. *p< 0.033, **p< .002, ****p< .0001; values are mean 
+/S.D.; n=3. Data expressed as fold change of gene expression, relative to control; at 24h, after normalising against B-actin. 
Data were analysed using a one way ANOVA with Tukeys multiple comparison test. 
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6.1.28 The effect of CRH on the expression of fusogenic genes in syncytialised bewo cells 
under altered oxygen tension 

 
Figure 102  

Hypoxia abolishes the potentiation of syncytin expression by CRH in BEWO syncytialised cells. 1. Experiment protocol; where 
after 80% confluency, fresh media was added and some cells were incubated at 3% O2 for 24h. Cells were treated with 100nm 
CRH and 100um forskolin for 24h. 2. QRT PCR analysis showed that under low oxygen tension, CRH was unable to potentiate 
the actions of forskolin on the MRNA expression of syncytin 1 and 2 in BEWO cells at 24h. CRH had no effect on syncytin 
genes expression under both high and low oxygen tensions. * p<0.033, ** .002, *** .0002 , ****p< .0001; values are mean 
+/S.D.; n=3. Data expressed as fold change of gene expression, relative to control at 24h, after normalising against B-actin. 
Data were analysed using a two way ANOVA with Tukeys multiple comparison test. 

 
6.1.29 The effect of CRH on the endocrine capacity and biochemical differentiation in 

syncytialised BEWO cells 
 
 
e  
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Figure 103  

CRH potentiates the actions of CAMP/PKA signalling pathway on progesterone release, but not B HCG, estradiol and cortisol 
in BEWO cells. 1. Experiment protocol; where after 80% confluency, BEWO cells are treated with 100nm CRH and 100um 
forskolin for 24h at 21% O2. 2. ECLIA analysis showed that CRH potentiated the actions of forskolin on progesterone protein 
release, but not B HCG, estradiol and cortisol release in BEWO cells at 24h. ** .002, ****p< .0001; values are mean +/S.D; 
n=3. Data expressed as IU/mg protein conc., relative to control 24h, after normalising against B-actin. Data were analysed 
using a one way ANOVA with Tukeys multiple comparison test. 

 
6.1.30 The effect of CRH on the endocrine capacity and biochemical differentiation in 

syncytialised BEWO cells under altered oxygen tension 
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Figure 104 

 under low oxygen tension, CRH reduces progesterone release in BEWO cells and CRH was unable to potentiate the actions 
of forskolin on progesterone at 24h. under low oxygen tension, CRH reduces progesterone release in unsyncytialised BEWO 
cells and the potentiation of progesterone in syncytialised BEWO cells. Hypoxia reversed the actions of CRH on progesterone 
release in BEWO cells.  Hypoxia abolishes the potentiation of progesterone by CRH in BEWO syncytialised cells. Under low 
oxygen tension, CRH has no effect on B-HCG, estradiol and cortisol release in unsyncytialised and syncytialised BEWO cells. 
1. Experiment protocol; where after 80% confluency, fresh media was added and some cells were incubated at 3% O2 for 24h. 
Cells were treated with 100nm CRH and 100um forskolin for 24h. 2. ECLIA analysis showed that under low oxygen tension, 
CRH reduces progesterone release in BEWO cells and CRH was unable to potentiate the actions of forskolin on progesterone 
at 24h. ** .002, ****p< .0001; values are mean +/S.D; n=3. Data expressed as IU/mg protein concentration. Data were 
analysed using a two way ANOVA with Tukeys multiple comparison test. 

 
 
 
As camp is a key component of the signalling pathway that promotes cytotrophoblast fusion, 

it was queried whether crh has any effect on advancing bewo cell differentiation under 

altered oxygen tension. The effects of forskolin and crh on the molecular markers of 
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cytotrophoblast differentiation, syncytin mrna expression and hormone secretion (such as B 

HCG, Estradiol and progesterone) were determined by qrt pcr and elisa assay respectively 

under both 21 and 3% O2.  

CRH had no effect on syncytin 1 and 2 mRNA expression in BEWO cells at 21 % and 3% O2. In 

BEWO syncytialised cells, under low oxygen tension, the ability of CRH to potentiate the 

actions of forskolin on syncytin 1 and 2 mRNA expression in BEWO cells was lost. Forksolin 

and crh increases progesterone release at 21% o2. CRH potentiated the actions of forskolin 

on progesterone protein release, but not B HCG, estradiol and cortisol release in BEWO cells 

at 24h. cell differentiation is promoted by both forskolin and CRH. Hypoxia increases 

progesterone, estradiol and cortisol release in bewo cells.  

Under low oxygen tension, CRH has no effect on B-HCG, estradiol and cortisol release in 

unsyncytialised and syncytialised BEWO cells. Hypoxia reversed the actions of CRH on 

progesterone release in BEWO cells.  Hypoxia abolishes the potentiation of progesterone by 

CRH in BEWO syncytialised cells. Under low oxygen tension, CRH reduces progesterone 

release in unsyncytialised BEWO cells and the potentiation of progesterone in syncytialised 

BEWO cells.  Forskolin increases b-hcg release and the effect is reduced under low oxygen 

tension. Crh potentiates the actions of forskolin on b-hcg release and hypoxia abolishes it. Crh 

has no effect on b-hcg release under high and low oxygen tension.  

 
 
6.1.31 The effect of hypoxia on the expression of CRH receptors in BEWO cells  
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Figure 105  

Hypoxia upregulates the expression of CRHR-1 and 2 MRNA in BEWO cells. QRT PCR analysis showed that the expression 
of (A) CRHR 1 and (B) CRHR 2 mRNA was significantly upregulated for 24h at 3% O2. *** p=.0002; values are mean +/S.D 
; n=3. Data expressed as fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were 
analysed using a two-tailed unpaired t-test. 

  
  
 
6.1.32 The effect of CRH on the expression of CRHRs in syncytialised BEWO cells under 

altered oxygen tension  
 

 
 

Figure 106 

 Hypoxia upregulates CRHR1 and CRHR2 MRNA expression in BEWO cells. CRH potentiates CRHR2 expression in syncytialised 
BEWO cells. 1. Experimental protocol.  2.  QRT PCR analysis showed that Forskolin increases (A) CRHR1 and (B) CRHR2 MRNA 
expression in BEWO cells. CRH has no effect on CRHR1 but increases CRHR2 mRNA expression in BEWO cells. CRH abolishes 
the effect of forskolin on MRNA expression of CRHR-1, but not CRHR2 in BEWO cells at 21% O2 at 24h. Hypoxia increases 
CRHR1 and CRHR2 expression in BEWO cells. Hypoxia reverses the effect of forskolin on CRHR1 expression in BEWO cells. 
Forskolin has no effect on CRHR2 MRNA expression in BEWO cells. Under low oxygen tension, CRH decreases CRHR1 but not 
CRHR2 MRNA expression in BEWO cells. Under low oxygen tension, CRH has no effect on CRHR1 expression but potentiates 
CRHR2 mrna expression in syncytialised BEWO cells. * 0.033, ** .002, *** .0002 , ****p< .0001; values are mean +/S.D; n=3. 
Data expressed as fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were 
analysed using a two-way ANOVA with Tukeys multiples comparison test. 

 

6.1.33 To determine the regulation of CRHRs by CRH and forskolin in BEWO cells under 
altered oxygen tension 

 
Since crh receptors are crucial in mediating crh bioactivities, lack of potentiation of 

trophoblast fusion in response to crh under altered oxygen tension prompted us to examine 
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whether the regulation of crhr were being influenced by  oxygen  tension. Bewo cells were 

treated with 100nm crh for 24h and the levels of crhr1 and crhr2 mrna were quantified by qrt 

pcr. Crh upregulated the expression of crhr2 (2 fold) but not crhr1. This is against the study 

which showed upregulation of both crhrs in bewo cells by crh 

.https://rbej.biomedcentral.com/articles/10.1186/1477-7827-11-30#CR24 .Thus indicated 

that the CRH signalling pathway is intact and that the potential for a positive feed-forward 

pathway exists in BeWo cells.  

It has been previously shown that 8-Br-cAMP increases CRH promoter activity in human 

primary placental cells [20]. The potential role of CRH on the cAMP-mediated effect on cell 

survival of BeWo cells under altered oxygen tension needs to be further explored. The effect 

of camp on crh promoter activity in bewo cells under altered oxygen tension as well needs to 

be further explored. The effect of forskolin on the expression of endogenous mrna encoding 

components of crh signalling pathway in bewo cells were examined. Bewo cells were treated 

with 100um forskolin and the level of crh receptors mrna was quantified by qrt pcr.  Mrna 

levels for crh receptors were stimulated by forskolin. Following exposure to forskolin, the 

increase of crhr1 and crhr2 mrna was around 3 fold.  This is similar to what has been reported 

earlier https://rbej.biomedcentral.com/articles/10.1186/1477-7827-11-30#CR5. In case 

mRNA is translated into protein, it may suggest that differentiated BeWo cells are more 

responsive to CRH cellular action. Hypoxia increases mrna expression of crhr1 (5.5 fold) and 

crhr2 (15 fold). Under altered oxygen tension, Forskolin reduces crhr1 mrna expression by 

50%. The effect seen may be due to basal elevation of crhr1 mrna expression. Hypoxia 

abolishes the forskolin effect on crhr2 mrna expression.  

 

Discussion 

 

 

The differentiation of villous cytotrophoblast cells, the main cellular component of the 

placenta, is critical for a normal pregnancy as they mediate such steps as implantation, 

pregnancy hormone production, immune protection of the fetus, and delivery [1, 2]. It is 

known that upon in vitro stimulation with cAMP-inducing agents, such as forskolin, 

cytotrophoblasts undergo fusion into syncytiotrophoblasts. A syncytiotrophoblast is defined 
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as a giant cell with multiple nuclei sharing one cytoplasm, which expresses certain markers 

including syncytin 1 and human chorionic gonadotropin (hCG) [3, 4]. The syncytial mass, as 

assessed by the number of nuclei, increases exponentially across gestation [5]. Many factors 

are involved in the process of syncytialisation in the placenta, including cAMP-dependent 

protein kinase A, various protein tyrosine kinases, protein tyrosine phosphatases, syncytin-1, 

and GCM1 [4, 6]. While the list of players involved in cytotrophoblast differentiation is rapidly 

growing, the mechanisms remain far from clear. However, it is remarkable that little is known 

about the trophoblast cell fusion process (syncytiotrophoblast formation or syncytialisation). 

Mi et al. [1] suggested that syncytin, a protein encoded by an envelope gene of the recently 

identified human endogenous retrovirus-W (ERV-W) [2], may mediate placental 

cytotrophoblast fusion in vivo, and thus be important in human placental morphogenesis. In 

primary culture of isolated cytotrophoblast cells, the transcript levels of syncytin increase 

with the differentiation and fusion of cytotrophoblasts into syncytiotrophoblasts [3]. Recent 

experiments showed that under normoxic conditions (20% O2), relative mRNA abundance for 

syncytin is enhanced and for its receptor, amino acid transport system B0 (ASCT2), is 

suppressed in BeWo cells during syncytialisation by forskolin [6]. It has been reported that 

placental syncytin mRNA expression level is reduced in pregnancies complicated with pre-

eclampsia [7] and its extreme form, hemolysis, elevated liver enzymes and low platelets 

syndrome [8]. The histological abnormalities of placentae in pregnancy associated with 

underperfusion and hypoxia are characterised by cytotrophoblast prominence and 

abnormalities in syncytiotrophoblast formation [10]. It also has been demonstrated that 

trophoblast cell fusion and differentiation are inhibited by hypoxia [11], [12], [13]. These 

observations have raised the possibility that low oxygen may, via regulation of syncytin gene 

expression and associated hormones such as B-HCG, suppress trophoblast cell fusion.  

Corticotrophin releasing hormone (CRH), one of the hypothalamic “stress” peptides, plays a 

pivotal role in mammalian survival and adaptation responses involving the activation of the 

hypothalamic pituitary adrenal (HPA) axis. Besides its presence in the central nervous system, 

CRH is also expressed in the human placenta [7]. Placental CRH becomes detectable in 

maternal plasma around 16~20 weeks gestation, and increases exponentially as pregnancy 

progresses towards term. The level of placental CRH in maternal circulation has been linked 

to the length of gestation [8, 9, 10]. Placental CRH appears to target multiple feto-maternal 
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tissues, including the foetal adrenals, myometrial smooth muscle, placenta, placental 

vasculature and foetal membranes [11, 12, 13]. Through the various CRH receptor subtypes 

(CRHR1 and CRHR2) CRH plays diverse roles at different stages of pregnancy and labour. For 

example, CRH stimulates the foetal pituitary-adrenal axis, modulates placental vascular tone 

and endocrine function (especially prostaglandin generation), controls myometrial 

contractility ⁄ quiescence, and regulates trophoblast cell growth and invasion [10]. 

Nevertheless, there is little research literature available on a role for CRH in trophoblast cell 

differentiation. 

Stimulation by 8-Br-cAMP of BeWo cells cultured in normal foetal calf serum resulted in 

higher levels of hCG and ERVW-1 [14]. The effect of 8-Br-cAMP on the expression of 

endogenous mRNA encoding components of the CRH signalling pathway was shown in BeWo 

cells. CRH promoter activity is increased by 8-Br-cAMP in human placental cells [15], while 

others have shown that CRH can act via CRH-receptors to increase cAMP production [16, 17]. 

Therefore, the potential roles of CRH on the differentiation of human trophoblast BeWo cells 

under altered oxygen tension were investigated. 

It was found that under low oxygen tension, syncytin 1 and 2 mrna expression, B –HCG release 

is reduced in bewo syncytialised cells. It is not known if the effects can be reversed and needs 

to be further investigated. The progesterone release is abolished. Estradiol and cortisol 

release remains unaffected. This is associated with downregulation of CRHR1 and inability of 

CRHR2 upregulation. Further investigation on syncytin proteins and its receptors, amino acid 

transport system B are necessary to be established which are thought to be involved in 

trophoblast cell fusion (as well as the activity of amino acid transport through this system) in 

a cell model of syncytialisation (BeWo cells following forskolin treatment). Hypoxia increases 

progesterone, estradiol and cortisol release except B-HCG release. This is further associated 

with CRHR2 mRNA being more upregulated compared to CRHR1. These observations suggest 

that under conditions of low ambient oxygen, dysregulation of expression of syncytin and 

hormones may suppress the normal process of cell fusion necessary for syncytiotrophoblast 

formation and contributes to syncytiotrophoblast abnormalities characteristic of pre-

eclampsia. This may perhaps be mediated via downregulation of crhr1 expression and loss of 

crhr2 upregulation.  
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CRH is known to activate the cAMP/PKA (protein kinase A) pathway via its receptors, CRHR1 

and CRHR2, leading to phosphorylation of the cAMP response element binding protein 

(CREB1) [25]. As a transcription factor, CREB1 binds to a cAMP response element (CRE) 

sequence in the promoter of target genes, regulating the transcription of those genes [26, 

27]. CRH has been studied as one of those target genes containing a CRE in the promoter, and 

the CRE has been shown to be crucial for CRH gene expression [28, 29, 30]. Furthermore, CRH 

and its receptors (CRHR1/R2) are expressed in placental tissues [9, 31] and CRH can bind to 

syncytiotrophoblast membranes [32]. So, the induction of CRH by cAMP hints that CRH may 

play a feedback role in cAMP mediated effects in placental trophoblasts.  

Under high oxygen tension, CRH potentiates syncytins mRNA and progesterone release in 

syncytialised BEWO cells. CRHR1 and CRHR2 expression remains unaffected. The CRH effect 

on syncytins genes and progesterone release is lost under low oxygen tension. This is further 

associated with CRH having no effect on the downregulated CRHR1 expression in BEWO 

syncytialised cells but upregulates CRHR2 expression.  

Since syncytialization was dysregulated if cells were cultured under altered oxygen tension, it 

led us to imply that CRH signal pathways may play a role in cAMP-mediated cell apoptosis and 

differentiation. The ability of CRH to regulate cell apoptosis in several cells of different origin 

has been reported [33, 34], and CRH has been shown to induce FASLG (Fas ligand) production 

and apoptosis in the rat pheochromocytoma cell line PC12 via activation of MAPK (p38 

mitogen-activated protein kinase) [22]. It can thus be further proposed that although CRH is 

produced by differentiated trophoblasts it may also play a role in regulating trophoblast 

viability, thereby helping to keep the syncytiotrophoblast pool in renewal and this may be 

altered under low oxygen tension. Nevertheless, the existence of CRH receptors in BeWo cells 

suggests that CRH could be involved in another bioactivity, such as modulation of 

differentiation or syncytialisation of trophoblast cells. Consistent with previously published 

data, it was demonstrated that CRH can induce cell differentiation, as evidenced by the 

induction of ERVW-1 and by cell fusion. For trophoblast cells, the widely accepted marker of 

differentiation is a combination of a biochemical index (induction of hCG and ERVW-1 

proteins) and a morphological index (formation of cell fusion), with the latter being more 

convincing. Recently, the reliability of hCG as a trophoblast differentiation marker has been 
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called into question, due to dissociation of the two differentiation indexes. Similar to what 

has been published, It was shown here additional evidence that biochemical and 

morphological differentiation can be dissociated, since CRH facilitates cell fusion without any 

induction of hCG secretion. Also, CRH stimulation induced ERVW-1 expression, without any 

induction of hCG secretion [35].  

Similar dissociations have been reported in villous cytotrophoblast cells cultured in the 

absence of serum [36] and in JEG3 cells stimulated by forskolin, where an induction of hCG 

occurred without any evidence of cell fusion [21]. Recently, it was reported that the PKA 

inhibitor, H89, can reverse forskolin-induced BeWo cell fusion without altering forskolin-

induced hCG secretion [37]. Therefore, hCG protein expression may not necessarily be linked 

to syncytial fusion. This study adds to the growing evidence that differentiation and fusion 

are related but distinct events [38]. However, the secretion of hCG can be enhanced by 8-Br-

cAMP but not by CRH, suggesting that CRH and 8-Br-cAMP may regulate cell fusion through 

different signal pathways. Indeed, others have shown that charcoal scavenged hormones, 

such as estradiol, glucocorticoids and hCG, play roles in trophoblast differentiation at 

different stages of pregnancy [39]. 

That the expression of CRHR1 and CRHR2 can be up regulated by 8-Br-cAMP and also by CRH 

itself. There may exist a positive feed-forward mechanism in the 

CRH/CRHR/cAMP/PKA/CREB1 signal pathway, and that this occurs at several different levels. 

The positive communication existing with CRH and its receptors has the potential to magnify 

CRH bioactivities by, for example, promotion of trophoblast cell syncytialization. Since 

placental CRH expression in trophoblast cells begins when the cells differentiate toward 

syncytialization, the positive feed-forward and promotion of syncytialization by CRH could 

explain the exponential increase of CRH detected in maternal plasma as pregnancy progresses 

towards term, particularly as syncytial nuclear numbers increase exponentially across 

gestation [5]. This may provide the mechanism that links maturation of the placental structure 

to the timing of birth. 
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Table 45 

 

 21%O2    3% O2    

 -Fsk  +Fsk  -Fsk  +Fsk  

 Ctrl CRH Ctrl CRH Ctrl CRH Ctrl CRH 

Syncytin 1 NS NS    NS NS NS 

Syncytin 2 NS NS    NS NS NS 

B-HCG NS NS  NS NS NS  NS 

Estradiol NS NS NS NS NS NS NS NS 

Progesterone NS      NS NS 

Cortisol NS NS NS NS  NS NS NS 

CRHR-1 NS NS      NS 

CRHR-2 NS   NS  NS NS  
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6.1.34 The regulation of syncytialised BEWO cells under low and high oxygen tension by 
conditioned media obtained from HUVEC cells 

 

 
 
 

 
Figure 107 

 Under high oxygen tension, HUVEC conditioned media upregulates mRNA expression of syncytin 1 in unsyncytialised cells 
and syncytialised BEWO cells. Hypoxia reduces syncytin 1 mRNA expression in BEWO cells. Under low oxygen tension, 
HUVEC conditioned media upregulates mRNA expression of syncytin 1 in unsyncytialised BEWO cells. Under high oxygen 
tension, Syncytin 2 mRNA is upregulated in differentiated BEWO cells, which is further potentiated by HUVEC conditioned 
media.  These effects are  abolished in low oxygen tension. CRH has no effect on syncytin 1 and syncytin 2 mRNA expression 
in high and low oxygen tension. CRH potentiates the actions of syncytin 2 mRNA in differentiated BEWO cells under high 
oxygen tension. This is further lost in low oxygen tension. CRH potentiates the actions of HUVEC conditioned media on 
syncytin 1 in undifferentiated BEWO cells under high oxygen tension, which is lost under low oxygen tension. CRH potentiates 
the actions of HUVEC conditioned media on syncytin 1 in differentiated BEWO cells under high oxygen tension, which is 
reversed and reduces in hypoxia. CRH reduces the actions of HUVEC conditioned media on syncytin 2 in differentiated BEWO 
cells under high oxygen tension, which is lost in hypoxia.  

 
Table 46 

 
 Syncytin -1  Syncytin -2   

 21% O2 3% O2 21% O2 3% O2  

Ctrl NS  NS NS 

Fsk NS NS  NS 

HUVEC C.M.    NS NS 
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+ Fsk  

 NS  NS 

CRH  NS NS NS NS 

CRH + Fsk   NS  NS 
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HUVEC C.M. 
+ CRH  

 NS NS NS 

HUVEC C.M. 
+ CRH + Fsk  

   NS 

 
 

 
Figure 108  

Conditioned media obtained from HUVECs releases maximum B-HCG protein release from BEWO cells under high oxygen 
tension at 24h, which is further lost under hypoxia. Hypoxia increases estradiol and progesterone release  from BEWO cells 
under low oxygen tension. Hypoxia potentiates actions of HUVEC conditioned media on  progesterone release .  
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Figure 109 
 
Maximum B HCG protein release is seen with all the 3 doses of sFLT-1 (400IU, 10K IU, 40K IU) under high oxygen tension 
at 24h in undifferentiated BEWO cells. Hypoxia increases protein release of B-HCG and progesterone. sFLT-1 (10K) causes 
maximum estradiol and progesterone release under low oxygen tension in undifferentiated BEWO cells.  
 
Table 47 

 
 B HCG  Estradiol  Progesterone  

 21% O2 3% O2 21% O2 3% O2 21% O2 3% O2 

Ctrl NS  NS  NS  
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HUVEC 
C.M. 

NS NS NS  NS NS 
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.M. 
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Figure 110 

Forskolin increases B -HCG, progesterone and estradiol release under high oxygen tension at 24h in BEWO cells. 1/10th of 
the original dose of conditioned media obtained from HUVEC causes no change in B HCG, progesterone and estradiol 
release.  1/10th of the original dose of conditioned media obtained from HUVEC causes increased release  of B-HCG  but 
not progesterone and estradiol in differentiated BEWO cells.  
 
 

 
 
Figure  111 
   
Forskolin increases the release of  B-HCG , progesterone and estradiol. HUVEC conditioned media reduces estradiol 
release but has no effect on B-HCG, progesterone release in undifferentiated BEWO cells.  HUVEC conditioned media 
reduces B-HCG, progesterone and estradiol release in differentiated BEWO cells.  
 
 

 
 
Figure 112  
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Forskolin increases B-HCG, progesterone and estradiol release in BEWO cells. sFLT-1 (10K IU) increases progesterone 
and estradiol but not B -HCG release in undifferentiated BEWO cells under high oxygen tension. sFLT-1 (10K IU) has no 
effect on B-HCG, progesterone and estradiol release in differentiated BEWO cells under high oxygen tension.  
 
 

 
 
Figure 113  
 
sFLT-1 (40K IU) increases progesterone but not B -HCG and estradiol release in undifferentiated BEWO cells under high 
oxygen tension. sFLT-1 (40K IU) has no effect on B-HCG, progesterone and estradiol release in differentiated BEWO cells 
under high oxygen tension.  
 
Table 48 

 B HCG Estradiol Progesterone 

Ctrl NS NS NS 

Fsk    
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C.M. 

NS NS NS 
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 NS NS 
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Figure 114  

CRH increases progesterone release but has no effect on estradiol release under high oxygen tension in undifferentiated and 
differentiated BEWO cells. CRH decreases progesterone release under low oxygen tension in undifferentiated bewo cells. 
CRH has no effect on cortisol release under high oxygen tension in undifferentiated and differentiated BEWO cells. crh reduces 
HUVEC C.M. mediated cortisol release in undifferentiated and differentiated BEWO cells under high and low oxygen tension. 
CRH has no effect on B HCG release in undifferentiated and differentiated BEWO cells under high and low oxygen tension. 
CRH has no effect on HUVEC C.M. mediated B HCG release in undifferentiated and differentiated BEWO cells under high 
and low oxygen tension.  

 
 
Table 49 
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HUVEC 
C.M. + Fsk  

NS NS   NS  NS  

CRH  NS NS   NS NS NS NS 

CRH + Fsk   NS  NS NS NS NS NS 

HUVEC 
C.M. + 
CRH  

 NS NS  NS  NS  

HUVEC 
C.M. + 
CRH + Fsk  

NS  NS NS NS  NS  

 

 
 
 
Figure 115 

 Conditioned media obtained from HUVECs upregulates CRHR-1 mRNA but not CRHR2 mRNA expression under high oxygen 
tension at 24h. Forskolin increases CRHR1 mRNA but not CRHR2 mRNA. Huvec conditioned media increases CRHR1 mRNA  
expression in undifferentiated and  differentiated bewo cells. Huvec conditioned media does not affect CRHR2 MRNA in 
undifferentiated bewo cells but reduces CRHR2 mRNA expression in differentiated bewo cells.CRH increases CRHR2 mRNA 
but does not affect CRHR1 mRNA.  Forksolin does not upregulate CRHR1mRNA in presence of CRH. HUVEC conditioned 
media does not upregulate CRHR1mRNA in presence of CRH. CRH reduces the ability of HUVEC conditioned media to 
upregulate CRHR1mRNA in differentiated BEWO cells. HUVEC conditioned media increases CRHR2mRNA in presence of 
CRH in undifferentiated BEWO cells. CRH decreases CRHR2mRNA in differentiated BEWO cells.The ability of HUVEC 
conditioned media to reduce CRHR2 mRNA expression in differentiated BEWO cells remain unaffected in presence of CRH. 
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Figure 116  
 
HUVEC conditioned media increases CRHR1 mRNA expression in undifferentiated and differentiated BEWO cells. Forskolin 
increases CRHR1 mRNA expression. CRH has no effect on CRHR1 mRNA expression in undifferentiated BEWO cells. CRH 
prevents the ability of forskolin to increase CRHR1 mRNA. CRH prevents the ability of HUVEC conditioned media to increase 
CRHR1 mRNA in undifferentiated BEWO cells. CRH reduces the ability of HUVEC conditioned media to increase CRHR1 
mRNA in differentiated BEWO cells. 
 
Hypoxia increase CRHR1 mRNA expression. HUVEC conditioned media reduces CRHR1 mRNA. Forskolin reduces CRHR1 
mRNA. HUVEC conditioned media reverses the actions of forskolin on CRHR1 mRNA.CRH reduces CRHR1 mRNA in 
hypoxia.CRH does not affect the ability of HUVEC conditioned media to regulate CRHR1 mRNA.CRH reverses the actions of 
forskolin on CRHR1 mRNA. HUVEC conditioned media increases CRHR1 mRNA in differentiated BEWO cells and CRH has 
no effect on this.  
 
HUVEC conditioned media does  not affect CRHR2 mRNA expression under high oxygen tension at 24h. HUVEC conditioned 
media does not affect CRHR2 mRNA in undifferentiated BEWO cells but reduces CRHR2 mRNA expression in differentiated 
BEWO cells. CRH increases CRHR2mRNA but does not affect CRHR1 mRNA. HUVEC conditioned media increases CRHR2 
in presence of CRH in undifferentiated BEWO cells. CRH decreases CRHR2 mRNA in differentiated BEWO cells. The ability 
of HUVEC conditioned media to reduce CRHR2 mRNA expression in differentiated BEWO cells remain unaffected in presence 
of CRH. 
 
Hypoxia increases CRHR2 mRNA. HUVEC conditioned media increases CRHR2 mRNA in presence of CRH in hypoxia. 
Forskolin increases CRHR2 mRNA in presence of CRH in hypoxia. 
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+ CRH + Fsk  

  

 
 
 

 
 

Figure 117 

Forskolin reduces cellular number and induces apoptosis in BEWO cells under low oxygen tension at 24h. HUVEC 
conditioned media has no effect on undifferentiated and differentiated cells under high and low oxygen tension. 
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Figure 118 

No change in CRHR2 mRNA  expression is seen in BEWO cells in  low and high oxygen tension in presence or absence of 
HUVEC conditioned media. 

 
 

Figure 119 
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Figure 120 
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Figure 121 

 Forskolin increases HIF-1a and AKT expression in high oxygen tension at 24h. Forksolin has no effect on AMPK, p38 
MAPK, CREB expression.  

 
Figure 122 
 
 Hypoxia increases HIF-1a, AKT, AMPK, CREB expression at 24h. Hypoxia reverses the effect of forskolin on HIF-1a 
expression and abolishes the effect of forskolin on AKT expression. AMPK expression is reduced by forskolin under low 
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oxygen tension. CREB expression appears to be reduced by forskolin under low oxygen tension, but the basal levels of CREB 
is increased under low oxygen tension. 
 

  
Figure 123  
 
Conditioned media from HUVEC increases HIF-1a in undifferentiated BEWO cells. This effect is lost in differentiated BEWO 
cells. Forskolin  increases AKT expression.  Conditioned media from HUVEC increases AKT in undifferentiated BEWO cells. 
No further change in AKT expression is seen when conditioned media from HUVEC is added to  differentiated BEWO cells. 
sFLT-1 reduces AKT expression. The ability of forskolin to increase AKT is lost in presence of sFLT-1.No effect on AMPK 
expression is seen in undifferentiated and differentiated BEWO cells. Conditioned media from HUVEC and sFLT-1  has no 
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effect on AMPK in undifferentiated and differentiated BEWO cells. Conditioned media from HUVEC and sFLT-1  reduces p38 
MAPK in differentiated BEWO cells. 
 
 

 
 

Figure 124  

Under high oxygen tension, forskolin increases HIF-1a expression. Conditioned media from HUVEC increases HIF-1a  
protein expression in undifferentiated BEWO cells. Conditioned media from HUVEC decreases HIF-1a expression  in 
differentiated BEWO cells. Hypoxia increases HIF-1a expression. Forskolin reduces HIF-1a expression. Conditioned media 
from HUVEC has no effect on HIF-1a expression in  undifferentiated and differentiated BEWO cells in hypoxia.  

21% O2 3% O2

0

20

40

60

H
IF

-1
α

 / 
G

A
PD

H
 ra

tio

Ctrl 

Fsk
*

*

****
*

*

*

*

****
***

***

+HUVEC C.M.                 +HUVEC C.M.  

21% O2 3% O2

0.0

0.2

0.4

0.6

0.8

A
K

T 
/ G
A
PD
H

 ra
tio

Ctrl 

Fsk

*
*

*

*
*

*

****
***

****
***

****

****
****

+HUVEC  C.M. +sFLT-1 +HUVEC  C.M. +sFLT-1

A. B.

21% O2 3% O2

0.00

0.05

0.10

0.15

p3
8 

M
A

PK
 / 

G
A

PD
H

 ra
tio Ctrl 

Fsk
***

***

***

**

***

***
***

**

+HUVEC  C.M. +sFLT-1 +HUVEC  C.M. +sFLT-1

21% O2 3% O2

0.0

0.2

0.4

0.6

A
M

PK
 / 

G
A

PD
H

 ra
tio

 Ctrl 

Fsk

****
**

****
****

****

****

****

****
****

+HUVEC  C.M. +sFLT-1 +HUVEC  C.M. +sFLT-1

C. D.

21% O2 3% O2

0

2

4

6

8

10

C
R

EB
 / 

G
A

PD
H

 ra
tio

 Ctrl 

Fsk

****

****

**
***

*

****

****
*

**

+HUVEC  C.M. +sFLT-1 +HUVEC  C.M. +sFLT-1

E.



      
 

239 
 

Under high oxygen tension, forskolin increases AKT expression. Conditioned media from HUVEC increases AKT expression. 
Conditioned media from HUVEC has no effect on AKT in differentiated BEWO cells. sFLT-1  decreases  AKT expression in 
undifferentiated and differentiated BEWO cells. Hypoxia increases AKT protein expression. Under low oxygen tension, 
conditioned media from HUVEC as well as sFLT-1  decrease AKT expression  in undifferentiated and differentiated  BEWO 
cells.  
Forskolin has no effect on p38 MAPK expression in undifferentiated BEWO cells in high oxygen tension. Conditioned media 
from HUVEC / sFLT-1   has no effect on p38 MAPK expression in undifferentiated and differentiated  BEWO cells in high 
oxygen tension. Hypoxia has no effect on p38 MAPK expression. Forskolin has no effect on p38 MAPK expression. In hypoxia, 
conditioned media from HUVEC decreases p38 MAPK  expression in undifferentiated and differentiated  BEWO cells. In 
hypoxia, sFLT-1  decreases p38 MAPK expression in undifferentiated and differentiated  BEWO cells. In high oxygen tension,  
 
Forskolin has no effect on AMPK protein expression. Conditioned media from HUVEC has no effect on AMPK expression in 
undifferentiated and differentiated  BEWO cells. sFLT-1 has no effect on AMPK expression in undifferentiated and 
differentiated BEWO cells. Hypoxia has no effect on AMPK expression. Forskolin reduces AMPK protein expression. 
Conditioned media from HUVEC and sFLT-1   reduces  AMPK expression in undifferentiated BEWO cells but remains 
unaffected in differentiated BEWO cells. 
 
Forskolin has no effect on CREB protein expression. Conditioned media from HUVEC and sFLT-1  has no effect on CREB 
protein expression. Conditioned media from HUVEC reduces CREB protein expression in differentiated BEWO cells. 
sFLT-1   has no effect on CREB expression in differentiated BEWO cells. Hypoxia increases  CREB protein expression. 
In low oxygen tension, forskolin reduces CREB protein expression. Conditioned media from HUVEC reduces  CREB 
expression  in undifferentiated BEWO cells but has no effect in differentiated BEWO cells. sFLT-1  has no effect on CREB 
expression in undifferentiated and differentiated BEWO cells.  
 
 
Table 51 
 

 HIF-1a  AKT  P38 
MAPK  

 AMPK   CREB  

 21% 
O2 

3% 
O2  

21% 
O2 

3% 
O2  

21% O2 3% 
O2  

21% O2 3% 
O2  

21% 
O2 

3% 
O2  

Ctrl NS  NS  NS NS NS NS NS  

Fsk    NS NS NS NS  NS  

HUVEC 
C.M. 

 NS    NS  NS  NS  

HUVEC 
C.M. + 
Fsk 

  NS    NS NS  NS 

SFLT-1 NS NS   NS  NS  NS NS 

SFLT-1 
+ Fsk 

NS NS NS NS   NS NS NS NS 

 
d  
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Figure 125 

 

 
 

Figure 126 

 
 
Table 52 

24H MTOR  S6K70  S6K85  
 21% O2 3% O2 21% O2 3% O2 21% O2 3% O2 
SFLT-1 NS NS NS  NS  

SFLT-1 + 
Fsk  

 NS NS  NS  

CRH + 
SFLT-1  

    NS  

21 % O221 % O2 3 % O2
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CRH + 
SFLT-1 + 
Fsk  

NS   NS NS  

 
 
Bewo 24h  
 
 
 

  

 

Figure 127 

 

 

 
 

Figure 128 

 
 
 
 
  
 
 

21% O2 3% O2

HIF-1α
(120 kDa) 

P-AMPK
(62kDa)

AMPK
(62 kDa)

β- ACTIN
(45 kDa)

CREB
(43kDa)

P-CREB

1            2                3           4            5            6              7            8             9

1,2,8,9 Control (Ctrl)
3 Forskolin (Fsk)
4 HUVEC C.M. 
5 HUVEC C.M. + Fsk
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Figure 129  

 

LICOR analysis of HIF-1a  expression shows that hypoxia increases HIF-1a  , which is further upregulated in differentiated 
BEWO cells IN 24H. Conditioned media from HUVEC increases HIF-1a . ECL analysis shows Forskolin increases HIF-1a 
expression.  Conditioned media from HUVEC increases HIF-1a expression.   The expression of HIF-1a  is brought back to 
basal levels  when conditioned media from HUVEC is added to differentiated BEWO cells. 

ECL analysis shows  hypoxia increases HIF-1a expression.Hypoxia reverses the effect of forskolin on HIF-1a expression. 
Hypoxia abolishes the effect of conditioned media from HUVEC on HIF-1a in undifferentiated  and differentiated BEWO cells. 
Under high oxygen tension, forskolin has no effect on pAKT expression.  Conditioned media from HUVEC and sFLT-1  has 
no effect on pAKT in undifferentiated  and differentiated BEWO cells.  
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Hypoxia has no effect on pAKT expression.Forskolin  has no effect on pAKT expression in high and low oxygen 
tension.Conditioned media from HUVEC and sFLT-1  increases pAKT (thr 308) expression in undifferentiated  and 
differentiated BEWO cells in low oxygen tension. 
 
Forskolin increases AKT expression in high oxygen tension.Conditioned media from HUVEC increase  AKT expression in 
undifferentiated BEWO cells but not in differentiated BEWO in high oxygen tension.sFLT-1  decreases AKT expression in 
undifferentiated  and differentiated BEWO cells in high oxygen tension. 
 
Hypoxia increase  AKT protein expression.Hypoxia abolishes the effect of forskolin on AKT expression. Conditioned media 
from HUVEC decrease AKT protein expression in undifferentiated  and differentiated BEWO cells. sFLT-1  decreases AKT 
expression in undifferentiated  and differentiated BEWO cells. 
 
Forskolin has no effect on pCREB expression in high and low oxygen tension.Conditioned media from HUVEC reduce pCREB 
expression. Conditioned media from HUVEC increases pCREB expression in differentiated BEWO cells. 
Hypoxia increases pCREB expression.Conditioned media from HUVEC reduce pCREB expression in hypoxia in 
undifferentiated and in differentiated BEWO cells. 
 
Conditioned media from HUVEC has no effect on p38 MAPK  expression in undifferentiated BEWO cells but reduce p38 
MAPK expression in differentiated BEWO cells in high oxygen tension. sFLT-1 reduce p38 MAPK expression in 
undifferentiated  and differentiated BEWO cells in high oxygen tension.Conditioned media from HUVEC and sFLT-1  reduce 
p38 MAPK protein expression in undifferentiated  and differentiated BEWO cells in low oxygen tension. 
 
  
Table 53 

 
 HIF-

1a 
 HIF-

1a 
(ECL) 

 PAKT 
/AKT 

 AKT/GAPDH   PCREB  P38 
MAPK  

 

 21% 
O2 

3% 
O2 

21% 
O2 

3% 
O2 

21% 
O2 

3% 
O2 

21% O2 3% 
O2 

21% 
O2 

3% 
O2 

21% 
O2 

3% 
O2 

Ctrl NS  NS  NS NS NS NS NS NS NS NS 

Fsk NS    NS NS  NS NS NS NS NS 

HUVEC 
C.M. 

NS   NS NS      NS  

HUVEC 
C.M. + 
Fsk 

NS NS  NS NS  NS  NS    

SFLT-1 NS NS NS NS NS    NS NS   

SFLT-1 
+ Fsk  

NS NS NS NS NS    NS NS   

 
6.1.35 Endogenous secretion of PLGF, VEGF and sFLT – 1 in BEWO cells over 48h under 

high oxygen tension  
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Figure 130  

Under high oxygen tension, PLGF and VEGF are endogenously secreted in a time dependent manner upto 48h in BEWO cells, 
the former being released in excess.  (A) Experiment protocol, where after 80% confluency, fresh media was added and 
supernatants were collected at different time points and MSD ELISA assay was done on PLGF, SFLT-1 and VEGF proteins. 
(B) Both PLGF and VEGF proteins were significantly released in a time dependent manner upto 48 h from BEWO cells at 
21% O2, the former being released in higher amounts. SFLT-1 protein was released in minimal amounts endogenously. 
p=0.1234  ns ; * 0.033; ** .002; *** .0002; ****< .0001; n=3.Data expressed as ng/ml normalised against mg protein. Data 
were analysed using two – way ANOVA with Tukeys multiple comparison test.  

 
 

The endogenous release of PLGF, VEGF and sFLT-1 were analysed at various time points upto 

48h under high oxygen tension using MSD assay. BEWO cells were incubated with F12K 

culture media and the supernatants were assessed. BEWO secretes PLGF protein in excess 

amounts (upto 45 ng/ml/mg protein) compared to other molecules such as sFLT-1  

(1ng/ml/mg protein) and VEGF (upto 15 ng /ml/mg protein). PLGF is endogenously secreted 

by BEWO cells in a time dependent manner. Similar pattern of secretion is seen with VEGF. 

sFLT-1 is secreted in a steady manner throughout 48 hours.  

 
 
6.1.36 Influence of oxygen tension on the pattern of secretion of PLGF in BEWO cells over 

24h  
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Figure 131  

 

Low oxygen tension reverses the time dependent increase of PLGF release in BEWO cells. (A) Experiment protocol, where 
after 80% confluency, fresh media was added and some cells were incubated at 3% O2 for 24h. Supernatants were collected 
at different time points and MSD ELISA assay was done on PLGF protein. (B) The pattern of secretion of PLGF in BEWO 
cells was reversed when cells were exposed to 3%O2. p=0.1234  ns ; * 0.033; ** .002 ;*** .0002 ;****< .0001; n=3.Data 
expressed as ng/ml normalised against mg protein. Data were analysed using two – way ANOVA with Tukeys multiple 
comparison test.  

The influence of oxygen tension on PLGF release in BEWO cells was investigated at various 

time points, upto 24h, using MSD assay. PLGF release was seen in a time dependent manner 

upto 24h under high oxygen tension. While similar amount of PLGF is released at 1h under 

both high and low oxygen tension, the secretion of PLGF was reduced by 6h upto 66% under 

low oxygen tension, reaching a saturation by 24h.  

 
6.1.37 The regulation of PLGF release by CRH in BEWO cells over 24h under high and low 

oxygen tension 

  
 
Figure 132 

Under high oxygen tension, CRH reduces PLGF release at 6h but has no effect at other time points. Under low oxygen tension, 
CRH does not regulate PLGF release in BEWO cells. (A) Experiment protocol, where after 80% confluency, fresh media was 
added and some cells were incubated at 3% O2 for 24h. Cells were further treated with 100nM CRH and supernatants were 
collected at different time points and MSD ELISA assay was done on PLGF protein. (B) CRH significantly reduced PLGF 
protein at 6h at 21% O2 but had no effect on PLGF protein at other time points at both 21 % O2 and 3% O2. p=0.1234  ns ; 
* 0.033; ** .002 ;*** .0002 ;****< .0001; n=3.Data expressed as ng/ml normalised against mg protein. Data were analysed 
using two – way ANOVA with Tukeys multiple comparison test.  
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Table 54 

 
PLGF release in BEWO 21% O2  3% O2  

 Ctrl CRH Ctrl CRH 

1H NS NS NS  

6H    NS 

24H NS NS NS NS 

Under high and low oxygen tension, the regulation of PLGF release by CRH was studied at 

different time points, upto 24h, using MSD assay. Under high oxygen tension, CRH reduced 

PLGF release at 6h, but had no effect at other time points. Under low oxygen tension, the 

ability to reduce PLGF release at 6h by CRH is lost.  

 
 
 
 
6.1.38 The regulation of secretion of PLGF and VEGF in BEWO cells by CRH,  UCN2, 

VEGF over 24h under high oxygen tension 
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Figure 133 
 
 Under high oxygen tension, while VEGF increased PLGF release at 24h, CRH and UCN2 decreased PLGF release at 24h. 
(A) Experiment protocol, where after 80% confluency, fresh media was added and cells were further treated with 100nM CRH, 
100nM UCN2 or 20ng/ml VEGF and supernatants were collected at different time points and MSD ELISA assay was done on 
PLGF and VEGF proteins. (B) PLGF protein secretion was significantly reduced by both CRH and UCN2 and increased by 
VEGF at 24h at 21% O2 in BEWO cells. p=0.1234  ns ; * 0.033; ** .002 ;*** .0002 ;****< .0001; n=3.Data expressed as 
ng/ml normalised against mg protein. Data were analysed using two – way ANOVA with Tukeys multiple comparison test.  
 

 
 
Table 55 

 
 

PLGF release in BEWO  21% O2   

 Ctrl CRH UCN2 VEGF 

1H NS NS NS NS 

3H NS NS NS NS 

6H NS NS NS NS 

12H NS NS NS NS 

24H NS    

 
Table 56 

VEGF release in BEWO  21% O2   

 Ctrl CRH UCN2  

1H NS NS NS  

3H NS NS NS  

6H NS NS NS  

12H  NS NS  

24H     

 
To verify the influence of CRH, UCN2 and VEGF on the pattern of secretion of PLGF and VEGF 

in BEWO cells over the period of 24h, the BEWO cells were treated with 100nM of CRH, 

100nM of UCN2 and 20ng/ml VEGF over the period of 24h and supernatants were collected 

at different time points and PLGF and VEGF were measured using MSD ELISA assay. CRH and 

UCN2 decreased PLGF release at 24h. VEGF increased PLGF release at 24h. 
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Expression and release of PLGF in syncytialised BEWO cells under high oxygen tension

 
 
  

 
Figure 134  

CAMP/PKA signalling pathway increases PLGF mRNA expression and release from BEWO cells. 1. Experiment protocol. 
2.(A) QRT-PCR analysis showed that the expression of PLGF MRNA was significantly upregulated and (B) MSD ELISA assay 
showed the PLGF protein secretion is significantly higher in BEWO cells treated with 100um forskolin for 24h at 21% O2. 
**** p<0.0001; n=3; Fsk: forskolin. Data expressed as (A) fold change of gene expression, relative to control 24h, after 
normalising against B-actin and (B) ng/ml normalised against mg protein. Data were analysed using a two-tailed unpaired t-
test. 

 
The expression of PlGF messenger RNA (mRNA) was analysed using real-time PCR in BEWO 

cells. Glyceraldehyde 3-phosphate dehydrogenase and B actin were used as internal controls, 

with the latter proving to be more consistent, as reported previously 

https://www.ncbi.nlm.nih.gov/pubmed/14706621.22 To verify the activation of the cAMP-

PKA pathway, BEWO cells, a well characterised model of trophoblasts, were treated with 100 

μM forskolin (a strong activator of adenylate cyclase) for 24h. Under high oxygen tension 

(21%O2), forskolin induced upregulation of PLGF mRNA expression by 4 fold compared to 

control.  
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To verify that changes in gene expression were reflected by protein synthesis, supernatants 

from cells treated with the same compound were subjected to a specific PlGF ELISA (figure). 

In BEWO cells, forskolin increased PlGF protein by >35-fold, after 24 hours.  

 

6.1.39 The regulation of expression and release of PLGF in syncytialised BEWO cells by 
low oxygen tension 

 
 
Figure 135  
 
Low oxygen tension increases PLGF mRNA expression but reduces PLGF release in syncytialised BEWO cells. 1. Experiment 
protocol; 2.(A) QRT-PCR analysis showed that the expression of PLGF MRNA was significantly upregulated and (B) MSD 
ELISA assay showed the PLGF protein secretion is significantly reduced in BEWO cells treated with 100Um forskolin for 24h 
at 3% O2. **** p<0.0001; n=3; Fsk: forskolin. Data expressed as (A) fold change of gene expression, relative to control 24h, 
after normalising against B-actin and (B) ng/ml normalised against mg protein. Data were analysed using a two-tailed 
unpaired t-test. 
 
To verify the regulation of expression and release of PLGF by low oxygen tension (3%O2), 

BEWO cells were incubated under high (21% O2) and low (3% O2) oxygen tensions for 24h 

and mRNA and protein release of PLGF were analysed using QRT-PCR and ELISA assay. The 

cells were further incubated with forskolin. Under 3% O2, PLGF mRNA was upregulated by <3 

fold. This is however not reflected by protein release. Low oxygen tension increased forskolin 

induced PLGF mRNA by 12 fold but reduced PLGF by 70% at the protein secretion level.  
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The regulation of expression and release of PLGF by CRH in BEWO cells under high and 
low oxygen tension

 
 
Figure 136  
 
CRH increases PLGF mRNA expression under high oxygen tension. A) Experiment protocol; B) QRT-PCR analysis showed 
that the expression of PLGF MRNA was significantly upregulated in BEWO cells treated with 100nm CRH for 24h at 21% 
O2. *** p=0.0002; n=3; CRH: corticotrophin releasing hormone.  Data expressed as fold change of gene expression, relative 
to control 24h, after normalising against B-actin. Data were analysed using a two-tailed unpaired t-test. 
 
 

The regulation of expression of PLGF by CRH was investigated in BEWO cells by incubating 

cells with 100nM CRH under high oxygen tension and PLGF mRNA was analysed using QRT-

PCR. CRH increases PLGF mRNA expression by 2 fold under high oxygen tension.  
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Figure 137  
 
 Low oxygen tension increases PLGF mRNA expression but not release. CRH further potentiates the actions of hypoxia on 
PLGF mRNA expression but not reflected at protein release level. 1. Experiment protocol; 2. (A) QRT-PCR analysis showed 
that the expression of PLGF MRNA was significantly upregulated and (B) MSD ELISA assay showed the PLGF protein 
secretion was unaffected in BEWO cells exposed to 3% O2 for 24h. BEWO cells further treated with 100NM CRH showed that 
CRH further potentiates the actions of hypoxia on the (A) expression of PLGF MRNA but no effect was seen at the (B) protein 
secretion level.  p=** .002 ;*** .0002 ;****< .0001; **** p<0.0001; n=3; CRH : corticotrophin releasing hormone. Data 
expressed as (A) fold change of gene expression, relative to control 24h, after normalising against B-actin and (B) ng/ml 
normalised against mg protein. Data were analysed using a two-way ANOVA with Tukey’s multiple comparison test. 
 
The regulation of expression and release of PLGF by CRH was investigated in BEWO cells under 

low oxygen tension by incubating cells with 100nM CRH and PLGF mRNA and release was 

analysed using QRT-PCR and ELISA. Hypoxia increases PLGF mRNA by 3 fold and CRH 

potentiates PLGF mRNA expression by 2 fold. This is not reflected at protein release level.  

 
 



      
 

252 
 

6.1.40 The regulation of Expression and release of PLGF by CRH in syncytialised BEWO 
cells under high oxygen tension 

 
 

Figure 138  

CRH does not regulate forskolin induced PLGF mRNA expression and protein secretion under high oxygen tension in BEWO 
cells. 1. Experiment protocol; 2. (A) QRT-PCR analysis showed that the expression of PLGF MRNA and (B) MSD ELISA 
assay showed the PLGF protein secretion were unaffected in BEWO cells treated with 100nm CRH and 100um forskolin, 
exposed at 21% O2 for 24h.  p=** .002 ;*** .0002 ;****< .0001; **** p<0.0001; n=3; Fsk: forskolin; CRH: corticotrophin 
releasing hormone. Data expressed as (A) fold change of gene expression, relative to control 24h, after normalising against 
B-actin and (B) ng/ml normalised against mg protein. Data were analysed using a one-way ANOVA with Tukey’s multiple 
comparison test. 

 

The regulation of PLGF MRNA and release by CRH in syncytialised BEWO cells under high 

oxygen tension was investigated. PlGF mRNA upregulation and protein release by forskolin 

remained unaffected in the presence of 100nM CRH.  
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6.1.41 The regulation of Expression and release of PLGF by CRH in syncytialised BEWO 
cells under high and low oxygen tension 

 
 
  

Figure 139  

Under low oxygen tension, CRH upregulates PLGF mRNA but not protein release in BEWO cells and reduces PLGF mRNA 
in syncytialised BEWO cells. 1. Experiment protocol; 2. (A) QRT-PCR analysis showed that the expression of PLGF MRNA 
was significantly upregulated and (B) MSD ELISA assay showed the PLGF protein secretion was unaffected in BEWO cells 
treated with 100NM CRH exposed at 3% O2 for 24h. Furthermore, some cells incubated with 100NM CRH along with 100um 
forskolin showed PLGF MRNA was downregulated and protein release remained unaffected.   p=* 0.033, ** .002 ;*** .0002 
; **** p<0.0001; n=3; CRH : corticotrophin releasing hormone; fsk: forskolin. Data expressed as (A) fold change of gene 
expression, relative to control 24h, after normalising against B-actin and (B) ng/ml normalised against mg protein. Data were 
analysed using a two-way ANOVA with Tukey’s multiple comparison test. 

 
The regulation of PLGF mRNA and release by CRH in syncytialised BEWO cells under low 

oxygen tension was investigated. Under low oxygen tension, CRH upregulated PlGF mRNA by 

2 fold. This was not reflected by protein secretion. PLGF mRNA upregulation by forskolin was 

reduced by 5 fold, in the presence of 100nM CRH. However, a trend towards increase in PLGF 

release was seen.  

 

rekha
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6.1.42 The regulation of release of PLGF by CRH via CRHR1 in BEWO cells under high 
oxygen tension 

 
 

Figure 140  

Under high oxygen tension, blocking CRHR1 reduces CRH mediated PLGF release. A, Experiment protocol,  where after 80% 
confluency, fresh media was added. Cells were pretreated with CRHR1 /2 antagonists, NBI 27914 or anti-sauvagine-30 for 
1h. The cells were further treated with 100nM CRH for 24h and supernatants were collected and MSD ELISA assay was done 
on PLGF protein. B. MSD ELISA assay showed PLGF protein was not affected in BEWO cells treated with 100nM CRH 
exposed at 21% O2 at 24h. Cells treated with NBI along with CRH showed reduced release of PLGF. No effect was seen in 
cells treated with anti-sauvagine 30 along with CRH. **** p<0.0001; n=3; CRH : corticotrophin releasing hormone.  Data 
expressed as  ng/ml normalised against mg protein. Data were analysed using a one-way ANOVA with Tukey’s multiple 
comparison test. 

 
The receptors involved in the regulation of release of PLGF by CRH were investigated in BEWO 

cells under high oxygen tension by incubating cells with 100nM CRH for 24h. Some cells were 

preincubated for 1 hour with, CRHR-1 and 2 antagonists, NBI-27914 and Anti-Sauvagine 30 

respectively and PLGF release was analysed using ELISA. CRH did not affect PLGF release. PLGF 

release by CRH was inhibited by 80% in the presence of CRHR1 antagonist, NBI 27914. No 

effect is seen with CRHR2 antagonist, Anti-Sauvagine 30.  

   
 
 
6.1.43 The regulation of release of PLGF by CRH via CRHR1 in BEWO cells under high 

and low oxygen tension 
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Figure 141 

 Under high but not low oxygen tension, blocking CRHR1 reduces CRH mediated PLGF release. A, Experiment protocol, , 
where after 80% confluency, fresh media was added and cells were exposed to 3% O2 for 24h. Cells were pretreated with 
CRHR1 /2 antagonists, NBI 27914 or anti-sauvagine-30 for 1h. The cells were further treated with 100nM CRH for 24h and 
supernatants were collected at 24h and MSD ELISA assay was done on PLGF protein. MSD ELISA assay showed under low 
oxygen tension, CRH has no effect on PLGF protein release. Treating cells with NBI 27914  or anti-sauvagine-30 along with 
CRH has no effect on PLGF release. **** p<0.0001; n=3; CRH: corticotrophin releasing hormone.  Data expressed as ng/ml 
normalised against mg protein. Data were analysed using a two-way ANOVA with Tukey’s multiple comparison test. 

 
Table 57 

 
PLGF release in BEWO  21% O2  3% O2 

 Ctrl CRH Ctrl CRH 

- NBI /AntiSvg-30 NS NS NS NS 

+ NBI NS  NS NS 

+ AntiSvg-30 NS NS NS NS 
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The receptors involved in the regulation of release of PLGF by CRH was investigated in BEWO 

cells under high and low  oxygen tension by incubating cells with 100nM CRH for 24h. Some 

cells were preincubated for 1 hour with, CRHR-1 and 2 antagonists, NBI-27914 and Anti-

Sauvagine 30 respectively and PLGF release was analysed using ELISA. CRH did not affect PLGF 

release. Blocking CRHR1 or CRHR2 did not further affect CRH mediated PLGF release. 

 
 

 
6.1.44 The regulation of release of PLGF by CRH via CRHR1 in syncytialised BEWO cells 

under high and low oxygen tension 
  

                 
Figure 142  

Under high oxygen tension,cAMP signalling pathway  increases PLGF release via CRHR1. A, Experiment protocol, , where 
after 80% confluency, fresh media was added. Cells were pretreated with CRHR1 /2 antagonists, NBI 27914 or anti-sauvagine-
30 for 1h. The cells were further treated with 100nM CRH along with 100um forskolin for 24h and supernatants were collected 
and MSD ELISA assay was done on PLGF protein. B. Cells incubated with 100um forskolin for 24h showed increase in PLGF 
release. Further combined treatment with NBI 27914 showed no increase in PLGF release. Cells treated with forskolin and 
antisauvagine – 30 showed  trend towards an increase in PLGF release. A trend towards decrease in PLGF release was seen 
in cells treated with CRH and forskolin. Combined treatment with either NBI or anti-sauvagine 30 showed no effect on PLGF 
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release. **** p<0.0001; n=3; CRH : corticotrophin releasing hormone.  Data expressed as  ng/ml normalised against mg 
protein. Data were analysed using a one-way ANOVA with Tukey’s multiple comparison test. 

 
 
The receptors involved in the regulation of release of PLGF by CRH were investigated in 

syncytialised BEWO cells under high oxygen tension. BEWO cells under high oxygen tension 

were investigated by simultaneously incubating cells with 100nM CRH and 100µM forskolin 

for 24h. Some cells were preincubated for 1 hour with, CRHR-1 and 2 antagonists, NBI-27914 

and Anti-Sauvagine 30 respectively and PLGF release was analysed using ELISA. CAMP 

signalling pathway is unable to drive PLGF release in the presence of CRHR1 antagonist, 

NBI27914. A trend towards increase in PLGF release is seen in the presence of CRHR-2 

antagonist, Anti-Sauvagine 30. Thus, implying forskolin increases PLGF release in BEWO cells 

via CRHR1. A trend towards decrease in PLGF release is seen, possibly mediated via CRHR1 

when CRH is added to syncytialised BEWO cells. 
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6.1.45 The regulation of release of PLGF by CRH via CRHR1 in syncytialised BEWO cells 
under high and low oxygen tension 

 
 
 Figure 143  

Under low oxygen tension, forskolin does not increase PLGF release.  CRHR2 prevents forskolin from increasing PLGF 
release. CRH increases PLGF release in syncytialised BEWO cells via CRHR1. A. Experiment protocol,  where after 80% 
confluency, fresh media was added and cells were exposed to 3% O2 for 24h. Cells were pretreated with CRHR1 /2 
antagonists, NBI 27914 or anti-sauvagine-30 for 1h. The cells were further treated with 100nM CRH along with 100um 
forskolin for 24h and supernatants were collected and MSD ELISA assay was done on PLGF protein. B. Under low oxygen 
tension, cells incubated with 100um forskolin for 24h showed no effect on PLGF release. Further combined treatment with 
NBI 27914 showed no increase in PLGF release. Cells treated with forskolin and antisauvagine – 30 showed an increase in 
PLGF release. Cells treated with CRH and forskolin showed an increase in PLGF release. Further combined treatment with 
NBI showed a significant increase in PLGF release. Cells treated with CRH, forskolin and anti-sauvagine-30 showed only a 
trend towards an increase in PLGF release. **** p<0.0001; n=3; CRH : corticotrophin releasing hormone.  Data expressed 
as ng/ml normalised against mg protein. Data were analysed using a two-way ANOVA with Tukey’s multiple comparison test. 
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Table 58 

 
 

PLGF release in 
BEWO 

 21% 
O2 

   3% O2   

 Ctrl CRH Fsk CRH + 
Fsk 

Ctrl CRH Fsk CRH + 
Fsk 

- NBI /AntiSvg-30 NS NS  NS NS NS NS  

+ NBI NS NS NS  NS NS   

+ AntiSvg-30 NS NS   NS NS   

 
 
 
 
The receptors involved in the regulation of the release of PLGF by CRH were investigated in 

syncytialised BEWO cells under low oxygen tension. BEWO cells under low oxygen tension 

were investigated by simultaneously incubating cells with 100nM CRH and 100µM forskolin 

for 24h. Some cells were preincubated for 1 hour with, CRHR-1 and 2 antagonists, NBI-27914 

and Anti-Sauvagine 30 respectively and PLGF release was analysed using ELISA.  Forskolin 

does not increase PLGF release and this may be mediated by CRHR2. PLGF release by cAMP 

signalling pathway was increased by 20 fold in the presence of CRHR2 antagonist, anti- 

Sauvagine-30. No effect is seen with CRHR1 antagonist, NBI 27914. Furthermore, when 

syncytialised BEWO cells were incubated with CRH, in the presence of CRHR1 antagonist, NBI 

-27914, PLGF release is increased upto 240 fold. Thus, the increase in PLGF release seen, when 

CRH is added to syncytialised BEWO cells, is possibly mediated via CRHR1. No effect is seen 

with CRHR2 antagonist, Anti-Sauvagine 30. 
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6.1.46 Expression of VEGF in syncytialised BEWO cells under high oxygen tension

 
 
 
 

Figure 144  
 
Under high oxygen tension, cAMP/PKA signalling pathway has no effect on VEGF mRNA expression from BEWO cells. 1. 
Experiment protocol. 2.(A) QRT-PCR analysis showed that the expression of VEGF MRNA remained unaffected in BEWO 
cells treated with 100um forskolin for 24h at 21% O2. n=3; Fsk: forskolin. Data expressed as fold change of gene expression, 
relative to control 24h, after normalising against B-actin. Data were analysed using a two-tailed unpaired t-test. 

 
The expression of VEGF messenger RNA (mRNA) was analysed using real-time PCR in BEWO 

cells. To verify the activation of the cAMP-PKA pathway, BEWO cells were treated with 100 

µM forskolin (a strong activator of adenylate cyclase) for 24h. Under high oxygen tension 

(21%O2), forskolin did not regulate VEGF mRNA expression compared to control.  

 

6.1.47 Expression of VEGF in syncytialised BEWO cells under high and low oxygen tension 
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Figure 145 

 Low oxygen tension increases VEGF mRNA expression  in syncytialised BEWO  cells.1. Experiment protocol; 2.(A) QRT-
PCR analysis showed that the expression of VEGF MRNA was significantly upregulated in BEWO cells treated with 100Um 
forskolin for 24h at 3% O2. **** p<0.0001; n=3; Fsk: forskolin. Data expressed as (A) fold change of gene expression, 
relative to control 24h, after normalising against B-actin and (B) ng/ml normalised against mg protein. Data were analysed 
using a two-way ANOVA with Tukeys mutiple comparison test. 

 
 
The expression of VEGF messenger RNA (mRNA) was analysed using real-time PCR in BEWO 

cells. To verify the activation of the cAMP-PKA pathway, BEWO cells were treated with 100 

µM forskolin (a strong activator of adenylate cyclase) for 24h. qRT - PCR analysis of BEWO 

cells undergoing forskolin induced syncytialization showed that VEGF mRNA expression is 

upregulated by 2 fold in BEWO cells compared to control under low oxygen tension (3%O2). 

 
6.1.48 The regulation of VEGF by CRH in BEWO cells under high oxygen tension  
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Figure 146  

CRH has no effect on VEGF mRNA expression in BEWO cells under high oxygen tension. A) Experiment protocol; B) QRT-
PCR analysis showed that the expression of VEGF MRNA remained unaffected in BEWO cells treated with 100nm CRH for 
24h at 21% O2. n=3; CRH: corticotrophin releasing hormone.  Data expressed as fold change of gene expression, relative to 
control 24h, after normalising against B-actin. Data were analysed using a two-tailed unpaired t-test. 

 
 
The regulation of mRNA expression of VEGF by CRH was investigated in BEWO cells by 

incubating cells with 100nM CRH under high oxygen tension and VEGF mRNA was analysed 

using QRT-PCR. CRH had no effect on VEGF mRNA expression in BEWO cells under high oxygen 

tension (21% O2).  

 
6.1.49 The regulation of VEGF by CRH in BEWO cells under low oxygen tension 
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Figure 147  

CRH potentiates the actions of hypoxia on VEGF mRNA expression. 

(A) Experiment protocol; (B) QRT-PCR analysis showed that the expression of VEGF MRNA was significantly upregulated in 
BEWO cells exposed to 3% O2 for 24h. BEWO cells further treated with 100NM CRH showed that CRH further potentiated 
the actions of hypoxia on the expression of VEGF MRNA.  p=* 0.033, ** .002 ;*** .0002 ; **** p<0.0001; n=3; CRH : 
corticotrophin releasing hormone. Data expressed as (A) fold change of gene expression, relative to control 24h, after 
normalising against B-actin and (B) ng/ml normalised against mg protein. Data were analysed using a two-way ANOVA with 
Tukey’s multiple comparison test. 
 
 

The regulation of expression of VEGF by CRH was investigated in BEWO cells under low oxygen 

tension by incubating cells with 100nM CRH and VEGF mRNA was analysed using QRT-PCR. A 

trend towards increase in VEGF mRNA was seen under low oxygen tension and CRH 

potentiated VEGF mRNA expression by 2 fold.  

 
 
 
6.1.50 The regulation of VEGF by CRH in syncytialised BEWO cells under high oxygen 

tension  
 
 

 
 
Figure 148  

CRH has no effect on VEGF mRNA expression in syncytialised BEWO cells under high oxygen tension. (A) Experiment 
protocol; 2. (B) QRT-PCR analysis showed that the expression of VEGF MRNA was unaffected in BEWO cells treated with 
100nm CRH and 100um forskolin, exposed at 21% O2 for 24h.  n=3; Fsk: forskolin; CRH: corticotrophin releasing hormone. 
Data expressed as (A) fold change of gene expression, relative to control 24h, after normalising against B-actin. Data were 
analysed using a one-way ANOVA with Tukey’s multiple comparison test. 

 
The regulation of VEGF mRNA by CRH in syncytialised BEWO cells under high oxygen tension 

was investigated. VEGF mRNA expression remained unaffected in the presence of 100nM CRH 

in syncytialised BEWO cells.  
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The regulation of VEGF  by CRH in syncytialised BEWO cells under low oxygen tension 

 
 
   
 

Figure 149  

Under low oxygen tension, CRH upregulates VEGF mRNA in BEWO cells  but not  in syncytialised BEWO cells.(A) Experiment 
protocol; (B) QRT-PCR analysis showed that the expression of VEGF MRNA was significantly upregulated in BEWO cells 
treated with 100NM CRH exposed at 3% O2 for 24h. Furthermore, some cells incubated with 100NM CRH along with 100um 
forskolin showed VEGF MRNA expression remained unaffected.   ***p< .0002 ; **** p<0.0001; n=3; CRH : corticotrophin 
releasing hormone; fsk: forskolin. Data expressed as fold change of gene expression, relative to control 24h, after normalising 
against B-actin. Data were analysed using a two-way ANOVA with Tukey’s multiple comparison test. 

Table 59 

 
 

BEWO  21% O2    3% O2   

 Ctrl CRH Fsk CRH + Fsk Ctrl CRH Fsk CRH + Fsk 

PLGF mRNA NS NS  NS     

VEGF mRNA NS NS NS NS NS   NS 

 
The regulation of VEGF mRNA by CRH in syncytialised BEWO cells under low oxygen tension 

was investigated. Under low oxygen tension, both forskolin (100 µM) and CRH upregulated 

VEGF mRNA by 2 fold. VEGF MRNA upregulation by forskolin was not affected in the presence 

of 100nM CRH.  
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Discussion 
 
Syncytiotrophoblasts, which are in direct contact with the maternal blood, are the primary 

site of production and secretion of proangiogenic and antiangiogenic factors like vascular 

endothelial growth factor A (VEGF-A), placental growth factor (PlGF), and the soluble form of 

their common receptor SFLT-1. These factors simultaneously regulate fetal blood vessel 

formation in the placenta as well as maternal vascular function during the course of 

pregnancy. 

 

BEWO is a good cellular model to study PLGF release, in comparison to other HUVEC, HTR8 

and HMEC-1 models. Other molecules such as SFLT-1 and VEGF were also detected, but 

secreted to a lesser extent compared to HUVEC and HTR8 model. PLGF was endogenously 

secreted by BEWO cells in a time dependent manner, and the pattern of secretion reversed 

on exposure to low oxygen tension.  

Fusion and differentiation of trophoblasts occur through unknown mechanisms in vivo, but 

this process can be mimicked by treatment with cAMP or forskolin in vitro. Cyclic 3',5'-

adenosine monophosphate (cAMP) is a critical second messenger for human trophoblasts and 

regulates the expression of numerous genes. It is known to stimulate in vitro fusion and 

differentiation of BeWo choriocarcinoma cells, which acquire the characteristics of 

syncytiotrophoblasts. BEWO choriocarcinoma cells can be induced to fuse under these 

conditions, which is associated with a corresponding upregulation of syncytin and hCG 

production. The cAMP-PKA-CREB pathway has been implicated in several networks of human 

placental gene activation, including those involved in endocrine differentiation of 

trophoblasts. While the pathways are not fully elucidated, cAMP, through PKA, upregulates 

the expression and the transcriptional activity of the placenta-specific transcription factor, 

glial cells missing 1 (GCM1),10 which binds to the syncytin gene promoter and upregulates its 

transcription.11 Several other trophoblast genes are also upregulated by cAMP, including 

those encoding the α and β subunits of human chorionic gonadotropin (hCG) and aromatase 

(hCYP19).12,13 These genes promote hCG and estrogen production. Hormones and small 
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peptides are also important in the regulation of the vascular function. Estrogens and 

progesterone modulate vascular tone during pregnancy and mediate aspects of maternal 

cardiovascular adaptation2; however in the setting of menopausal hormone therapy, these 

sex steroids are also linked to risks of venous thromboembolism.3,4  Given the important role 

of cAMP in the regulation of trophoblast differentiation, it was postulated that it might also 

be involved in placental angiogenesis.As expected, ELISA and QRT-PCR analysis of BEWO cells 

undergoing forskolin-induced syncytialization showed that the β--HCG secretion was 

enhanced and the angiogenic growth factor PlGF gene was upregulated and protein secretion 

was increased.19 Under low oxygen tension, fusion of BEWO cells were associated with an 

impairment of syncytin and β -HCG production. Hypoxia increases progesterone, estradiol and 

cortisol release. β –HCG and Progesterone release are enhanced in syncytialised bewo cells 

which is further impaired under low oxygen tension. In bewo cells, Low oxygen tension 

increases PLGF MRNA expression but not release. In syncytialised BEWO cells, low oxygen 

tension increased PLGF MRNA expression but reduces PLGF release.  Low oxygen tension may 

affect the post transcriptional modification of PLGF. Thus indicating that PKA may be a potent 

regulator of PlGF gene expression and protein secretion in trophoblasts. This needs to be 

further confirmed with PKA inhibitor.  

 

As observed in studies on placental villous explants and in choriocarcinoma cell lines 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3343062/#bibr19-1933719110389337, 

PlGF gene was upregulated by cAMP. Vascular endothelial growth factor production was not 

affected by cAMP, this latter result might explain why VEGF was not cited as upregulated 

significantly during syncytialization in the cDNA microarray studies of Kudo et al.19 . Another 

group also investigated VEGF protein secretion and the effect of forskolin was shown to be 

subtle https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3343062/#bibr19-

1933719110389337. Similar to PLGF gene, a trend towards an increase in VEGF MRNA 

expression by low oxygen tension in bewo cells. Low oxygen tension increased VEGF MRNA 

expression in syncytialised BEWO cells. Further studies on VEGF and PLGF activation in 

syncytialised BEWO cells are necessary. 
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Circulating levels of VEGF-A and PlGF proteins can be detected in the maternal serum as early 

as 8 weeks' gestation. Longitudinal studies measuring PlGF in the serum of pregnant women 

by ELISA show that free PlGF continues to increase during the course of pregnancy but starts 

to decline around 29 to 32 weeks' gestation. The control of its secretion remains 

unexplained.15,16  

Placental angiogenesis, which can be detected in the human as early as 1 week 

postimplantation, continues until term. Several factors regulating placental angiogenesis are 

VEGF-A, PlGF, sVEGFR1, and soluble Endoglin (sEng). Alteration in the expression of these 

factors is associated with abnormal vascularization of the placental bed that is a hallmark of 

the pregnancy-related diseases, PE and intrauterine growth restriction (IUGR). In the serum 

of women with PE, total VEGF levels are reported to be increased14 while free PlGF levels are 

decreased15,16; at the same time, the antiangiogenic factors sVEGFR1 and sEng are both 

increased.17 

The biosynthesis of cAMP classically is stimulated by   binding of a ligand to G-protein-coupled 

membrane receptors (GPCRs), with subsequent activation of adenylate cyclase, the 

regulatory subunit of protein kinase A (PKA), and ultimately phosphorylation of the 

transcription factor cAMP-responsive element-binding protein (CREB). Phosphorylated CREB 

homodimerizes and binds to cAMP-responsive elements (CREs) located in the promoters of 

its target genes, leading to the initiation of their transcription. 

The activation of the cAMP/PKA-signaling pathway, mediated by membrane adenylate 

cyclase and Gα stimulatory proteins, suggests that 1 or more GPCR is responsible for our 

observation. G-protein-coupled membrane receptors represent the largest class of cell 

surface receptors, comprising about 200 GPCRs with known ligands and 80 orphan GPCRs. 

Several of these are expressed in the placenta and are under active investigation presently. 

Interesting candidate ligands that could increase intracellular cAMP via GPCRs include 

calcitonin gene-related peptide (CGRP) and adrenomedullin (AM). Both molecules are 

expressed in the placenta and are known to have vascular effects.36,37 The 2 ligands share a 

common membrane receptor, the calcitonin receptor-like receptor (CRLR), which is 

associated with specific receptor activity modifying proteins (RAMPs) and the G-protein 

complex. 



      
 

268 
 

We previously observed low PlGF levels in the circulation of women destined to develop PE 

and IUGR15 and suggested that abnormal production of angiogenic factors like PlGF might be 

characteristic of pregnancy-related diseases.1 Preeclampsia is characterized by hypertension 

and proteinuria and is associated with low levels of CGRP and CRLR mRNA in placental 

samples.38–41 However, some reports indicate that AM mRNA and protein may be increased 

in the placentae and fetoplacental circulation of women with PE and IUGR.42–44  

CRH increases PLGF MRNA expression under high oxygen tension. CRH further potentiates 

the actions of hypoxia on PLGF MRNA expression but not reflected at protein release level. 

CRH does not regulate forskolin induced PLGF MRNA expression and protein secretion under 

high oxygen tension in BEWO cells. Under low oxygen tension, CRH reduces PLGF MRNA in 

syncytialised BEWO cells. Under high oxygen tension, CRH reduces PLGF release at 6h but has 

no effect at other time points. Under low oxygen tension, CRH does not regulate PLGF release 

in BEWO cells. Under high but not low oxygen tension, blocking CRHR1 reduces CRH mediated 

PLGF release.  Under high oxygen tension,CAMP signalling pathway  increases PLGF release 

via CRHR1. Under low oxygen tension, forskolin does not increase PLGF release.  CRHR2 

prevents forskolin from increasing PLGF release. CRH increases PLGF release in syncytialised 

BEWO cells via CRHR1. CRH has no effect on VEGF MRNA expression in BEWO cells under high 

oxygen tension. CRH potentiates the actions of hypoxia on VEGF MRNA expression. CRH has 

no effect on VEGF MRNA expression in syncytialised BEWO cells under high oxygen tension. 

Under low oxygen tension, CRH upregulates VEGF MRNA in BEWO cells  but not  in 

syncytialised BEWO cells. A more thorough comprehension of how PlGF is regulated during 

normal pregnancy is an important prerequisite to understanding its abnormal secretion, as 

observed in the serum of women developing pregnancy-related diseases like PE and IUGR. 
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Table 60 

 Summary of PLGF regulation by CRH in syncytialised BEWO cells under high and low oxygen tension  

 

 
 

 
Figure 150  

 

Pictorial representation of regulation of angiogenic growth factors and fusion machinery by CRH in  BEWO cells under high 
and low oxygen tension. 
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6.1.51 Role of 11 β-HSD2 on eNOS, AKT and BCL-2 protein expression in BEWO 
differentiation 

 
The dynamics and temporal characteristics of 11 β-HSD2 inhibition are not well understood.  

In order to understand a possible role for 11 β-HSD2 in regulation of cellular processes such 

as proliferation and apoptosis in villous cytotrophoblast differentiation, protein expression of 

eNOS, AKT, BCL-2 was assessed using western blot technique.  

 
Positive control: VEGF was used as a positive control to produce the expected effect with the 

assay or experimental set up.  VEGF significantly upregulated AKT compared to control cells, 

which is in agreement with previous studies (Gerber, McMurtrey et al. 1998).  

 
6.1.52 Effect of cAMP signal transduction on regulation of eNOS protein expression and the 

role of 11 β-HSD2 in this process 
 
11 β-HSD2 activity can be modulated by stimulation of cAMP pathway(Pasquarette, Stewart 

et al. 1996).  The functional role of eNOS in trophoblasts, specifically during differentiation 

remains less well characterized.  The aim of this experiment was to assess eNOS protein 

expression in undifferentiated and differentiated (forskolin) BEWO cells as well as to 

investigate the influence of 11 β-HSD2 on eNOS expression during trophoblast differentiation. 

Previous studies showed that inhibition of eNOS resulted in increased 11 β-HSD2 expression 

in BEWO(A. Hein 2012).  In this experiment, carbenoxolone had no significant direct effects 

on eNOS protein expression at 24 hour or 48-hour time period.  A significant downregulation 

of eNOS protein expression by forskolin was observed at 48 hours, but not at 24 hours.  

Forskolin induced eNOS downregulation was further suppressed in the presence of 

carbenoxolone both at 24 hours and 48 hours.  This implies that under basal conditions, 11 β-

HSD2 has no effect on eNOS expression, and that a possible effect of 11 β-HSD2 is apparent 

only under conditions that induce eNOS expression. Forskolin inhibits eNOS and 

carbenoxolone accelerates the effect of forskolin on eNOS and may alter its rate of inhibition. 

Previous studies showed that forskolin induces 11 β-HSD2 mRNA and activity in cultured 

human placental and chorionic trophoblasts(Sun, Yang et al. 1998).  Thus, there appears to 

be a delayed inhibitory effect of trophoblast differentiation on eNOS protein expression. 

cAMP has a delayed response at 48 hours on eNOS protein expression. Probably eNOS is 

essential for proliferation of cells, and that inhibition of proliferation may help to drive the 
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cells towards differentiation. cAMP may have potent, accelerated inhibitory effect on eNOS 

protein expression in absence of 11 β-HSD2.  Besides, pretreatment with carbenoxolone for 

1 hour was not sufficient as the actions of carbenoxolone appears to be be reversed on its 

removal. The presence of carbenoxolone along with forskolin for 24 hours or 48 hours appear 

to have potent effects compared to pretreatment with carbenoxolone for 1 hour, because 

their actions appear to be reversed on its removal. The presence of 11 β-HSD2 has a role in 

preventing the inhibitory effects of cAMP on eNOS expression. These results may overall 

reflect how trophoblast cells may respond to glucocorticoids (refer figure ). 

 

 
 

 
 
 
 
 
 

 

0.00

0.02

0.04

0.06

0.08

0.10

Title

eN
O

S/
 G
A
PD
H

 ra
ti
o ***

***

*

***
*

C

CB

CB PreRx

CB + Fsk

Fsk

Fsk

0.00

0.02

0.04

0.06

0.08

0.10

eN
O

S/
 G
A
PD
H

 ra
ti
o

**

**

*
****

***

**
**** CB

C

CB + Fsk

Fsk

CB PreRxFsk

A.

C.

B.

D.

24 H

48 H

H2O CB CB + F 

DMSO F CB + C 

CB (CB + F)  CB (F)  

eNOS (140 kDa)

eNOS (140 kDa)

eNOS (140 kDa)

B Actin (42 kDa)

B Actin (42 kDa)

B Actin (42 kDa)

CB DMSO F 

CB + F CB (CB + F) H2O 

CB + C 
eNOS (140 kDa)

eNOS (140 kDa)
B Actin (42 kDa)

B Actin (42 kDa)

eNOS (140 kDa)

B Actin (42 kDa)

CB (F)  



      
 

272 
 

 

Figure 151 

Western blot analysis of effect of carbenoxolone and forskolin on eNOS protein expression in BEWO cells at (A) 24 hours, (C) 
48 hours.  Densitometry analysis was done was using eNOS/B actin ratio at (B) 24 hours and (D) 48 hours. Carbenoxolone 
inhibits forskolin induced eNOS downregulation at 24 hours and 48 hours.  CB, carbenoxolone (100µM); F, forskolin 
(100µM); CB+F, carbenoxolone and forskolin; CB +C, pretreatment of carbenoxolone (100µM) for 1 hour which was 
followed by vehicle/ control for 24 hours or 48 hours; CB(CB+F), pretreatment of carbenoxolone (100µM) for 1 hour which 
was followed by combination of carbenoxolone and forskolin for 24 hours or 48 hours; CB (F), pretreatment of carbenoxolone 
(100µM) for 1 hour which was followed by forskolin for 24 hours or 48 hours.  DMSO and H20  were used as vehicles. eNOS 
(140kDa), β actin (42kDa). Overnight serum synchronization was done with 2% FBS. All treatments were in 2% FBS.  All 
results are the mean (±SEM) /representative images of single experiment performed in triplicate(n=3).  25µg protein was 
loaded, some wells were loaded with 30µg protein.  *p<0.05. 
 
Table 61 

 
 

 ENOS  AKT  BCL2  

 24H 48H 24H 48H 24H 48H 

Ctrl NS NS NS NS NS NS 

CB NS    NS NS 

Fsk NS  NS   NS 

CB  + Fsk     NS   

CB (CB + 
Fsk) 

NS NS NS NS NS NS 

CB (Fsk)   NS  NS NS 

 
 
6.1.53 Effect of cAMP signal transduction on regulation of AKT protein expression and the 

role of 11 β-HSD2 in this process 
 
The aim of this experiment was to evaluate the regulation of AKT by 11 β-HSD2 in cAMP 

mediated differentiation of BEWO cells.  AKT regulates diverse cellular functions including 

growth, survival and proliferation. PI3K/AKT signaling pathway appears to function in parallel 

with the cAMP pathway and modulate endocrine differentiation of trophoblasts(Kent, Konno 

et al. 2010, Vatish, Tesfa et al. 2012).  It has previously shown that in association with 

increased cAMP levels, simultaneous inhibition of PI3K/AKT pathway and reduction of 

intracellular calcium resulted in BEWO cell fusion(Vatish, Tesfa et al. 2012).  In agreement to 

previous studies(Vatish, Tesfa et al. 2012),  forskolin significantly reduced AKT protein 

expression at 48 hours.  Carbenoxolone reduced AKT expression at 24 and 48 hours.   Forskolin 

induced AKT downregulation was further suppressed in the presence of carbenoxolone.  This 
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implies that forskolin itself is a potent inhibitor of AKT at 48 hours. Carbenoxolone accelerates 

the effect of forskolin on AKT and may alter its rate of inhibition.  11 β-HSD2 dampens the 

potential of   forskolin actions on AKT expression in trophoblasts (refer figure ).  Previous 

studies showed knock out of 11 β-HSD2 using small interfering RNA (siRNA) causes inhibition 

of eNOS, AKT, β-HCG in BEWO.  My preliminary data regarding carbenoxolone studies have 

been in agreement with siRNA based studies(A. Hein 2012).  The limitation of this experiment 

was that only expression levels and not phosphorylation levels are being studied. Similar to 

eNOS, 11 β-HSD2 prevents the inhibitory effects of cAMP on AKT expression. 
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Figure 152 

Western blot analysis of effect of carbenoxolone and forskolin on AKT protein expression in BEWO cells at (A) 24 hours, (C) 
48 hours.  Densitometry analysis was done was using AKT/β actin ratio at (B) 24 hours and (D) 48 hours. Carbenoxolone 
inhibits AKT protein expression at both 24 hours and 48 hours. Forskolin inhibits AKT expression at 48 hours. Carbenoxolone 
inhibits forskolin induced AKT downregulation at 24 hours and 48 hours. CB, carbenoxolone (100µM); F, forskolin (100µM); 
CB+F, carbenoxolone and forskolin; CB +C, pretreatment of carbenoxolone (100µM) for 1 hour which was followed by 
vehicle or control for 24 hours or 48 hours; CB(CB+F), pretreatment of carbenoxolone (100µM) for 1 hour which was 
followed by combination of carbenoxolone and forskolin for 24 hours or 48 hours; CB (F), pretreatment of carbenoxolone 
(100µM) for 1 hour which was followed by forskolin for 24 hours or 48 hours. DMSO and H20  were used as vehicles. AKT 
(60kDa), β actin (42kDa). Overnight serum synchronization was done with 2% FBS. All treatments were in 2% FBS. All results 
are the mean (±SEM) /representative images of single experiment performed in triplicate(n=3). 25µg protein was loaded, 
some wells were loaded with 30µg protein.  *p<0.05. 
 

 
6.1.54 Effect of cAMP signal transduction on regulation of BEWO survival machinery and 

the role of 11 β-HSD2 in this process 
 
My previous experiment showed inhibition of 11 β-HSD2 results in inhibition of AKT 

expression. AKT has been reported to increase expression of BCL-2, anti-apoptotic protein, so 

as to promote cell survival(Pugazhenthi, Nesterova et al. 2000). Syncytiotrophoblast 

differentiation is associated with alterations in the activity of apoptosis related 

proteins(Huppertz, Frank et al. 1998, Straszewski-Chavez, Abrahams et al. 2005). The aim of 

this experiment was to assess the regulation of BCL-2 by 11 β-HSD2 during intracellular fusion. 

Elevated BCL-2 protein levels were seen at 24 hours was seen in forskolin treated cells 

compared with vehicle treated controls.  However, at 48 hours, reduced BCL-2 levels were 

observed but there was no statistical significance.  This may imply that induction of 

trophoblast syncytialization leads the cells to enter into proapoptosis stage so as help them 

to differentiate it.  BCL-2 protein expression is elevated at 24 hours, thus probably promoting 

the cells to proliferate so as to facilitate differentiation and thus antagonize apoptotic signals 

of proapoptotic proteins. Towards the completion of differentiation (48 hours), BCL-2 protein 

expression decreases. Also, the trend was reversed with cotreatment of BEWO with 

carbenoxolone and forskolin at both 24 hours and 48 hours.  Carbenoxolone suppressed the 

forskolin induced BCL-2 levels at 24 hours; whereas at 48 hours, it augmented forskolin 

induced BCL-2 expression.  This data suggests that BCL-2 levels may be seen elevated as a 

survival mechanism so as to resist cAMP mediated apoptosis at early stages but over the 

period of time, the resistance is lost.  Carbenoxolone probably has no direct effects on BCL-2. 

BCL-2 is differentially regulated by 11 β-HSD2 compared to AKT and eNOS. 11 β-HSD2 controls 

apoptosis by regulating expression of BCL-2 proteins during differentiation. Inhibition of 11 β-

HSD2 may enhance the sensitivity to apoptosis during BEWO differentiation. 
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Figure 153 

 
Western blot analysis (ECL) of effect of carbenoxolone and forskolin on BCL-2 protein expression in BEWO cells at (A) 24 
hours, (C) 48 hours.   
 

 
 
 
Figure 154 

 
Western blot analysis of effect of carbenoxolone and forskolin on BCL-2 protein expression in BEWO cells at (A) 24 hours, 
(C) 48 hours.  Densitometry analysis was done was using BCL-2/B actin ratio at (B) 24 hours and (D) 48 hours. Forskolin 
increases BCL-2 protein levels at 24 hours. Carbenoxolone downregulates forskolin induced BCL-2 protein expression at 24 
hours and upregulates forskolin induced BCL-2 protein expression at 48 hours.  CB, carbenoxolone (100µM); F, forskolin 
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(100µM); CB+F, carbenoxolone and forskolin; CB +C, pre-treatment of carbenoxolone (100µM) for 1 hour which was 
followed by vehicle or control for 24 hours or 48 hours; CB(CB+F), pre-treatment of carbenoxolone (100µM) for 1 hour 
which was followed by combination of carbenoxolone and forskolin for 24 hours or 48 hours; CB (F), pre-treatment of 
carbenoxolone (100µM) for 1 hour which was followed by forskolin for 24 hours or 48 hours. DMSO and H20 were used as 
vehicles. BCL-2 (26kDa), β actin (42kDa). Overnight serum synchronization was done with 2% FBS. All treatments were in 
2% FBS. 25µg protein was loaded, some wells were loaded with 30µg protein.  All results are the mean (±SEM) /representative 
images of single experiment performed in triplicate(n=3). 25µg protein was loaded, some wells were loaded with 30µg protein.  
*p<0.05. 
 
 

 
Figure 155 

Table 62 

 
 B – HCG  Estradiol 

Ctrl NS NS 

CB  NS  

Fsk   NS 

CB + Fsk    

 
Figure 156 

Table 63 
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BEWO 15’ 
 B – HCG  Estradiol Progesterone 

Ctrl NS NS NS 

CB  NS NS  

Fsk     

CB + Fsk     

CB + C NS NS NS 

CB ( CB + Fsk) NS NS NS 

CB (Fsk) NS NS NS 
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6.2 HTR8 
  

 
 
 
 
Figure 157 

CRH has no effect on sFLT-1 mRNA expression under high and low oxygen tension in HTR8 / SVneo cells. QRT-PCR analysis 
showed that the expression of sFLT-1  mRNA were unaffected in BEWO cells treated with 100nM CRH, exposed at 21% O2 
and 3% O2 for 24h.  NS = non significant; n=3; CRH: corticotrophin releasing hormone. Data expressed as  fold change of 
gene expression, relative to control 24h, after normalising against B-actin. Data were analysed using a two-way ANOVA with 
Tukey’s multiple comparison test. 

 
 

 
 
Figure 158 

 time dependent release of sFLT-1 and PLGF in HTR8 cells under low oxygen tension. Time dependent release of sFLT-1 
(A) and PLGF (B) release in HTR8 /SVneo cellular models at 6h, 24h and 48h. Hypoxia increased basal sFLT-1 secretion in 
a time dependent manner upto 24h and reached a saturation at 48h. A time dependent increase in basal PLGF secretion was 
seen under high oxygen tension. Hypoxia had no effect on PLGF release and reached a saturation at 48h.  
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Figure 159 

 Hypoxia increased sFLT-1 protein release but not PLGF protein release. Under low oxygen tension, CRH increased sFLT-1 
and PLGF release.  

 
 
 

  
Figure 160 

Priming cells with CRH for 6h had no effect on VEGF mediated regulation of sFLT-1 and PLGF release in 24h under high 
and low oxygen tension. 
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Htr8 24h  
 
 

 
Figure 161 

Hypoxia increases sFLT-1 protein secretion at 24h, which is lost at 48h. under high oxygen tension, VEGF reduces sFLT-1 
protein secretion at 48 h but not at 24h. Under low oxygen tension, the pattern is reversed and VEGF reduces sFLT-1 protein 
secretion at 24h, which is lost at 48h.  
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Figure 162 

Under high oxygen tension, VEGF increases PLGF protein secretion in a time dependent manner upto 48h. Under low oxygen 
tension, VEGF increases PLGF protein secretion in a time dependent manner upto 48h. CRH reduces the ability of VEGF to 
induce PLGF secretion at 48h under low oxygen tension. 
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Figure 163 

80% confluency of HTR8/SVneo cells under (A) high oxygen tension (B) low oxygen tension. Hypoxia changes the morphology 
and reduces the cell number of HTR8/SVneo cells. 
 
The effect of conditioned media obtained from  HUVEC cells on HTR8/SV neo cells under 
high and low oxygen tension 

21% O2 3% O2
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Figure 164 

Conditioned media obtained from HUVEC cells has no effect on HTR8/SVneo cells under both high and low oxygen tension.  
 
CRHR2 localization in HTR8/SVneo cells at different time points under high and low oxygen 
tension 

21% O2

3% O2
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Figure 165 

No CRHR2 localization was observed at 6h, 24h and 48h under high and low oxygen tension in HTR8/SVneo cells . CRH : 
corticotrophin releasing hormone; HUVEC C.M.: conditioned media obtained from HUVEC cell culture; DAPI: blue nuclei; 
CRHR2 : green Alexa fluor 488. 
 
 
 
CRHR2 localization on adding HUVEC conditioned media on HTR8/SVneo cells under high 
and low oxygen tension at 6h. 
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Figure 166 

No CRHR2 was localized on adding HUVEC conditioned media on HTR8/SVneo cells under high and low oxygen tension at 
24h. CRH : corticotrophin releasing hormone; HUVEC C.M.: conditioned media obtained from HUVEC cell culture; DAPI: 
blue nuclei; CRHR2 : green Alexa fluor 488. 
 
 
CRHR2 localization on adding HUVEC conditioned media on HTR8/SVneo cells under high 
and low oxygen tension at 24h. 
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Figure 167 

No CRHR2 was localized on adding HUVEC conditioned media on HTR8/SVneo cells under high and low oxygen tension at 
24h. CRH : corticotrophin releasing hormone; HUVEC C.M.: conditioned media obtained from HUVEC cell culture; DAPI: 
blue nuclei; CRHR2 : green Alexa fluor 488. 
 
 
CRHR2 localization on stimulating  HTR8/SVneo cells with CRH under high and low oxygen 
tension at 15’. 

Ctrl 

CRH: corticotrophin releasing hormone; HUVEC C.M. : conditioned media obtained from HUVEC cell culture; DAPI: blue nuclei; CRHR2: green Alexa fluor 488
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Figure 168 

No CRHR2 was localized when HTR8/SVneo cells were treated with CRH under high and low oxygen tension at 15’. CRH : 
corticotrophin releasing hormone; HUVEC C.M.: conditioned media obtained from HUVEC cell culture; DAPI: blue nuclei; 
CRHR2 : green Alexa fluor 488. 
 
 
CRHR2 localization on stimulating  HTR8/SVneo cells with CRH under high and low oxygen 
tension at 24h. 
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Figure 169 

No CRHR2 was localized when HTR8/SVneo cells were treated with  CRH under high and low oxygen tension at 24h. CRH : 
corticotrophin releasing hormone; HUVEC C.M.: conditioned media obtained from HUVEC cell culture; DAPI: blue nuclei; 
CRHR2 : green Alexa fluor 488. 
 
 
CRHR2 localization on stimulating  HTR8/SVneo cells with  sFLT-1 under high and low 
oxygen tension at 24h. 
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Figure 170 

No CRHR2 was localized when HTR8/SVneo cells were treated with  sFLT-1 under high and low oxygen tension at 24h. CRH 
: corticotrophin releasing hormone; HUVEC C.M.: conditioned media obtained from HUVEC cell culture; DAPI: blue nuclei; 
CRHR2 : green Alexa fluor 488. 
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Figure 171 

Hypoxia reduces CRHR2 protein expression in HTR8/SVneo cells at 24h. Experiment protocol,  where after 80% confluency, 
fresh media was added and HTR8/ SVneo cells were exposed to 3% O2 for 24h. Cells were pretreated with CRHR1 /2 
antagonists, NBI 27914 or anti-sauvagine-30 for 1h. The cells were further treated with 100nM CRH for 24h and protein 
lysates were collected at 24h and western blot analysis  was done on CRHR2 (40kDa) protein. Western blot analysis showed 
under low oxygen tension, CRHR2 protein expression is decreased in HTR8/SVneo cells at 24h. 25µg protein was loaded. All 
results are the mean (±SEM) /representative images of single experiment performed in triplicate(n=3). p=** .002 ;*** .0002 
;****< .0001; **** p<0.0001; n=3; CRH : corticotrophin releasing hormone; UCN2 : Urocortin 2; VEGF : Vascular 
endothelial growth factor; NBI : NBI-27914, Anti-Svg 30 : Anti-Sauvagine 30.  Data expressed as (A) fold change of protein 
expression, relative to control 24h, after normalising total protein against GAPDH. Data were analysed using a two-way 
ANOVA with Tukey’s multiple comparison test.  
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Figure 172 

Hypoxia increases pAKT and decreases AKT, CRHR2 protein expression in HTR8/SVneo cells at 24h. Under low oxygen 
tension, CRH reduces HIF-1a protein expression via CRHR2.  Experiment protocol,  where after 80% confluency, fresh media 
was added and HTR8/ SVneo cells were exposed to 3% O2 for 24h. Cells were pretreated with CRHR1 /2 antagonists, NBI 
27914 or anti-sauvagine-30 for 1h. The cells were further treated with 100nM CRH for 24h and protein lysates were collected 
at 24h and western blot analysis  was done on HIF-1a (120kDa), CRHR2 (40kDa), pAKT (60kDa) and AKT (60kDa) protein. 
Western blot analysis showed under (A) Under high oxygen tension, CRH increases HIF-1a. VEGF increases HIF-1a.  Low 
oxygen tension increases HIF-1a. Under low oxygen tension, CRH reduces HIF-1a via CRHR2. Blocking CRHR1 under high 
or low oxygen tension causes no change in CRH mediated regulation of HIF-1a. Blocking CRHR2 under low oxygen tension 
reverses the effect of hypoxia and causes CRH to increase HIF-1a expression. (B) Hypoxia decreases CRHR2 expression in 
HTR8 cells. (C) Hypoxia increases pAKT expression. Blocking CRHR2 causes CRH to increase pAKT expression. (D) Hypoxia 
decreases AKT expression. 25µg protein was loaded. All results are the mean (±SEM) /representative images of single 
experiment performed in triplicate(n=3). p=** .002 ;*** .0002 ;****< .0001; **** p<0.0001; n=3; CRH : corticotrophin 
releasing hormone; VEGF : Vascular endothelial growth factor; NBI : NBI-27914, Anti-Svg 30 : Anti-Sauvagine 30.  Data 
expressed as (A) fold change of protein expression, relative to control 24h, after normalising total protein against GAPDH. 
Data were analysed using a two-way ANOVA with Tukey’s multiple comparison test.  
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Htr8 24h  

  
 

 
 
 

 
 
 
Figure 173 

Hypoxia decreases  protein expression of AKT and CRHR2 in HTR8/SVneo cells. Experiment protocol,  where after 80% 
confluency, fresh media was added and HTR8/ SVneo cells were exposed to 3% O2 for 24h. Cells were pretreated with CRHR1 
/2 antagonists, NBI 27914 or anti-sauvagine-30 for 1h. The cells were further treated with 100nM CRH for 24h and protein 
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lysates were collected at 24h and western blot analysis  was done on CRHR2 (40kDa), and AKT (60kDa) protein. Western 
blot analysis showed under under low oxygen tension, the protein expression of (A) AKT and (C) CRHR2 are reduced in 
HTR8/SVneo cells at 24h. 25µg protein was loaded. All results are the mean (±SEM) /representative images of single 
experiment performed in triplicate(n=3). p=** .002 ;*** .0002 ;****< .0001; **** p<0.0001; n=3; CRH : corticotrophin 
releasing hormone; VEGF : Vascular endothelial growth factor; NBI : NBI-27914, Anti-Svg 30 : Anti-Sauvagine 30.  Data 
expressed as (A) fold change of protein expression, relative to control 24h, after normalising total protein against GAPDH. 
Data were analysed using a two-way ANOVA with Tukey’s multiple comparison test.  

 
 
 
HTR8 24H  
 
The regulation of CRHRs expression by CRH under high and low oxygen tension in HTR8 / 
SV neo cells at 24h.  
 

 
 
 

Under high oxygen tension, CRH reduces CRHR1 and CRHR2 mRNA expression in HTR8/SV 

neo cells at 24h. Hypoxia upregulates CRHR1 expression and downregulates CRHR2 mRNA 

expression. CRH downregulates CRHR2 mRNA expression under low oxygen tension.  
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Hypoxia reduces CRHR2 mRNA expression. HUVEC C.M. increases CRHR2 mRNA expression in 

HTR8/SV neo cells at 24h under high oxygen tension, which is reversed under low oxygen 

tension. 
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Htr8 1h  
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100nM CRH, MK2206 5uM 

 

CRH upregulates sFLT-1 mRNA expression in HTR8/SV neo cells under high oxygen tension at 

24h. CRH downregulates sFLT-1 mRNA expression when combined with AKT inhibitor (MK 

2206).  
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CRH downregulates CRHR1 mRNA expression in HTR8/SV neo cells at 24h. CRH upregulates  
CRHR-1 mRNA expression when combined with AKT inhibitor (MK 2206). 
 
 
HTR8 15’ 
 

0.0

0.5

1.0

1.5

21% O2

C
R

H
R

-1
/ β

-a
ct

in
 

(m
R

N
A 

fo
ld

 c
ha

ng
e)

C

CRH

MK2206

CRH + MK2206

**
***

**
*



      
 

299 
 

 
 
HTR8 15’ 
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Htr8 15’ 
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Western blot (ECL) analysis of effect of CRH on phosphorylation of VEGFR2 (55B11) , AMPK 

(Thr172), p38 MAPK (Thr 180 / Tyr 182) under high and low oxygen tension in HTR8 / SVneo 

cells at 15’. 
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Western blot (Licor) analysis of effect of CRH on phosphorylation of VEGFR2 (55B11) , AMPK 

(Thr172), p38 MAPK (Thr 180 / Tyr 182) under high and low oxygen tension in HTR8 / SVneo 

cells at 15’. Under high oxygen tension, CRH and VEGF reduces pAKT (thr 308) in HTR8/SV neo 

cells at 15’.  CRH reverses VEGF mediated regulation of pAKT (thr 308). Hypoxia reduces pAKT 

(thr 308). Under low oxygen tension, CRH reduces pAKT (thr 308). Under low oxygen tension, 

CRH potentiates VEGF mediated regulation of pP38 MAPK.  

 
 
The effect of CRH on phosphorylation of AKT , AMPK, p38 MAPK in HTR8/SV neo cells 
under high and low oxygen tension 
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Under high oxygen tension, CRH increases pAKT (thr 308) at 30’. VEGF reduces pAMPK 
(Thr 172) in a time dependent manner. Under low oxygen tension, CRH reduces p-AMPK at 
30’. pP38 MAPK data was non significant (not shown). 
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Under high oxygen tension, CRH increases p-p38 MAPK in HTR8/SVneo cells at 1h. Under low oxygen tension, CRH reduces 
pAMPK protein expression  and CRH loses its ability to increase p-p38 MAPK.Experiment protocol,  where after 80% 
confluency, fresh media was added and HTR8/ SVneo cells were exposed to 3% O2 for 24h. Cells were pretreated with CRHR1 
/2 antagonists, NBI 27914 or anti-sauvagine-30 for 1h. The cells were further treated with 100nM CRH for 24h and protein 
lysates were collected at 24h and western blot analysis  was done on pVEGFR2 (230kDa), CRHR2 (40kDa), AMPK (60kDa), 
p38 MAPK (43kDa) protein. Western blot analysis showed hypoxia increases phosphorylation of AMPK in HTR8/SVneo cells. 
under low oxygen tension, VEGF reduces pAMPK. CRH reduces pAMPK and VEGF mediated regulation of pAMPK under 
low oxygen tension. CRH increases phosphorylation of P38 MAPK  in HTR8/SVneo cells under high oxygen tension. Hypoxia 
reduces p-p38 MAPK in HTR8/SVneo cells and CRH loses its ability to increase p-p38 MAPK under low oxygen tension. 
VEGF has no effect on p-p38 MAPK under high and low oxygen tension. 25µg protein was loaded. All results are the mean 
(±SEM) /representative images of single experiment performed in triplicate(n=3). p=** .002 ;*** .0002 ;****< .0001; **** 
p<0.0001; n=3; CRH : corticotrophin releasing hormone; VEGF : Vascular endothelial growth factor; NBI : NBI-27914, 
Anti-Svg 30 : Anti-Sauvagine 30.  Data expressed as (A) fold change of protein expression, relative to control 24h, after 
normalising total protein against GAPDH. Data were analysed using a two-way ANOVA with Tukey’s multiple comparison 
test. 
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6.3 HUVEC 
 
Table 64 

sFLT-1 
mRNA 

 21% 
O2 

   3% 
O2 

  

 Ctrl CRH UCN2 VEGF Ctrl CRH UCN2 VEGF 

HUVEC NS  NS NS NS NS NS NS 

HMEC-1 NS NS NS  NS NS NS NS 

HTR8 
/SVneo 

NS NS NS NS NS NS NS NS 

BEWO NS NS NS NS NS NS NS NS 

 
CRH reduces sFLT-1 mRNA expression in HUVECs and VEGF upregulates sFLT-1 mRNA expression in HMEC-1. Hypoxia 
abolishes these effects. UCN2 has no effect on sFLT-1 mRNA under high and low oxygen tension.  
 
Table 65 

sFLT-1  
release 

 21% 
O2 

   3% 
O2 

  

 Ctrl CRH UCN2 VEGF Ctrl CRH UCN2 VEGF 

HUVEC NS    NS NS NS NS 

HMEC-1 NS NS  NS NS NS NS NS 

HTR8 
/SVneo 

NS NS NS NS   NS NS 

 
CRH, UCN2 and VEGF reduces sFLT-1 release in HUVECs. UCN2 increases sFLT-1 release in HMEC-1. Hypoxia abolishes 
these effects. Hypoxia increases sFLT-1 release in HTR8 / SVneo cells. CRH increases sFLT-1 release in HTR8/SVneo cells. 
 

Table 66 

 
PLGF  
release 

 21% 
O2 

   3% 
O2 

  

 Ctrl CRH UCN2 VEGF Ctrl CRH UCN2 VEGF 

HUVEC NS    NS NS NS NS 

HMEC-1 NS NS   NS NS NS NS 

HTR8 
/SVneo 

NS NS NS NS NS  NS NS 

 
CRH and UCN2 reduces PLGF secretion in HUVEC. VEGF increases PLGF secretion in HUVEC. Hypoxia abolishes the 
effect. UCN2 and VEGF increases PLGF secretion in HMEC-1. CRH increases PLGF secretion in HTR8/SVneo cells under 
low oxygen tension. 
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The regulation of sFLT-1 mRNA expression by CRH in HUVEC cells under low oxygen 
tension 

 
 

Figure 174  

Hypoxia abolishes the CRH induced reduction in  sFLT-1 mRNA expression in HUVEC cells.  QRT PCR analysis showed 
that the mRNA expression of sFLT-1 by CRH was (A) significantly downregulated at 21% O2; and (B)unaffected at 3% O2 
for 24h. *p= 0.033; n=3. Data expressed as fold change of gene expression, relative to control 24h, after normalising 
against B-actin. Data were analysed using a two-tailed unpaired t-test. 

 

  
Figure 175 
 
 Under high oxygen tension, sFLT-1 and PLGF are endogenously secreted in a time dependent manner upto 48h in HUVEC 
cells, the former being released in excess.  Experiment protocol, where after 80% confluency, fresh media was added and 
supernatants were collected at different time points and MSD ELISA assay was done on sFLT-1 and PLGF proteins.Both sFLT-
1 and PLGF proteins were significantly released in a time dependent manner upto 48 h from HUVEC cells at 21% O2, the 
former being released in higher amounts. SFLT-1 protein was released in minimal amounts endogenously. p=0.1234  ns ; * 
0.033; ** .002; *** .0002; ****< .0001; n=3.Data expressed as ng/ml normalised against mg protein. Data were analysed 
using one – way ANOVA with Tukeys multiple comparison test. 
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The regulation of sFLT-1 , PLGF and VEGF proteins secretion by CRH and  UCN2  in 
HUVEC cells under high oxygen tension 
 
 

 

Figure 176  

CRH, UCN2 and VEGF reduces sFLT-1 protein secretion at 21% O2 at 1h in HUVEC cells. CRH, UCN2 reduces and VEGF 
increases PLGF protein secretion at 21% O2 at 1h in HUVEC cells. VEGF proteins were significantly released in a time 
dependent manner upto 48 h from HUVEC cells at 21% O2. MSD ELISA  analysis showed that at 21% O2 at 1h, the  protein 
secretion of sFLT-1 and PLGF is reduced by CRH and UCN2. The protein secretion of sFLT-1 is reduced and PLGF is 
increased by VEGF. CRH and UCN2 has no effect on sFLT-1 and PLGF protein secretion at 24 and 48h (data not shown). 
UCN2 increases protein secretion of VEGF at 24h and CRH increases VEGF release at 48h.  p=0.1234  ns ; * 0.033; ** .002; 
*** .0002; ****< .0001; n=3.Data expressed as ng/ml normalised against mg protein. Data were analysed using two – way 
ANOVA with Tukeys multiple comparison test. 
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Table 67 

 
CRH increases VEGF release at 48h. UCN2 increases VEGF release at 24h. 
 

VEGF release in 
HUVEC 

 21% 
O2 

  

 Ctrl CRH UCN2  

1H NS NS NS  

24H NS NS   

48H NS  NS  

 
 
 
 
The regulation of VEGF mediated sFLT-1 and PLGF protein secretion by CRH at 1h in 
HUVEC cells under high oxygen tension 
 
 

 
Figure 177  

CRH reverses VEGF mediated decrease in sFLT-1 and increase in PLGF protein secretion at 1h at 21% O2 in HUVEC cells. 
Experiment protocol, where after 80% confluency, fresh media was added and HUVEC cells were treated with 100nm CRH 
and 20ng/ml VEGF at 21% O2. Supernatants were collected at 1h at 21% O2  and MSD ELISA assay was done on sFLT-1 
and PLGF proteins. p=*** .0002; ****< .0001; n=3.Data expressed as ng/ml normalised against mg protein. Data were 
analysed using two – way ANOVA with Tukeys multiple comparison test. 
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under high oxygen tension 
 

0

3

8

12

-CRH      + CRH 

sF
LT

-1
 (n

g/
m

l/m
g 

pr
ot

ei
n 

)

Ctrl

VEGF

****
****
****

0

1

2

3

4

5

21% O2

PL
G

F
 (n

g/
m

l/m
g 

pr
ot

ei
n)

Ctrl

VEGF

***
***

****

-CRH          + CRH

A. B.



      
 

309 
 

 
 
 
 
Figure 178 

 VEGF and CRH reduces sFLT-1 /PLGF ratio in HUVEC cells at 1h at 21%O2. CRH reverses VEGF mediated decrease in 
sFLT-1 /PLGF ratio. Experiment protocol, where after 80% confluency, fresh media was added and HUVEC cells were treated 
with 100nm CRH and 20ng/ml VEGF at 21% O2. Supernatants were collected at 1h at 21% O2  and MSD ELISA assay was 
done on sFLT-1 and PLGF proteins.  p=0.1234  ns ; * 0.033; ** .002; *** .0002; ****< .0001; n=3. Data expressed as ng/ml 
normalised against mg protein. Data were analysed using two – way ANOVA with Tukeys multiple comparison test. 

 

 

Figure 179  

Low oxygen tension upregulates mRNA expression of CRHR2 in HUVEC cells at 24h. CRH upregulates CRHR2 mRNA 
expression at both 21% and 3%O2. Experiment protocol; where after 80% confluency, fresh media was added and some cells 
were incubated at 3% O2 for 24h. Cells were treated with 100nM CRH for 24h and QRT PCR analysis was done. p= * 0.033; 
** .002; *** .0002; ****< .0001; n=3. Data expressed as fold change of gene expression, relative to control 24h, after 
normalising against B-actin. Data were analysed using two – way ANOVA with Tukeys multiple comparison test. 

 
Table 68 

CRHR-1 
mRNA 
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HTR8 
/SVneo 

NS NS NS NS NS NS NS NS 

BEWO NS NS NS NS   NS NS 

 
In HMEC-1 cells, CRH decreases CRHR1 mRNA expression in under high oxygen tension and this is reversed in low oxygen 
tension.  Hypoxia reduces CRHR1 mRNA expression in HMEC-1 cells but increases in BEWO cells. In BEWO cells, in 
hypoxia, CRH reduces CRHR1 mRNA expression.  
 
Table 69 

CRHR-2 
mRNA 

 21% 
O2 

   3% 
O2 

  

 Ctrl CRH UCN2 VEGF Ctrl CRH UCN2 VEGF 

HUVEC NS  NS NS   NS NS 

HMEC-1 NS NS NS NS NS NS NS NS 

HTR8 
/SVneo 

NS  NS NS NS NS NS NS 

BEWO NS NS NS NS NS NS NS NS 

 
Hypoxia increases CRHR2 mRNA expression in HUVEC.  CRH increases CRHR2 mRNA expression in HUVEC under low 
and high oxygen tension. Under high oxygen tension, CRH decreases CRHR2 mRNA expression in HTR8/SVneo cells. 
 
 

The regulation of angiogenic machinery by CRH under high and low oxygen tension in 
HUVECs 
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Coordinate Target/Control Gene ID Alternate Nomenclature
A1, A2 Reference Spots N/A
A5, A6 Activin A 3624
A7, A8 ADAMTS-1 9510
A9, A10 Angiogenin 283 ANG
A11, A12 Angiopoietin-1 284 Ang-1
A13, A14 Angiopoietin-2 285 Ang-2
A15, A16 Angiostatin/Plasminogen 5340
A17, A18 Amphiregulin 374 AR
A19, A20 Artemin 9048
A23, A24 Reference Spots N/A
B1, B2 Coagulation Factor III 2152 TF
B3, B4 CXCL16 58191
B5, B6 DPPIV 1803 CD26
B7, B8 EGF 1950
B9, B10 EG-VEGF 84432 PK1
B11, B12 Endoglin 2022 CD105
B13, B14 Endostatin/Collagen XVIII 80781
B15, B16 Endothelin-1 1906  ET-1
B17, B18 FGF acidic 2246 FGF-1
B19, B20 FGF basic 2263 FGFR2
B21, B22 FGF-4 2249
B23, B24 FGF-7 2252 KGF
C1, C2 GDNF 2668
C3, C4 GM-CSF 1437
C5, C6 HB-EGF 1839
C7, C8 HGF 3082
C9, C10 IGFBP-1 3484
C11, C12 IGFBP-2 3485
C13, C14 IGFBP-3 3486
C15, C16  IL-1β 3553 IL-1F2
C17, C18 IL-8 3576 CXCL8
C19, C20 LAP (TGF-β1) 7040
C21, C22 Leptin 3952
C23, C24 MCP-1 6347 CCL2
D1, D2 MIP-1α 6348 CCL3 
D3, D4 MMP-8 4317
D5, D6 MMP-9 4318
D7, D8 NRG1-β1 3084 HRG1-β1 
D9, D10 Pentraxin 3 (PTX3) 5806 TSG-14 
D11, D12 PD-ECGF 1890
D13, D14 PDGF-AA 5154
D15, D16 PDGF-AB/PDGF-BB 5155
D17, D18 Persephin 5623
D19, D20 Platelet Factor 4 (PF4) 5196 CXCL4
D21, D22 PlGF 5228
D23, D24 Prolactin 5617
E1, E2 Serpin B5 5268 Maspin
E3, E4 Serpin E1 5054 PAI-1 
E5, E6 Serpin F1 5176  PEDF 
E7, E8 TIMP-1 7076
E9, E10 TIMP-4 7079
E11, E12 Thrombospondin-1 7057 TSP-1 
E13, E14 Thrombospondin-2 7058 TSP-2 
E15, E16 uPA 5328
E17, E18 Vasohibin 22846
E19, E20 VEGF 7422
E21, E22 VEGF-C 7424
F1, F2 Reference Spots N/A 
F23, F24 Negative Control N/A Control (-)
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Figure 180 
 
 Human angiogenesis array coordinates 
 
 

 
 
Figure 181 

Angiogenesis array membranes exposed to HUVEC lysates with CRH under high (21% O2) (A) and low (3% O2) (B) oxygen 
tensions. 
 

Ctrl CRH Ctrl CRH

21% O2 3% O2A. B.
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Figure 182  

Common angiogenic molecules regulated by CRH at both oxygen tension.Angiogenesis array analysis (LICOR) showed that 
the under high oxygen tension,  CRH increases the protein expression of Angiopoietin 2, Endostatin, Serpin E1, PDGFAB/BB, 
IL-1B, IGF-BP3, UPA/PLAU, VEGF  and decreases the expression of EGF, GM-CSF . Under low oxygen tension, CRH 
decreases protein expression of angiogenin, endoglin, endostatin, endothelin 1, TIMP-1, IL-8, PDGF-AA, IGF-BP3, HB-EGF, 
UPA/PLAU, HGF, angiopoietin 2, amphiregulin, CXCL-16, DPP IV, thrombospondin 2 and increases expression of IL-1B, 
FGF- Basic and serpin E1. 
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Figure 183  

pictorial representation of protein network of angiogenic molecules that are possibly regulated by CRH under high oxygen 
tension in HUVEC (String software analysis). Node size : Small nodes - proteins of unknown 3D structure; large nodes -  some 
3D structure is known or predicted. Node color: colored nodes - query proteins and first shell of interactors; white nodes - 
second shell of interactors. Known interactions : blue lines - from curated databases; pink lines - experimentally determine. 
Predicted interactions : gene neighborhood - green lines; gene fusions - red lines, gene co-occurrence - blue lines.   
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Figure 184 

 pictorial representation of protein network of angiogenic molecules that are possibly regulated by CRH under low oxygen 
tension in HUVEC (String software analysis). 

 
Table 70 

 

Node Size

small nodes:
protein of unknown 3D structure

large nodes:
some 3D structure is known or predicted

Node Color

colored nodes:
query proteins and first shell of interactors

white nodes:
second shell of interactors
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gene neighborhood
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Low oxygen tension reverses the upregulation of angiogenic molecules – Angiopoietin 2, Endostatin, PDGFAB/BB, IGF-
BP3 and UPA/PLAU, Except Serpin E1 and IL1B (blue), all the angiogenic molecules that were upregulated in normoxia 
was downregulated in hypoxia. 
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Figure 185 

 
Investigation of interactions or enabled formation of interactive network of angiogenic molecules by String software analysis 
showed hypoxia disrupts the regulation of angiogenic protein network by CRH.  Possibly new nodes might be formed or new 
linkages amongst the nodes might be established under hypoxic condition. 
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Figure 186 
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Huvec 60’ 
 

 
Figure 187 

Huvec 24h 
 
 

 
 
 
Figure 188 

 
 

Figure 189 
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HUVEC  

 
 

Figure 190 

VEGF increases pENOS.CRH increases pENOS. 
 
Table 71 

 
p-eNOS /eNOS 
ratio 

 21% 
O2 

   3% 
O2 

  

 Ctrl CRH VEGF CRH+VEGF Ctrl CRH VEGF CRH+VEGF 

15’ NS   NS NS NS NS NS 

1H NS NS NS NS  NS NS  
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24H NS NS       

  
 
CRH increases phosphorylation of eNOS at 15’. VEGF increases phosphorylation of eNOS at 15’, transiently lost at 1h, which 
is further increased at 24h.  Hypoxia abolishes the CRH and VEGF stimulated increase in phosphorylation of eNOS at 15’. 
CRH has no effect on VEGF induced phosphorylation of eNOS at 24h. Hypoxia increases phosphorylation of eNOS at 24h 
and reverses VEGF induced increase in phosphorylation of eNOS. CRH reduces pENOS at 24h in hypoxia. CRH has no effect 
on VEGF mediated phosphorylation of ENOS under normal and low oxygen tension.  
 
 
Table 72 

 
eNO
S / 
GAP
DH 
ratio 

 21%
O2 

       3
% 
O2 
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VEGF 
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Ctrl 
(VE
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S 

  NS NS NS NS NS  NS NS  NS NS NS NS 

24H N
S 

 NS  NS  NS NS     NS NS NS  

 
CRH increases eNOS protein expression at 1h and 24h.  
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Figure 191 

Table 73 

 
p-AMPK/AMPK 
ratio 

 21% 
O2 

   3% 
O2 

  

 Ctrl CRH VEGF CRH+VEGF Ctrl CRH VEGF CRH+VEGF 
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24H NS NS NS      
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Table 74 

AM
PK/ 
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DH 
ratio 
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Figure 192 
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Figure 193 

 
Table 75 
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pAKT thr308 
/AKT ratio 

NS     NS NS   NS  NS 

pAMPK 
/AMPK ratio 
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P38 MAPK 
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 HUVEC 1H 
 

 
 

 

Figure 194 
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Figure 195 

 

 
 

Figure 196 
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Figure 197 
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Figure 198 
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6.4 HMEC  
 

  
 
 
 
Figure 203  

  Hypoxia abolishes VEGF mediated upregulation of sFLT-1 mRNA in HMEC-1 cells. Experiment protocol; where after 80% 
confluency, fresh media was added and some cells were incubated at 3% O2 for 24h. HMEC-1 cells were treated with 100nM 
CRH and 20ng/ml VEGF  for 24h.  QRT-PCR analysis showed (A) VEGF upregulates mRNA expression of sFLT-1 in HMEC-
1 cells at 24h at 21% O2. (B) The effect is lost in 3%O2. CRH has no effect on sFLT1 mRNA under high and low oxygen 
tension. p= * 0.033; ** .002; *** .0002; ****< .0001; values are mean +/S.D; n=3. Data expressed as fold change of gene 
expression, relative to control 24h, after normalising against B-actin. Data were analysed using two – way ANOVA with 
Tukeys multiple comparison test. 
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Figure 204  

UCN2 increases  sFLT-1 and PLGF protein release at 21%O2  in HMEC-1 cells. VEGF increases  PLGF protein release.   
Experiment protocol; where after 80% confluency, fresh media was added and HMEC-1 cells were treated with 100nM CRH 
and 20ng/ml VEGF  for 24h. Experiment protocol, where after 80% confluency, fresh media was added and HMEC-1 cells 
were treated with 100nM  CRH and 20ng/ml VEGF at 21% O2. Supernatants were collected at 24h at 21% O2  and MSD 
ELISA assay was done on sFLT-1 and PLGF proteins. . p= * 0.033; ** .002; *** .0002; ****< .0001; values are mean +/S.D; 
n=3. Data expressed as pg/ml normalised against mg protein. Data were analysed using one – way ANOVA with Tukeys 
multiple comparison test. 

 

 
Figure 205  

CRH downregulates CRHR1 mRNA expression at 21%O2 in HMEC-1 cells. Hypoxia reverses the effect of CRH on CRHR1 
mRNA. Hypoxia downregulates CRHR1mRNA expression. Experiment protocol; where after 80% confluency, fresh media was 
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added and some cells were incubated at 3% O2 for 24h. HMEC-1 cells were treated with 100nM CRH and 20ng/ml VEGF  
for 24h. QRT-PCR analysis showed under high oxygen tension, at 24h, CRH downregulates CRHR1 mRNA expression. 
Hypoxia reverses this effect. Hypoxia downregulates CRHR1 mRNA. p= * 0.033; ** .002; *** .0002; ****< .0001; values 
are mean +/S.D; n=3. Data expressed as fold change of gene expression, relative to control 24h, after normalising against B-
actin. Data were analysed using two – way ANOVA with Tukeys multiple comparison test. 

 

  
Figure 206  

Hypoxia increases VCAM-1 mRNA but not ICAM-1 mRNA.  Experiment protocol; where after 80% confluency, fresh media 
was added and some cells were incubated at 3% O2 for 24h. HMEC-1 cells were treated with 100nM CRH and 20ng/ml VEGF  
for 24h. QRT-PCR analysis showed under low oxygen tension, at 24h, VCAM-1 mRNA expression is upregulated. p= * 0.033; 
** .002; *** .0002; ****< .0001; values are mean +/S.D; n=3. Data expressed as fold change of gene expression, relative to 
control 24h, after normalising against B-actin. Data were analysed using two – way ANOVA with Tukeys multiple comparison 
test. 
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Figure 209  
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 Figure 210  

Western blot (LICOR) analysis showed hypoxia increases HIF-1a expression and VEGF reduces HIF-1a protein expression 
at 24h. Under high oxygen tension, VEGF increases P38 MAPK expression. CRH and UCN2 reduces p38 MAPK expression. 
CRH and UCN2 reduces VEGF mediated increase in p38 MAPK expression. Priming cells with CRH and UCN2 for 6h reduces 
VEGF mediated increase in p38 MAPK expression. Hypoxia increases p38 MAPK expression. Under low oxygen tension, 
VEGF reduces p38 MAPK expression. CRH  and UCN2 further reduces VEGF mediated regulation of p38 MAPK expression. 
Priming cells with CRH and UCN2 for 6h reduces VEGF mediated regulation of p38 MAPK expression. GAPDH was used as 
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a loading control in each sample. Densitometric analysis was performed using Odyssey software and the relative value of the 
protein expression was normalised against GAPDH.  p= * 0.033; ** .002; *** .0002; ****p< .0001; n=3. Data were analysed 
using a two way ANOVA with Tukeys multiple comparison test. 
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7 General Discussion  
 
 

Taken these results together, it can be concluded that in accordance to previous published 

results, low oxygen tension impairs fusogenic machinery and biochemical differentiation of 

trophoblasts. Placenta has an elevated metabolic rate and consumes a significant proportion 

of the nutrients such as glucose and oxygen that is delivered to the uterus and its contents. 

However, while there have been many studies on the effects of hypoxemia on fetal 

cardiovascular, metabolic and endocrine functions, there are limited data on the effects of 

reduced oxygenation on placental endocrine activities.  

Syncytin proteins have a role in placentation, fertilization, and reproductive organ tumors, all 

of which are closely connected to human reproduction. Syncytin genes are vital for early 

development. This is supported with the occurrence of embryonic lethality in syncytin A −/− 

knockout mice. Also, altered syncytin proteins expression have been observed in placental 

pathologies such as PE, IUGR, GDM(Lee, Keith et al. 2001, Kudo, Boyd et al. 2003, Holder, 

Tower et al. 2012, Soygur, Sati et al. 2016) and different cancers (Larsson, Bjerregaard et al. 

2007, Maliniemi, Vincendeau et al. 2013, Mo, Ouyang et al. 2013).(Chiang, Liang et al. 2009) 

showed reduced levels of syncytin 1, GCM1, and placental growth factor, which are all 

essential for vasculogenesis and syncytiotrophoblast formation in PE placentas. Syncytins play 

a role in immunosuppression events (Mangeney et al. 2007) and cell apoptosis(Knerr, Schnare 

et al. 2007, Mangeney, Renard et al. 2007, Knerr, Soder et al. 2008, Huang, Chen et al. 2014) 

in human placenta. Studies show a relationship between syncytin 1 and apoptosis in placentas 

obtained from preeclampsia (Ishihara, Matsuo et al. 2002, Huang, Chen et al. 2014). 

Knockdown of Syncytin 1 in BEWO cells results in enhanced apoptosis in BEWO. Thus, 

alteration in cell cycle progression and apoptosis resulting due to altered syncytin expression 

may cause abnormalities in PE placentas. Syncytins and their receptors has a key role in the 

trophoblast fusion [P ötgens et al., 2004] as well as in fusion of primary cells and cell lines. 

Several groups have shown that BEWO cells express Syncytin-1 and -2 and that forskolin 

treatment upregulates their expression (Kudo, Boyd et al. 2003, Vargas, Toufaily et al. 2011). 

Similarly, my data confirmed an upregulation of Syncytin-1 and -2 on mRNA level after 
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forskolin treatment.  Syncytin proteins need to be further investigated to rule out post 

transcriptional modifications.  

 

B hCG is the hormone used as a marker for biochemical differentiation of trophoblast cells in 

studies involving primary trophoblast cells or trophoblast cell line systems(Leisser, Saleh et al. 

2006, Butler, Elustondo et al. 2009). Different to beta-hCG, the alpha subunit of human 

chorionic gonadotropin (alpha-hCG) has been thought to be upregulated already prior to 

syncytial fusion. Cytotrophoblast and syncytiotrophoblast cells synthesize excess of B hCG 

and hyperglycosylated hCG. hCG and hyperglycosylated hCG synthesized facilitated 

myometrial muscle relaxation/ uterine quiescence, trophoblast differentiation, progesterone 

production, promote invasion as part of implantation, and promote uterine spiral artery 

angiogenesis and hemochorial placentation, uterine growth, fetal growth, and immune and 

macrophage suppression(Shi, Lei et al. 1993, Cronier, Bastide et al. 1994, Kraiem, Sadeh et al. 

1994, Kurtzman, Wilson et al. 2001). hCG has an extremely long circulating half-life of 36 h. 

hCG plays a key  role in maintaining HSD11B2 expression in placenta, the latter is mediated 

through  activation of the cAMP pathway (Sun, Yang et al. 1998). Forskolin induced cell fusion, 

via elevation of cAMP, protein kinase A activation and of the transcription factor GCM1, finally 

activating syncytin-1. This results in BEWO cell fusion and the subsequent protein expression 

of PP13 and beta-hCG(Wice, Menton et al. 1990, Knerr, Schubert et al. 2005) . 

In my experiments, incubation of BEWO cells with forskolin increased the hCG secretion by 8-

fold. Likewise, studies showed that cAMP stimulation leads to increased hCG production in 

BEWOs. Primary trophoblast cells are capable of producing hCG without CAMP stimulation 

with forskolin or other cAMP-stimulating agents.(Chou 1978, Delidaki, Gu et al. 2011). Similar 

to the effect observed in trophoblast cell lines(Ringler, Lee-Chuan et al. 1989)observed that 

forskolin stimulation of primary trophoblast cells resulted in the hCG production. Thus, BEWO 

cells seem to respond similar to primary cells after being treated with forskolin.  

 

Interestingly, (Al-Nasiry, Spitz et al. 2006) and (Orendi, Gauster et al. 2010)] observed  that 

the fusion process is not coupled with the biochemical differentiation of trophoblast cells. (Al-

Nasiry, Spitz et al. 2006) showed that stimulation of non-fusing trophoblast cell line JEG-3 

with forskolin results in increased hCG production without occurrence of fusion. (Orendi, 
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Gauster et al. 2010)observed that after blocking fusion, forskolin-stimulated BEWO cells 

observed enhanced hCG production.  

 

Similarly, to these findings, my data showed that transcription of syncytin and hCG release 

are barely detectable after 24 h of forskolin treatment whereas hCG production was already 

increased by 8-fold suggesting that biochemical differentiation is progressing more rapidly in 

BEWO cells (data not shown). Another possibility is that hCG production might accelerate the 

BEWO cell fusion process in an autocrine manner. In support of this, (Dhar, Karmakar et al. 

2004)showed that blocking the endogenous hCG with an antibody resulted in impairment of 

primary cytotrophoblast fusion. The hCG receptor expression in placental tissue was observed 

by (Reshef, Lei et al. 1990) and (Shi, Lei et al. 1993) also showed that hCG regulates 

differentiation of cytotrophoblast in primary cells. In common with other studies of BEWO 

cells, HCG release was reduced by hypoxia(Kudo, Boyd et al. 2003) (Hu, Killion et al. 2007). It 

has been shown that exogenous dibutyryl cAMP increases trophoblast fusion and 

differentiation , syncytin1, hCG release by normoxic trophoblast, which in turn feedback and 

augment signaling pathway associated with fusion (Esterman, Finlay et al. 1996). It also has 

been demonstrated that hypoxia inhibits trophoblast cell fusion and differentiation. In 

hypoxia, despite of an  increase in syncytin expression and decrease in hCG release, cAMP 

pathway is less effective  (Alsat, Wyplosz et al. 1996, Nelson, Johnson et al. 1999, Jiang, Kamat 

et al. 2000). The actual mechanism of differentiation that induced hCG release is impaired.  

My data was in agreement with these published studies. Since altered differentiation induced 

by low oxygen tension is associated with disrupted balance between fusion and apoptosis 

(some of my data showed increased cell debris), proapoptotic cascades need to be further 

investigated. 

 

 The hormones progesterone (P4) and estradiol (E2) have multiple key functions in 

placentation and fetal growth and development and therefore, they would be important 

marker molecules for endocrine functionality. Progesterone release increased after forskolin 

treatment in BEWO cells. This finding is in agreement with the result from (Nulsen, Silavin et 

al. 1989)and (Maldonado-Mercado, Espinosa-García et al. 2008). Given that BEWO cells are 

shown to express different progesterone receptors , Progesterone might act in an autocrine 

manner on BEWO cells(Zachariades, Foster et al. 2011). Also, a cross-talk of hCG might occur 
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with P4 in the BEWO cell line since (Dhar, Karmakar et al. 2004) showed that blocking of hCG 

by using an hCG antibody reduced P4  production in primary trophoblast cells. So it might be 

possible that hCG is an autocrine inducer of P4 production and this might  explain a similar 

pattern of secretion of both hormones after forskolin treatment. Furthermore, progesterone 

then might have a positive effect on cell fusion as (Noorali, Rotar et al. 2009) observed 

Syncytin-1 upregulation by progesterone in a trophoblast cell line(Fadhillah, Yoshioka et al. 

2014).  

My data is in agreement with the study which showed that exogenous dibutyryl cAMP 

increased production of hCG and progesterone by normoxic trophoblast but not by hypoxic 

cells(Esterman, Finlay et al. 1996).  The possible mechanism has been speculated that oxygen 

tension may either affect reactive oxygen species or GCMa, a placenta-specific transcription 

factor, which recently has been reported to regulate syncytin expression and consequently 

cell fusion in trophoblasts (Matouskova, Blazkova et al. 2006). 

 

Under hypoxic conditions, the syncytialised BEWO cells are unable to secrete progesterone 

may reflect an inhibitory effect of severe decrease in maternal and/or fetal oxygenation on 

placental progesterone production. The increase seen in progesterone levels under hypoxic 

conditions in undifferentiated cells may be similar to data in published reports which showed 

a trend towards an increase in utero-placental progesterone production with hypoxia. This 

may be due to the elevation in placental PGE₂ production that occurs with hypoxia, since PGE₂ 

has been reported to increase production of placental progesterone in sheep in vitro.  

The enzyme cytochrome P450 17A1 (= steroid 17-alpha-hydroxylase), which is encoded by 

the CYP17A1 gene, is deficient in the placenta and consequently the placenta cannot produce 

estrogen de novo. In vivo, the placenta is treated with DHEA and DHEAS as precursor 

molecules for estrogens and the enzymes sulfatase, 3β-HSD, 17β-HSD, and P450 aromatase 

are involved in the hormones production such as estrone and estradiol (E2). Similar to the in 

vivo situation, it is required to supply BEWO cells with precursor molecules for E2 production. 

Ugele and Simon [1999] showed that BEWO cells can uptake DHEA-S. Also Pattillo et al. [1972] 

observed that BEWO cells can synthesize E2 from DHEA. Furthermore, Bahn et al. [1981] saw 

that BEWO cells can produce E2 when FCS is available in the cell culture. A previous study also 



      
 

341 
 

reported that fetal bovine serum contains the precursor molecules, which promotes 

production of estradiol in FBS concentration-dependent manner in BEWO cells.  

(Jeschke, Mlcak et al. 2007) observed a small rise  in production of cortisol after treating  

BEWO cells  with glycodelin A N-glycan. A study reported that a reduction in fetal blood O₂ 

saturation and content, was associated with a rise in lactate and Cortisol level. Elevated 

cortisol concentration in preeclampsia placenta, associated with prematurity and low birth 

weight (Aufdenblatten, Baumann et al. 2009), has been reported to inhibit proliferation of 

trophoblasts via glucocorticoid receptor (Hsu, Lan et al. 2009). My result showed hypoxia 

increases cortisol in undifferentiated BEWO cells and cortisol release remains same in 

differentiated BEWO cells under both oxygen tensions.  

Surprisingly, in undifferentiated cells, the expression of syncytin genes, P4, E2 and cortisol 

were significantly upregulated in hypoxic condition compared to normoxia. This suggests that 

the reduced upregulation of genes and hormones in 3% compared to 20% may be the result 

of secondary events triggered by hypoxia during differentiation, which in turn impair 

fusogenic machinery and endocrine capacity of BEWO. Therefore, in the absence of 

differentiation stimuli, hypoxia may be able to directly induce syncytins, P4, E2, and cortisol, 

while in the presence of differentiation stimuli it may indirectly cause an impaired 

upregulation, resulting in incomplete differentiation of the cells. The other possibility is that 

hypoxia is affecting and thus increasing basal levels of syncytin genes, thereby potentially 

blunting any observed effect of cAMP activator. Therefore, hypoxia may not, in real, impair 

the differentiation machinery. It would be further interesting to analyze protein content of 

syncytin genes, and thus rule out post transcriptional modifications. Although  the most 

representative system of in vivo situation in the placenta available are primary trophoblast 

cells or placental explants, they are characterized by poor reproducibility. Similar issues might 

be present when performing experiments with primary trophoblast cells, however this might 

be less present as primary cells consist of one homogenous cell type.  

 

The mechanism of formation of anchoring villi has been illustrated by several groups using 

placental explants cultured ex vivo under varying oxygen concentrations. First trimester villi, 

explanted onto a 3D extracellular matrix under high oxygen tension (20%), form new sites 



      
 

342 
 

spontaneously at their tips(Vicovac and Aplin 1996, Genbacev, Zhou et al. 1997, Aplin, Haigh 

et al. 1999), whereas explants cultured in 2 or 3% oxygen show increased production of 

EVT(Genbacev, Zhou et al. 1997, Gerber, Condorelli et al. 1997) (Caniggia, Mostachfi et al. 

2000). Proliferation of Cytotrophoblast has long been known to be excessive in hypoxia (Fox 

1964, Kingdom and Kaufmann 1997), although the oxygen sensor in placenta still remains to 

be identified. Moreover, as predicted from observations in vivo, HIF-1α mRNA expression are 

several-fold higher after culture in low oxygen.  

 

Now, following up on their earlier finding that TGF-β3 mRNA levels decreases after the 

transition of oxygen(Esterman, Finlay et al. 1996), the Caniggia group showed that levels of 

TGF-β3 decreases when HIF-1α mRNA is decreased by antisense treatment. Because decrease 

in TGF-β3 has no effect on the levels of HIF-1α(Caniggia, Mostachfi et al. 2000) , it was 

concluded that TGF-β3 lies downstream of HIF-1α. Beyond its effects on TGF-β3, HIF-1α 

inhibits the expression of molecules that are required for migration such as integrin α1β1 and 

MMP9(Genbacev, Joslin et al. 1996, Caniggia, Mostachfi et al. 2000). It was further argued 

that TGF-β3 acts in an autocrine fashion to modulate these events. Certainly, TGF-β inhibits 

migration of trophoblast in culture (Irving and Lala 1995), but this  interpretation is not 

straightforward. This is because First, proliferation, migration of cytotrophoblast and decidua 

colonization occur in vivo both before and after the transition of oxygen(Irving and Lala 1995). 

Second, column formation de novo occurs in cultures in 20% oxygen (Genbacev, Zhou et al. 

1997, Aplin, Haigh et al. 1999). Third, TGF-β is produced excessively in decidua, through which 

migration  of trophoblast occurs(Graham, Lysiak et al. 1992). Thus, reports both in vivo and in 

vitro suggest that the placenta adapts to transition of oxygen environment by maintaining its 

essential functions — hormone production, and nutrient transfer, anchorage, EVT migration, 

— but that it regulates the rate of each process at specific developmental stages to meet 

requirements of fetus. Overall, my data is in agreement with studies which showed secretion 

of hCG, progesterone were decreased in hypoxia when compared to trophoblast in 

normoxia(Esterman, Finlay et al. 1996). Conservation of oxygen and ATP by reducing hormone 

synthesis may contribute to survival of trophoblast in hypoxia. 
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In BEWO syncytialised cells, CRH potentiated forskolin actions on syncytin 1 and 2 genes 

expression. Since placental CRH expression in trophoblast cells begins when the cells 

differentiate toward syncytialization, the promotion of syncytialization by CRH could explain 

the exponential increase of CRH detected in maternal plasma as pregnancy progresses 

towards term, particularly as syncytial nuclear numbers increase exponentially across 

gestation (Grammatopoulos 2008, Fogarty, Mayhew et al. 2011). This may provide the 

mechanism that links maturation of the placental structure to the timing of birth. 

Low oxygen tension blocks CRH mediated potentiation of syncytin1 gene expression in 

undifferentiated and differentiated cells. Hypoxia abolishes CRH mediated potentiation of 

syncytin 2 gene expression in differentiated cells. This could be possibly because altered 

oxygen tension is affecting at receptor level or post receptor level.  In contrast, CRH did not 

affect BHCG, P4, E2, cortisol release in undifferentiated and differentiated cells, under both 

high and low oxygen tensions. While B HCG release increases during early pregnancy, CRH 

increases exponentially around second trimester of pregnancy. Although this is in contrast to 

previously published literature which showed HCG secretion to be stimulated by CRH, through 

paracrine or autocrine mechanisms, or both, because it is also produced by both the 

cytotrophoblast and the syncytiotrophoblast(Berga, Nitsche et al. 2016).  This suggests CRH  

might play a role in accelerating morphological differentiation in trophoblast. CRH cannot 

reverse or prevent the reduction of syncytin gene expression and B HCG, P4 release induced 

by low oxygen tension and is thus unable to restore the syncytialization. It would be 

worthwhile to further investigate if the effects are reversed on exposing the cells from low to 

high oxygen tension.  

 

BEWO cells are invitro model of syncytiotrophoblast, fuses following syncytialization with 

forskolin to produce a large multinucleated cellular monolayer. Effective syncytialization was 

determined by quantifying syncytin 1 and 2 genes expression as well as hCG output, post 

treatment with forskolin. Endocrine capacity of cells was measured by measuring E2, P4 and 

cortisol. In accordance to previously published data, following syncytialization, both syncytin 

1 and 2 genes are upregulated and B HCG, E2, P4, cortisol is significantly released. 

Furthermore, under low oxygen tension, syncytialization is affected where syncytin genes and 

release of B HCG, E2, P4, cortisol is reduced. CRH potentiates the actions of forskolin on 

syncytin 1 gene expression, but has no effect on syncytin 2 and hormones under high oxygen 
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tension. CRH cannot reverse or prevent the reduction of syncytin gene expression and B HCG, 

P4 release induced by low oxygen tension and is thus unable to restore the syncytialization. 

 

 

Previous studies have located both types of CRH-R in human placenta. (Florio, Franchini et al. 

2000) CRH-R staining appears almost exclusively to be membrane-distributed, mainly in 

syncytiotrophoblast and some around vessels. Excess maternal plasma CRH release is 

associated with downregulation of placental CRHRs in pre-eclamptic 

women(Grammatopoulos 2008). It is not clear if excess CRH released causes desensitization 

of receptors or is it being released to upregulate receptors so as to restore to normal level. 

Given that CRH is unable to restore the trophoblasts fusogenic machinery, the CRHR 1 and 2 

expressions were investigated in undifferentiated and differentiated cells under high and low 

oxygen tension. Furthermore, the effect of CRH on the receptors were investigated. CRHR1 is 

upregulated during differentiation under high oxygen tension (CRHR1 is more likely to be 

expressed at cytotrophoblasts level. In case mRNA is translated into protein, this suggests 

that differentiated BEWO cells are more responsive to CRH cellular action) and is 

downregulated under low oxygen tension, thus indicating that CRHR1 is most likely involved 

in making cells responsive to CRH cellular actions, thus facilitating differentiation. It is unclear 

as why CRH has no effect on the transcription of both CRHR1 and CRHR2 under high oxygen 

tension, although the protein levels and functional aspects of cell has not been assessed yet. 

Forskolin, on the other hand, changes gene expression of the CRH receptors. The CRH 

receptors are thus likely to be regulated by cAMP/CREB cascade. CRH however does not 

couple to cAMP/CREB cascade, thus has no effect on receptor expression.  

However, CRH blocks upregulated CRHR1 during differentiation and brings it to basal levels. 

This might explain why CRH has not much role to play during differentiation or perhaps only 

increases syncytin 1 gene.  During hypoxia, both receptors are upregulated, CRHR2 more 

predominately being expressed than CRHR1. Perhaps, there is a fine balance that exists 

between expression of CRHR1 and CRHR2 in cytotrophoblasts gets disrupted under low 

oxygen tension. The balance being erred more towards CRHR2 being expressed at higher 

level. Furthermore, CRH blocks CRHR1 in undifferentiated BEWO cells under low oxygen 

tension, thus indirectly causing CRHR2 to be expressed at high amounts. Under high oxygen 

tension, CRH perhaps has no role to play at cytotrophoblast level and hence it is unable to 
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upregulate its receptors (only a trend towards an upregulation is seen). Perhaps, the excess 

CRH being released in preeclampsia leads to downregulation of CRHR1 at cytotrophoblast 

level. Or it is being released to restore the balance between both receptors, but is unable to 

overcome the effects of hypoxia. A trend towards upregulation of CRHR2 expression is seen, 

though fails to reach statistical significance. After or during fusion, under high oxygen tension, 

CRHR1 is expressed in excess amount at syncytiotrophoblasts. Thus causing CRHR1 to be 

present at higher level than CRHR2. Differentiating cells when exposed to low oxygen tension 

undergoes downregulation of CRHR1 expression; thus indirectly causing CRHR2 to be 

expressed at higher amounts. Also, contributing towards the fact that syncytialised BEWO 

cells are unable to respond to CRH. This in turn contributes towards impairment towards 

differentiation. This probably causes placental CRH to be released in excess in an attempt to 

upregulate the protective CRHR1 under hypoxic conditions so as to restore or repair impaired 

differentiation machinery of trophoblasts.  CRH when added to differentiating cells under low 

oxygen tension has no effect on its receptors. CRH perhaps is hence unable to restore the 

impairment of differentiation induced by low oxygen tension, because the 

syncytiotrophoblasts are less responsive to CRH cellular actions. And again, CRH might be 

being released in excess so as to restore the balance between CRHR1 and 2 in syncytialised 

BEWO cells. Further experiments are required with antagonists to confirm the above 

hypothesis.  

 

 

Given that CRH was unable to restore differentiation machinery, it was further assessed 

whether activating the CRH receptors by priming cells with CRH would be able to protect 

trophoblast differentiation from hypoxic effects. Perhaps, it was further considered that mere 

activation of receptors may not be sufficient to exert protective effects of fusogenic 

machinery. Hence, a new dimension was added to the experiment. After priming with CRH, 

extended treatment of CRH for 24h was added along with forskolin to BEWO cells.  

Under high oxygen tension, CRHR1 is upregulated during differentiation. By priming cells with 

CRH, there is further enhancement of CRHR1 expression. The effect of priming cells on CRHR1 

activation though by itself is not statistically significant. Adding CRH during differentiation had 

blocked CRHR1 expression by 50%. However, due to the priming effect, (extended presence 

of) CRH is unable to reduce CRHR1. Rather, priming makes CRHR1 to remain upregulated 
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during differentiation of trophoblasts. CRHR2 expression remains unaffected during 

differentiation and CRH itself has no effect on CRHR2 in undifferentiated and differentiated 

cells. However, priming syncytialised cells with CRH as well as further extended treatment 

with CRH enhances CRHR2 expression significantly. this is in alignment with a study(Chen, 

Allars et al. 2013).  Overall, priming cells with CRH (or activation of CRHR) ensures CRHR1 and 

2 expression remains upregulated during differentiation.  

Under low oxygen tension, we had already observed that CRHR1mRNA is downregulated 

during differentiation and adding CRH made no difference. CRHR2 remained unaffected 

during differentiation and adding CRH again made no difference. Priming cells with CRH 

showed a trend towards upregulation of protective CRHR1, but fails to reach its statistical 

significance. Again, further presence of CRH makes no difference. During normal pregnancy, 

perhaps, CRH being increased exponentially during 2nd trimester is in parallel with formation 

of syncytiotrophoblasts, which is more being formed in first and second trimester. Excess CRH 

being released during preeclampsia is associated with impaired trophoblast differentiation. It 

may be possibly being a reason for CRH to be released in excess so as to ensure to prime cells 

in order to activate CRHR and thus further lead to upregulation of CRHRs during 

differentiation. However, hypoxia more likely interferes with ability of CRH to activate CRHR 

during differentiation, further leading to CRHR being less responsive to CRH cellular actions. 

Thus providing a new insight into role of CRH during trophoblast differentiation.  

 

Forskolin increases syncytin 1 and 2 genes expression and CRH further potentiates it under 

high oxygen tension. However, priming cells with CRH prevents the ability of extended CRH 

treatment to potentiate fusogenic machinery. Low oxygen tension interferes with 

upregulation of syncytin genes and the ability of CRH to potentiate the expression of these 

genes. Priming cells with CRH, with or without extended CRH treatment has no impact on 

fusogenic machinery. Also, priming cells with CRH alone or along with extended CRH 

treatment does not make any significant changes in biochemical differentiation, as well as 

endocrine capacity of BEWO cells under both oxygen tension. 

 

In the above experimental approach, both priming cells with CRH, followed by incubation of 

BEWO cells with CRH and forskolin was done under high and low oxygen tension. Another 

experimental approach was tested where the stage of priming cells with CRH were done 
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under high oxygen tension, following which change in oxygen tension during differentiation 

stage was introduced (data not shown). That is, after priming under high oxygen tension, cells 

with forskolin and CRH were incubated under high or low oxygen tension. Thus, testing 

whether hypoxia was affecting and thus interfering with activation of CRHR, and that, 

introducing low oxygen tension after priming cells may allow CRH to restore trophoblast 

differentiation. Nevertheless, this approach gave the same results as shown in (figure).    

Normal placental protein synthesis requires approximately 30% of human placental oxygen 

consumption (2). Thus, as in cases of IUGR and preeclampsia, with reduced supply of oxygen 

and nutrients, the placenta conserves energy by shutting down its protein synthetic 

machinery thereby declining its rate of cell proliferation, which are essential for cells to 

respond to and survive hypoxia (Palmer, Moore et al. 1999, Carter 2000, Keyes, Armaza et al. 

2003, Grocott, Martin et al. 2009). This regulation of protein synthesis occurs at the level of 

translation primarily and the central regulator of this translation is the mammalian target of 

rapamycin (MTOR) pathway(Wullschleger, Loewith et al. 2006, Roos, Jansson et al. 2007). A 

few studies have shown that  presence of MTOR in the placenta is crucial in early 

development, because MTOR gene disruption is lethal post implantation, consequential  of 

impaired cell proliferation in both the embryonic and extra-embryonic compartments. 

Additionally, placental MTOR also plays key roles in the regulation of nutrient transporter in 

placenta and fetal growth(Gangloff, Mueller et al. 2004) (Jansson, Pettersson et al. 2006, 

Roos, Jansson et al. 2007). MTOR was highly expressed in the syncytiotrophoblast, which is 

the transporting epithelium of the placenta, this cellular localization is compatible with a 

nutrient sensing role of the MTOR signaling system. This is because the apical surface of the 

syncytiotrophoblast is exposed to maternal circulation directly (facilitating ‘sensing’ of the 

supply line of the mother) and possible targets for MTOR, such as nutrient transporters, are 

also present in the cell. Likewise, CRH-R appears almost exclusively to be membrane-

distributed, mainly in syncytiotrophoblast and some around vessels. MTOR is expressed at 

the mRNA level in placenta (Kim, Sarbassov et al. 2002). studies in immortalized cell lines 

originating from human trophoblast indicate an essential role for MTOR in the regulation of 

proliferation of trophoblasts(Wen, Abbasi et al. 2005). The MTOR pathway is thought to be a 

regulator of invasive trophoblast differentiation, which may be involved in the first stage of 

term preeclampsia(Pollheimer and Knofler 2005).  A study reported a  direct correlation 
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between activation of  MTOR protein and trophoblast invasion, indicating  a crucial  role for 

this pathway during IUGR in the regulation of EVT invasion (Knuth, Johannsen et al. 2014).  

Maternal hypoxia via regulation of MTOR pathway may induce IUGR. The best-characterized 

downstream targets of MTORC1 are the ribosomal protein S6 kinase 1 (p70S6K) and the 

eukaryotic initiation factor 4E (eIF4E)-binding protein 1 (4E-BP1). MTORC1 via activation of 

the protein kinase S6K1 and inhibition of the eIF4E inhibitor 4E-BP1 signals to the translation 

initiation machinery(Wullschleger, Loewith et al. 2006). The activity in the MTOR signaling 

pathway is measured by The protein expression of the phosphorylated forms of these 

downstream effectors. 

My data showed that under low oxygen tension, phosphorylation MTOR is increased by 10 

fold. Forskolin increases phosphorylation of MTOR by 10 fold, which is further blocked when 

exposed to low oxygen tension. However, this is happening because hypoxia has increased 

basal pMTOR. Hypoxia reduces MTOR protein expression by 80 % by 1h, but the reduction is 

overcome by 24h. Hypoxia increases phosphorylation of S6K70 by 2 fold in BEWO cells. 

Forskolin further does not affect pS6K in both normoxia and hypoxia. Hypoxia does not affect 

S6K70 expression at 1h but reduces S6K85 expression by 80%. By 24h, Hypoxia increases 

S6K70 expression by 4 fold, and S6K85 by 2 fold.  

Studies have reported that the MTOR protein is elevated during IUGR, a condition 

characterized by a failure of the maternal supply line to supply adequate nutrients to the 

placenta. However, placental phosphorylated S6K1 (Thr-389) expression, a down-stream 

target of MTOR and a measure of the activity of the MTOR signaling pathway, was markedly 

down-regulated in IUGR placentas (Roos, Jansson et al. 2007) (Arroyo, Brown et al. 2009). 

Since fetal growth is determined by supply of nutrients primarily, the reduced placental MTOR 

activity, increased 4EBP1 activity and reduced trophoblast invasion is thought to be a direct 

cause of IUGR.  

hypoxia plays a dual role of inducing proliferation and integration of trophoblast early in 

pregnancy, but on the other hand, during late  pregnancy, it is associated with placental 

dysfunction and preeclampsia (Pringle, Kind et al. 2010). HIF expression is associated with 

many physiological and pathological processes in the placenta(Patel, Landers et al. 2010). 
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Preliminary evidence showed that HIF-1α was expressed in the cytotrophoblasts of placenta 

and was reduced as pregnancy progresses [10]. HIF-1α mediate the trophoblast 

differentiation based on the availability of oxygen (Genbacev, Zhou et al. 1997). Enhanced 

placental HIF-1α expression were observed in the early gestational stage [11]. furthermore, 

involvement of  HIF-1α has been suggested in the potential pathological mechanisms of 

several pregnancy complications (Patel, Landers et al. 2010)[. Enhanced HIF-1α stabilization 

was reported in PE placentas, although one of the studies suggested that upregulation of HIF-

1α might be hypoxia independent in PE(Tal 2012). 

Studies in which BEWO cells were exposed to severe 1% hypoxia suggest as a result of HIF-1 

alpha protein stabilization, MTOR activity is downregulated and MTOR suppressor REDD1 

expression is increased. Under hypoxic conditions, REDD1 was known as an essential 

mediator of the anti-apoptotic effect of HIF-1α. REDD1 is also thought to contribute  to 

apoptosis and DNA damage during cell stress (Land and Tee 2007, Wolff, McKay et al. 2014). 

Enhanced REDD1 levels in placentas from an early gestational stage, PE, and abnormal MTOR 

expression was detected in placentas from PE, IUGR(Fahlbusch, Hartner et al. 2015, Weel, 

Ribeiro et al. 2015). Oxygen availability regulates amino acid transport in placenta through 

MTOR. This is supported  by reports obtained from high altitude pregnancies, which showed  

decreased 4ebp1 and AKT phosphorylation, downstream targets of MTORc1 and 2. MTOR is 

a substrate for AKT(Gangloff, Mueller et al. 2004, Murakami, Ichisaka et al. 2004). AKT 

signaling is thought to play a central role in placental growth regulation. This  was confirmed 

in AKT1-null mice, which display IUGR (Yang, Tschopp et al. 2004, Yung, Calabrese et al. 2008). 

AKT inactivation led to placental hypotrophy and structural abnormalities which is thought to 

contribute to placental insufficiency and subsequent fetal growth impairment. Previous 

studies reported  that the AKT activation via increases in eNOS activity results in 

vasorelaxation in endothelial cells (Luo, Fujio et al. 2000, Hisamoto, Ohmichi et al. 2001, 

Hisamoto, Ohmichi et al. 2001). It was observed that Hypoxia regulates NO production and 

eNOS activity via AKT activation in porcine coronary artery endothelial cells(Chen, Lawrence 

et al. 2004). PI3K and AKT play a key role in regulating angiogenesis and tumor growth via 

upregulation of VEGF and HIF-1 expression.  

HIF-1α is a substrate for various kinase pathways, including PI3K –AKT pathways (Minet, 

Arnould et al. 2000). Only in last 5 days of pregnancy, phosphorylation of AKT is decreased in 
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placenta obtained from mice exposed to normobaric hypoxia. Although MTOR activity is 

increased when the insult occurs throughout pregnancy. My data is in alignment with this 

which shows that hypoxia increases MTOR phosphorylation in BEWO cells.  Under low oxygen 

tension, at 1 hour, AKT expression was downregulated, which is overcome over 24h. 

Phosphorylation of AKT needs to be further investigated.  Though forskolin decreases 

activation of pAKT and hypoxia blocks this, forskolin has no effect on expression of AKT under 

normal and high oxygen tension.  

 

So, overall, hypoxia increases basal pMTOR and pS6K70. Forskolin increases pMTOR but not 

pS6K 70 under normal oxygen tension. In hypoxia, because basal pMTOR is increased, the 

upregulation of pMTOR seen during differentiation is not evident. Hypoxia has no effect on 

pS6K70 during differentiation. Hypoxia reduces MTOR protein expression and S6K85 

expression, but not S6K70 expression at 1h. By 24h, reduction of MTOR expression is 

overcome and S6K70 and S6K85 is increased. 

 

Although AMPK expression has been shown to be unaffected by altered oxygen tension and 

that hypoxia affects activity and expression of MTOR, phosphorylation of AMPK needs to be 

further examined. This is because it is the phosphorylation of AMPK that has been known to 

constitute one possible mechanistic link between decreased ATP availability in hypoxic mouse 

placenta and inhibition of MTOR signaling, ensuring that amino acid transporter activity is 

aligned with cellular energy status. Conversely, inhibition of AMPK has been proposed to 

contribute to activation of placental MTOR and amino acid transport activity in maternal over 

nutrition(Huckle 2017). Furthermore, hypoxia reduces AMPK expression in syncytialised 

BEWO cells, although their expression levels remains unaffected under high oxygen tension.  

 

 

HIF-1α is also a substrate for several kinase pathways, including MAP kinases, ERK and 

p38(Minet, Arnould et al. 2000). MAPK signal pathway is one of the key pathways involved in 

regulation of the pathogenesis of preterm preeclampsia.  MAPK and/or ERK /MAPK signaling 

is a common pathway downstream to many markers or molecules that are associated with 
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preeclampsia such sFLT-1, and angiotensin  in maintaining endothelial function, HB-EGF in 

invasion and anti-apoptosis upon hypoxia (Ahmad, Hewett et al. 2011, Herse and LaMarca 

2013, Shu, Liu et al. 2014). My data shows that hypoxia inhibits p38 MAPK protein expression 

in undifferentiated (80%) BEWO cells.  

 

In several cell types, MAPKs are regulated by cAMP. Both p38 MAPK and ERK1/2. activation 

has been observed to be in association with placental trophoblast differentiation(Daoud, 

Amyot et al. 2005). Forskolin treatment induced a rapid and potent phosphorylation of 

ERK1/2 and p38MAPK; this cascade involved PKA–AKAP interactions which further led to 

downstream phosphorylation of CREB-1/ATF-1 via ERK1/2-dependent but p38MAPK-

independent mechanisms. Intriguingly, both ERK1/2 and p38MAPK were associated with 

forskolin-induced release of hCG, suggesting the additional pathways to be present that are 

p38MAPK-dependent but CREB-1/ATF-1-independent. Forskolin treatment of BEWO cells 

upregulated syncytin, OASIS, GCMa, syncytin 2 receptor, AKAP.  The effects of Forskolin on all 

these genes were suppressed by p38MAPK inhibition chemically whereas only specific genes 

were sensitive to inhibition of ERK1/2. My data shows that hypoxia reduces p38 MAPK protein 

expression in undifferentiated and syncytialised BEWO cells (80%). Investigation of 

phosphorylation of p38 MAPK and ERK is further required.  This would further provide 

evidence for reduction of hCG during hypoxia during trophoblast differentiation. Also, it has 

been observed that hypoxia increases the ERK phosphorylation, followed by HIF-

1α stabilization and activation, which consequently increases  HIF-1α-dependent 

transcriptional activation of VEGF in hamster fibroblasts(Berra, Roux et al. 2001) and that 

PLGF promote the trophoblasts syncytialization (Morrish, Bhardwaj et al. 1987, Garcia-Lloret, 

Morrish et al. 1994, Crocker, Strachan et al. 2001, Yang, Lei et al. 2003).  It has been further 

observed that under hypoxic conditions in the trophoblast-derived BEWO cell line , angiogenic 

factors necessary for  the development of placenta are activated via  AKT - MTOR signaling 

pathway (Fujita, Tanabe et al. 2010). My data shows PLGF is further upregulated by forskolin 

in hypoxia, although the release is suppressed. It has been earlier shown that  my data is 

somewhat in alignment with a study which showed induction of hypoxia responsive genes 

was suppressed by dibutyryl cAMP in pc12 cells. Overall, AKT – MTOR- p38 MAPK pathway 

may be involved in cAMP induced PLGF production during trophoblast differentiation under 

altered oxygen tension. 
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 During human placentation, mononuclear cytotrophoblasts fuse to form multinucleated 

syncytia ensuring hormonal production and nutrient exchanges between the maternal and 

fetal circulation. Syncytial formation is essential for the maintenance of pregnancy and for 

fetal growth. Regulation of trophoblast fusogenic machinery and hormonogenesis is achieved 

by coordinated action of a number of signaling molecules. To investigate the effect of hypoxia 

on activation and expression of various signaling molecules such as AKT, CREB, HIF, AMPK, 

MTOR, S6K and p38 MAPK pathways involved in trophoblast differentiation and hCG 

secretion, BEWO cells were incubated with or without forskolin (cAMP activator) under high 

and low oxygen tension. The cAMP signaling pathway is the major route to trigger trophoblast 

fusion and its activation results in phosphorylation of specific intracellular target proteins, in 

transcription of fusogenic genes and assembly of macromolecular protein complexes 

constituting the fusogenic machinery at the plasma membrane. Specificity in cAMP signaling 

is ensured by generation of localized pools of cAMP controlled by cAMP phosphodiesterases 

(PDEs) and by discrete, spatial and temporal, intracellular protein kinase A (PKA) activation 

organized by A-kinase-anchoring proteins (AKAPs) and signal termination organized by 

protein phosphatases (PPs). In both primary human trophoblast cells and choriocarcinoma-

derived cell lines the cAMP/PKA cascade, via  CREB-1 and ATF-1 phosphorylation, regulates 

GCMa and syncytin-1 expression and hCG production(Keryer, Alsat et al. 1998, Knofler, Saleh 

et al. 1999, Knerr, Schubert et al. 2005). Other kinases such as protein kinase C (PKC) might 

also synergistically interact with cAMP/PKA to stimulate morphological differentiation and 

hCG production in trophoblasts (Andersen, Milsted et al. 1988). My data shows forskolin 

increases Phosphorylation of CREB and decreases Phosphorylation of AKT and this is in 

support of data which showed maximum BEWO cell fusion is a complex process that requires 

increased intracellular cAMP coupled with decreased intracellular calcium levels and 

inhibition of PI3K/AKT signaling. In islet cells, CREB has been found to promote cell survival by 

upregulating insulin receptor substrate 2 (IRS2) gene expression and thereby activating the 

Ser/Thr kinase AKT. Similar to AKT, studies indicate that cAMP, an intracellular signal that 

regulates cell proliferation, differentiation, and apoptosis (Boynton 1983, Dumont, Jauniaux 

et al. 1989, Richards 2001), as well as AKT activity either in a positive or negative manner(Cass, 

Summers et al. 1999, Filippa, Sable et al. 1999, Forti and Armelin 2000, Gonzalez-Robayna, 
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Falender et al. 2000, Kim, Jee et al. 2001, Wang, Liu et al. 2001). Despite its mitogenic signal, 

cAMP inhibits AKT in a manner that requires PKA activity(Cass, Summers et al. 1999, Filippa, 

Sable et al. 1999, Forti and Armelin 2000, Gonzalez-Robayna, Falender et al. 2000, Kim, Jee et 

al. 2001, Wang, Liu et al. 2001). AKT inactivation has been shown to cause placental structural 

abnormalities and hypotrophy that is likely to result in placental insufficiency and subsequent 

fetal growth impairment. AKT1-null mice display IUGR thus suggesting a central role of AKT 

signaling in placental growth (Yang, Lei et al. 2003, Yang, Tschopp et al. 2004, Yung, Calabrese 

et al. 2008). AKT activation via increase in eNOS activity results in vasorelaxation in 

endothelial cells(Luo, Fujio et al. 2000, Hisamoto, Ohmichi et al. 2001, Hisamoto, Ohmichi et 

al. 2001) (Northcott et al. 2002). in porcine coronary artery endothelial cells,  Hypoxia via 

activation of AKT signaling was observed to regulate eNOS activity and NO production (Chen, 

Lawrence et al. 2004). My data shows Hypoxia blocks the forskolin mediated reduction of AKT 

phosphorylation, which further is likely to contribute towards impaired fusion. PI3K and AKT 

via upregulation of VEGF and HIF-1 expression, is thought to regulate tumor growth and 

angiogenesis. HIF-1α is a substrate for several kinase pathways, including PI3K –AKT 

pathways(Minet, Arnould et al. 2000). Though forskolin decreases activation of pAKT and 

hypoxia blocks this, forskolin has no effect on expression of AKT under normal and high 

oxygen tension. PI3K pathway has been shown to induce the expression of various angiogenic 

factors such as VEGF, PLGF and its receptor VEGFR1. PI3K induces AKT phosphorylation and 

activity, which in turn stimulates synthesis of transcription factors such as hypoxia-induced 

factor-1a (HIF-1 alpha), eventually resulting in  enhanced VEGF and VEGFR1 expression (Choi, 

Park et al. 2011). Thus, hypoxia via PI3K/AKT pathway initiates  survival responses such as  

HIF-1 alpha expression  as well as induces apoptosis (Greijer and van der Wall 2004). The PI3K-

AKT pathway regulates normal functions of cell such as proliferation, survival, and glucose 

metabolism. Thus, hypoxia can either activate or inactivate the PI3K-AKT signaling pathway 

Depending on the cell type.  For example, hypoxia activates the pathway in PC12, HeLa cells, 

HT1080, [20e22], but is inactivates in BEWO, BEWO31, HepG2, and JAR placental cells and in 

primary cytotrophoblast cells [23e25] under hypoxic conditions. In PE placental cells, hypoxia 

inactivates the PI3K–AKT pathway. in in vitro models of human placental hypoxia, it was 

demonstrated that high levels of sFLT-1 at baseline and that inhibition of the PI3K-AKT 

pathway by a PI3K- specific inhibitor leads to a decreased sFLT-1 level and unchanged or 

increased VEGF and PLGF levels. My data is in alignment with the above studies and showed 
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that under low oxygen tension, at 1 hour, AKT expression was downregulated, which is 

overcome over 24h. Phosphorylation of AKT needs to be further investigated.  Reduction of 

AKT under low oxygen tension may further provide a link towards reduction of angiogenic 

factors such as PLGF.  

Oxygen availability regulates placental amino acid transport through MTOR, as evidence by 

placenta from pregnant women exposed to hypobaric hypoxia by residing at high altitude, 

which exhibit reduced phosphorylation of 4ebp1 and AKT, downstream targets of MTORc1 

and 2. AKT upregulates MTOR. MTOR, which is a substrate of AKT, is essential for growth and 

proliferation of early mouse embryonic stem cells(Gangloff, Mueller et al. 2004, Murakami, 

Ichisaka et al. 2004). MTOR deficient embryos die soon after implantation as a consequence 

of impaired cell proliferation in both the embryonic and extra-embryonic compartments. 

These findings suggest that MTOR may play a key  role in regulating  cell growth and 

proliferation of trophoblasts(Wen, Abbasi et al. 2005). AKT phosphorylation is reduced in 

placenta of mice exposed to normobaric hypoxia only in last 5 days of pregnancy, although 

MTOR activity is increased when the insult occurs throughout pregnancy(Matheson, 

Veerbeek et al. 2016). My data is in partial alignment with this which shows that hypoxia 

increases MTOR phosphorylation and decreased AKT expression in BEWO cells.   

AMP-activated protein kinase (AMPK) is key in the regulation of cellular energy metabolism 

(Milan, Jeon et al. 2000). AMPK regulates ATP synthesis and inhibit activation of MTOR 

(Rehman, Shehzad et al. 2014). Increased MTOR mRNA expression has been shown  in 

placenta. Enhanced expression of MTOR- positive regulators Irs1, Pik3r1, RpS6Ka2, and VEGF-

C has been observed while there was a downregulation in the MTOR-negative regulator 

Prkg2, subunit of AMPK. VEGF-C genes are involved in promoting cell motility and survival and 

cell growth, implying that, similar to Irs1 and Pik3r1, stimulation could be due to a survival 

mechanism activated by hypoxic stress(Milan, Jeon et al. 2000) (Roux et al. 2003). My data 

shows hypoxia increases VEGF mRNA in BEWO. During hypoxia, in syncytialised BEWO cells, 

there is inhibition of AMPK, negative regulator of MTOR, most likely in an attempt to promote 

upregulation of MTOR. However, hypoxia impairs activation of MTOR in differentiating BEWO 

cells. The fact that hypoxia blocks reduction of pAKT by forskolin may be another attempt to 

overcome impaired activation of MTOR. My data also shows Hypoxia also impairs PLGF 
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release in differentiating trophoblasts. PLGF is a product of the syncytiotrophoblasts and its 

gene is 10-fold upregulated during trophoblast differentiation(Depoix, Tee et al. 2011). 

Hypoxia inactivates VEGF-A, which is a MTOR regulator(Trinh, Tjalma et al. 2009). Thus during 

hypoxia, the impairment of VEGF, PLGF further is likely to contribute towards impairment of 

activation of MTOR in differentiating BEWO cells. Further studies are required to establish the 

relationship between PLGF and MTOR molecules.  

cAMP trigger activation of MTOR via the CREB-mediated IRS2-AKT induction. In islet cells, 

cAMP induces  MTOR activity and that MTOR regulates  cellular size of  beta cell(Jhala, 

Canettieri et al. 2003, Balcazar Morales and Aguilar de Plata 2012) ,  it is  considered whether 

cAMP promotes beta cell growth via this pathway. In BEWO, Forskolin has been shown to 

inhibit MTOR activity and expression, but my data shows forskolin increase in MTOR 

phosphorylation, other than increase in CREB phosphorylation. My data shows hypoxia 

impairs phosphorylation of MTOR (10 fold) and CREB (6 fold) in differentiating cells and thus 

affects proliferation and survival of trophoblasts. in-vitro studies have identified distinct 

actions of MTOR on the biochemical and morphological differentiation of BEWO trophoblasts. 

Inhibition of MTOR by rapamycin, reduced forskolin-induced hCG release, whereas syncytin-

1 and -2 mRNA expression was substantially augmented. Overall, cAMP-CREB-AKT-MTOR 

pathway appears to be impaired under hypoxic conditions and is most likely to be controlled 

by HIF-1 alpha.  

 

Forskolin exposure of INS-1 cells stimulated ribosomal protein S6 phosphorylation, a 

downstream MTORC1 complex target, which includes MTOR, mLST8, PRAS40, and Raptor 

(Van de Velde, Hogan et al. 2011). My data showed that PS6K is not affected under both 

oxygen tensions. Thus the activity of MTOR is not affected during differentiation under both 

high and low oxygen tension. However, hypoxia increases pS6K, S6K expression. S6K 70 

expression is not affected at 1h, but increases at 24h. S6K85 expression decreases by 80% at 

1h, which further increases upto 2 fold.  

 

cAMP induces CREB and HIF Pathways in pancreatic β Cells. In response to hypoxia and growth 

factor signaling, HIF stimulates metabolic reprogramming(Van de Velde, Hogan et al. 2011) 

(Semenza 2010). Hypoxia has been reported to increase stability of HIF1α, whereas growth 
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factors appear to stimulate the HIF1α translation (Sengupta, Peterson et al. 2010). Increases 

in cAMP promote the accumulation of HIF1α in beta cells by activating the MTOR pathway 

and promote islet viability. MTOR-HIF Pathway mediates GLP-1 effects on β Cell viability. HIF 

has been reported to promote cell growth by inducing  glycolysis and by reducing oxidative 

metabolism of mitochondria(Semenza 2010). Having seen that HIF induced the stress defense 

genes expression, it was tested whether cAMP activation protects beta cells against oxidative 

stress or cell death. On inhibition of MTORC1 activity with rapamycin, these effects were 

reversed. CREB activity disruption, via  transgenic expression of dominant negative CREB 

inhibitors in beta cells, leads to hyperglycemia and diabetes, partly due to  reduction in 

pancreatic islet mass and partly due to consequential  reduction in insulin concentrations 

(Inada, Hamamoto et al. 2004). Cyclic AMP curbs the hypoxia-inducible factors stimulation 

under hypoxic conditions in PC12 cells. HIF-1α is a substrate for various kinase pathways, 

including PI3K and the MAP kinases, ERK and p38(Daisuke, Akiko et al. 2010) . Under hypoxic 

conditions in BEWO trophoblast-derived cells, HIF -1 -AKT–MTOR, ERK activation is important 

for the production of angiogenic factors. On the other hand, hypoxia induces ERK 

phosphorylation, followed by HIF-1 alpha  stabilization and activation, of which enhances HIF-

1 alpha-dependent activation of VEGF as seen  in fibroblasts of hamster (Berra, Pagès et al. 

2000). VEGF, has been reported to induce  syncytialization of trophoblasts(Garcia-Lloret, 

Morrish et al. 1994, Crocker, Strachan et al. 2001, Li, Dakour et al. 2005). My data shows 

forskolin increases HIF1a, CREB expression and hypoxia reverses this. Hypoxia increases 

phosphorylation of CREB, MTOR, S6K, as well as expression of CREB, HIF1a, S6K and reduces 

p38 MAPK expression. PKA,  ERK1/2 and p38MAPK(Johnstone, Sibley et al. 2005, Delidaki, Gu 

et al. 2011, Matsuura, Jigami et al. 2011).  Signaling pathways have been reported to play 

significant role in the initiation of  trophoblast differentiation and activation of  syncytin 1 

leading to cell fusion(Knerr, Schubert et al. 2005).  Specific inhibitors for ERK1/2 and p38MAPK 

led to defective  syncytialization in primary trophoblast cultures(Daoud, Amyot et al. 2005).  

My data shows hypoxia reduces p38 MAPK phosphorylation as well as forskolin induced p38 

MAPK and AMPK expression. 

 

HUVEC: placental CRH has been demonstrated to cause vasodilation in the human-fetal 

placental circulation via activation of the nitric oxide (NO)/cGMP pathway.  Reports indicate 

that while CRH stimulates NO production, NO itself exhibits negative feedback activity on CRH 
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production in the perfused placenta. This pathway appears to be impaired in PE and may 

contribute toward dysregulation of the balance controlling vascular resistance. In PE placental 

explants there was a significant reduction in CRH/CRH-related peptide-induced cGMP 

response. It is most likely that activation of NO/cGMP pathway is likely to be one of the 

pathways to be involved by which CRH inhibits sFLT-1 and this pathway may be further 

dysregulated under altered oxygen tension. This needs to be further explored. P38 MAPK is 

essential for angiogenesis. CRH induces VEGF release in human mast cells via p38 MAPK. 

Hence there may be interactions between peptide hormones and angiogenic factors. This 

recommends further studies exploring correlation and regulation of sFLT-1, PLGF by CRH in 

models, such as HUVECs, placenta explants. Given that CRH inhibits sFLT-1/PLGF ratio, it is 

further worth exploring the effect of CRH on arterial blood pressure and induced restricted 

fetal growth and glomerular endotheliosis in models such as pregnant mice, which are the 

key hallmark features of placental dysfunction such as preeclampsia. 

 

Along with angiogenic factors, during pregnancy, the placenta also synthesizes CRH and 

releases it into the maternal compartment at increasing levels to reach concentrations 1,000 

to 10, 000 times of that found in the non-pregnant individual.  Expression of placental CRH 

can be detected from the seventh week of pregnancy and increases progressively until term. 

In the last 5 to 7 weeks of pregnancy, placental expression of CRH increases more than 20-

fold (Woods, Grossman et al. 1994). Placental CRH also is secreted into the fetal circulation, 

albeit to a lesser extent, resulting in elevated CRH levels in the fetus throughout 

gestation(Petraglia, Florio et al. 1996, Zhao, Hoheisel et al. 1997).  A binding protein (BP) for 

CRH also exists, and for most of pregnancy it is present in excess of CRH in the maternal 

circulation. As the CRH-BP binds CRH with greater affinity than the CRH receptor, it effectively 

suppresses CRH activity. Thus, for most of pregnancy the bulk of the placental CRH is 

sequestered by CRH-BP. However, during the last 4 weeks of pregnancy CRH-BP levels 

decrease markedly(Florio, Woods et al. 1997). This coincides with the exponential increase in 

placental CRH production, which could result in a dramatic increase in CRH biologic activity. 

 

Placental CRH may be part of the fetal-placental stress response mechanism. The placenta is 

comparable to the hypothalamus in its production of CRH in response to stress. In vitro 
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studies indicate that agents that increase CRH production by the hypothalamus also increase 

CRH production by cultured placental cells. These agents include neurotransmitters and 

neuropeptides activated in response to stress such as prostaglandins E2 and F2α (PGE2 and 

PGF2α), norepinephrine, acetylcholine, vasopressin, angiotensin II, oxytocin (OT), interleukin 

I, and NPY. In contrast, progesterone and nitric oxide donors inhibit placental CRH expression 

in vitro. The physiologic implications of this are that the fetus may be able to mount a stress 

response by means of placental CRH(Linton, PERKins et al. 1993, Erickson, Thorsen et al. 

2001). This may be critical in conditions of fetal stress such as preeclampsia, placental vascular 

insufficiency, and intrauterine infection. 

 

The human placenta also synthesizes urocortin, a 40–amino acid peptide that is a member of 

the CRH family, has the same biologic effects as CRH, and binds to CRHR1. The role of placental 

urocortin in human pregnancy is unknown. Two major CRH receptor (CRH-R) subtypes have 

been identified, CRH-R1 and CRH-R2 in the placenta(PERKins, Eben et al. 1993, PERKins, Wolfe 

et al. 1995, BERKowitz, Lapinski et al. 1996).  Actions of CRH are mediated by specific cell 

membrane receptors. CRH binds to CRH-R1 with greater affinity than CRH-R2. These receptors 

and various subtypes within each group demonstrates tissue-specific expression and possibly 

contribute to differential actions of CRH on different cell types. 

 

It is well known that along with CRH, serum concentrations of sFLT-1 are significantly higher 

in women with preeclampsia(Dimitrakova, Dimitrakov et al. 2004, Karumanchi and Bdolah 

2004, McKeeman, Ardill et al. 2004, Shibata, Rajakumar et al. 2005, Karumanchi and Stillman 

2006) this is further associated with downregulation of CRHR and reduced levels of 

PLGF.   Thus, suggesting that the production of CRH and angiogenic factors appear to be 

related. While it is believed that impaired trophoblast invasion aggravating placental hypoxia 

leads to angiogenic imbalance, it has not yet been established a relationship between CRH 

and impaired trophoblast invasion associated with placental dysfunction. Furthermore, it is 

worth to explore relationship between CRH and placental vascular development, angiogenic 

homeostasis and endothelial dysfunction. it will be worth investigating the effect of CRH on 

FLT1, KDR as well as whether sFLT-1, PLGF, VEGF regulates CRH release. Also, since it is likely 
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to be an adaptation of fetus to the stress response, investigation of these relationships in fetal 

membranes, amniotic fluid will give further insights about role of CRH.  

Toward the end of gestation, continued placental vascular development is terminated, and 

this process is accomplished in part through the production of antiangiogenic factors. 

Multiple groups have shown that sFLT-1, an antagonist to the action of VEGF and placental 

growth factor, is released from cytotrophoblasts in late pregnancy(Kendall, Wang et al. 1996, 

Clark, Smith et al. 1998, Nagamatsu, Fujii et al. 2004, Li, Gu et al. 2005). The maternal 

concentrations of sFLT-1 are relatively low during the first trimester, begin to rise during the 

second trimester, and achieve relatively high levels during the third trimester. Thus it is 

proposed that increased placental CRH production throughout pregnancy course stimulates 

production of angiogenic proteins and inhibit anti angiogenic proteins, to support the 

placental vascular development. This study provides direct evidence that inhibition of 

endothelial sFLT-1 secretion and mRNA production as well as PLGF release (overall decrease 

in sFLT-1/PLGF ratio) by CRH and UCN2 under high oxygen tension functions. This is most 

likely to be mediated via CRHR2 (given that we see reduction by UCN2 and that HUVEC 

expresses CRHR2 only). it is most likely that CRHR2 expression under hypoxia is altered, 

perhaps leading to probably inability to keep the ratio low. Thus, it is likely that during normal 

pregnancy, CRH most likely could promote placental vascular development. Moreover, excess 

CRH during placental insufficiency syndrome is released in an attempt to restore altered 

angiogenic protein balance, which is further supported by hypoxia data which shows 

overcome of inhibition of sFLT-1 mRNA by CRH. However, the biological significance of CRH 

mediated reduction of sFLT-1/PLGF ratio during pregnancy and placental insufficiency 

disorders need further investigation. Also, it will be interesting to see if hypoxia overcomes 

sFLT-1 blocked by CRH or is it because sFLT-1 is already upregulated and hence CRH is unable 

to act. 

Since sFLT-1 is soluble and contains only the ligand-binding domain; as such, it is most likely 

packaged within the lumen of the vesicle, which transports it from the ER to the Golgi 

complex. Soluble proteins have short half-life  for secretion, around 50 min for proteins such 

as albumin and alpha1-antitripsin (Lodish, Kong et al. 1983, Nyfeler, Reiterer et al. 2008). 

Nevertheless, despite being a soluble vesicle luminal protein, sFLT-1 has a relatively long half-

life for its release for approximation of 4 hrs. This distinction is most likely explained by the 
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fact that the reported rate of  transport include the time taken necessary for  folding and 

glycosylation in the Golgi, which may be more elaborative since sFLT-1 is a heavily 

glycosylated protein (Gu, Lewis et al. 2008, Thomas, Andrews et al. 2009).  

 

The Golgi apparatus is a central hub for membrane trafficking in mammalian cells. Golgi 

complex receives proteins and lipids that are newly synthesized from the endoplasmic 

reticulum (ER), modifies many of the proteins, and sorts them to various destinations (Glick 

and Malhotra 1998, Allan and Balch 1999, Pelham and Rothman 2000). sFLT-1 is detected in 

the extracellular medium and cell lysates After initial synthesis, after 4 hrs, further reaching 

its peak in media at 8 hrs. Thus sFLT-1 via vesicular trafficking may be transported on its way 

to secretion into the extracellular medium through the various secretory organelles including 

ER, Golgi, and post-Golgi compartments. Cargo capture is a mechanism that is used for the 

transport of newly synthesized proteins selectively from the ER to the Golgi complex(Balch, 

McCaffery et al. 1994, Schekman and Orci 1996, Barlowe 2003). For its secretion, secretory 

transport of sFLT-1 through the Golgi complex is prerequisite. The synthesis of sFLT-1 is 

believed to be secondary to placental hypoxia  in clinical preeclampsia(Maynard, Min et al. 

2003, Nagamatsu, Fujii et al. 2004). It has been shown that show that the release of sFLT-1 

during both high and low oxygen tension requires functional small GTPases Arf1, Arf6, and 

Rab11 indicating that trafficking itinerary of sFLT-1 remains unchanged during pathological 

states. Inhibition of their function during both high and low oxygen tensions leading to 

disruption of membrane transport from the ER to the Golgi complex, is suggested to block the 

sFLT-1 release which further results in increased sFLT-1 intracellular concentrations. 

Since my data observes that inhibition of sFLT-1 mRNA by CRH is less compared to secretion, 

and this is most likely due to the time difference (24h mRNA and 1h release). CRH furthermore 

is unable to reduce sFLT-1 secretion at 24h and 48h. The other possibility is that since 

secretion of sFLT-1 is reduced to maximum extent, it is likely to lead to intracellular sFLT-1 

accumulation. a study showed After initial synthesis, sFLT-1 could be detected in the 

endothelium extracellular medium and cell lysates after 4 hrs, further reaching its peak in 

media at 8 hrs, which suggests sFLT-1 may be transported via vesicular trafficking through the 

various secretory organelles such as the ER, Golgi, and post-Golgi compartments on its way 

to secretion into the extracellular medium. it is thus helpful to measure sFLT-1 mRNA at 4 -
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6hours so as to rule out that sFLT-1 is being trapped somewhere inside the cell, after the 

production of sFLT-1. Furthermore, investigations are required exploring CRH FLT1 

expression. This could also be due to the fact that transcription is measured at 24h and sFLT-

1 release inhibition is observed at 1h. transcription should be measured by 4-6h. CRH inhibits 

sFLT-1  and PLGF release but not VEGF release at 1h. Most likely CRH regulates FLT1 receptor 

and not KDR. CRH inhibits sFLT-1 1 at 1h and PLGF at 1h but overcomes at 24h and 48h.The 

molecular basis for the difference in regulation of sFLT-1 and PLGF by CRH under altered 

oxygen tension is thought to involve placental specific transcription factors acting through 

distinct response elements in CRH promoter region. Since, sFLT-1 inhibits endothelial tube 

formation by blocking placental growth factor and vascular endothelial growth factor; it is 

further important to investigate the functional effects of CRH under high and low oxygen 

tension.  

In preeclamptic placenta, there is a downregulation of CRHRs and is associated with excess 

CRH release and sFLT-1 release. In this study, it is observed that CRH via CRHR2 mRNA 

upregulation inhibits sFLT-1/PLGF ratio. Hypoxia upregulates CRHR2 and potentiates CRH’s 

actions on CRHR2 upregulation. Hypoxia upregulates sFLT-1 PLGF release via CRHR2 

upregulation. The inhibitory effect on CRH on sFLT-1 mRNA is overcome in hypoxia by CRHR2 

upregulation. 

The observation that CRH inhibits sFLT-1/PLGF ratio via activation of CRHR2 further is in 

alignment with the argument the CRH family of peptides regulates angiogenesis through VEGF 

expression levels as seen in various settings. In rat vascular smooth muscle cells (SMCs), 

activation of CRHR2 by UCN 2 treatment reduces VEGF expression levels(Bale, Giordano et al. 

2002, Cao, Papadopoulou et al. 2005). In contrast, CRH increases VEGF secretion in human 

mast cells and VEGF mRNA levels in human extravillous trophoblasts(Cao, Papadopoulou et 

al. 2005, Wakahashi, Nakabayashi et al. 2008). CRHR1 Activation by CRH promotes intestinal 

inflammation, whereas CRHR2 activation by UCN3  inhibits the response(Im, Rhee et al. 2010). 

Furthermore, it was shown that CRH stimulates intestinal endothelial cells tube formation in 

vitro, enhances colitis-associated angiogenesis in vivo and increases aortic vessel 

outgrowth ex vivo. Conversely, UCN 3 decreases these activities. In addition, the inflamed 

intestine in CRHR1−/− mice had reduced microvascular density and VEGF-A concentrations, 

whereas the inflamed intestine of CRHR2−/− mice had enhanced angiogenesis and VEGF-A 
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concentration. CRH family of peptides up-regulates VEGF-A expression via activation of either 

CRHR1 or CRHR2 in the intestinal epithelial cells.  

The underlying mechanisms of the VEGF-A synthesis include adenylyl cyclase activation and 

cAMP induction along with transcriptional CREB regulation. Thus, deficiency of CREB confers 

a protective effect in intestinal inflammation through reduced concentrations of VEGF-A. 

Some groups, however, showed that the CRH family of peptides decreased expression of 

VEGF. Activation of the either CRHR1 or CRHR2 signaling by CRH and UCN3, respectively 

increases VEGF-A levels in epithelial cells of intestines suggesting that these peptides could 

be a main player in inflammatory angiogenesis. VEGF expression is tightly regulated by factors 

such as hypoxia, cytokines, or growth factors (Forsythe, Jiang et al. 1996, Takahashi, Kureishi 

et al. 2002, Rhee, Ma et al. 2015). In response to hypoxia, HIF-1α regulate transcription of 

VEGF(Forsythe, Jiang et al. 1996) . However, recent studies indicate that HIF-1α regulates  

VEGF in hypoxia-independent settings as well (Isaacs, Jung et al. 2002, Im, Venkatakrishnan 

et al. 2005). Thus, it is further required to assess the effect of CRHRs on the functions of 

endothelial cells and to explore the underlying mechanisms of sFLT-1 and PLGF production  

such as p38 MAPK, key molecule involved in angiogenesis as well as HIF expression mediate 

CRH actions on sFLT-1/PLGF ratio as well as whether they are involved in CRH VEGF 

interactions.  

The general consensus is that the principal cause of pre- eclampsia is insufficient placentation 

during the first trimester , despite the manifestation of preeclampsia in the second or third 

trimester. Many studies show that first- trimester sFLT-1 maternal concentrations in women 

who later develop preeclampsia are in excess than sFLT-1 concentrations in control women 

(Jacobs, Nassar et al. 2011) indicating that the elevation of release of sFLT-1 from the placenta 

begins in the first trimester. sFLT-1 is synthesized by placental trophoblasts and is secreted 

into the maternal circulation (Dimitrakova, Dimitrakov et al. 2004, Shibata, Rajakumar et al. 

2005). sFLT-1 is an antagonist of VEGF and placental  growth factor (PLGF) and may promote 

placental growth restriction and maternal endothelial damage(Karumanchi and Bdolah 2004). 

It has been shown that increased trophoblast release of sFLT-1 causes preeclampsia. Maynard 

et al.  were the first to study that as a result of sFLT-1 administration, hypertension, edema 
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and proteinuria occurs in pregnant rats. Thus indicating that excess maternalsFLT-1 

concentrations contributes to the pathogenesis of preeclampsia(Maynard, Min et al. 2003).  

Given the significant role in the pathogenesis of preeclampsia, attempts to identify factors 

that regulate trophoblast sFLT-1 expression have been made so as to explore possible novel 

strategies for managing this condition. Until now, factors such as hypoxia , specific proteases 

and autoantibody for angiotensin receptor, have been demonstrated to increase trophoblast 

sFLT-1 secretion(Nagamatsu, Fujii et al. 2004, Zhou, Ahmad et al. 2008, Zhao, Gu et al. 2010). 

hypoxia induces expression of sFLT-1 in trophoblasts(Nagamatsu, Fujii et al. 2004) and that 

insufficient placentation, speculated to occur in the first trimester, increases synthesizes of 

sFLT-1 from placenta, and consequently systemic/local endothelial dysfunction, which may 

cause further placental hypoxia and sFLT-1 synthesizes; promoting a ‘‘vicious 

cycle(Karumanchi and Bdolah 2004) . Given that we have evidence from previous studies that 

CRH regulates angiogenesis, and that CRH regulates sFLT-1 PLGF in HUVECs, and that 

inadequate trophoblast invasion leading to impaired spiral artery remodeling is thought to be 

underlying pathogenesis of placental insufficiency syndrome, it is further investigated the 

regulation of sFLT-1 and PLGF molecules by CRH in HTR8 model. 

 

In HTR8 cells, it has been demonstrated that hypoxia induces sFLT-1 and PLGF secretion, 

leading to increased sFLT-1 /PLGF ratio (approximately 15 at 6h, 25 at 24h which reaches 

saturation at 48h). It is further required to assess if hypoxia affects sFLT-1 and PLGF 

transcription in a time dependent manner. A time dependent release of PLGF is seen in high 

oxygen tension, although sFLT-1 release reaches a saturation at 48h. Hypoxia increases sFLT-

1 release and PLGF release, but sFLT-1 release is more in comparison with PLGF release. 

Hypoxia increases VEGF mRNA and a trend towards decrease in PLGF mRNA is seen. It is 

further important to see the effect of hypoxia on sFLT-1 transcription and possibly it will 

increase.  Overall, hypoxia increases sFLT-1 /PLGF ratio. CRH has no effect on sFLT-1 

transcription under normal and low oxygen tension, but increases sFLT-1 release under low 

oxygen tension. Under altered oxygen tension, CRH increases VEGF mRNA more compared to 

PLGF mRNA. A trend towards an increase in PLGF release by CRH is seen. In the present study, 

we have shown that CRH is another factor that regulates sFLT-1 , PLGF molecules in 
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trophoblasts. Overall, CRH possibly favors angiogenic state under low oxygen tension at the 

transcription level, although CRH appears to increase sFLT-1/PLGF ratio at protein secretion 

level. There is no VEGF CRH interactions as seen in HUVEC. Hypoxia increases CRHR1 and 

decreases CRHR2 transcription. Possibly increased CRHR1 /CRHR2 ratio is more favoring anti 

angiogenic state under altered oxygen tension.   CRH decreases transcription at CRHR1 and 

CRHR2 mRNA under high oxygen tension. CRH reduces hypoxia induced upregulation of 

CRHR1 but not CRHR2 mRNA. Thus, the reduction of CRHR1 mRNA in hypoxia by CRH may be 

important for CRH to favor angiogenic state and reduce sFLT-1 /PLGF ratio and reduce the 

biological effects of sFLT-1 on trophoblasts. There is a possibility that CRHR1 and CRHR2 has 

different roles to execute in HTR8, BEWO and HUVECs and overall, in trophoblast and 

endothelial cells.  
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8 Conclusion 
 

CRH inhibits sFLT-1 /PLGF ratio in HUVECs under high oxygen tension. CRH regulates VEGF 

mediated sFLT-1 and PLGF in HUVECs. In HTR8 cells, CRH possibly favors angiogenic state 

under low oxygen tension at the transcription level, although CRH appears to increase sFLT-

1/PLGF ratio at protein secretion level. Hypoxia increases CRHR1 and decreases CRHR2 

transcription. CRH reduces hypoxia induced upregulation of CRHR1 but not CRHR2 mRNA. In 

conclusion, in these cell lines, it is possible to replicate in vivo setting which shows hypoxia is 

associated with secretion of anti angiogenic proteins.  

 
CRH was unable reverse hypoxia mediated impaired fusogenic machinery and biochemical 

differentiation in BEWO cells and unable to restore the syncytialization.  CRHRs are 

differentially regulated in syncytialised BEWO cells under altered oxygen tension. CRH blocks 

upregulation of CRHR1 gene expression in differentiated BEWO cells under high oxygen 

tension. CRH blocks CRHR1 in undifferentiated BEWO cells under low oxygen tension. CRHR1 

is down regulated in syncytialised BEWO cells when exposed to altered oxygen 

tension. CRH when added to differentiating cells under low oxygen tension has no effect on 

its receptors. Moreover, sFLT-1 rich media mediates fusogenic machinery and under low 

oxygen tension. CRH further impairs this and CRHR1 is down regulated which is reversed 

under low oxygen tension. 

 
In future, the aim is to  

• Assess the regulation of SFLT-1 and PLGF at transcriptional, translational and secretion 

level under altered oxygen tension in HUVEC as well as HTR8.  

• Confirm the involvement of CRHRs in regulation of angiogenic and anti angiogenic 

factors by using antagonists and / or sIRNA in different cell lines 

• To confirm the above findings in placental explants  

• To do functional studies – trophoblast invasion, migration, proliferation as well 

proliferation, migration, tube formation in HUVECS 

• To assess if CRH reverses the effect of altered oxygen tension on morphological 

differentiation, syncytin protein expression in BEWO. 

rekha
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