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Abstract 

During placenta development, mononuclear villous cytotrophoblast cells   

differentiate and fuse with the overlying syncytiotrophoblast, which is the epithelial 

covering of the chorionic villi.   Integrin-linked kinase (ILK), is known to downregulate 

E-cadherin through Poly (ADP-ribose) polymerase (PARP) and Snail in during epithelial 

to mesenchymal transition (EMT).  Therefore, since ILK is expressed in villous 

cytotrophoblast, the role of ILK in aiding trophoblast syncytialization via the down-

regulation of E-cadherin was examined using the trophoblast derived BeWo cell model. 

The temporal/spatial expression of ILK, PARP, Snail and E-cadherin was determined in 

first and early second trimester chorionic villi and BeWo cells by immunofluorescence 

and immunoblot analysis. It was found that ILK co-localized with PARP and Snail in 

villous cytotrophoblast.  PARP and Snail expression also persisted in some cells that 

appeared to be fusing with the overlying syncytiotrophoblast, as indicated by decreased 

E-cadherin expression.  In BeWo cells undergoing syncytialization, ILK increasingly 

localized to cell nuclei in correlation with increased nuclear Snail localization, an E-

cadherin repressor, and PARP nuclear localization. This was coincident with decreased 

E-cadherin expression.  Wildtype ILK or mutant ILK was also transiently overexpressed 

in BeWo cells or endogenous ILK depleted by siRNA targeting.  Subsequently the cell 

fusion in these transfected cells, grown under syncytialization conditions, was scored by 

the presence or absence of E-cadherin immunostaining.  Furthermore, PARP and Snail 

promoter activities were assessed in BeWo cells during syncytialization and upon ILK 

overexpression and syncytialization using luciferase assays.  Over-expression of ILK 
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significantly elevated syncytialization in BeWo cells grown under syncytialization 

promoting conditions, while the knockdown of ILK expression significantly reduced 

syncytialization.  Lastly, PARP and Snail promoter activities were significantly higher in 

BeWo cells during syncytialization.  Therefore, the results demonstrated that ILK aids 

trophoblast syncytialization and differentiation via the downregulation of E-cadherin, 

likely through an ILK-PARP-Snail pathway.  
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Chapter 1: Introduction 

 

1.1 The Importance of Understanding Human Placenta Development 

 

During pregnancy, the physiological relationship between the mother and the 

fetus is mediated by the placenta.  The placenta is a highly specialized transient organ 

formed during pregnancy that possesses a specialized array of metabolic, hormonal and 

immunological functions.  Along with the fetal membranes and amniotic fluid, the 

placenta is able to support the normal growth, development and viability of the fetus and, 

in turn, the health of the mother (Norwitz et al., 2001; Georgiades et al., 2002; Gude et 

al., 2004; Red-Horse et al., 2004; Bischof and Irminger-Finger, 2005).  The importance 

of proper placental development to the health and well-being of both the fetus and mother 

is exemplified in a wide range of pregnancy complications including miscarriage, second 

trimester fetal death, and typical third trimester complications of pre-eclampsia, 

intrauterine growth restriction (IUGR), and gestational diabetes, which are thought to be 

the result of placental abnormalities (Kingdom, 1998; Kingdom et al., 2000; Kaufman et 

al., 2003).   

There has also been a recent realization that proper embryonic and placenta 

development has a profound impact on predisposition to chronic illness in adult life.  The 

developmental origins hypothesis proposes that undernutrition “in utero” can predispose 

an individual to cardiovascular and metabolic diseases such as type 2 diabetes in adult 

life (Godfrey, 2002; Simmons, 2007) and because the placenta is crucial for fetal growth, 
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irregular placental development may underlie these diseases.  There is a “U” shaped 

(parabolic) relationship between placental-to-fetal weight ratio and death from cardiac 

disease (Martyn et al., 1996).  It was found that when a placenta weighed just under 20 % 

of the fetal body weight, cardiac death in adults was least.  However, the risk of cardiac 

death increased when the placental-to-fetal weight ratio deviated from 20 %.  This 

provides powerful evidence that placental size contributes to vulnerabilities for heart 

disease later in life (Martyn et al., 1996; Thornburg et al., 2010).   There is also recent 

evidence indicating that various placental morphological characteristics, such as 

abnormal endothelial development and placental insufficiency, predict risks for coronary 

artery disease, heart failure, hypertension and several cancers (Godfrey, 2002; Barker, 

2004; Barker, 2006; Lewis et al., 2006).  The relationship between placental development 

and disease accentuates the importance of research into the physiological, biochemical 

and molecular aspects of proper human placental development. 

Despite years of research and the development of new investigative tools and 

approaches to facilitate the study of human placental development, such as human-

derived placenta cell (trophoblast) cell lines (Rote, 2005) and null mice exhibiting 

placental defects (Roberts, 2001), the molecular basis of pregnancy and the process of 

trophoblast differentiation during placentation are still poorly understood.  Since normal 

placental development is crucial to the proper growth and birth of a healthy baby, more 

research must be focused on the critical steps in placentation.  Most obstetrics care does 

not begin until the second trimester, however the critical steps in placental organogenesis 

have already been completed by this time.  This crucial period of placental formation in 
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the first trimester remains largely unstudied; however, if disordered placentation is 

responsible for a number of pregnancy complications and conditions to both the fetus and 

the mother, then more research should be concentrated on early placenta development 

(Coutifaris et al., 1991; Kingdom et al., 2000; MacPhee et al. 2001; Morrish et al., 2002; 

Cross et al., 2003; Fisher, 2004; Simmons and Cross, 2005).  Not only will clinical 

information from basic medical research lead to lifelong benefits to the health and well 

being of the mother and offspring, it will lead to a reduction in the economic cost 

associated with pregnancy complications.  As mentioned previously, abnormal 

placentation has been found to be associated with a spectrum of complications during 

pregnancy as well as pre-term birth.  There are significant lifetime consequences and 

healthcare costs associated with pre-term birth such as early intervention programs, 

special education programs, income supports, health care expenses and various social 

supports, which both families and governmental agencies experience.  The costs of 

preterm birth are not just those incurred during a stay in a neonatal intensive care unit at a 

hospital, since health problems that develop at this time can persist for years (Petrou, 

2003).  It was recently estimated that pre-term/low birth weight infants in the United 

States account for half of infant hospitalization costs and one quarter of pediatric costs.  

Similar statistics are being compiled in Canada.  During 2006-2007 in Canada, one in 

seven babies were born preterm or small for their gestational age.  The average hospital 

cost for newborns in Canada was approximately nine times higher for preterm newborns 

than for those born full-term – thus preterm babies accounted for a disproportionately 

high percentage of healthcare costs among newborns (Russell et al., 2007, Lim et al., 
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2009).  This suggests that major infant and pediatric cost savings could be prevented by 

understanding the origin of and subsequently preventing preterm birth.  

 

1.2 The Functions of the Placenta 

 

The placenta has a plethora of functions that are critical for the each stage of 

pregnancy.  Pregnancy is defined as the development of 1 or more offspring in the female 

uterus and in humans, lasts approximately 40 wks.  The international classification of 

disease defines term pregnancy as delivery between 37 wks 0 days and 41 wks 6 days and 

is divided into 3 trimesters (Spong, 2013).  Each trimester is accompanied by changes in 

both the uterus and the functional units of the placenta.   

The main functional units of the placenta are the chorionic villi, which anchor the 

fetus to the maternal uterus.  The placenta promotes the exchange and modification of 

nutrients and gases between the maternal and fetal blood (Caniggia et al., 2000a), 

synthesizes and secretes a wide range of steroid and peptide hormones, helps to maintain 

pregnancy and aid in the initiation of parturition, can mediate the provision of passive 

immunity to the fetus and can provide immune tolerance to the feuts from the maternal 

immune system (Kayisli et al., 2003; Myatt, 2010; Chen et al., 2011).  While discussion 

of all functions of the placenta is beyond the scope of this thesis, some will be discussed 

here. 
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1.2.1 Oxygen and Carbon Dioxide Transport 

 

The primary function of the human placenta is to provide the interface to promote 

the exchange of nutrients and oxygen between maternal and fetal blood since the fetus is 

dependent on nutrients from the mother for its growth and development.  Prior to the 

onset of maternal blood flow to the intervillous space of the placenta, fetal nutrition is 

histiotrophic with trophoblast phagocytosis of endometrial glandular secretions (Burton 

et al., 2002).   After 10-12 weeks of pregnancy, when maternal blood is in contact with 

the terminal villi of the placenta, the transfer of respiratory gases, nutrients and waste 

products can occur across the placental membranes (Burton et al., 1999).  The placenta 

cannot be just considered as a simple channel for nutrients, gases and waste products 

since the placenta requires both oxygen and nutrients and produces metabolic products.  

Therefore, the amount of nutrients in the fetal circulation depends on the transfer ability 

and metabolism of the placenta (Burton et al., 2002; Cetin et al., 2009). 

The placental membrane is highly permeable to respiratory gases.  Dissolved 

oxygen is driven by a pressure gradient between the blood of the mother and fetus and 

passes from the maternal blood through the placental membrane to the fetus by simple 

diffusion.  Carbon dioxide passes from fetal to maternal blood, where it is eliminated by 

the maternal lungs.  It has been observed that fetal haemoglobin has a higher affinity for 

oxygen relative to carbon dioxide, while by comparison maternal haemoglobin has a 

higher affinity for carbon dioxide relative to oxygen (Di Cera et al., 1989).  
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1.2.2 Glucose and Amino Acid Transport 

  

Other nutrients are also passed through the placental barrier.  For example 

glucose, the primary energy source for the fetus derived from the maternal circulation, is 

the main carbohydrate transported across the placenta from the mother to the fetus via 

protein-mediated facilitated diffusion using a number of glucose transporters (Hay, 

1995).  To date, there are twelve members of the glucose transporters (GLUT1 to 

GLUT12) that have been identified and cloned (von Wolff et al., 2003).  Based on 

immunocytochemical and biochemical data, GLUT1 is thought to be the primary 

mediator of glucose uptake.  At term, GLUT1 is located both in the maternal-facing and 

the fetal-facing basal trophoblast membrane and GLUT1 is also present in the human 

trophoblast choriocarcinoma-derived BeWo cell line (Shah et al., 1999).  Differentiating 

trophoblast cells isolated from human term placenta were found to express not only 

GLUT1 mRNA, but GLUT3 mRNA as well; however, only GLUT1 was expressed at the 

protein level (Clarson et al., 1997).  GLUT3 protein was detected by immunoblot 

analysis in endothelial cells derived from intraplacental microvessels but not in isolated 

trophoblast cells indicating its possible importance in the transport and regulation of 

glucose from the placenta to the fetal circulation (Hauguey-de Mouzon et al., 1997).  

GLUT4 is an insulin – responsive glucose transporter and its mRNA and protein have 

been found to be present in the perinuclear membranes in the cytosol in the multinucleate 

trophoblast cell layer, the syncytiotrophoblast (Ericsson et al., 2005).  GLUT4 is thought 

to be important for the transport and conversion of glucose to glycogen in response to 
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insulin in the fetal circulation (Xing et al., 1998).  The GLUT 8 transporter has been 

found in the trophectoderm of preimplantation mouse and bovine blastocysts.  GLUT8 is 

found to be expressed in human placenta at term; however, it seems to be less important 

during early pregnancy (Limesand et al., 2004).  Lastly, GLUT12 is found mainly in 

villous smooth muscle cells and villous stromal cells of the term placenta (Gude et al., 

2003).  

Amino acids are transported from the mother to the fetus via active transport 

across the microvillous and basal membranes of the syncytiotrophoblast.  Active 

transport is needed, since the concentration of many amino acids in fetal plasma is greater 

than amino acids in the maternal plasma, and the concentration of the majority of amino 

acids is higher in the placenta compared to both maternal and fetal blood (Yudilevich and 

Sweiry, 1985).  There are various amino acid transporters located in the microvillous and 

basal membranes of the syncytiotrophoblast and the operation of these transporters is 

either via exchange mechanisms or the electrochemical gradient of sodium, potassium, 

chloride and other ions (Yudilevich and Sweiry, 1985).  In addition to glucose and amino 

acids, other essential nutrients are transported from the maternal blood to the fetal blood 

such as fatty acids, ketone bodies, potassium, sodium, and chloride ions (Yudilevich and 

Sweiry, 1985; Stulc, 1997; Haggarty, 2002).  
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1.2.3 Hormone Synthesis and Secretion 

 

 During pregnancy, the placenta acquires the responsibilities of an endocrine 

organ.  The placenta secretes hormones that help maintain pregnancy and aid in the 

initiation of parturition.  It also synthesizes quantities of human chorionic gonadotrophin 

(hCG), estrogens, progesterone and human chorionic sommatomammotropin (hPL).  hCG 

is secreted by the syncytial trophoblast cells shortly after the blastocyst begins 

implantation and stimulates the corpus luteum to secrete large quantaties of the sex 

hormones, progesterone and estrogen (Hoshina et al., 1984; Kovalevskaya et al., 2002). 

hCG is necessary for the continuation of pregnancy during the first trimester and to 

maintain the output of the sex hormones from the corpus luteum (Malassine and Cronier, 

2002; Cole, 2010).  hCG is also known to prevent menstruation, prevent apoptosis of 

endometrial cells, cause the endometrium to grow and store nutrients during pregnancy 

and induce the development of a peritrophoblastic immune tolerance (Ticconi et al., 

2007).  Progesterone and estrogen are secreted from the syncytiotrophoblast layer of the 

placenta and appear to have major roles in maintaining the uterus in a quiescent state to 

ensure the continuation of pregnancy to term (Bottari et al., 1983; Malassine and Cronier, 

2002).  An estrogen named Estriol functions in the proliferation of the reproductive 

organs of the mother, such as the enlargement of the uterus, breast and external genitalia 

(Martin et al., 1976; Lee, 1980).  Estrogens have also been implicated in the development 

of the fetus by affecting the rate of cell growth in the early embryo (Thompson et al., 

2002; Albrecht et al., 2005).  The secreted progesterone causes development of the 
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decidual cells in the uterine endometrium and prevents uterine contractions from causing 

preterm labour and spontaneous abortion (Lee et al., 1989; Bromley, 2003; Zachariades 

et al., 2011).   hPL, which is produced around 5 weeks gestation, reduces the maternal 

use of glucose and promotes the breakdown of stored fat so that greater quantities of 

glucose and fatty acids can be provided to the fetus (Handwerger and Freemark, 2000).   

 

1.2.4 Fetal Protection and Immunity 

 

The placenta also functions in protecting the fetus from certain xenobiotics and 

toxins circulating in the maternal blood.  Xenobiotic molecules, such as antibiotics, are 

able to cross the placenta via simple diffusion or by one of the non-specific placental 

transport systems (Myllynen et al., 2007).  However, the placenta has a number of 

protective elements that aid in reducing the transfer of these substances to the fetus.  

Export pumps in the maternal facing side of the syncytiotrophoblast, such as members of 

the multidrug resistance associated protein (MRP) family of placental specific ATP 

binding cassette proteins, multidrug resistance protein 1, breast cancer resistance protein 

(BCRP) and mitoxantrone resistance associated proteins (MXR) prevent toxic material 

from entering fetal circulation (Marin et al., 2003).  Also, the placenta contains various 

enzymes that can metabolize drugs and other xenobiotics.  There are, however, various 

xenobiotics that can cross the placenta and have detrimental effects to the fetus such as 

alcohol and thalidomide (Pasanen, 1999; Marin et al., 2003) 
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The placenta is also able to mediate the provision of immunity to the fetus.  The 

mother is able to transfer her immunity to the fetus due to the fact that IgG can pass 

through the placenta (Brambell, 1966; Morphis and Gitlin, 1970).  The placenta expresses 

the IgG receptor FcRn, which allows a large number of the immunoglobulins to be 

transferred to the fetus in the late first trimester of pregnancy (Roopenian and Akilesh, 

2007). 

 

1.2.4 Fetomaternal Tolerance 

 

 The fetus acts as a foreign entity to the maternal immune system; however, this 

fetal allograft is normally not rejected.  There are many mechanisms that protect the fetus 

from the maternal immune system such as the downregulation in expression of the 

classical polymorphic major histocompatibity complex (MHC) class I antigens (HLA-A 

and HLA-B) on the surface of trophoblast cells before implantation occurs.  This 

downregulation is thought to be critical in preventing the destruction of the fetus via  

maternal cytotoxic T cells, which would recognize the fetal HLA-A and HLA-B as 

foreign (Hunt et al., 1987).  Trophoblast cells have also been found to express 

nonclassical HLA genes such as HLA-E, HLA-F and HLA-G, which have been found to 

inhibit both the maternal cytotoxic T (CT) cell and natural killer (NK) cell functions 

(Hunt et al., 1987).     

 Naturally arising decidual and/or peripheral CD4+CD25+ T cells (Tregs) have 

been found to increase during early pregnancy.  This increase is considered necessary for 
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maintaining tolerance to the fetus; however, the mechanism of their generation/expansion 

and function is unknown (Aluvihare et al., 2004).  Also, Indoleamine 2, 3- dioxygenase 

(IDO) is an enzyme found on trophoblast cells that degrades tryptophan and generates 

downstream tryptophan metabolites.  Tryptophan levels have been shown to decrease in 

the first trimester of pregnancy and it is thought that this decrease, via IDO, could 

possibly inhibit maternal T cell activation by depriving T cells of this amino acid 

(Schrocksnadel et al., 1996).       

 

1.3 Implantation and Early Development of the Placenta 

 

 In humans, after fertilization in the oviduct, there is a series of symmetrical cell 

divisions that produce a mass of pluripotent cells termed the morula.  Each cell of the 

morula, called a blastomere, increases surface contact with its neighbors in a process 

called compaction which causes polarization of the cells of the morula and ultimately 

forms a blastocyst at 4-5 days post conception (Cross et al., 1994).  During formation of 

the blastocyst, the first differentiation event occurs to give rise to the initial epithelium, 

termed the trophectoderm (Ferretti et al., 2007).  The trophoblasts cells, which are 

specialized embryonic tissue of the placenta, play a crucial role during implantation and 

placentation, and are derived from the trophectodermal cells of the blastocyst (Cross et 

al., 1994).  Placentation is referred to as the series of events following implantation of the 

embryo and leading to the development of the placenta and the word trophoblast comes 
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from the greek words trephein meaning “to feed” and blasto meaning “germinator” 

(Moffett et al., 2006).   

A blastocyst is composed of two primary cell types, the 

trophectoderm/trophoblast cells and the inner cell mass.  Prior to the compacted morulae, 

all blastomeres are able to differentiate to form either the inner cell mass, which gives 

rise to the embryo, umbilical cord and the placental mesenchyme, or the trophoblast, 

which gives rise to the larger parts of the placenta and the fetal membranes (Huppertz, 

2008).  There are two factors that determine the cell fate of each blastomere.  The first 

factor is blastomere position.  Blastomeres that are positioned at the outside, polar cells, 

of the conceptus during the compaction of the morula will become trophoblast while all 

the inner, apolar cells, become the inner cell mass (Pedersen, 1986; Cross, 2000).  The 

second factor is the transcription factor Oct4.  All blastomeres express Oct4 in early 

development; however, expression is only maintained in the inner cell mass while it 

becomes exhausted in the trophectoderm (Palmieri et al., 1994).     

The trophoblast lineage is present at the formation of the blastocyst.  Since there 

are only 40-60 trophoblast cells formed in the early blastocyst, considerable trophoblast 

proliferation must occur after implantation to form and maintain the placenta (Yagi et al., 

2007).  Much of what is known about the chemical and genetic signals that are important 

in the molecular pathways that regulate trophoblast formation and maintenance comes 

from the study of mouse placentation.  Recently, the transcription factor Tead4 was found 

to be the earliest known factor to have a role in trophoblast lineage development (Yagi et 

al., 2007).  Other transcription factors such as Cdx2 and Eomes are also markers of the 
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first lineage separation in the blastomere.  Cdx2 is a critical determinant in trophectoderm 

identity and is thought to stimulate Eomes expression (Strumpf et al., 2005).  In mice, 

Cdx2 null embryos form blastocysts but fail to form and maintain the trophectoderm 

(Kunath et al., 2004).  Maintenance of the trophoblast identity and its proliferation 

requires various other transcription factors such as Esrrb.  Esrrb belongs to the estrogen 

related orphan receptors.  Esrrb seems to be important in late trophoblast maintenance 

due to the fact that mouse embryos that are deficient in Esrrb die at embryonic day 10.5 

due to an arrest in trophoblast development (Luo et al., 1997).  Other transcription factors 

that seem to play a role in the maintenance of trophoblast proliferation are Ets2 and Elf5 

(Donnison et al., 2005; Wen et al., 2007).  Molecular and genetic data indicate that 

fibroblast growth factor (FGF) signalling is crucial in regulating trophoblast proliferation 

and differentiation in mice as well as humans.  FGF4 expression is restricted to the inner 

cell mass of the blastocyst and later the epiblast of the implanted embryo (Feldman et al., 

1995).  However, its receptor, FGFR2 is expressed in the trophectoderm and the 

extraembryonic ectoderm (Arman et al., 1998) which indicates that FGFR2 signalling 

promotes trophoblast proliferation.  This is supported by the fact that FGF4-deficient 

mutant mouse embryos die shortly after implantation, likely resulting from a failure to 

maintain the trophectoderm and primitive endoderm identity (Goldin and Papaioannou, 

2003).       

In humans, once the trophectoderm cells are formed, the blastocyst consists of an 

inner cells mass surrounded by a single layer of mononucleated trophectoderm cells that 

will become trophoblasts (Huppertz, 2008).  At 6-7 days post conception, the blastocyst 



14 
 

loses its zona pellucida and the polar trophoblast cells that surround the inner cell mass of 

the blastocyst are able to attach to the endometrial epithelium of the uterine wall.  During 

the attachment of the blastocyst to the uterine wall, the mononuclear polar trophoblast 

layer, the cytotrophoblast, proliferates and differentiates by fusion of the basolateral 

domains of neighbouring trophoblast cells, establishing the first multinucleate trophoblast 

layer, the syncytiotophoblast.  It is this syncytiotrophoblast that extends into the 

endometrial epithelium and invades the connective tissue (reviewed by Huppertz et al., 

2006; Huppertz and Borges, 2008).  As implantation begins the trophoblast cells release 

proteases, allowing the fingerlike chords of the trophoblast cells to extend into the uterine 

wall and digest the tissue as they implant (Gude et al., 2004; Red-Horse et al., 2004; 

Huppertz et al., 2006; Huppertz, 2008).  As this happens, the endometrial tissues become 

modified into the decidua - the thick uterine lining during pregnancy.  The trophoblast 

cells breakdown the endometrium, creating a place for implantation, and release 

metabolic fuels as they break down the nutrient-rich endometrial tissue.  This provides 

the blastocyst with energy as the placenta develops.  After the blastocyst sinks beneath 

the endometrial surface, the surface is repaired, sealing the endometrium over the 

blastocyst.    

 When the blastocyst is fully implanted and fully encased by the 

syncytiotrophoblast, the mechanism of syncytial fusion changes.  The enlargement and 

maintenance of the syncytiotrophoblast occurs by the incorporation and fusion of a single 

cytotrophoblast cell with the pre-existing syncytiotrophoblast.  This fusion involves the 

apical domains of the cytotrophoblast and the basal plasma membrane of the 
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syncytiotrophoblast (Potgens et al., 2002).  After implantation and the progression of 

placentation, the trophoblast cells undergo extensive proliferation and differentiation to 

form the chorionic villi, the structural and functional units of the placenta (Gude et al., 

2004). 

 

1.3.1 Trophoblast development:  

 

  By the third week of pregnancy, the chorionic villi are spatially segregated into 

two types:  the anchoring villi and the floating villi (Malassine and Cronier, 2002; Gude 

et al., 2004).  The anchoring villi anchor the placenta to the uterus and are involved in 

establishing and maintaining the fetal-maternal interface.  The floating villi represent the 

majority of the villi and are bathed in maternal blood within an intervillous space to 

facilitate the exchange of gas, nutrients, waste and to aid in the transportation of 

hormones.  The floating villi also play a crucial role in immune tolerance. The villi 

consist of two distinct trophoblastic cell populations; an inner proliferative population of 

mononuclear stem cytotrophoblast cells and an outer non-proliferative population of 

multinuclear syncytiotrophoblast cells; along with a stroma containing mesenchymal 

cells (Fig. 1.1; Kaufmann et al., 2003; Bischof and Irminger-Finger, 2005).   

There are three categorical stages of chorionic villi that develop over gestation; 

the primary, secondary and tertiary villi (Castellucci et al., 1990a).  Primary villi are 

formed around day 8 when the villous cytotrophoblast cells proliferate into the vascular 

spaces in the syncytiotrophoblast.  Proliferation of the cytotrophoblast, growth of the  
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Figure 1.1.  Chorionic villi in human placenta.  The chorionic villi are spatially 

segregated into two types:  the anchoring villous and the floating villous.  The villi 

consist of an inner proliferative population of mononuclear stem cells termed 

cytotrophoblast cells, an outer non-proliferative population of multinuclear cells termed 

syncytiotrophoblast and a stroma containing mesenchymal cells.  The anchoring villi 

(AV), containing villous cytotrophoblast cells and extravillous cells (EVT), anchor the 

placenta to the uterus and are involved in establishing and maintaining the fetal-maternal 

interface.  As EVT cells undergo migration and invasion they are able to regulate the 

expression of their integrin receptors.  Proximal EVT undergoing proliferation are 

marked by high expression levels of the α6β4 receptor while the distal motile EVT 

upregulate α5β1 receptor.  As EVT become more invasive they upregulate α1β1 and 

αvβ3.  The floating villi (FV) represent the majority of the villi and are bathed in 

maternal blood within an intervillous space to facilitate the exchange of gas, nutrients, 

waste and hormone transport.  They contain villous cytotrophoblast cells and 

syncytiotrophoblast cells.  The villous cytotrophoblast cells undergo proliferation and 

generate daughter cells that either undergo continued proliferation or leave the cell cycle 

and start to differentiate into the syncytiotrophoblast.   
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chorionic mesoderm (under the cytotrophoblast) and blood vessel development transform 

the primary villi into secondary and tertiary villi, which are characterized by a 

mesenchymal cell core surrounded by an inner layer of cytotrophoblasts and an outer 

layer of multinucleated syncytiotrophoblast (Castellucci et al., 2000; Knofler et al., 

2001).  Tertiary villi are characterized by the formation of new capillaries from 

mesenchymal precursors and are devoted to fetal-maternal exchange.  It should also be 

noted that expansion of the villous tree occurs throughout pregnancy (Castellucci et al., 

1990a; Castellucci et al., 2000; Benirschke and Kaufmann, 2001).   

Within the context of villous formation, there are two main pathways of 

trophoblast differentiation, extravillous and villous, that lead to the formation of the two 

distinct trophoblastic cell populations (Fig. 1.2).  The extravillous pathway of trophoblast 

differentiation is also known as the invasion pathway and occurs in the anchoring villi, 

whereas the villous pathway is the fusion pathway that occurs in the floating villi.  The 

two specialized trophoblast cell types that are the end result of these pathways, the 

syncytiotrophoblast (fusion pathway) and the extravillous trophoblast (invasion pathway) 

cells, both originate from the mononuclear cytotrophoblast stem cells (Morrish et al., 

1998). 

 

1.3.2 Extravillous Pathway of Invasion - Regulators of the Invasion Pathway 

 

During the invasion pathway, there are two populations of cytotrophoblast cells: 

the villous cytotrophoblast cells and the extravillous cytotrophoblast cells.  These two  
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Figure 1.2.  Pathways of trophoblast differentiation.  There are two main pathways of 

trophoblast differentiation, extravillous and villous, that lead to the formation of the two 

trophoblastic cell populations.  The extravillous pathway of trophoblast differentiation is 

also known as the invasion pathway and occurs in the anchoring villi, whereas the villous 

pathway is the fusion pathway that occurs in the floating villi.  The two specialized 

trophoblast cell types that are involved in these pathways, the syncytiotrophoblast (fusion 

pathway) and the extravillous trophoblast (invasion pathway) cells, both originate from 

the mononuclear cytotrophoblast stem cells.  
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subtypes of cells are phenotypically different (Wang and Zhao, 2010).  In anchoring villi,   

in vivo, polarized progenitor cytotrophoblast stem cells that are attached to the villous 

basement membrane undergo an asymmetrical cell division.  Each divison produces one 

daughter cell that repopulates the proliferative progenitor pool and another that either 

differentiates to an intermediate cell that fuses with the overlying syncytiotrophoblast 

(Genbacev et al., 1997; Caniggia et al., 2000b), or to a cell that detaches from the villous 

basement membrane of the anchoring villi and penetrates through the overlying 

syncytiotrophoblast to form columns of nonpolarized extravillous trophoblast cells that 

will leave the cell cycle and differentiate into highly invasive trophoblast cells (Caniggia 

et al., 2000b)   

Cytotrophoblast differentiation along the invasive pathway within the anchoring 

villi and decidua is a multi-step and complicated physiological process.  There are many 

reported regulators of trophoblast migration and invasion during placental development 

such as transmembrane extracellular matrix (ECM) receptors termed integrins, 

transcription factors, oxygen levels, specific genes growth factors, cytokines, and 

numerous hormones (Lunghi et al., 2007).  In this section only a brief review of some of 

the regulators involved will be provided.   

Integrins are cell surface receptors that mediate the adhesion of cells to the ECM 

proteins (Hynes, 1992; Aplin et al., 1999), and trophoblast cells are known to be able to 

regulate the expression of their extracellular ligands and integrin receptors during 

migration and invasion (Damsky et al., 1992).  The anchoring villi attach to the maternal 

uterine wall and trophoblast cells degrade and migrate through the decidua and ECM 
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through a controlled regulation and release of proteases.  The cytotrophoblast cells of the 

anchoring villi first break through the syncytiotrophoblast giving rise to the extravillous 

trophoblast cells that connect the uterus and embryo at around day 14 after implantation 

(Loregger et al., 2003).  The extravillous trophoblast cells invade the uterine stroma as 

trophoblastic cell columns.  Extravillous cells at the proximal end of the cell column are 

proliferative in nature, rounded, cohesive cells that are marked by high expression levels 

of α6β4 integrin (laminin receptor), E-cadherin and laminin (Fig. 1.1; Damsky et 

al.,1992).  

 The differentiation of these trophoblast cells to an invasive phenotype is 

accompanied by temporally and spatially regulated integrin switching.  The EVT cells at 

the distal end of the cell column migrate off of the basement membrane and form large 

nonpolarized cell columns that upregulate the α5β1 integrin fibronectin receptor and a 

fibronectin rich cell-associated ECM (Fig. 1.1).  This is considered the first step in the 

differentiation to an invasive phenotype (Damsky et al., 1992; Kam et al., 1999). These 

cells are motile and invasive and move laterally to form the trophoblast shell.  As the 

cytotrophoblast cells exit the cell column and invade the uterine wall they express the 

α1β1 laminin/collagen receptor as well as the α5β1 fibronectin receptor (Fig. 1.1).  The 

α6β4 integrin is no longer detected in these cells and E-cadherin expression is weak and 

discontinuous (Damsky et al., 1992).  These cells are able to invade deeply the maternal 

decidua, myometrium and maternal spiral arteries to interact with other cell populations, 

thereby aiding attachment of the embryo to the uterine wall and remodelling of the 
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maternal spiral arteries (Loregger et al., 2003; Bischof and Irminger-Finger, 2005; Aplin 

et al., 2006; Fitzgerald et al., 2008). 

Interstitial extravillous trophoblast cells invade the decidual stroma by 

approximately 8 weeks of gestation and invasion of the inner third of the myometrium is 

finished by approximately 22 weeks (Pijnenborg et al., 1980, 1981; Kam et al., 1999;  

Georgiades et al., 2002).  The endovascular trophoblast cells invade the lumen of the 

maternal spiral arteries and arterioles.  These endovascular trophoblast cells displace 

smooth muscle cells and the endothelium, transforming the arteries into high-flow, low 

resistance blood vessels (Zhou et al., 1997).    This allows for maximum maternal blood 

flow to the placental villi at the maternal-fetal interface during pregnancy.   

FAK is a cytoplasmic tyrosine kinase that is a downstream effector of integrin 

signalling.  Various reports in a variety of cell types have indicated that FAK mediates 

processes such as proliferation, invasion, and ECM remodelling (Gilmore and Romer, 

1996; Hanks and Polte, 1997; Taylor et al., 2001).  FAK was found to be highly 

expressed in human extravillous trophoblast cells during the first trimester of pregnancy 

and activated FAK was found to be colocalized with the α5 integrin and the matrix 

metalloproteinase-2 (MMP-2)  in extravillous trophoblast cells that had a intermediate 

invasive-restrained phenotype (Caniggia et al., 2000b). It was also shown that the 

inhibition of FAK expression, by antisense targeting of FAK, in first trimester villous 

explant cultures significantly reduced the trophoblast outgrowth, proliferation and 

secretion of MMP-2 (MacPhee et al., 2001).  Therefore, FAK appears to regulate the 

differentiation of a proliferative and migratory phenotype in extravillous trophoblast 
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cells.  Hence, the differentiation and invasiveness of trophoblast cells during early 

placental development is determined by the regulation of integrin-mediated adhesion 

mechanisms (Armant, 2005).  

The oxygen environment surrounding the placenta during pregnancy is also 

considered to be a critical regulator of trophoblast differentiation and invasion (Genbacev 

et al., 1997).  The human placenta is a hemochorial organ, meaning that the cells of the 

trophoblast lineage (chorion) are in direct contact with the maternal blood.  The maternal 

blood in the intervillous space contains oxygen, which is able to cross the trophoblast of 

the chorionic villi and enter the fetal circulation.  During blastocyst implantation and the 

first 10 to 12 weeks of development, the human placenta resides in a relatively hypoxic 

environment with a mean oxygen pressure of 17.9 ± 6.9 mm Hg (Rodesch et al., 1992).  

Normoxia oxygen levels are considered to be around 39.6 mm Hg.  Placental oxygen 

levels are significantly lower than the endometrial oxygen levels (Rodesch et al., 1992).  

This is thought to be due to the fact that until week 10 of pregnancy the maternal spiral 

arteries are plugged with extravillous trophoblast cells, therefore the concentration of 

available oxygen in the intervillous space that is accessable to the placenta is low 

(Armant et al., 2006).  Hustin and Schaaps (1987) used anatomical and in vivo imaging 

techniques to show that significant maternal blood could not be detected in the maternal 

intervillous space until 10-12 weeks of pregnancy.  The mean oxygen pressure during 

wks 12-13 was found to be 60.7 ± 8.5 mm Hg, which are similar to values in the 

endometrium (Rodesch et al., 1992).  This burst of oxygen is thought to be a 

physiological trigger for invasion since an increasing rate of trophoblast invasion is 
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temporally associated with increasing placental oxygen levels (Caniggia and Winter, 

2002).      

Many cells cannot survive at a low oxygen concentration; however, 

cytotrophoblast cells proliferate at an accelerated rate in response to hypoxia while their 

ability to differentiate and invade is impaired (Genbacev et al, 1997).  The proliferative 

response to hypoxia allows the trophoblast cells to thrive early in pregnancy and allows 

the placenta to develop before the rapid fetal growth occurs during the second half of 

pregnancy.  This conclusion has been supported using the first trimester extravillous 

trophoblast cell line, HTR-8/SVneo (Kilburn et al., 2000), and in human villous explant 

cultures extablished from first trimester placentae (Caniggia et al., 2000a) where 

exposure to hypoxic conditions increased cell proliferation and reduced invasion of a 

basement membrane.  The exact mechanism is not known; however, the hypoxia-

inducible factor-1 (HIF-1), which is a regulator of oxygen homeostasis, is known to 

activate the transcription of a number of genes in response to hypoxia that appears to 

perform a role in placental development (An et al., 1998; Carmeliet et al., 1998; Ravi et 

al., 2000).  In turn, cytokines and growth factors are modulators of HIF-1 (Caniggia et 

al., 2000a; Patel et al., 2010).          

The oxygen environment is also thought to regulate integrin mediated adhesion of 

trophoblast cells.  As mentioned previously, prior to 12 weeks of gestation there is a low 

oxygen environment, and trophoblast cells progress through the initial stages of normal 

differentiation by the upregulation of DNA synthesis and expression of HIF-1α, α6β4 and 

α5β1 integrins, focal adhesion kinase (FAK), fibronectin and MMP-2 activity.  In the 
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latter stages of differentiation that is coincident with an increased perfusion of the 

intervillous space with maternal blood, at approximately 10-12 weeks of gestation and 

beyond, extravillous trophoblast subtypes become highly invasive and upregulate α1β1 

integrin, histocompatibility antigen class I, G (HLA-G) expression and secrete MMP-9 

(Librach et al., 1991; Damsky et al., 1992, 1994; McMaster et al., 1995; Caniggia et al., 

2000a).  In additions to integrins, FAK and the oxygen environment there are many 

growth factors such as the epidermal growth factor (EGF), transforming growth factor 

(TGF)-α, as well as insulin-like growth factor (IGF)-II, interleukins (IL) and TGFβ that 

have been reported to be key regulators of cytotrophoblast invasion (Li and Zhuang, 

1997).   

 

1.3.3 Villous Differentiation: Syncytialization 

  

Formation of syncytia is somewhat rare during development since very few 

specialized human cell types can fuse together and differentiate into a multinucleated 

cell, and in humans there are only 3 described syncytial fusion events during physiology.  

Cellular fusion is involved in muscle formation, whereby myoblasts fuse to form 

multinucleated skeletal muscle fibers (reviewed by Rochlin et al., 2010).  Also cells of 

monocytic origin such as the macrophage can either fuse to form the bone resorbing 

osteoclasts or giant cells that are present in chronic inflammatory reactions and tumors 

(reviewed by Helming and Gordon, 2009).  Lastly, the mononuclear cytotrophoblast cells 

of the placenta fuse to generate the multinucleate syncytiotrophoblast layer that serves as 
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the epithelial barrier between the maternal and fetal environment in humans (Figure 1.3; 

Potgens et al., 2002).   

There are a series of steps that must occur during the formation of syncytia.  In 

order for cell-cell fusion to occur, the cells must first leave the proliferative stage and 

begin to express genes and proteins involved in fusion.  Next, the cells must be able to 

recognize and interact with their fusion partner to allow efficient communication and 

signal exchange.  These two steps must be tightly regulated for successful fusion to occur 

(Potgens et al., 2002; Suissa and Podbilewicz, 2007; Larson et al., 2008; Pidoux et al., 

2010).    

The “primary” syncytiotrophoblast is first formed during implantation of the 

embryo (Boyd and Hamilton, 1970).  At the leading edge of the blastocyst that attaches 

and invades the uterine epithelium, neighbouring trophoblast cells fuse with one another 

to form the syncytiotrophoblast  (Huppertz et al., 1999; Getsios et al., 2001; Potgens et 

al., 2002).  This syncytiotrophoblast forms a mantle that surrounds the conceptus and 

forms the initial epithelial covering of the placental villi (Boyd and Hamilton, 1970; 

Potgens et al., 2002; Frendo et al., 2003b; Burton et al., 2006).  Without formation of the 

syncytiotrophoblast, invasion and implantation of the blastocyst would not occur because 

only the first syncytiotrophoblast is able to penetrate the uterine epithelium.    

At approximately day 11 of pregnancy, when the blastocyst is fully implanted in 

the uterus and is fully encased by the syncytiotrophoblast, the cell-cell fusion events 

change.  This initial syncytiotrophoblast changes from its invasive phenotype to form the 

outer epithelial surface of the placental villous tree, forming a continuous layer separating  
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Figure 1.3.  Fusion pathway of trophoblast differentiation.  In the floating villi the 

villous cytotrophoblast remain at the basement membrane forming a monolayer of 

epithelial cells.  Villous mononuclear cytotrophoblast stem cells undergo proliferation 

and generate daughter cells that either undergo continued proliferation or leave the cell 

cycle and start to differentiate.  These differentiating cytotrophoblast cells accumulate 

large amounts of RNA, proteins and more complex organelles to prepare for the 

incorporation/fusion with the multi-nucleated syncytiotrophoblast layer.  The newly 

accumulated RNA, proteins and organelles in the highly differentiated cytotrophoblast 

cells become incorporated into the syncytium, where additional differentiation occurs 

leading to the production of new proteins and the synthesis and secretion of new 

hormones. 
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maternal blood from fetal blood vessels and mesenchyme (Huppertz et al., 2006).  This 

differentiated syncytium, devoid of lateral borders, needs to be preserved throughout 

pregnancy. The maintenance and enlargement of the syncytiotrophoblast is achieved by 

the incorporation of single cytotrophoblast cells with the existing syncytiotrophoblast 

(Castelluci et al., 1990b).  This process involves the apical domains of the 

cytotrophoblast cells interacting with basal plasmalemma of the syncytiotrophoblast 

(Huppertz et al., 1999; Benirschke and Kaufmann, 2001; Getsios and MacCalman, 2003).  

 In the floating villi, unlike that of the anchoring villi, the villous cytotrophoblast 

remain at the basement membrane forming a monolayer of epithelial cells.  Villous 

mononuclear cytotrophoblast stem cells undergo proliferation and generate daughter cells 

that either undergo continued proliferation or leave the cell cycle and start to 

differentiate.  Proliferative cytotrophoblast cells are rounded in shape and have a large 

centrally located nucleus and few cytoplasmic organelles (Ne’eman et al., 1994; 

Benirschke and Kaufmann, 2001).  The nucleus is euchromatic with a well-developed 

nucleolus for ribosomal RNA synthesis (Ne’eman et al., 1994).  The differentiating 

cytotrophoblast cells closely resemble the overlying syncytiotrophoblast layer.  Their 

nucleus becomes more irregular in shape, with pronounced indentations (Ne’eman et al., 

1994; Burton and Jones, 2009). Aggregations of heterochromatin can be found; however, 

a nucleolus is still prominent at this stage.  The cells accumulate large amounts of RNA, 

proteins and more complex organelles and prepare for the final differentiation step - 

fusion with the multi-nucleated syncytiotrophoblast layer.  The newly accumulated RNA, 

proteins and organelles in the highly differentiated cytotrophoblast cells become 
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incorporated into the syncytium, where additional differentiation occurs leading to the 

production of new proteins and the synthesis and secretion of new hormones (Richart, 

1961; Martin and Spicer, 1973; Jones and Fox, 1991; Genbacev et al., 2000; Pidoux et 

al., 2010).  This is necessary for the syncytiotrophoblast to carry out its absorptive, 

exchange and endocrine functions.  Newly attained syncytial nuclei undergo further 

differentiation and nuclear appearances within the syncytiotrophoblast will vary with 

gestational age.  The nuclei, containing the nucleolus, are dispersed randomly in the cell’s 

cytoplasm and have a euchromatic appearance early in pregnancy (Martin and Spicer, 

1973; Huppertz et al., 2006).  However, later in pregnancy, many changes occur within 

the syncytiotrophoblast nuclei such as chromatin condensation into heterochromatin, 

contraction and aggregation into syncytial knots (Martin and Spicer, 1973; Huppertz et 

al., 2006). 

Studies using 3H-thymidine incorporation have determined that there is no DNA 

synthesis occurring in the syncytiotrophoblast, indicating that nuclei in the 

syncytiotrophoblast layer are unable to replicate (Richart, 1961).  Results from a 

functional assay, whereby both first trimester and term placental villi were incubated with 

radiolabelled 3H-uridine, revealed no incorporation into the syncytiotrophoblast nuclei 

This has suggested a down-regulated transcriptional activity in the syncytiotrophoblast 

layer (Huppertz et al., 1999; Huppertz et al., 2003).  A recent study, using an antibody 

against the actively elongating phosphoserine 2 version of RNA polymerase II, indicated 

that only a few syncytial nuclei displayed transcriptional activity (Ellery et al., 2009).  

Therefore, the synthesis of new proteins in the syncytiotrophoblast layer depends largely 
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on RNA being incorporated from fusing cytotrophoblast.  Due to the fact that syncytial 

nuclei are not able to replicate and only a small number have transcriptional activity, the 

incorporation of the cytotrophoblast cells with the syncytiotrophoblast layer is critical.   

Syncytial knots are defined as accumulations of degenerating nuclei that protrude 

from the villous surface.  They display heavily condensed chromatin and few organelles 

and free ribosomes in the cytoplasm (Cantle et al., 1987).  It has been hypothesized that 

after the formation of syncytial knots, the knots pinch off and the material in these knots 

are shed into the maternal circulation and engulfed by the macrophages of the maternal 

lung.  Morphological analysis of the syncytial knots has revealed that the nuclei in these 

knots exhibit characteristics of advanced degeneration that is similar to end stage 

apoptosis or programmed cell death (Huppertz et al., 1998; 1999).  Therefore it has been 

suggested that nuclei that are incorporated into the syncytiotrophoblast layer are 

programmed to undergo apoptosis, and that this process represents the normal epithelial 

cell turnover – balancing cell proliferation and cell death (Johansen et al., 1999; 

Huppertz, 2010).  An increased number of syncytial knots have been reported in 

placentae of pregnancies complicated by pre-eclampsia and IUGR and it is thought that 

the formation of syncytial knots is induced by the exposure of hypoxia (Heazell et al., 

2007).   

Caspases 8 and 10, key effectors in the apoptotic pathway, are located in the 

cytotrophoblast and their activation is critical for fusion (Black et al., 2004).  This 

supports the hypothesis that nuclei incorporated into the syncytiotrophoblast layer are 

programmed to undergo apoptosis, and that this process represents the normal epithelial 
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cell turnover.  Black et al., (2004) cultivated placental villous explants with or without 

caspase 8 antisence oligonucleotides or peptide inhibitors for up to 120 h and assessed 

trophoblast fusion and differentiation via confocal microscope, immunohistochemistry 

and western blot analysis.  Culture with either the caspase 8 antisence oligonucleotides or 

peptide inhibitors was found to reduce syncytialization and increase the cytotrophoblast 

layer.  Other recent reports have revealed that caspases normally known to have key 

functions in apoptosis are also involved in the differentiation process such as caspase 3, 

which is essential during lens fibre differentiation.  Various studies have also shown that 

the pro-apoptotic protein, BAK, is expressed in the syncytiotrophoblast along with 

caspase 3 and 6 (Huppertz et al., 1998; 1999).   

The anti-apoptotic B cell lymphoma 2 (BCL-2), a family of proteins which are 

key regulators of apoptosis and autophagy (Xu et al., 2013), is found to be expressed in 

the syncytium along with high levels of apoptosis inhibitors.  These protein would likely 

block apoptosis making some researchers question whether these nuclei are truly 

apoptotic (Huppertz et al., 1998; 1999; Suzuki et al., 2000; Guilbert et al., 2010).  Hence, 

in contrast to other cellular systems, the apoptosis cascade in the syncytiotrophoblast 

layer may not immediately lead to programmed cell death.  It is during this time in which 

the syncytiotrophoblast plays a huge role in transport and metabolic exchange between 

the mother and the fetus.  Therefore, there is a debate as to whether fusion events can be 

designated as part of an apoptosis pathway or simply differentiation (Huppertz et al., 

1998).  Syncytial knots are not frequently found in the placenta before the first 32 weeks 

of pregnancy; however, at term, they are found in 10-50 % of terminal villi in normal 
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placentas and in nearly 100 % in pre-eclamptic and fetal growth restricted pregnancies 

(Heazell et al., 2007).  It has been recently demonstrated that the increased number of 

syncytial knots may be induced by exposure of the placenta to hypoxia, hyperoxia or 

oxidative stress (Heazell et al., 2007).  

In addition to the debate on whether or not trophoblast undergo apoptosis as part 

of the fusion process, there is some controversy regarding the size and integrity of the 

cytotrophoblast layer at term.  Research performed by Mori et al (2007) using advanced 

microscopy techniques such as immunofluorescence microscopy of the serine peptidase 

inhibitor, kunitz type 1 (SPINT1) expression, which is specifically located to the 

cytotrophoblast layer, along with electron microscopy showed that the cytotrophoblast 

layer becomes thinner at term but its continuity and structural integrity remains complete.  

Morphometric analysis revealed that throughout the villous tree, 90 % of the continuity of 

the cytotrophoblast layer during the first trimester was preserved compared with 80 % at 

full-term (Mori et al., 2007).  In contrast, a recent study by Jones et al (2008) using 

transmission electron microscopy and immunofluorescence showed that cytotrophoblast 

cells transform from a cuboidal phenotype that form a complete layer in early gestation to 

a more flattened shape with multiple interconnecting processes at term.  The 

cytotrophoblast layer formed an almost continuous layer in the first trimester; however, 

term cytotrophoblast cells and their processes were found to cover only 44 % (+/- 14 %) 

of the basal lamina surface with intervening regions occupied by the syncytiotrophoblast 

layer. Individual cells were more widely scattered but maintained a functional network of 
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communication with neighbouring cells without interfering with transport from the 

mother to the fetus via the syncytiotrophoblast (Jones et al., 2008).   

 

1.3.4 Regulation of Syncytialization 

 

Since the cytotrophoblast and the syncytiotrophoblast comprise the epithelial 

covering of the placental villi that is in contact with the maternal blood, any disturbances 

in the differentiation and fusion of the cytotrophoblast cells to form and expand the 

syncytiotrophoblast layer would likely result in disruptions in the functions of the 

syncytiotrophoblast and subsequently lead to placental abnormalities such as pre-

eclampsia, IUGR or gestational diabetes (Huppertz et al., 2006).  Therefore it is not 

difficult to imagine that the continuous fusion of villous cytotrophoblast with the 

syncytiotrophoblast layer and the shedding of material in syncytial knots must be tightly 

regulated in order to maintain the integrity of the placenta.  The trophoblast fusion rate is 

estimated to be several times higher than is needed for syncytiotrophoblast growth due to 

the fact that incorporation of the cytotrophoblast into the syncytiotrophoblast must also 

compensate for the loss of material that is shed in the maternal circulation via syncytial 

knots (Huppertz et al., 1998; 1999 Huppertz and Gauster, 2011).   

If fusion were to occur too frequently, the pool of villous proliferating 

cytotrophoblast cells would become depleted.  However, too little fusion would lead to 

rarefaction of the syncytiotrophoblast and to disruptions in its functions.  At this time 

very little is known regarding which mechanisms regulate syncytial fusion and whether 
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fusion is initiated by the cytotrophoblast cells reaching a stage in differentiation or by the 

aging syncytiotrophoblast (Potgens et al., 2004).  Villous cytotrophoblasts can be isolated 

and purified from first or early second trimester pregnancies, or from term pregnancies, 

and under normal conditions they fuse spontaneously to form a functional 

syncytiotrophoblast layer (Kliman et al., 1986; Alsat et al., 1991; Keryer et al., 1998).  

These studies have shown that there are multiple key players involved in regulating 

syncytialization such as cytokines, hormones, protein kinases, transcription factors, 

proteases and membrane proteins (Table 1.1).   

 

1.3.4.1 Cytokines, Growth Factors and Hormones 

 

 In vitro studies have shown that syncytialization could be regulated by various 

cytokines and growth factors derived from the maternal and fetal environment (Morrish 

et al., 1991; Garcia-Lloret et al., 1994; Morrish et al., 1997; Yang et al., 2003; Leisser et 

al., 2006).  Cultured villous cytotrophoblast cells from term pregnancies will 

spontaneously differentiate but require certain factors to produce extensive syncytial units 

with clumped nuclei.  Various studies have reported that cytotrophoblast cells cultured 

under serum free conditions do not aggregate or fuse (Li and Zhuang, 1991; Rong-Hao et 

al., 1996).  However, cytotrophoblast cells cultivated in medium supplemented with fetal 

bovine serum (FBS) will fuse to form multinucleated cells that resemble mature 

syncytiotrophoblasts (Daoud et al., 2005).  Therefore, there are factors present in FBS 

that initiate cytotrophoblast fusion.  EGF has been shown to be a factor that is required 
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Table 1.1:  Key regulators involved in trophoblast syncytialization.   

Regulators Examples Reference 
Cytokines GM-CSF 

CSF 
LIF 
TNF-α 

Garcia-Lloret et al., 1994 
Garcia-Lloret et al., 1994 
Yang et al., 2003 
Leisser et al., 2006 

Growth Factors EGF 
TGF-α 

Morrish et al., 1997 
Morrish et al., 1991 

Hormones hCG 
hPL 

Shi et al. 1993 
Shi et al. 1993 

Kinases ERK1/2 
SFK 
 
 
PKA 

Daoud et al., 2005 
Thomas and Brugge, 1997; Daoud et 
al., 2006; Shiokawa et al., 1998; 
MacPhee et al., 2001 
Knerr et al., 2005; Yu et al., 2002 

Membrane Architecture PS shift Lynden et al., 1992;  Adler et al., 1995;  
Das et al., 2004; Huppertz et al., 1998 

Membrane Proteins Syncytin 1 
 
ASCT1 & 
ASCT2 
CD98 
Galectin 3 
Connexin 43 

Frendo et al., 2003a; Mi et al., 2000; 
Huppertz et al., 2002;  
Kudo and Boyd, 2002a&b 
 
Kudo and Boyd, 2004 
Dalton et al., 2007 
Frendo et al., 2003b 

Transcription Factor GCM1 Nait-Oumesmar et al., 2000; Yu et al., 
2002; Baczyk et al., 2009 

Proteases ADAM Ito et al., 2004 

Caspases Caspase 8, 10 
and 14 

Black et al., 2004; White et al., 2007 

Physiochemical Factors Hypoxia Caniggia et al., 2000a; Kudo et al., 
2003; Hu et al., 2007; Wich et al., 2009; 
Jiang et al., 2000; Patel et al., 2010 

Cadherin Family E-cadherin Getsios et al., 2001; Getsios and 
MacCalman, 2003; Brown et al., 2005 

GM-CSF granulocyte-macrophage stimulating factor; CSF colony stimulating factor; 
LIF leukemia-inhibitory factor; TNF-α tumor necrosis factor; EGF epidermal growth factor; TGF-α 
transforming growth factor; hCG human chorionic gonadotropin; hPL human chorionic 
sommatomammotropin/human placental lactogen; ERK1/2 extracellular-signal-regulated kinases; SFK Src 
family of kinases; PKA protein kinase A; PS phosphatidylserine; ASCT1 and 2 neutral amino acid 
transporter; GCM1 glial cell missing 1; ADAM A disintegrin and metalloprotease  
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for cytotrophoblast differentiation and fusion to form the syncytiotrophoblast (Morrish et 

al., 1987).  As its name implies, EGF has both pro-proliferative and pro-differentation 

effects on multiple epithelial cell types (Maruo et al., 1992; Garcia-Lloret et al., 1996; 

Moghal and Sternberg, 1999).  Morrish et al., (1997) used an epidermal growth factor 

receptor (EGFR) blocking antibody that was capable of blocking most of the stimulatory 

effects of EGF.  They found that EGF was required for the extensive development of the 

syncytium in cultured cytotrophoblasts (Morrish et al., 1997).  EGF was also shown to 

induce the secretion of hCG and hPL in these cells, which are biochemical markers of 

trophoblast differentiation (Morrish et al., 1997).  The complete molecular pathway by 

which EGF induces cytotrophoblast differentiation into syncytiotrophoblast remains 

unclear; however, it is known that EGF stimulates the phosphorylation and activation of 

p38 mitogen activated protein kinase (MAPK 11/14) and blocking this activation inhibits 

the EGF mediated syncytialization and secretion of hCG and prolonged EGF- mediated 

proliferation in cultured trophoblast cells from the placenta (Johnstone et al., 2005).  

These data support the hypothesis that EGF mediated syncytialization requires the 

activation of MAPK 11/14. 

 Granulocyte-macrophage stimulating factor (GM-CSF) and macrophage colony 

stimulating factor (CSF) have been reported to induce trophoblast syncytialization and 

secretion of hCG and hPL (Garcia-Lloret et al., 1994).  It is known that both CSF and 

GM-CSF are synthesized by placental fibroblasts under the regulation of interleukin 1 

(IL1) and tumor necrosis factor alpha (TNFα) (Garcia-Lloret et al., 1994).  When GM-

CSF or CSF were added to serum-free cultured cytotrophoblast cells, the number and size 
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of multinucleated syncytiotrophoblast cells was markedly increased.  These changes were 

not the result of induced proliferation since there was no increase in [3H]-thymidine 

uptake by the cytotrophoblast cells (Garcia-Lloret et al., 1994).  Specifically it was noted 

that CSF moderately increased both hCG and hPL, while GM-CSF greatly increased hPL 

secretion but only slightly increased hCG secretion.  This suggests differential regulatory 

roles in hormone secretion (Garcia-Lloret et al., 1994).  Leukemia-inhibitory factor (LIF) 

and TGF-α have also been found to promote syncytialization and hCG secretion (Yang et 

al., 2003).   

hCG, which is produced mainly by the syncytiotrophoblast in response to 

environmental factors such as EGF, CSF, GM-CSF, LIF and TGF-α, has been found to 

act as an inducer of syncytialization via protein kinase A- (PKA) (Shi et al. 1993).  When 

Shi and colleagues isolated cytotrophoblasts from human term placenta and cultured 

either without hCG or with varying concentrations of hCG, cytotrophoblast cells in the 

presence of hCG showed a dose dependent greater aggregation of cells without 

intervening plasma membranes, up-regulated expression of proteins which promotes 

cellular aggregation, and an up-regulation of hormonal markers of differentiation (Shi et 

al., 1993).     

 There are various environmental factors which impair the syncytialization of 

trophoblasts.  TGF-β has been found to impair formation of the syncytium and inhibit 

secretion of hCG and hPL (Morrish et al., 1991).  In this report, when TGF-β was added 

to pure cultures of cytotrophoblast cells in the presence of EGF there was a marked 

decrease in EGF mediated syncytialization and secretion of hCG and hPL.  TGF- β has 
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been reported to be expressed in both the cytotrophoblast and syncytiotrophoblast 

(Morrish et al., 1991), and thus could act as an autocrine or paracrine inhibitor of 

differentiation.  The mechanisms by which TGF-β inhibits EGF- mediated differentiation 

in the placenta are unknown; however, a variety of different effects of TGF-β on EGF-

induced events have been seen in several different cell lines (Morrish et al., 1991). TGF-

β has been shown to increase or decrease EGFR number and inhibit EGF-induced c-myc 

gene expression (Takehara et al., 1987; Fernandez-Pol et al., 1987).  In contrast, TGF-β 

does not affect EGFR binding, autophosphorylation or other growth factor signalling 

pathways (Like and Massague, 1986; Russell, 1988). Thus, there are several possible 

mechanisms by which TGF-β might inhibit EGF-induced differentiation in the placenta.  

TNF-α has also been found to impair syncytiotrophoblast formation as elevated 

concentrations of TNF-α decreases morphological syncytial formation from 

cytotrophoblasts and also decreases hCG and hPL secretion in cultured cytotrophoblast 

cells isolated from term placentas (Leisser et al., 2006).   

  

1.3.4.2 Protein Kinases  

 

 When environmental factors such as cytokines and growth factors bind to their 

receptors on target trophoblast cells various downstream pathways become switched on 

to initiate an intricate program of cell differentiation and syncytialization.    

Two classical MAPKs, the extracellular signal-regulated kinase1/2 (ERK1/2) 

and p38, have been implicated in playing a significant role in the initiation of trophoblast 
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differentiation and fusion in human term placenta.   When protein levels of ERK1/2 and 

p38 were evaluated from trophoblast cells that were isolated from human term placenta 

(35 weeks to 41 weeks of gestation) and cultured with media containing FBS for 6 days, 

it was found that the expression of both ERK1/2 and p38 decreased with increasing days 

of culture until day 5 when expression was undetectable (Daoud et al., 2005).  When the 

cells were also treated with specific inhibitors to ERK1/2 (PD98059) or p38 (SB203580) 

in this study, trophoblast differentiation was suppressed, thus showing that the ERK1/2 

and p38 pathways are crucial to mediate trophoblast differentiation. 

 The Src kinases (SFK) are a family of non-receptor protein tyrosine kinases that 

have also been implicated in MAPK activation and also in regulating the differentiation 

and fusion of cytotrophoblast cells into the syncytiotrophoblast layer (Thomas and 

Brugge, 1997; Daoud et al., 2006).  In fact, this kinase family plays multiple roles in the 

differentiation of trophoblast cells depending on the isoform activated.  In 2006 it was 

demonstrated that mRNA from all members of the SFK family (Fyn, Hek, Lyn, Fgr, Lck, 

Src, Yes, and Blk) was present in human cytotrophoblast cells and there are two different 

expression profiles during syncytialization (Daoud et al., 2006).  Fyn, Hck, and Lyn show 

no differences in mRNA expression during the 6 days in primary culture as 

cytotrophoblast differentiate and form the syncytiotrophoblast.  Fgr, Lck, Src and Yes 

show an increase in mRNA expression during syncytialization; however, for Src this 

increase did not begin until day 4 of culture.  Src was also found to be rapidly activated 

with the addition of FBS during cell culture.  When Herbimycin A or Gentamycin, both 

SFK inhibitors, was added to the trophoblast primary cultures morphological and 
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biochemical differentiation were halted.  However, when the Src specific inhibitor, PP2, 

was used hCG and hPL secretion increased, cell spreading and adhesion decreased, while 

cell fusion remained unchanged, confirming that SFK must play different roles in 

trophoblast differentiation (Daoud et al., 2006).  PP2 was also found to stimulate ERK1/2 

and p38 activation while inhibiting FAK activation in the absence of FBS.  FAK is a 

known regulator of blastocyst implantation and trophoblast differentiation (Shiokawa et 

al., 1998; MacPhee et al., 2001) and is a known target for phosphorylation and activation 

by Src.  Lastly, it was also found that PP2 prevented the augmentation of hCG secretion 

in the presence of PD98059 (ERK1/2 inhibitor) and SB203580 (p38 inhibitor) further 

suggesting that MAPK pathways are essential to the stimulation of trophoblast 

differentiation by PP2 (Daoud et al., 2008).         

 Another possible key player in regulating the downstream processes of 

syncytialization is PKA.  The BeWo cell line is the most widely used cellular in vitro 

model to study villous trophoblast fusion.  This cell line originated from a human 

trophoblast choriocarcinoma and shows a low spontaneous fusion rate, which has been 

known to undergo controlled syncytialization of up to 80 % upon stimulation with 

forskolin, an inducer of cAMP, and a culture media with high calcium content (Wise et 

al., 1990).  The BeWo cell line can be grown under proliferation conditions indefinitely 

exhibiting an epithelial phenotype or under syncytialization conditions where they 

express markers of the syncytiotrophoblast such as β-hCG secretion, syncytin 1 

expression and markedly decreased E-cadherin and desmoplakin expression (Coutifaris et 

al., 1991; Lin et al., 2000; Kudo and Boyd, 2002a; Kudo et al., 2004; Frendo et al., 
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2003a; Rote, 2005).  When BeWo cells were transfected with the catalytic subunit of 

PKA, glial cell missing (GCM1) and syncytin 1 protein expression increased in the cells 

indicating that PKA activity is sufficient to drive BeWo cell fusion (Knerr et al., 2005).  

While the pathway is not fully known, cyclic 3`, 5` - adenosine monophosphate (cAMP), 

through PKA, upregulated the expression of GCM1, that bound to the promoter of 

syncytin 1 and upregulated its transcription thus driving syncytialization (Yu et al., 

2002).   

 

1.3.4.3 Membrane Architecture 

  

There is an asymmetrical distribution of phosphatidylserine (PS) to the inner 

leaflet of the plasma membrane in all mammalian cells (Connor et al., 1989).  

Differentiation of the villous cytotrophoblast results in a redistribution of plasma 

membrane phospholipids with movement of PS to the syncytiotrophoblast surface.  This 

externalization of PS is thought to be a prerequisite for syncytial fusion in various 

trophoblast derived cell lines (Lynden et al., 1992; Adler et al., 1995; Das et al., 2004) 

and in placental explants (Huppertz et al., 1998).  Lynden et al., (1992) looked at the 

reactivity of various mouse monoclonal antibodies against several phospholipids in term 

and 26 week placental specimens.  Antibodies against PS were found to be reactive to the 

syncytiotrophoblast surface of the placenta indicating that the localization of PS on the 

cytotrophoblast is altered during syncytialization (Lynden et al., 1992).  This 

externalization of PS has also been shown in cultured placental explants using fluorescein 
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isothiocyanate (FITC)-coupled annexin-V staining to localize PS present in the outer 

leaflet of the syncytiotrophoblast (Huppertz et al., 1998).  In 1995 Adler and colleagues 

used mouse monoclonal antibodies which bind PS at the outer leaflet of the plasma 

membrane to block syncytial fusion.  When the JAR choriocarcinoma cell line was 

treated only with forskolin, 70% of cells formed a syncytium after 24 h; however, when 

the cells were treated with forskolin and 3SB96, the mouse monoclonal antibody against 

PS, less than 13% of cells underwent syncytialization (Adler et al., 1995).   

This redistribution of PS in the plasma membrane is also a marker for apoptosis 

(Martin et al., 1995) thus supporting the hypothesis that apoptosis and intercellular fusion 

are related.  As mentioned previously (section 1.3.3), there are indicators of apoptosis 

observed in the syncytiotrophoblast.  Taken together with apoptosis supporting data as a 

component of differentiation (section 1.3.3), it has been proposed that villous 

cytotrophoblast differentiation and syncytialization results from PS externalization 

caused by the initiation of the apoptotis cascade (Huppertz et al., 1998; 1999).  However 

in 2004, Das and colleagues found no indication of a relationship between apoptosis and 

syncytialization in the BeWo choriocarcinoma cell line.  In this study, they used 

forskolin, a modulator of cAMP levels, to induce differentiation and fusion while 

staurosporine was used to induce apoptosis in BeWo cells.  This allowed them to 

compare levels of intercellular fusion and PS efflux during differentiation versus 

apoptosis.  They found that differentiation and fusion were not associated with DNA 

fragmentation using single cell gel electrophoresis and terminal deoxynucleotidyl 

transferase dUTP nick end labeling (TUNEL) assays, there was no indication of lamin B 
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fragmentation, no activation of pro-caspase 3 and no initiation of mitochondrial-

dependent apoptosis.  Although the externalization of PS was observed in both fusion and 

apoptosis, it seems to be controlled by different mechanisms during each process (Das et 

al., 2004). 

 

1.3.4.4 Membrane Proteins 

 

 There are many membrane proteins that are thought to play a role in 

syncytialization such as Syncytin 1 (humans) or Syncytin A (mice) (Frendo et al., 2003a), 

neutral amino acid transporters 1 and 2 (ASCT1 and ASCT2; Kudo and Boyd. 2002a;b), 

CD98 (Kudo and Boyd, 2004), galectin 3 (Dalton et al., 2007) and connexin 43 (Frendo 

et al., 2003b).  For the purpose of this thesis I will focus on the role of syncytin 1 in 

syncytialization.   

 Syncytin 1 is a transmembrane protein encoded by an envelope gene of the human 

endogenous defective retrovirus family W (HERV-W).  Syncytin 1 gene expression in 

the placenta was first detected using northern blot analysis and subsequent in situ 

hybridization analysis revealed that syncytin 1 mRNA expression was restricted to the 

syncytiotrophoblast in preterm and term placentas (Mi et al., 2000).  Using a rabbit 

polyclonal antibody raised against peptides from various parts of the syncytin 1protein 

for immunohistochemistry, Lee et al (2001) revealed syncytin 1 localization to the basal 

syncytiotrophoblast membrane and in some cases the apical syncytiotrophoblst 

membrane in normal placenta between 21 and 40 weeks.  In the same study, it was found 
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that syncytin 1 mRNA expression was weaker in placental sections complicated by pre-

eclampsia compared to normal pregnancies and in placenta complicated with pre-

eclampsia, syncytin 1 protein expression was detected in only the apical 

syncytiotrophoblast membrane (Lee et al., 2001).   

Since the first paper was published regarding syncytin 1 localization in the 

placenta there have been other studies reporting syncytin 1 protein expression in both the 

villous cytotrophoblast and the syncytiotrophoblast layer along with expression in 

extravillous trophoblast cells (Blond et al., 2000; Muir et al., 2003).  There appears to be 

some controversy over the localization of syncytin 1 that seems to be dependent on 

antibody specificity and differences in immunostaining protocols (Potgens et al., 2004).  

Nonetheless, it seems that the syncytiotrophoblast is the major site of syncytin 1 

expression.     

Various in vitro experiments have been performed suggesting that syncytin 1 

promotes intercellular fusion.  Initial experiments revealed that transfection of COS cells 

with a syncytin 1 expression plasmid resulted in the generation of multinucleated 

syncytia without generating a defective cell cycle (Mi et al., 2000).  It was also shown 

that syncytin 1 protein expression in BeWo cells increased approximately five times in 

response to treatment with forskolin to induce fusion (Mi et al., 2000).  Furthermore, in 

studies using primary cytotrophoblasts, it was found that when cells were stimulated with 

cAMP to induce fusion, syncytin 1 expression was upregulated (Frendo et al., 2003a).  

Alternatively, when endogenous syncytin 1 expression was inhibited in primary 

cytotrophoblasts using syncytin-1 specific antisense oligonucleotides, fusion was 
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inhibited (Huppertz et al., 2002; Frendo et al., 2003a).  However in a study by Black et al 

(2004) placental explants that were incubated with antisense oligonucleotides against 

syncytin 1 exhibited a decreased number of cytotrophoblasts.  Therefore the exact 

mechanism of syncytin 1 function during fusion still needs to be elucidated.   

 GCM1 is a placenta specific transcription factor required for trophoblast 

differentiation that is found in a subset of villous cytotrophoblast cells showing 

morphological signs of differentiation (Nait-Oumesmar et al., 2000; Yu et al., 2002).  

GCM1 knockdown experiments in BeWo cells, using short interfering RNA (siRNA), or 

in first trimester villous explants lead to a reduction in intercellular fusion (Baczyk et al., 

2009).  GCM1 was found to regulate syncytin 1 gene expression via two GCM1 binding 

sites that are upstream of the 5` long terminal repeat of syncytin 1 in BeWo cells (Yu et 

al., 2002).  Since GCM1 is upregulated in prefusing cytotrophoblast and can promote 

syncytin 1 expression, GCM1 is thought to be an important regulator of trophoblast 

fusion.     

 

1.3.4.5 Proteases 

 

 Various proteases are thought to play a role in trophoblast fusion.  A disintegrin 

and metalloprotease proteins (ADAM) are a family of integral membrane or secreted 

glycoproteins which contain a hydrophobic domain reminiscent of viral fusion peptides 

and have been reported to be involved in myoblast fusion and in osteoclast formation 

(Blobel and White, 1992; Gilpin et al., 1998; Abe et al., 1999).  Using northern blot 
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analysis ADAM12 mRNA was found in the placenta (Gilpin et al, 1998) and using 

immunohistochemistry ADAM12 protein was also found to be specifically expressed in 

the syncytiotrophoblast (Ito et al., 2004).  The proteolytic activity of the ADAM family 

of proteases may be involved in the cleavage of specific proteins needed for 

syncytialization, therefore ADAM proteases would be indirectly involved in syncytial 

fusion.          

 Caspases are known to play roles in apoptosis; however, there is some evidence 

suggesting that they are also important regulators of cell differentiation (Weil et al., 

1999; Miura et al., 2004).  Caspases 8, 10 and 14 are expressed in the placenta.  Casapase 

8 and 10 were localized to a subset of differentiated cytotrophoblast cells (Huppertz et 

al., 1999; Rote et al, 2010) while caspase 14 was found in both cytotrophoblast and 

syncytiotrophoblast layers in similar concentrations along with the mesenchyme (Kam et 

al., 2005).  Caspase 8 is implicated in playing a role in the differentiation and fusion of 

the cytotrophoblast cells with the syncytiotrophoblast.  When antisense oligonucleotides 

against caspase 8 were added to first trimester villous explant cultures trophoblast fusion 

was inhibited (Black et al., 2004).  It was also found that when BeWo cells were treated 

with forskolin to initiate fusion caspase 14 mRNA and protein expression increased 

indicating that caspase 14 is up-regulated during trophoblast differentiation and fusion 

(White et al., 2007).       
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1.3.4.6 Physiochemical Factors 

  

Physiochemical factors such as hypoxia are thought to play a role in 

syncytialization.  There are various studies which suggest that hypoxia, low oxygen 

tension, inhibits trophoblast differentiation and intercellular fusion (Jiang et al., 2000; 

Caniggia et al., 2000a; Kudo et al., 2003; Hu et al., 2007; Wich et al., 2009; Patel et al., 

2010).  When BeWo cells, treated with forskolin, are cultured under hypoxic conditions 

(2 % oxygen) syncytin 1 protein expression is downregulated and intercellular fusion is 

suppressed (Kudo et al., 2003; Hu et al., 2007).  Hypoxia is also associated with 

decreased GCM1, decreased syncytin 1 transcripts and reduced fusion in primary term 

human trophoblast cells (Wich et al., 2009).  Due to these findings, transcription factors 

that are either directly or indirectly controlled by oxygen tension are suggested to aid in 

the regulation of trophoblast fusion.   

As mentioned previously, HIF, is known to activate the transcription of genes in 

response to hypoxia and appears to perform a necessary role in placental development 

(Caniggia et al., 2000a; Patel et al., 2010).  The transcription factor mammalian 

achaete/scute homologue 2 (Mash 2), is a target of HIF1 and was found to be up-

regulated in primary trophoblasts cultured under hypoxic conditions.  Also, the 

overexpression of Mash-2 was found to inhibit trophoblast fusion providing evidence that 

hypoxia inhibits intercellular trophoblast fusion (Jiang et al., 2000).       
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1.3.4.7 E-cadherin 

                   

The cadherins are a gene superfamily of integral glycoproteins that mediate 

calcium dependent cell-cell adhesions in neighbouring cells and are morphoregulators 

whose spatiotemporal expressions are tightly regulated during embryonic development 

(Brown et al., 2005).  E-cadherin (Fig. 1.4), a type I transmembrane glycoprotein that is 

expressed on the surface of epithelial cells where it mediates the formation of cell-cell 

adherens junctions, is highly detectable at points of cytotrophoblast cell-cell contact 

(Coutifaris et al., 1991; Yap et al., 2007).  Its expression then markedly decreases with 

remodelling of cell-cell adhesion complexes associated with the differentiation and 

subsequent fusion of cytotrophoblast into the syncytiotrophoblast (Coutifaris et al., 1991; 

Getsios and MacCalman, 2003).  Thus the presence or absence of E-cadherin can be used 

to assess trophoblast syncytialization (Getsios et al., 2001; Getsios and MacCalman, 

2003; Brown et al., 2005); however, the mechanism(s) underlying the downregulation of 

E-cadherin expression in villous cytotrophoblast undergoing the morphogenetic process 

of syncytialization is largely unknown.  

 

1.3.5 Integrin Linked Kinase  

 

 Integrin Linked Kinase (ILK) was identified in 1996 in a yeast two-hybrid screen 

for proteins that could bind to the cytoplasmic tail of β-integrin (Hannigan et al., 1996).  

At the time of its discovery, ILK was defined as an intracellular serine/threonine kinase  
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Figure 1.4.  The structural domain of E-cadherin.   A.  E-cadherin is a transmembrane 

glycoprotein dependent on Ca2+.  The extracellular part of the molecule consists of five 

tandemly repeated domains. The pockets between these domains each bind three 

molecules of Ca2+.  B.  E-cadherin is expressed on the surface of epithelial cells where it 

mediates the formation of cell-cell adherens junctions.     
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that localized to focal adhesions and was critically involved in the adhesion of cells to 

their extracellular environment and in signal transduction (Boulter and Van Obberghen-

Schilling, 2006; Legate et al., 2006).  However there is now some controversy over 

whether ILK has actual kinase activity or if ILK is a “pseudo-kinase” (Wickstrom et al., 

2010; Hannigan et al., 2011).  ILK is able to bind many proteins and mediate protein-

protein interactions to elicit various downstream signals.  ILK is composed of three 

highly conserved structurally distinct domains that construct its multifunctional capacity 

(Fig 1.5; Wu and Dedhar, 2001; Grashoff et al., 2004).  An N terminal domain composed 

of ankyrin (ANK) repeats, a central pleckstrin homology (PH) domain and a C – terminal 

kinase like domain.  The N terminal of ILK is composed of four ANK repeats that allow 

ILK to interact with the LIM domains, named after their initial discovery in the proteins 

Lin11, Isl-1 & Mec-3, of the adapter protein named particularly interesting new cysteine 

histidine (PINCH; Bach, 2000; McDonald et al., 2008).  The LIM domain is a unique 

double-zinc finger motif found in a variety of proteins such as homeodomain 

transcription factors, kinases, and adaptors (Jurata and Gill, 1997).  PINCH binds to ILK 

in the cytoplasm, before it localizes to the focal adhesion sites at the plasma membrane.  

Therefore, it is thought that PINCH regulates the localization of ILK to the focal 

adhesion plaques where it transduces downstream signalling via its serine/threonine 

kinase activity (Li et al., 1999).  The N-terminal of ILK also mediates the binding of ILK 

to the ILK associated protein, ILKAP, a protein phosphatase 2C (PP2C)-family member 

that negatively regulates ILK signalling (Kumar et al., 2004).   
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Figure 1.5.  Structural domains of ILK.  ILK is composed of three conserved 

structurally distinct domains.  The N terminal domain composed of ankyrin (ANK) 

repeats, a central pleckstrin homology (PH) domain and a C terminal kinase like domain.  

The N terminal of ILK is composed of four ANK repeats which bind to the LIM domains 

of PINCH.  It is thought that PINCH regulates the localization of ILK to the focal 

adhesion plaques where it transduces downstream signalling via its serine/threonine 

kinase activity.  The N terminal of ILK also interacts with ILKAP – a PP2C and 

negatively regulates ILK signalling.  The PH domain of ILK, through an interaction with 

PIP3, is involved in PI3K-activated upregulation of ILK activity.  ILK is considered to be 

a component of the PI3 signalling pathway, which implicates ILK is a number of cellular 

and biological processes such as proliferation, migration, angiogenesis, differentiation 

and survival.  The C terminal kinase like domain of ILK interacts with integrins, paxillin, 

α-parvin and β-parvin, therefore linking the ECM with the actin cytoskeleton.  The kinase 

domain of ILK, upon stimulation by PIP3, catalyzes serine/threonine phosphorylation of 

downstream targets including integrins, PKB/Akt and/or GSK-3, which leads to 

modulation of cell-ECM interaction, gene expression or cell survival.     
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The central PH like domain is capable of interacting with phosphoinositide lipids 

such as phosphatidylinositol (3, 4, 5)-triphosphate, (PIP3) which is required for 

phosphoinositide 3- kinase (PI3K) dependent activation of ILK (Delcommenne et al., 

1998; Pasquali et al., 2007).  ILK has also been found to be activated by insulin, growth 

factors and ECM interactions in a PI3K dependent manner.  ILK is therefore considered 

to be a critical component of the PI3K signalling pathway, which implicates ILK in a 

number of cellular and biological processes such as proliferation, migration, 

angiogenesis, differentiation and survival (Wu et al., 1998; Dedhar, 2000; McDonald et 

al., 2008).  ILK expression has also been found to be negatively regulated by the tumor 

suppressor lipid phosphatase, Phosphatase and tensin homolog (PTEN).  PTEN 

dephosphorylates PIP3 to phosphatidylinositol (4, 5)-bisphosphate (PIP2) (Persad et al., 

2000), thus decreasing the concentration of PIP3 to activate ILK expression.  The C 

terminal domain contains a protein kinase catalytic site that exhibits homology to other 

protein kinase catalytic domains (Wu and Dedhar, 2001).  There are differences in the 

kinase domain of ILK, when compared to other known kinases that has lead to the 

consideration that ILK does not possess kinase activity (Hannigan et al., 2005).  The C 

terminal domain also interacts with integrins, paxillin, α-parvin and β-parvin 

(Nikolopoulos and Turner, 2001; Yamaji et al., 2001; Attwell et al., 2003; Legate et al., 

2006; Hannigan et al., 2005).  Therefore, ILK is also seen as a molecular scaffold, linking 

the ECM with the actin cytoskeleton.   

  ILK has been shown to regulate the phosphorylation of protein kinase B 

(Akt/PKB) at Ser 473 (Delcommenne et al., 1998; Persad et al., 2000; 2001) and 
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glycogen synthase kinase 3 (GSK3), resulting in the activation of the former and 

inactivation of the latter (Delcommenne et al., 1998; Naska et al., 2006; Joshi et al., 

2007).  ILK phosphorylation and activation of Akt enables ILK to stimulate signalling 

pathways that regulate cell survival such as the caspase activation of nuclear factor kappa 

B (NF-κB) (Hannigan et al., 2005; Legate et al., 2006).  It has been shown that the 

knockdown of ILK by ILK siRNA in human embryonic kidney cells, HEK-293, resulted 

in almost complete inhibiton of Akt phosphorylation at Ser473, a significant reduction in 

Akt activation and a significant induction of apoptosis (Troussard et al., 2003).  The 

phosphorylation and inactivation of GSK3 by ILK results in the activation of the 

transcription factor activator protein 1 (AP-1), which in turn stimulates the expression of 

MMP 9.  This implicates ILK as playing a role in signalling pathways involved in 

invasion and metastasis (Troussard et al., 2000).  ILK inhibition of GSK3 in epithelial 

cell lines can also lead to the stabilization and nuclear translocation of β-catenin followed 

by an increase in β-catenin/T cell factor (TCF) transcriptional activity, which in turn 

stimulates cyclin D1 (Oloumi et al., 2004). Inhibition of ILK has been found to suppress 

β-catenin/TCF transcriptional activity (Tan et al., 2001; Hannigan et al., 2005).            

 ILK has a role in mediating cell proliferation, survival, migrations and invasion in 

a number of cell types (Wu et al., 1998; Wu and Dedhar, 2001) and clearly the roles are 

cell, as well as spatial and context dependent.  Until recently, the role of ILK in early 

human placental development have been unknown.  Previously in our lab, Elustondo et 

al., (2006) reported that ILK was highly detectable by immunoblot analyses in human 

chorionic villous tissue lysates throughout gestation.  It was also found that ILK was 
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highly expressed in situ in villous cytotrophoblast cells and in the stromal mesenchyme in 

first trimester and early second trimester human chorionic floating villi; however, ILK 

was scarely detected in the syncytiotrophoblast layer.  Furthermore, in anchoring villi, 

ILK was localized to the plasma membrane of extravillous trophoblast cells and found to 

regulate the migration of the first trimester human extravillous cytotrophoblast derived 

cell line, HTR9-SVneo (Elustondo et al., 2006). 

 

1.3.6 ILK Regulation of E-cadherin Expression 

  

 It has been previously demonstrated that the over-expression of ILK in IEC-18 

intestinal epithelial cells results in a disrupted cell-cell adhesion (Hannigan et al., 1996).    

A number of studies have utilized ILK expression vectors containing wild-type or mutant 

ILK cDNAs to implicate ILK in the regulation of E-cadherin expression (Bravou et al., 

2006; McPhee et al., 2008; Yu et al., 2011) and the induction of epithelial mesenchymal 

transition (EMT) (Novak et al., 1998; Somasiri et al., 2001).  EMT is a biological process 

that allows a polarized epithelial cell, which normally interacts with basement membrane 

via its basal surface, to undergo multiple biochemical changes that enable it to assume a 

mesenchymal cell phenotype.  It adopts an enhanced migratory capacity, invasiveness, 

elevated resistance to apoptosis and greatly increased production of ECM components 

(Kalluri and Neilson, 2003).  EMT is completed by the degradation of underlying 

basement membrane and the formation of a mesenchymal cell that can migrate away 

from the epithelial layer in which it originated.  There are a number of distinct molecular 
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processes that initiate and regulate EMT such as the activation of transcription factors, 

expression of specific cell-surface proteins, reorganization and expression of cytoskeleton 

proteins, production of ECM-degrading enzymes, and changes in the expression of 

specific microRNAs (Kalluri and Weimberg, 2010).  

  In this study a dominant negative (dn)-ILK, a wild-type (wt)-ILK and 

constitutively active (ca)-ILK was used.  In the dn-ILK expression vector (pEGFP-C3 dn-

ILK), glutamate 359 in the activation loop of the ILK kinase domain is replaced with a 

lysine residue (E359K).   The dn-ILK was originally considered a kinase dead mutant, 

but has since been shown to have ~20% kinase activity in vitro (Delcommenne et al., 

1998; Novak et al., 1998; Persad et al., 2001), be deficient in α-parvin and paxillin 

interaction, and incapable of incorporating into focal adhesions, thus remaining only in 

the cytoplasm (Yamaji et al., 2001; Nikolopoulos et al., 2002). Therefore, it appears to 

exert a strong dominant negative effect by maintaining ILK associated proteins in an 

inappropriate subcellular location (e.g, not focal adhesions; Novak et al., 1998; Yamaji et 

al., 2001; Nikolopoulos et al., 2002).  The wt ILK expression vector (pEGFP-C3 wt-ILK) 

contains the normal human ILK gene and the over-expression of wt-ILK in a number of 

cell types can lead to phosphorylation of Akt and GSK3-β (Delcommenne et al., 1998; 

Naska et al., 2006; Joshi et al., 2007).  The constitutively active mutant ca-ILK (pEGFP-

C3 ca-ILK) has been shown to constitutively phosphorylate Akt.  In the ca-ILK, serine 

343 is replaced with aspartic acid (S343D; Novak et al., 1998; Persad et al., 2001). 

 When ILK was over-expressed in IEC-18 epithelial cells, immunoblot analyses 

revealed that E-cadherin expression was reduced (Wu et al., 1998).  This role was further 
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demonstrated by Tan et al (2001) when it was observed that inhibiting ILK activity in the 

SW480 human colon choriocarcinoma cell line with either a kinase dead dominant 

negative ILK construct, or a highly specific ILK inhibitor, resulted in an up-regulation of 

E-cadherin expression.  In the same study, ILK was found to downregulate E-cadherin 

expression through the activation of its transcriptional repressor, Snail, independent of 

the β-catenin/TCF pathway (Tan et al., 2001).       

 The expression of the E-cadherin gene is controlled by various elements in the 5` 

sequences of its promoter.  Cloning and characterization of this promoter has revealed 

two E-box elements that have both positive and negative regulatory sequences (Oloumi et 

al., 2004).  The E-box motifs are thought to have a positive regulatory function in 

epithelial cells, due to the fact that a deletion of this E-box motif in an E-cadherin 

luciferase reporter has been shown to abolish promoter activity (Giroldi et al., 1997; 

Oloumi et al., 2004).  However, these box motifs have sequences that function as 

negative regulators of E-cadherin expression in mesenchymal and transformed cells by 

binding transcriptional repressors such as Snail (Cano et al., 2000; Oloumi et al., 2004).  

Snail has been shown to bind to the E-box sequence of the human E-cadherin promoter 

and repress the transcription of E-cadherin (Batlle et al., 2000).  Snail is a zinc finger 

containing protein (Cano et al., 2000) and the zinc finger DNA binding domain in the C-

terminus of Snail is able to bind to the CANNTG sequence of the E-cadherin E-box, 

which is essential for its repressor function (Oloumi et al., 2004).  The loss of E- 

cadherin expression, along with the disruption of cell-cell adhesions is a crucial step in 

EMT and Snail has recently been characterized as an inducer of EMT (Cano et al., 2000).  
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Snail is expressed during embryonic development and is an important regulator of EMT 

during this time (Sefton et al., 1998; Carver et al., 2001). When Snail is over-expressed 

in various epithelial cell lines, there is a decrease in E-cadherin expression, a switch to a 

fibroblastic phenotype and an acquirement of invasive and tumorigenic capabilities 

(Batlle et al., 2000; Cano et al., 2000).  Snail is transcriptionally silent in normal 

epithelial cells; however, high Snail-1 expression has been detected in various human and 

mouse carcinoma cell lines which lack E-cadherin expression, suggesting a role for Snail 

in regulating E-cadherin expression in carcinogenesis as well (Cano et al., 2000: Oloumi 

et al., 2004; Perez-Mancera et al., 2005).  Snail (Fig. 1.6A) has a 65 base pair region in 

its 5’ promoter, termed the Snail ILK Responsive Element (SIRE) and it was 

demonstrated that ILK was able to regulate Snail transcription in a colon carcinoma cell 

line by binding to this region (Tan et al., 2001).  More recently it has been found that ILK 

is able to regulate E-cadherin expression through Poly ADP (Adenosine Diphosphate)-

Ribose Polymerase-1 (PARP-1) (McPhee et al., 2008).  PARP-1 (Fig. 1.6B) is an 

abundant nuclear enzyme containing biochemical properties that regulate nuclear 

processes (Gordon-Shaag et al., 2003).  It was originally characterized as a factor in 

DNA repair, since it is activated in response to DNA damage, however it is now known 

to play a role in the regulation of gene expression under basal, signal activated and stress 

activated conditions (Kraus, 2008; Woodhouse and Dianov, 2008).  McPhee et al (2008) 

used a SIRE oligonucleotide as bait in an affinity chromatography analysis along with  
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Figure 1.6.  The structural domains of (A) Snail and (B) PARP.  A.  The N-terminal 

portion of the Snail protein contains a SNAG domain. This domain is highly conserved 

among species and is also found in several other transcription factors where it is 

associated with repressive functions. A serine-rich domain (SRD) and a nuclear export 

sequence (NES) are involved in the regulation of Snail protein stability and subcellular 

localization, respectively.  The C-terminal portion contains 4 zinc finger (ZF) domains.  

B.  PARP has a N-terminal DNA binding domain (DBD) containing three zinc finger 

motifs, a nuclear localization signal, and an automodification domain (AMD) that 

functions as the target of covalent auto-poly(ADP-ribosyl)ation.  There is also a C 

terminal catalytic domain.  The catalytic domain is responsible for Poly (ADP-ribose) 

polymerization.  This domain has a highly conserved motif that is common to all 

members of the PARP family.  
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mass spectrometry to identify PARP-1 as a protein that binds to the SIRE in PC3 prostate 

cancer cells.  However, when ILK was silenced using siRNA it inhibited the binding of 

PARP-1 to SIRE and PARP-1 silencing by siRNA resulted in the inhibition of Snail, 

leading to an up-regulation of E-cadherin. Thus, it is thought that ILK represses E-

cadherin expression by regulating PARP-1, which leads to the binding of PARP-1 to the 

SIRE within the Snail promoter, and modulating Snail expression (Fig 1.7; McPhee et al., 

2008).     

  

1.4 Hypothesis and Objectives 

 

Since ILK reportedly regulates E-cadherin expression through PARP and Snail 

during EMT and ILK and E-cadherin are expressed in the cytotrophoblast of the 

chorionic villi during the first trimester of pregnancy, it was hypothesized that ILK is a 

key regulator of differentiation and fusion of cytotrophoblast into the 

syncytiotrophoblast. 

To test this hypothesis, a well-documented cell line model, BeWo 

choriocarcinoma-derived trophoblast cells, was employed for the study of trophoblast 

syncytialization (Borges et al., 2003; Potgens et al., 2004).  The following objectives 

were proposed: 

1) The temporal and spatial expression profile as well as the kinase activity of 

ILK in BeWo cells undergoing proliferation and syncytialization was examined using 

immunofluorescence analysis, immunoblot analysis and in vitro kinase assays. 
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Figure 1.7.  E-Cadherin Regulation by ILK-PARP-Snail.  ILK is able to translocate 

from the cytoplasm to the nucleus in various epithelial cells, and regulate PARP-1 

expression.  Increased nuclear ILK and PARP-1, increases Snail expression via the 

binding of ILK and PARP to the SIRE within the Snail promoter.  Subsequent production 

of Snail protein enables Snail to bind to the E-box sequence of the E-cadherin promoter 

and repress the transcription of E-cadherin initiating EMT.      
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2) The effect of transient overexpression of ILK on hormonal differentiation and 

syncytialization of BeWo trophoblast cells was determined.    

3) The expression profile of candidate molecules that could partner with ILK to 

promote syncytialization in BeWo cells and in human placental tissue was examined 

using immunofluorescence and immunoblot analysis.    

4) The necessity of ILK for BeWo cell syncytialization was determined using ILK 

specific siRNA targeting strategies.         
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Chapter 2: Materials and Methods 

 

2.1 Placenta Tissue Collection 

 

Ethics approval for the study (Protocol #03.44) was obtained from the Human 

Investigation Committee of Memorial University of Newfoundland and the Health Care 

Corporation of St. John's Research Proposals Approval Committee.  All study 

participants with confirmed ultrasound-dated pregnancies who were undergoing elective 

terminations provided written informed consent.  Placental tissue was obtained from 

elective terminations by dilatation and curettage at weeks (wks) 8 – 14 and from normal 

term deliveries at 37–40 wks.  The tissues from elective terminations were collected in 

sterile 1 x phosphate buffered solution (PBS; 1.37 M NaCl, 27 mM KCl, 100 mM 

Na2HPO4 and 18 mM KH2PO4), pH 7.40, and transported to the laboratory within 20 min 

of the procedure.  All placental tissue samples were separated from the decidua and were 

extensively washed in ice-cold PBS, then dissected in cold PBS and either fixed in 4% 

paraformaldehyde in PBS overnight, or flash frozen in liquid nitrogen and stored in the 

gaseous phase of a liquid nitrogen storage tank until required.  

 

2.2 BeWo Cell Culture 

 

 The BeWo cell line was purchased from the American Type Culture Collection 

(Cat.  CCL-98, Manassas, VA, USA) and were cultivated in vented 75 cm2 culture flasks 
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in Ham’s F-12 media with L-glutamine (Cat. # 11765-062; Life Technologies, 

Burlington, Ontario, Canada) supplemented with 10 % FBS (Cat. # 160000-044; Life 

Technologies, Burlington, Ontario, Canada) and 1 % penicillin/streptomycin (Cat. # 

15140-122; Life Technologies, Burlington, Ontario, Canada) as has been described by 

Al-Nasiry et al., (2006).  The BeWo cells were maintained at 37 oC under standard 

culture conditions of 5 % carbon dioxide in air with medium renewal every day.  The 

tissue culture media formulation of Ham’s F-12 media with L-glutamine supplemented 

with 10 % FBS and 1 % penicillin/streptomycin and the associated culture parameters 

were designated as ‘proliferating conditions’.  Once BeWo cells reached 80 % 

confluency, they were passaged using a trypsin (0.05 %) – EDTA solution (Cat. # 

15400054; Life Technologies, Burlington, Ontario, Canada) into new 75 cm2 culture 

flasks with fresh media at a ratio of 1:4.  In order to promote syncytialization of BeWo 

cells, the same conditions above were utilized except that the media was changed to 

Ham’s F-12K (Cat. # 21127-022; Life Technologies, Burlington, Ontario, Canada) 

containing 10 % FBS, 1 % penicillin/streptomycin and 50 µM forskolin (Cat. # F6886; 

Sigma Chemical Co, St Louis, Missouri, USA).  This media composition and culture 

parameters were designated as ‘syncytialization conditions’.     

 

2.3 BeWo Syncytialization Time Course  

 

BeWo cells were seeded on 22 x 22 mm glass coverslips (2.5 x 105 

cells/coverslip) seated in 35 mm culture dishes or in 6 well tissue culture plates.  Cells 
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were grown in proliferating conditions for 24 h for immunofluorescence experiments.  

Cells were either fixed in 4 % paraformaldehyde/PBS for 15 min (denoted 0 h) or 

subsequently cultured for 3, 6, 9, 12, 18, 24, 36 or 48 h in syncytialization promoting 

conditions followed by fixation in 4 % paraformaldehyde/PBS as described above.  Cells 

were then washed once with 1 x PBS for 5 min at room temperature (RT) and then placed 

at 4 oC in PBS until used for analysis.  For immunoblot analysis, cells grown under 

proliferating conditions (0 h) or for 3, 6, 9, 12, 18, 24, 36 or 48 h under syncytialization – 

promoting conditions were lysed as described in section 2.6.1.  Culture media was 

collected at 0 h and 48 h for enzyme-linked immunosorbent assay (ELISA) analysis of β-

hCG secreted from BeWo cells during the timecourse (see section 2.7). 

 

2.4 BeWo Transfection  

 

Following cell trypsinization and inactivation of trypsin with an equal volume of 

complete media containing 10 % FBS, BeWo cells were counted with a Hausser 

haemocytometer (Hausser Scientific, Horsham, PA, USA).  Cells were initially seeded on 

either 22 x 22 mm glass coverslips placed within 35 mm tissue culture dishes at 2.5 x 105 

cells/mL, or 6 well tissue culture plates at 3.5 x 105 cells/mL and cultured under 

proliferating conditions as described in section 2.1.  When the cells reached 

approximately 80 % confluence, they were washed with media that did not contain FBS 

or penicillin/streptomycin and transiently transfected with either empty pEGFP-C3 vector 

(Cat. # 6082-1; BD Clontech, Mountain View, California, USA), pEGFP-C3 containing 
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wild-type (wt)-ILK, pEGFP-C3 containing human E395K dominant-negative (dn)- ILK 

or pEGFP-C3 containing a human S343D constitutively active (ca)- ILK using 

Lipofectamine 2000 (Cat. # 11668-027; Life Technologies).  These vectors were obtained 

from Dr. Greg Hannigan (Associate Professor, Monash Institute of Medical Research, 

Victoria, Australia).  Transfections were carried out according to the detailed 

manufacturer’s instructions (Fig. 2.1).  For each coverslip/well, 2.0 µg of DNA was 

diluted in 50 µl of media without antibiotics or FBS.  For each coverslip/well, 8.0 µl of 

Lipofectamine 2000 was diluted in 50 µl of media in a separate tube without antibiotics 

or FBS and incubated for 5 min.  After the incubation, the DNA and Lipofectamine 

volumes were combined and incubated at RT for 20 min to allow the DNA-

Lipofectamine 2000 complexes to form.  The DNA-Lipofectamine 2000 complexes were 

added directly to the BeWo cells and the culture dishes were gently rocked back and forth 

to ensure proper mixing.  The cells were cultured for 6 h with the FBS/antibiotic - free 

proliferation media.  The cell media was then changed at 6 h and 24 h with either fresh 

proliferation or syncytialization media. 

For immunofluorescence experiments to determine the incidence of 

syncytialization or β-hCG expression (described in section 2.5), cells were fixed in 4 % 

paraformaldehyde/PBS solution as described in section 2.3 and subsequently washed 

once with 1 x PBS for 5 min at RT.  For immunoblot analysis, 48 h post transfection the 

cells were lysed as described in section 2.6.  For β-hCG analysis by ELISA, culture 

media was collected at 0 h and 48 h post transfection as described in section 2.7. 
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Figure 2.1. Transient transfection of BeWo cells.  BeWo cells were transiently 

transfected with pEGFP, pEGFP-dnILK, pEGFP-wtILK or pEGFP-caILK. 

For each transfection, 2.0 µg of DNA was diluted in 50 µl of media without serum or 

antibiotics in a microcentrifuge tube.  In a separate tube, 8.0 µl of Lipofectamine 2000 

was diluted in 50 µl of media without antibiotics or FBS and incubated for 5 min.  After 

the incubation, the DNA and Lipofectamine volumes were combined and incubated at RT 

for 20 min to allow the DNA-Lipofectamine 2000 complexes to form.  The DNA-

Lipofectamine 2000 complexes were added directly to the BeWo cells and the culture 

dishes were gently rocked back and forth to ensure proper mixing.  The cells were 

cultured for 6 h with the FBS/antibiotic - free proliferation media.  The cell media was 

then changed at 6 h and 24 h with either fresh proliferation or syncytialization media. 
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2.5 Immunocytochemical Analysis of BeWo Cells  

  

For immunocytochemical analysis of ILK, E-cadherin, PARP, Snail or β-hCG in 

BeWo cells following a syncytialization time course or ILK fusion protein 

overexpression, all coverslips containing cells were placed in PBS with 0.1 % Triton X-

100 (PBT) for 15 min at RT under constant agitation and washed with 1 X PBS for 

another 5 min.  The cells were then blocked in a 5 % normal goat serum/ 1 % horse 

serum/ 1 % FBS in PBS for 1 h at RT under constant agitation, then incubated for either 1 

h at RT or overnight at 4 oC in appropriate antisera (Table 2.1).  Affinity-purified mouse 

and rabbit IgG (Cat. # 015-000-003, #011-000-003, Jackson ImmunoResearch Labs Inc, 

West Grove, USA) at the same concentrations as the primary antisera, served as negative 

controls for immunocytochemical analyses.  After 3 washes in PBT for 5 min each the 

cells were incubated in appropriate secondary antisera (Table 2.1) for 1 h at RT under 

constant agitation.  The cells were washed 2 times with PBT for 5 min each, followed by 

a final 5 min wash in PBS.  The coverslips were then mounted in Vectashield containing 

DAPI (Cat. # H-1200; Vector Laboratories Inc., Burlington, Ontario, Canada).  All cells 

were observed using a Leica DM-IRE inverted microscope (Leica Microsystems, 

Richmond Hill, Ontario, Canada) equipped for epifluorescence illumination and attached  

to a Retiga Exi CCD camera (QImaging, Burnaby, British Columbia, Canada).  Openlab 

Image Analysis software (Version 5.5; Improvision, Inc., Lexington, Masssachusetts, 

USA) was used for image capture and analysis.  The incidence of syncytialization in 

clusters of transfected cells, grown on 2 coverslips per transfection group, was scored by  



Table 2.1:  Antisera utilized for immunofluorescence and immunoblot analysis 

Antisera Method Dilution Company Catalogue 
# 

Mouse anti-ILK  IF 1:100 Abcam ab49979 
Rabbit anti-ILK IB 1:2000 Cell Signaling Technology 3862 
Rabbit anti-E-cadherin IF 1:250 Abcam ab15148 
Mouse anti-E-cadherin 
 

IF 
IB 

1:1000 
1:10000 

EMD Biosciences 205602 

Rabbit anti β-hCG IF 1:500 Dako Canada A0231 
Mouse anti-
pAKT1(Ser473) 

IF 1:100 Cell Signaling Technology 4051 

Rabbit anti-
pAKT1(Ser473) 

IB 1:1000 Cell Signaling Technology 9271 

Anti-phospho-
GSK3β(Ser-9) 

IB 1:1000 Cell Signaling Technology 9336 

Mouse anti-PARP IF 
IB 

1:200 
1:1000 

Invitrogen 436400 

Rabbit anti-Snail IF 
IB 

1:200 
1:1000 

Abcam ab17732 

Rabbit anti-syncytin 
(HERV) 

IB 1:1000 Abcam ab71115 

Rabbit anti-GAPDH IB 1/2500 Abcam ab9485 
Rabbit anti-ERK2 IB 1/2000 Abcam ab7948 
Rabbit anti-GSK3β IB 1/1000 Abcam ab18893 
FITC-Sheep anti-
RabbitIgG 

IF 1:250 Sigma Chemical Co. F7512 

RRX-Donkey anti-
Mouse IgG 

IF 1:150 Jackson ImmunoResearch 
Labs Inc 

715-295-
150 

RRX-Donkey anti-
Rabbit IgG  

IF 1:250 Jackson ImmunoResearch 
Labs Inc 

711-295-
152 

ChromPure Mouse IgG IF N/A* Jackson ImmunoResearch 
Labs Inc 

015-000-
003 

ChromPure Rabbit IgG IF N/A* Jackson ImmunoResearch 
Labs Inc 

011-000-
003 

HRP-Goat anti-Rabbit 
IgG 

IB 1:20000 Pierce 31460 

HRP-Goat anti-Mouse 
IgG 

IB 1/10000 Pierce 31430 

IF: Immunfluorescence, IB: Immunoblot, FITC: Fluorescein isothiocyanate, RRX: Rhodamine-Red-X, 
HRP: horseradish peroxidase     * Dependent on concentration of primary antisera utilized 
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the presence or absence of E-cadherin immunostaining in 20 microscopic high power 

fields of view (400 x observed magnification).  The use of E-cadherin immunostaining 

has been utilized for assessment of trophoblast fusion in the past (Getsios et al., 2001; 

Getsios and MacCalman, 2003; Brown et al., 2005).  Syncytialization was considered 

genuine when at least 3 or more nuclei were present in the same membrane-bound  

cytoplasm.  The incidence of β-hCG expression in transfected cells was also scored in the 

same manner as E-cadherin, by the presence or absence of β-hCG immunostaining in 20 

microscopic high power fields of view (400 x observed magnification). 

Quantification of ILK, PARP and Snail protein expression in cell nuclei during 

BeWo syncytialization (timecourse) was performed using ImageJ Software (Rasband, 

http://imagej.nih.gov/ij/, 1997-2012) on 40 cells per time point (0, 12, 24 and 48 hrs) for 

each experiment and corrected total cell fluorescence was calculated.  Cells were chosen 

randomly from at least 10 pictures for each time point.  The image data was imported into 

ImageJ as an RGB (Red, Green, Blue) image and was converted to 8 bit to more 

accurately quantify signal intensity.  The nucleus in the cell of interest was first selected 

using the free form drawing tool and the area, integrated density and mean gray value 

were measured.  A region next to the cell of interest was then selected to serve as the 

background.  These steps were then repeated to measure the nuclear fluorescence of all 

the other cells at each time point in the 3 experiments.  The corrected total cell 

fluorescence (CTCF) was calculated using the formula; CTCF = Integrated Density – 

(Area of selected cell x Mean fluorescence of background readings) (Conn, 2013).  
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2.6 Polyacrylamide Gel Electrophoresis and Immunoblot Analysis of BeWo cells  

 

2.6.1 BeWo Cell Lysate Preparation  

 

 To prepare cell lysates from syncytialization timecourse experiments (section 2.3) 

or ILK fusion protein overexpression studies (section 2.4), 250 µL of NP-40 lysis buffer  

[50 mM Tris {tris(hydroxymethyl)aminomethane} pH 8.0, 150 mM NaCl, 1 % Nonidet 

P-40) containing 100 µM sodium orthovanadate and COMPLETE Mini EDTA-free 

inhibitors (Cat. # 04693124001; Roche Molecular Biochemicals, Laval, Quebec, Canada) 

were added to each tissue culture well.  Cells were then harvested with a plastic cell 

scraper, placed in a 1.5 mL microcentrifuge tube on ice and homogenized with moderate 

repeated pipetting.  Samples were cleared by centrifugation at 15 000 x g at 4 oC for 15 

min and the supernatants retained and stored at -20 oC until used for immunoblot 

analysis.  

 

 

2.6.2 SDS-PAGE and Western Blot Analysis 

 

For all immunoblot analysis, sample protein concentrations were determined by 

the Bradford Assay using the Bio-Rad protein assay dye reagent (Cat. # 500-0006; Bio-

Rad Laboratories, Mississauga, Ontario, Canada).  All protein samples combined with 

appropriate volumes of NP-40 lysis buffer and loading dye were heated to 95 oC for 5 
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min prior to electrophoresis.  The protein samples (30 µg of total protein/lane) were then 

separated electrophoretically alongside a BioRad molecular weight marker (Cat. # 161-

0363; Bio-Rad Laboratories, Mississauga, Ontario, Canada) in 10 % polyacrylamide gels 

under denaturing conditions at 75 volts for 45 min, or until the protein moved from the 

stacking gel into the resolving gel, and at 95 volts for approximately 2 h in the resolving 

gel.  Gels were then electroblotted to Pierce 0.45 µm nitrocellulose membranes (Cat. 

#88018; Fisher Canada, Nepean, Ontario, Canada) at 300 mA for 2 h in transfer buffer 

(39 mM glycine, 48 mM Tris base, 0.037 % SDS).  Unless otherwise stated, all washes 

and antisera incubations were conducted at RT under constant agitation.  Membranes 

were washed three times for 5 min each with Tris buffered saline Tween-20 (TBST; 20 

mM Tris base, 137 mM NaCl, and 0.1 % Tween-20, pH 7.6).  The membranes were 

initially blocked with 5 % milk powder in TBST for 1 h.  Appropriate antisera (Table 2.1) 

diluted in blocking solution were added to the membranes and incubated at 4 oC 

overnight.  The next day, membranes were washed one time for 15 min, then 4 X for 5 

min each with TBST and then incubated in relevant horseradish peroxidase (HRP)-

conjugated goat secondary antisera (HRP- Goat anti-Rabbit IgG Cat. # 31460, HRP-Goat 

anti-Mouse IgG Cat. # 31430; Pierce Biochemicals, Rockford, Illinois, USA) for 1 h.  

The membranes were then washed 1 X for 15 min and 3 times for 5 min each in TBST.  

The protein-antisera complexes on the immunoblot were then detected using the Pierce 

SuperSignal West Pico chemiluminescent substrate detection system (Cat. # 34080; MJS 

Biolynx Inc., Brockville, Ontario, Canada) and multiple exposures were generated on 
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enhanced chemiluminescence optimized X-ray film to ensure the linearity of the film 

responses.   

 

2.7 β – hCG ELISA Analysis 

 

To assess β-hCG secretion from BeWo cells used in syncytialization timecourse 

(section 2.3) or transfection experiments (section 2.4), culture media samples were 

collected and the ELISA was carried out with a β-hCG ELISA kit (Cat. # EIA- 1469; 

DRG Diagnostics, New Jersey, USA) according to the manufacturer’s instructions.  

Twenty-five microlitres of each standard (0 mIU/mL β-hCG, 5 mIU/mL β-hCG, 25 

mIU/mL β-hCG, 50 mIU/mL β-hCG, 100 mIU/mL β-hCG and 200 mIU/mL β-hCG) and 

sample media were dispensed into appropriate wells coated with a monoclonal antibody 

directed towards a unique antigenic site on the β-hCG molecule.  Then, 100 µl of the 

enzyme conjugate (Anti- β-hCG antibody conjugated to HRP) was added to each well 

and thoroughly mixed for 10 sec.  The plate was subsequently incubated for 1 h at RT.  

The contents of the well were removed and the wells were rinsed 5 X with 400 µl of 

distilled water.  One hundred microliters of substrate solution (Tetramethylbenzidine) 

was added to each well and incubated for 15 min at RT.  The reaction was halted by 

adding 50 µl of stop solution (containing 0.5 M H2SO4) to each well.  Within 10 min of 

adding the stop solution the optical density of solution in each well was read at 450 nm 

with a Beckman Anthos microtiter plate reader (MTX Lab Systems, Virginia, USA).  
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Protein concentrations were determined using the Bradford assay and the Bio-Rad protein 

assay dye reagent as described previously. 

 

2.8 ILK Kinase Assays 

 

 BeWo cells were seeded in 35 mm culture dishes at 2.5 x 105 cells/well and 

cultured in either proliferating conditions or syncytialization conditions (see section 2.1).   

After 48 h of culture, the cells were lysed using NP-40 lysis buffer containing 100 µM 

sodium orthovanadate and Complete Mini EDTA-free protease inhibitors.  Protein 

concentrations were determined using the Bradford Assay and the Bio-Rad protein assay 

dye reagent as described previously.  For immunoprecipitation, 4.0 µg of mouse 

monoclonal ILK antisera or non-specific IgG (control antibody) (see Table 2.1) was 

added to 400 µg of appropriate BeWo cell protein lysate and incubated overnight at 4 oC 

with gentle agitation.  Fifty microlitres of TrueBlot anti-mouse IP beads (Cat. # 00-8811; 

eBiosciences, San Diego, California, USA) were added to each sample and incubated for 

2 h at 4 oC with gentle rocking.  The ILK-antibody-bead complexes were then collected 

by centrifugation at 13,000 x g for 1 min at 4 oC and subsequently washed 3 X with 500 

µl of NP-40 lysis buffer followed by 3 washes with 500 µl of kinase buffer (Cat. # 9802; 

Cell Signaling, Pickering, Ontario, Canada).  The ILK-antibody-bead complexes were 

always kept on ice.  Complexes were then each suspended in 50 µl of kinase buffer 

supplemented with 1.0 µl of 10 mM ATP (Cat. # 9804; Cell Signaling, Pickering, 

Ontario, Canada) along with 1 µg of the substrate, GSK-3β fusion protein, (Cat. # 9237; 
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Cell Signaling, Pickering, Ontario, Canada) and incubated for 30 min at 30 oC.  The 

reaction was terminated after 30 min with 12.0 µl of 5 x SDS polyacrylamide gel loading 

buffer (60 mM Tris-Cl pH 6.8, 2 % SDS, 10 % glycerol, 5 % β-mercaptoethanol, 0.01 % 

bromophenol blue) followed by vortexing and centrifugation for 30 sec at 14,000 x g.  

All samples were heated to 95 oC for 5 min prior to loading on 10 % polyacrylamide gels, 

SDS-PAGE and electroblotting to Pierce 0.45 µm pore nitrocellulose membrane (Cat. 

#88018; Fisher Canada, Nepean, Ontario, Canada).  Immunoblot analyses of 

phosphorylated GSK-3β (Ser-9) and ILK proteins were then conducted following 

methods described above (section 2.6).  

 

2.9 Immunofluorescence Analysis with Human Placental Chorionic Villous Tissue 

 

Human placental tissue was fixed overnight in 4 % paraformaldehyde/PBS while 

shaking at RT and then rinsed overnight in 1 x PBS.  Samples were dehydrated in 

ascending concentrations of ethanol, followed by xylene penetration and embedment in 

paraffin wax, sectioned (5 µm thick) and mounted on microscopic slides by the Histology 

Unit of the Faculty of Medicine, Memorial University of Newfoundland.   

Sections were deparaffinized by submerging slides in xylene 3 X for 5 min each.  

Sections were then rehydrated by immersing the slides in descending concentrations of 

ethanol (100 %, 95 %, 90 %, 80 %, 70 % and 50 %) for 3 min each and soaked in 1 × 

PBS for 10 minutes.  The tissue sections were then circled with an ImmEdge Pen (Cat. # 

H-4000; Vector Laboratories, Burlington, Ontario, Canada).   
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Following tissue section rehydration, epitope retrieval was conducted by one of 

two ways.  Heat-induced epitope retrieval was accomplished by using a solution of 0.01 

M sodium citrate solution (pH 6.0).  This solution was heated in a microwave until 

boiling.  The slides were then immersed in this solution and placed in a covered boiling 

water bath for 10 min.  This retrieval procedure was repeated 3 - 5 times.  Tissues were 

then cooled for 20 min and rinsed with 1 x PBS for 10 min.  For epitope retrieval using 

trypsin, tissues sections were incubated with 0.1 % Trypsin/PBS for 10 min at RT 

followed by a subsequent wash in 1 x PBS.   

Two serially cut placental tissue sections were present on each slide for all 

experiments.  Sections were blocked in 5 % normal goat serum/1 % horse serum/1 % 

FBS in PBS for 1 h at RT with constant agitation.  One section of the slide was then 

incubated in appropriate primary antisera (Table 2.1) diluted in blocking solution while 

the adjacent serial section on the slide was incubated in affinity- purified IgG of the 

appropriate species, at the same concentration as the primary antisera, to serve as a 

negative control.  These incubations were conducted overnight at 4 oC.  All tissue 

sections were then washed 2 x  with 1 x PBS for 5 min each and were incubated with 

Rhodamine-Red-X- conjugated donkey anti-mouse or FITC-conjugated donkey anti-

rabbit secondary antisera (Table 2.1), diluted in blocking solution, for 1 h at RT with 

constant agitation. The sections were then washed twice with 1 x PBS containing 0.02 % 

Tween 20 for 5 min each and mounted in Vectashield containing DAPI (Cat. # H-1200; 

Vector Laboratories Inc., Burlington, Ontario, Canada) with a 24 mm x 50 mm coverslip 

and secured with nail polish.   
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For co-localization experiments the same protocol was used; however, following 

incubation in the appropriate secondary antisera, tissues were washed twice in 1 x PBS 

and were then re-blocked for 1 h in blocking solution while shaking at RT.  The next 

appropriate primary antisera (Table 2.1) was then added to the proper section on the slide 

overnight at 4 oC under constant agitation.  Affinity-purified IgG of the appropriate 

species, at the same concentration as the primary antisera, was again added to the 

adjacent serial section on the slide to serve as a negative control.  All tissue sections were 

then washed twice with 1 x PBS for 5 min each and were again incubated with 

appropriate secondary antisera (Table 2.1) diluted in blocking solution for 1 h at RT with 

constant agitation. The sections were then washed twice with 1 x PBS containing 0.02 % 

Tween 20 for 5 min each and then mounted in Vectashield containing DAPI as described 

above.  Experiments were repeated at least 3 times using placental tissue samples from at 

least 3 different patients.  All slides were observed using a Leica DM-IRE2 inverted 

microscope (Leica Microsystems) equipped for epifluorescence illumination and attached 

to a Retiga EXi CCD camera (QImaging).  Openlab Image Analysis software (Version 

5.5.1; Improvision, Inc.) was used for image capture and analysis.  

 

2.10 Luciferase Reporter Assays  

 

2.10.1 Vectors and Cell Electroporation 
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To assess GCM, PARP and Snail gene promoter activity in BeWo cells under 

proliferation and syncytialization conditions, BeWo cells were cultivated as described in 

section 2.2.  Approximately 1.0 x 106 cells were centrifuged at 100 x g for 5 min at RT.  

During centrifugation of the cells, 18 µl of Nucleofector supplement was added to 82 µl 

of Nucleofector solution L (ratio 1:4.5; Nucleofector Kit L, Cat. # VVCA-1005; ESBE 

Scientific, Markham, Ontario, Canada) in a microfuge tube and was gently mixed.  After 

centrifugation of the BeWo cells, the supernantant was completely removed and 

discarded and the Nucleofector solution L-supplement was added to the cells and mixed 

gently.  Then 1.8 µg of one of five luciferase reporter expression vectors: GCM1 

PROM_01 (Cat. # S101612; Switchgear, Menlo Park, CA, USA), PARP1 PROM_01 

(Cat. # S119690; Switchgear), SNAI1 PROM_01 (Cat. # S122793; Switchgear), 

EMPTY_PROM (Cat. # S190005; Switchgear) or GAPDH PROM_01 (Cat. # S121624; 

Switchgear) and 0.2 µg of a β-galactosidase reporter construct that was obtained from Dr. 

Laura Gillespie (Memorial University of Newfoundland, St. John’s, NL, Canada) were 

added to the cell mixture and mixed gently.  In each of these luciferase reporter vectors, 

the DNA sequence of interest (either GCM1 promoter, SNAI1 promoter, or GCM1 

promoter) is cloned into the multiple cloning site, upstream from the luciferase reporter 

gene.  This cell/DNA mixture was then transferred to a certified nucleofector cuvette and 

inserted into the nucleofector cuvette holder (Amaxa Nucleofection System, Enzo Life 

Sciences) for transient transfection with program X-005.  This program has been reported 

to be optimal for transfection of BeWo cells (Forbes et al., 2009).  Five hundred 

microlitres of pre-warmed proliferation media was added to the cells and the cells were 
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then transferred to appropriate wells in a 6 well plate and incubated overnight.  The next 

day the cells were cultured in either proliferation or syncytialization conditions, with 

media being renewed every 24 h.  After 48 h the cells were lysed and assayed for the 

presence of the reporter by directly measuring the enzymatic activity of the reporter 

protein. 

To determine if ILK fusion protein overexpression in BeWo cells could regulate 

GCM1, PARP or Snail gene promoter activity, BeWo cells were again cultivated as 

described in section 2.2.  Following cell detachment and counting, approximately 1.0 x 

106 cells were centrifuged at 100 x g for 5 min at RT.  During centrifugation of the cells 

the Nucleofector solution/supplement was prepared as described above.  After 

centrifugation, the supernatant was completely removed and discarded and the 

Nucleofector solution/supplement was added to the cells and mixed gently.  Then 1.8 µg 

of empty pEGFP-C3 vector (Cat. #6082-1; BD Clontech, Mountain View, CA, USA), 

pEGFP-C3 containing wt-ILK, dn-ILK, or ca-ILK along with 0.2 µg of a β-galactosidase 

construct and 0.2 µg of 1 of the 5 luciferase reporter expression vectors (described above) 

were added to the cell mixture and mixed gently.  This cell/DNA mixture was then 

transferred to a certified nucleofector cuvette for transient transfection using program X-

005.  Cells were then transferred to a 6-well plate and cultured in syncytialization 

conditions as described above.  After 48 h the cells were lysed and assayed for luciferase 

activity. 

 

2.10.2 Measurement of Luciferase Activity 
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BeWo cells that had been transiently transfected with the luciferase reporter 

constructs alone or the luciferase reporter constructs along with the pEGFP -C3- ILK 

vectors were lysed 48 h after the first media renewal.  The cells were washed with 1 x 

PBS and then 150 µl of 1 X Cell culture lysis reagent (Cat. # E1531; Fisher Scientific, 

Nepean, Ontario, Canada) was added to the cells and the tissue culture plates kept cold on 

ice. Cells were harvested with a plastic cell scraper and homogenized with moderate 

pipetting.  The cell lysates were placed in 1.5 ml microcentrifuge tubes and vortexed for 

10-15 sec.  The cell lysates were then centrifuged at 12 000 x g for 2 min at 4 oC and the 

supernatants retained for luciferase activity measurements.   

 For the luciferase activity analyses, all samples were measured at ambient 

temperature.  The luminometer was programmed to perform a 2 sec measurement delay 

followed by a 10 sec measurement read for luciferase activity.  One hundred microliters 

of luciferase assay reagent (Cat. # E1483, Fisher Scientific, Nepean, Ontario, Canada) 

was added into a luminometer tube, one tube per sample.  Then 20 µl of cell lysate was 

added to the tube and the solution was mixed by repeated pipetting for 5 sec.  The tube 

was then placed in the luminometer to initiate reading.  The relative luminescent intensity 

was then recorded for each sample.  Luciferase activity was corrected for protein 

concentration measured by the Bradford assay (Bio-Rad) and calculated as luciferase 

units per milligram of protein.  All assays were performed in triplicate. 

 A β-galactosidase assay was performed on each sample to normalize for 

transfection efficiency.  Thirty microliters of cell lysate was diluted with 20 µl of 1x cell 

culture lysis reagent.  The diluted cell lysate was placed into the wells of a 96-well plate 
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and 50 µl of 2x assay buffer (Cat. # E2000; Promega, WI, USA) was added and mixed in 

the well.  A cover was placed over the plate and the plate was left to incubate at 37 oC for 

2 h.  The reaction was stopped using 150 µl of 1M sodium carbonate.  The absorbance 

was read at 420 nm in a plate reader to measure β-galactosidase activity. 

 

2.11 siRNA Knockdown of ILK  

 

BeWo cells were cultivated as previously described in section 2.2.  Following cell 

trypsinization and counting, 1.0 x 106 cells were centrifuged at 90 x g for 5 minutes at 

RT.  During centrifugation of the cells, the Nucleofector solution/supplement was 

prepared as previously described (see section 2.10.1).  After centrifugation, the 

supernatant was completely removed and the Nucleofector solution/supplement was 

added to the cells and mixed gently.  Five hundred nM of ON-TARGETplus 

SMARTpool human ILK siRNA (Cat. #. L-004499-00-0050; Dharmacon, Lafayette, 

Colorado, USA) or 500 nM of ON-TARGETplus non-targeting pool siRNA (Cat. # D-

001810-10-20; Dharmacon) along with 20 nM of siGLO Green Transfection Indicator 

(Cat. # D-001630-01-20; Dharmacon) was added to the cell mixture and mixed gently.  

This cell/DNA mixture was then transferred to a certified nucleofector cuvette and the 

BeWo cells transfected using program X-005.  Five hundred µL of pre-warmed 

proliferation media was added to the cells and the cells were then transferred to glass 

coverslips seated in 35 mm culture dishes and incubated overnight.  The next day the 

cells were cultured in syncytialization conditions, with media being renewed 24 h later.  
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After 48 h the BeWo cells were washed twice with 1 × PBS for 5 min each.  For 

immunofluorescence analysis the cells were then fixed in 4 % paraformadehyde/ PBS for 

15 min, washed once with 1 × PBS for 5 min, and analyses performed on all cells as 

described previously (see section 2.5).  The primary antibody used for 

immunocytochemistry was a mouse monoclonal E-cadherin specific antisera (Table 2.1).   

The incidence of syncytialization in transfected cells containing SiGLO 

transfection indicator, upon ILK depletion, compared to control was scored by the 

presence or absence of E-cadherin immunostaining in forty microscopic high power 

fields of view (400× observed magnification).  Syncytialization was considered genuine 

when at least 3 or more nuclei were present in the same cytoplasm.  To demonstrate ILK 

depletion immunoblot analysis was performed using the Rabbit anti-ILK specific antisera 

on lysates collected from BeWo cells transfected with either ON-TARGETplus 

SMARTpool human ILK siRNA or ON-TARGETplus non-targeting pool siRNA (see 

section 2.6.1 and 2.6.2).   

 

 

2.12 Data Analysis 

 

Statistical analysis was performed with GraphPad Prism version 5.01 (GraphPad 

Software, San Diego, California, USA).  Statistical significance for the determination of 

the incidence of BeWo cell fusion, intracellular β-hCG expression, quantification of 

nuclear immunofluorescence and luciferase assays were analyzed with a one-way 
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analysis of variance (ANOVA) and a Newman-Keuls multiple comparisons test.  Values 

were considered significantly different if p < 0.05.  Densitometric analyses of 

immunoblot data was conducted with Image J and were also analyzed with a one-way 

analysis of variance (ANOVA) and a Newman-Keuls multiple comparisons test. 
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Chapter 3 - Results 
 
 
 
3.1 ILK Expression during Syncytialization in BeWo Cells 
 
 

 ILK protein expression was highly detectable in the lysates from BeWo cells that 

were cultured under proliferation conditions (t = 0 h; Fig. 3.1A).  When BeWo cells were 

cultured under syncytialization – promoting conditions (t = 3 h - 48 h), using Ham’s F-     

12 K media + 25 µM Forskolin, ILK expression decreased by 6 h of culture and a 

densitometric analysis of ILK expression revealed that it was significantly lower by 12 h 

of culture under syncytialization conditions relative to 0 h (Fig. 3.1B; p < 0.05).  ILK 

expression quickly recovered and after 48 h of culture expression reached levels 

comparable to 0 h.     

 To assess if ILK activity was altered during BeWo syncytialization, ILK activity 

was measured using GSK3β fusion protein as a substrate.  Phosphorylation of GSK3β 

was found to be markedly higher in BeWo cells cultured under syncytialization – 

promoting conditions for 48 h compared to activity in cells cultured under proliferating 

conditions for the same period of time (Fig. 3.1C).  Total GSK3β (GST-GSK3β) 

detection was similar in both proliferating and syncytializing BeWo cells (Fig. 3.1C).   

 Concomitant with increased ILK activity during syncytialization, syncytin 1 

expression was also increased in BeWo cells undergoing syncytialization as seen in a 

representative immunoblot (n=4) of syncytin 1 expression in BeWo cells that were  

cultured under syncytialization – promoting conditions or proliferation conditions for 48h  
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Figure 3.1.  ILK protein expression and catalytic activity during BeWo 

syncytialization.  A) Immunoblot analyses of ILK protein expression during a timecourse 

(0 h – 48 h) of BeWo syncytialization.  Representative immunoblot is shown from 4 

independent experiments.  Cells were grown in proliferation conditions (0 h) or for 3, 6, 9, 

12, 18, 24, 36 and 48 h in syncytialization conditions.  Western blot analysis was 

performed on total protein (30 µg) from BeWo cells during the timecourse using an 

antibody against ILK.  GAPDH expression was used as a control to illustrate comparable 

protein loading of all gel lanes.  B) Densitometric analysis of ILK protein expression 

during the timecouse of BeWo syncytialization.  Results were normalized to GAPDH 

protein expression (n=4).  The average optical density for 0 h was designated as 1.0 so that 

the additional time points could be standardized to it.  a, p < 0.05 vs 0 h and 48 h;  b, p < 

0.05 vs 0 h.  C) Representative immunoblots from in vitro kinase assays (n = 3) of ILK 

catalytic activity in BeWo cells cultured under proliferating or syncytialization conditions 

(Syncytial.) for 48 h.  Syncytial. –IgG only = immunoprecipitations with non-specific IgG 

in place of ILK antisera.  P-Ser-9-GSK3β = phosphorylated GST-GSK3β fusion protein.  

GST-GSK3β = total fusion protein used in the assay.  D) A representative immunoblot 

using BeWo cell lysate from the in vitro kinase assays in (C) demonstrating increased 

syncytin 1 protein expression after 48 h of BeWo cell culture in syncytial- ization 

conditions (Syncytial.) compared to proliferating conditions (0 h).  Erk2 expression was 

used as a control demonstrating comparable protein loading between gel lanes.  E) A 

representative ELISA using media collected from the in vitro kinase assay in (C) 

demonstrating increased β-hCG secretion from BeWo cells after 48 h of culture in  

syncytialization conditions compared to BeWo cells under proliferating conditions (n= 4). 
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(Fig. 3.1D).  Furthermore, using an ELISA to detect the presence of the β-hCG antigen in   

these BeWo cells, it was shown that there was increased β-hCG secretion in BeWo cells 

undergoing syncytialization compared to cells that were cultivated under proliferation 

conditions for 48 h (Fig. 3.1E).  Similar results were previously described in BeWo cells 

(Kudo and Boyd, 2002a; Kudo et al., 2004).  Since increased syncytin 1 expression and 

β-hCG secretion in BeWo cells are indicators of syncytialization, these results 

demonstrate that ILK protein expression and activity are dynamically regulated during 

this process.   

 It was also found that the spatial localization of ILK changed dynamically during 

BeWo syncytialization (Fig. 3.2 and 3.3).  Using immunofluorescence analysis it was 

found that under proliferating conditions (0 h), ILK was localized mainly in the cell 

cytoplasm, at focal adhesion-like structures and at cell-cell adhesions (arrows) that were 

marked by E-cadherin localization (Fig. 3.2 insert).  Once BeWo cells were cultivated 

under syncytialization – promoting conditions (12 h -48 h), ILK localization shifted over 

the timecourse of culture to an increased nuclear localization that was concomitant with 

decreasing/absent E-cadherin detection in cell-cell adhesions (Fig. 3.2).  However, ILK 

could still be detected at decreased levels in the cytoplasm at 12 h and at focal adhesion 

like structures at the cell periphery for 24 h to 48 h (Fig. 3.2 arrowheads).  Quantification 

of ILK protein expression in BeWo cell nuclei, using ImageJ, over a timecourse of 

syncytialization showed a significant increase in ILK protein expression in BeWo cell 

nuclei at 24 and 48 h of culture under syncytialization conditions compared to culture in 

proliferation conditions (0 h) (Fig 3.3; p < 0.05).  There was also a significant increase at  
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Figure 3.2.  Immunofluorescence analyses for E-cadherin and ILK protein 

expression in BeWo cells during a timecourse of syncytialization.  BeWo cells were 

cultivated in proliferating conditions (0h) or in syncytialization promoting conditions  

(12 h – 48 h) followed by fixation in 4% paraformaldehyde/PBS.  Cells were then stained 

with both E-cadherin and ILK specific antisera to determine the spatial expression of 

endogenous E-cadherin and ILK during proliferation and syncytialization.  ILK appeared 

to increasingly localize to the cell nuclei of BeWo cells in addition to the cytoplasm and 

to focal adhesions (arrowheads, 24 h – 48 h) while E-cadherin expression decreased (12 h 

and 48 h) or was absent (24 h) due to cell syncytialization.  Arrows in 0 h panels show 

the position of ILK and E-cadherin localization in the insets.  IgG insets, non-specific 

immunoglobulins of the appropriate animal species were used as specificity controls in 

place of the primary antisera.  Nuclei in E-cadherin immunofluorescence panels were 

stained blue with DAPI.  Scale bars = 25 µm.  Data are representative of three 

independent experiments.   
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Figure 3.3.  Quantification of ILK nuclear protein expression in BeWo cells during a 

timecourse of syncytialization.  BeWo cells were cultivated in proliferating conditions 

(0h) or syncytialization promoting conditions (12, 24 and 48 h) followed by fixation in 

4% paraformaldehyde/PBS.  Cells were then stained with ILK specific antisera.  

Representative images were taken to show the localization of ILK in BeWo cells cultured 

under proliferation (0h) conditions and for 12, 24 and 48 h under syncytialization 

conditions.  The fluorescence was measured in 40 nuclei per unit of time in each of 3 

experiments using ImageJ.  Cells were chosen randomly from multiple pictures for each 

time point.  The image data was imported into ImageJ as an RGB (Red, Green, Blue) 

image and was converted to 8 bit.  The nucleus in the cell of interest was selected and the 

area, integrated density and mean gray value were measured.  A region next to the cell of 

interest was then selected to serve as the background.  These steps were then repeated to 

measure the nuclear fluorescence of all the other cells at each time point in the three 

experiments.  The corrected total cell fluorescence (CTCF) was calculated using the 

formula; CTCF = Integrated Density – (Area of selected cell x Mean fluorescence of 

background readings) and the average nuclear fluorescence (± SEM) was plotted for the 

timecourse of syncytialization. a, p <0.05, 24 h vs 12 h or 0h, n=3; b, p <0.05, 48 h vs 24 

h, 12 h or 0 h, n=3. 
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24 h compared to 12 h under syncytialization conditions.  Lastly, there was a significant  

increase in ILK protein expression at 48 h compared to 12 and 24 h of culture under 

syncytialization conditions (Fig. 3.3; p < 0.05).  It is known that when BeWo cells are 

cultured under syncytialization – promoting conditions, they can attain up to 80 % 

syncytialization (Rote, 2005).  Therefore not all BeWo cell clusters undergo  

syncytialization.  Figure 3.4 illustrates this fact.  It can be seen that in a specific group of  

BeWo cells at 12 h (cultured under syncytialization – promoting conditions) there was a 

decrease in E-cadherin expression, indicating syncytialization.  At this time point ILK 

was localized to the cell nuclei (Fig. 3.4).  At 24 h, BeWo syncytialization was not 

evident in a different clump of cells, as marked by a sustained E-cadherin expression at 

cell – cell adhesions, and ILK localization to cell nuclei was not increased (Fig. 3.4). 

 

3.2 Consequences of ILK Fusion Protein Expression in BeWo cells 

  

 To determine if ILK overexpression was able to induce hormonal differentiation 

and syncytialization in the BeWo cell line, cells were transfected with pEGFP-C3 

expression vectors containing wt or mutant ILK cDNAs.  Transfected cells were initially 

cultivated under proliferation conditions for 6 h then grown under syncytialization – 

promoting conditions to assess the impact of the various EGFP-ILK proteins on 

trophoblast fusion.  The transient expression of EGFP-dn-ILK, EGFP-wt-ILK, and 

EGFP-ca-ILK for 48 h in BeWo cells cultured under syncytialization – promoting 

conditions resulted in a markedly high detection of these proteins on immunoblots at the  
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Figure 3.4.  Immunofluorescence analyses for E-cadherin (left panels) and ILK 

(right panels) protein expression in fused and non fused BeWo cells.  BeWo cells 

were cultivated in proliferating conditions (0h) or in syncytialization promoting 

conditions (12 h – 48 h) followed by fixation in 4% paraformaldehyde/PBS.  Cells were 

then stained with both E-cadherin and ILK specific antisera to determine the spatial 

expression of endogenous E-cadherin and ILK during proliferation and syncytialization.  

These representative images of BeWo cells grown under syncytialization conditions 

demonstrate that ILK localization to cell nuclei correlates with the downregulation of E-

cadherin expression at cell-cell membranes.  IgG insets, non-specific immunoglobulins of 

the appropriate animal species were used as specificity controls in place of the 

appropriate primary antisera.  Nuclei in E-cadherin immunofluorescence panels were 

stained blue with DAPI.  Scale bars = 25 µm.  Data are representative of three 

independent experiments.   

 

 

 

 

 

 



Non-
Fused
24  h

Fused  
12  h

Daniel MacPhee's MacBook Pro
100



101 
 

expected ~ 80 kDa (Fig. 3.5).  As expected, neither of these fusion proteins were detected  

in non-transfected BeWo cell lysates (control) or from cell lysates transfected with the  

pEGFP vector.  In addition, endogenous ILK protein with molecular weight ~ 51 kDa, 

was detected in all cell lysates (Fig. 3.5).  These results confirmed the integrity of these 

vectors and also demonstrated that the expression of the various EGFP-ILK proteins were 

comparable between the respective transfectants for our studies.  The expression of all the 

EGFP-fusion proteins was also readily observable by immunofluorescence (Fig. 3.6, 3.8 

and 3.9). 

 During the cultivation of transfected BeWo cells, under both proliferating and 

syncytialization conditions, cells were routinely monitored by phase contrast microscopy 

to qualitatively assess the condition and health of the cells.  To determine the incidence of 

syncytialization in cells transiently transfected with pEGFP, pEGFP-dnILK, pEGFP- 

wtILK or pEGFP-caILK expression vectors, E-cadherin presence (no syncytialization) or  

absence (syncytialization) in cell membranes of EGFP-fusion protein expressing cells  

was assayed by immunofluorescence analysis (Fig. 3.6).  Transient expression of dn-ILK  

(Fig 3.6; panels 4-6) in BeWo cells that were cultured under syncytialization – promoting  

conditions resulted in a slight decrease in trophoblast cell fusion, when compared to  

BeWo cells transfected with the pEGFP-C3 control vector (Fig. 3.6; panels 1-3);  

however, the decreased levels did not reach statistical significance (Table 3.1).  Transient  

expression of wt-ILK in BeWo cells (Fig. 3.6; panels 7-9) that were cultured under  

syncytialization – promoting conditions also resulted in a non-significant increase in 

trophoblast cell fusion when compared to BeWo cells that were transfected with the 

pEGFP-C3 control vector (Table 3.1).  In contrast, expression of the wt-ILK caused a  
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Figure 3.5.  Immunoblot analyses of transient expression of wildtype (wt), dominant 

negative (dn), and constitutively active (ca) EGFP-ILK fusion proteins in BeWo 

cells.  BeWo cells were transiently transfected with pEGFP-C3 expression vectors 

containing wildtype or mutant ILK cDNAs and cultivated under syncytialization – 

promoting conditions for 48 h.  Shown is a representative immunoblot (n = 3) 

demonstrating that the EGFP-ILK fusion proteins were readily detectable in BeWo cells 

48 h post-transfection and absent in the empty vector transfected cells (pEGFP) and 

untransfected control cells.  Endogenous ILK (ILK) was detectable in all transfected and 

non-transfected cell lysates and total ERK2 detection served as an indication of 

comparable protein loading between gel lanes. 
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Figure 3.6.  Immunocytochemical analysis of E-cadherin expression in BeWo cells 

overexpressing EGFP-ILK fusion proteins and cultivated under syncytialization 

conditions.  BeWo cells were transiently transfected with either pEGFP-C3 vector 

(EGFP) (panels 1-3), pEGFP-C3 containing dominant negative ILK (EGFP-dnILK) 

(panels 4-6), wildtype ILK (EGFP-wtILK) (panels 7-9) or constitutively active ILK 

(EGFP-caILK) (panels 10-12) and cultivated under syncytialization conditions for 48 h.  

Cells were then fixed in 4% paraformaldehyde, washed in PBS and immunostained for E-

cadherin to assess the impacts of the expression of various EGFP-ILK proteins on 

trophoblast fusion.  Nuclei were stained blue with DAPI.  Ms IgG = mouse IgG negative 

control.  Scale bar = 50 µm.  Data are representative of three independent experiments.   
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significant increase in trophoblast cell fusion when compared to dn-ILK expressing 

BeWo cells (p < 0.05; Fig. 3.6; Table 3.1).  Transient expression of ca-ILK in BeWo cells 

(Fig. 3.6; panels 10-12) cultured in syncytialization – promoting conditions resulted in a 

significant increase in trophoblast cell fusion when compared with dn-ILK and the 

pEGFP-C3 expressing cells (Table 3.1).           

 When BeWo cells are stimulated with an inducer of cAMP production, such as 

forskolin, it is well known that β-hCG expression and secretion are upregulated (Kudo et 

al., 2004), thus serving as a marker of trophoblast hormonal differentiation.  Thus, 

ELISA assays were conducted using a β-hCG ELISA kit, to quantitatively determine the 

amount of β-hCG secreted into the culture media by BeWo cells transiently transfected  

with the pEGFP-C3 expression vectors containing wt or mutant ILK cDNAs and 

cultivated under syncytialization – promoting conditions for 48 h.  From  

the ELISA analysis, it was demonstrated that there were no statistically significant 

differences in β-hCG secretion between the different populations of transfected BeWo 

cells (Fig. 3.7).  Since transfection efficiency was noted to be low (between 30-40%; data 

not shown)) in the BeWo cells, these results may be due to a background of β-hCG 

secretion from non-transfected cells.  The untransfected BeWo cells that were grown 

under proliferation conditions for 48 h (media control) had a significantly lower β-hCG 

secretion compared to the transiently transfected cells grown under syncytialization – 

promoting conditions.   

 To more specifically examine the potential influence of ILK overexpression on    

β-hCG expression, the cytoplasmic expression of β-hCG in transiently transfected BeWo  



Table 3.1:  The incidence of BeWo syncytialization in cells expressing exogenous 
pEGFPC3 expression vectors containing wildtype or mutant ILK cDNA and 
cultured under syncytialization - promoting conditions.  The incidence of BeWo 
syncytialization was determined by scoring the absence of E-cadherin 
immunolocalization in EGFP-fusion protein expressing cell clusters cultured under 
syncytialization conditions*.  Data are from three independent experiments.  SEM;  
standard error of the mean.      
 

Experiment BeWo + pEGFP-
C3 

BeWo + pEGFP-
C3 dn-ILK 

BeWo + pEGFP-
C3 wt-ILK 

BeWo + pEGFP-
C3 ca-ILK 

1 28/43 11/38 35/48 38/43 

2 26/51 39/63 66/72 32/35 

3 21/50 14/47 19/32 27/37 

Avg. 
Incidence 
(% of 1.00 
+/- SEM) 

0.52 +/- 0.07 0.42 +/- 0.10 a0.73 +/- 0.09 b0.85 +/- 0.06 

*Syncytialization was deemed to occur when 3 or more nuclei were formed within the 
same cytoplasm.  
a: Syncytialization was significantly elevated in BeWo cells expressing wildtype (wt)-
ILK versus dominant negative (dn)-ILK expressing cells (p<0.05)  
b: Syncytialization was significantly increased in BeWo cells expressing constitutively 
active (ca)-ILK versus cells containing pEGFP-C3 (empty vector) or dn-ILK (p<0.05)  
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Figure 3.7.  ELISA analysis of β-hCG secretion from BeWo cells overexpressing 

pEGFP C3 ILK constructs.  BeWo cells were transiently transfected with either 

pEGFP-C3 vector (pEGFP C3), pEGFP-C3 containing dominant negative ILK (pEGFP 

C3-dnILK), wildtype ILK (pEGFP C3-wtILK) or constitutively active ILK (EGFP C3-

caILK) and cultivated under syncytialization conditions for 48 h.  Cell media was then 

collected and assayed using an ELISA for β- hCG secretion.  There were no statistically 

significant differences in β-hCG secretion between the different populations of 

transfected BeWo cells.  Media control: media collected from BeWo cells cultured under 

proliferation conditions and assessed for β-hCG content.  a, p <0.05, n=3; media control 

versus pEGFP C3, pEGFP C3-dnILK, pEGFP C3-wtILK, or pEGFP C3-caILK.   
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cells cultured under syncytialization – promoting conditions for 48h was analysed by  

immunofluorescence.  The BeWo cells transfected with the empty vector, pEGFP-C3 did  

express some β-hCG in the cytoplasm and in close proximity to cell membranes (Fig. 3.8;  

panel 1-3), however dn-ILK expressing cells showed dramatically reduced (p < 0.05)  

β-hCG expression (Fig. 3.8; panel 4-6) compared with pEGFP-C3 expressing cells  

(Table 3.2).  In contrast, BeWo cells expressing either wt-ILK (Fig. 3.8; panels 7-9) or  

ca-ILK (Figure 3.8; panels 10-12) showed markedly enhanced expression of β-hCG in  

the cell cytoplasm compared with dn-ILK and pEGFP-C3 expressing cells (Table 3.2; p <  

0.05).  Lastly, BeWo cells expressing ca-ILK showed significantly enhanced expression  

of β-hCG compared with wt-ILK (Table 3.2; p <0.05). 

 To determine if ILK was itself sufficient to promote syncytialization in BeWo 

cells cultured under proliferation conditions, cells were transiently transfected with 

pEGFP-C3 expression vectors containing the wt or mutant ILK cDNA and subsequently 

grown  under proliferation conditions for 48 h.  Immunofluorescence analysis of E- 

cadherin in EGFP expressing cells revealed comparable E-cadherin expression between  

the different groups of transfected cells.  Levels of E-cadherin expression at cell 

membranes remained high in all transfected cells and there was no significant difference 

in E-cadherin expression between pEGFP-C3 (Fig, 3.9; panels 1-3), dn-ILK (Fig. 3.9; 

panels 4-6), wt-ILK (Fig. 3.9; panels 7-9) or ca-ILK (Fig. 3.9; panels 10-12) expressing 

cells, indicating that ILK was unable to promote syncytialization in BeWo cells that were 

cultured under proliferation conditions (Table 3.3).  
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Figure 3.8.  Immunocytochemical analysis of β-hCG expression in BeWo cells 

overexpressing EGFP-ILK fusion proteins and cultivated under syncytialization 

conditions.  BeWo cells were transiently transfected with pEGFP-C3 vector (EGFP; 

panels 1-3), pEGFP-C3 containing dominant negative ILK (EGFP-dnILK; panels 4-6), 

wildtype ILK (EGFP-wtILK; panels 7-9) or constitutively active ILK (EGFP-caILK; 

panels 10-12), and cultivated under syncytialization conditions for 48 h.  Cells were then 

fixed in 4% paraformaldehyde, washed in PBS and immunostained for β-hCG to assess 

the impacts of the expression of various EGFP-ILK proteins on hormonal differentiation.  

Nuclei were stained blue with DAPI.  Rb IgG = rabbit IgG negative control.  Scale bar = 

25 µm.  Data are representative of three independent experiments.   
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Figure 3.9.  Immunocytochemical analysis of E-cadherin expression in BeWo cells 

overexpressing EGFP-ILK fusion proteins and cultivated under proliferating 

conditions.  BeWo cells were transiently transfected with pEGFP-C3 vector (EGFP; 

panels 1-3), pEGFP-C3 containing dominant negative ILK (EGFP-dnILK; panels 4-6), 

wildtype ILK (EGFP-wtILK; panels 7-9) or constitutively active ILK (EGFP-caILK; 

panels 10-12) and cultivated under proliferating conditions for 48 h.  Cells were then 

fixed in 4% paraformaldehyde, washed in PBS and immunostained for E-cadherin to 

assess the impacts of the expression of various EGFP-ILK proteins on trophoblast fusion.  

Nuclei were stained blue with DAPI.  Ms IgG = mouse IgG negative control.  Scale bar = 

50 µm.  Data are representative of three independent experiments.   
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Table 3.2:    The  incidence  of  β-human  chorionic  gonadotropin  (β-hCG) expression in 
cells expressing exogenous pEGFPC3 expression vectors containing wildtype or 
mutant ILK cDNA and cultured under syncytialization - promoting conditions.  The 
incidence  of  β-hCG  expression  was  determined  by  the  presence  of  β-hCG 
immunolocalization in EGFP-fusion protein expressing cells cultured under 
syncytialization conditions*.  Data are from three independent experiments.  SEM; 
standard error of the mean.     
 

Experiment BeWo + pEGFP-
C3 

BeWo + pEGFP-
C3 dn-ILK 

BeWo + pEGFP-
C3 wt-ILK 

BeWo + pEGFP-
C3 ca-ILK 

1 16/40 13/68 27/47 46/57 

2 23/57 8/51 30/47 49/61 

3 20/43 15/55 22/36 38/55 

Avg. 
Incidence 
(% of 1.00 
+/- SEM) 

0.43 +/- 0.02  a0.22 +/- 0.03 b0.62  +/- 0.02 b,c0.77 +/- 0.04   

*Syncytialization was deemed to occur when 3 or more nuclei were formed within the 
same cytoplasm. 
a:  Cytoplasmic  β-hCG expression markedly decreased in  BeWo cells expressing 
dominant negative (dn)-ILK relative to pEGFP-C3 (empty vector) cells (p<0.05)  
b:  Cytoplasmic  β-hCG expression was significantly increased in BeWo cells expressing 
wildtype (wt)- and constitutively active (ca)-ILK compared to cells expressing empty 
vector or dn-ILK (p<0.05)  
c:  Cytoplasmic  β-hCG expression was significantly increased in BeWo cells expressing 
ca-ILK compared to cells expressing wt-ILK (p<0.05). 
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Table 3.3: The incidence of syncytialization in BeWo cells expressing exogenous 
pEGFPC3 expression vectors containing wildtype or mutant ILK cDNA and 
cultured under proliferation conditions.  The incidence of BeWo syncytialization was 
determined by scoring the absence of E-cadherin immunolocalization in EGFP-fusion 
protein expressing cells that were cultured under proliferating conditions.  No differences 
were observed in the level of syncytialization between the different groups of transfected 
cells*.  The denominator represents total nuclei in EGFP expressing cells.  Data are from 
three independent experiments.  SEM; standard error of the mean.  
 
Experiment BeWo + 

pEGFP- C3 
BeWo + 

pEGFP- C3 dn-
ILK 

BeWo + 
pEGFP- C3 

wt-ILK 

BeWo +  
pEGFP-C3 

ca-ILK 
1 3/55 3/50 7/69 9/82 

2 2/56 2/33 2/47 3/58 

3 1/40 1/26 2/57 3/78 

Avg. 
Incidence 

(% of 1.00 
+/-SEM) 

0.038+/- 0.0149 0.053+/- 0.0126 0.059+/- 0.0364 0.067+/- 0.0370 

*Syncytialization was deemed to occur when 3 or more nuclei were formed within the 
same cytoplasm. 
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3.3 Candidate ILK Partners in Trophoblast Syncytialization 

 

3.3.1.  Expression of Akt, PARP and Snail during Syncytialization 

 

ILK is able to bind many proteins and mediate protein-protein interactions to  

elicit many downstream signals (Wu and Dedhar, 2001; Grashoff et al., 2004).  To begin  

identifying candidate molecules that could partner with ILK to promote syncytialization,  

a timecourse of BeWo cell syncytialization was examined by immunoblot analysis.  

Phosphorylated (Ser 473)-Akt expression, a product of ILK activity, consistently  

increased by 48 h of BeWo culture under syncytialization – promoting conditions (Fig.  

3.10A, B; 0 h vs 48 h, p < 0.05).  This supported the data from in vitro kinase assays of  

ILK activity at 48 h of culture (Fig. 3.1).  The expression of PARP, a component of an  

ILK signalling pathway in cancer cells (McPhee et al., 2008; Becker-Santos et al., 2012),   

was relatively low at 0 h and remained low until 9 h of culture under syncytialization –  

promoting conditions.  At 12 h of culture under these conditions, PARP was significantly  

expressed (increased almost 2 fold) compared to 0 h of culture (Fig. 3.10 A, C; 12 h vs 0  

h, p < 0.05).  PARP expression then decreased and at 36 h of culture was significantly  

lower (over 2 fold) than at 0 h (Fig. 3.10 A, C; 36 h vs 0 h).  This trend corresponded to 

translocation of ILK to the nucleus during BeWo syncytialization.  By 12 h of culture  

under syncytialization – promoting conditions, ILK translocated to the nucleus of BeWo  

cells (Fig. 3.2, 3.3), which was when E- cadherin expression decreased and PARP  

expression increased.  Furthermore, the expression of Snail, an E-cadherin transcriptional  

repressor, was relatively low at 0 h, and remained low until after 12 h of culture under  
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Figure 3.10.  ILK, pAkt, PARP and Snail protein expression during a timecourse of  

BeWo syncytialization.  A) Representative immunoblots from 4 independent 

experiments depicting the expression of ILK, pAkt, Snail and PARP during a timecourse  

of BeWo syncytialization.  Cells were grown in proliferation conditions (0 h) or for 3, 6,  

9, 12, 18, 24, 36 and 48 h in syncytialization promoting conditions.  GAPDH expression  

was used as a control to illustrate comparable protein loading of all gel lanes.  B)  

Densitometric analysis of pAkt protein expression during the timecouse of BeWo  

syncytialization after normalization with GAPDH protein expression (n=4).  a, p< 0.05,  

24 h compared to 9, 12 and 48 h; b, p <0.05, 48 h compared to 0 h.  C) Densitometric  

analysis of PARP protein expression during the timecouse of BeWo syncytialization after  

normalization with GAPDH protein expression (n=4).  a, p<0.05, 12 h compared to 0 h;  

b, p <0.05, 36 h compared to 0h.  D) Densitometric analysis of Snail protein expression  

during the timecouse of BeWo syncytialization after normalization with GAPDH protein  

expression (n=4).  a, p< 0.05, 24, 36 and 48 h versus 12 h.  The average optical density  

for 0 h was designated as 1.0 so that the additional time points could be standardized to it.  

Data represents average ± standard error of the mean (SEM).   
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syncytialization – promoting conditions.  At 24 h to 48 h of culture under syncytialization  

– promoting conditions, Snail became highly expressed (Fig. 3.10A, D; p< 0.05).  Thus,  

increased ILK activity appeared to correlate with increased Snail expression during   

syncytialization and decreased detection of E-cadherin at cell – cell adhesion (Fig. 3.1,  

3.2, 3.4, 3.10). 

 The spatial localization of PARP and Snail increased in nuclei during BeWo cell 

syncytialization (Fig. 3.11 - 3.14).  Immunofluorescence analysis showed that when 

BeWo cells were cultured under proliferation conditions (0 h), PARP and Snail were 

detected at low levels in the nuclei of the cells (Fig 3.11, 3.13).  However, once BeWo 

cells were cultivated under syncytialization - promoting conditions Snail and PARP 

became increasingly localized to the cell nucleoplasm (Fig. 3.11, 3.13).  These 

observations were concomitant with a decrease in E-cadherin expression at cell-cell 

adhesions and also correlated with what appears to be an increased nuclear localization of 

ILK during syncytialization (Fig 3.2, 3.3).  Quantification of PARP protein expression, 

using ImageJ, over a timecourse of BeWo syncytialization showed a significant increase 

in PARP protein expression in BeWo cell nuclei at 12, 24 and 48 h of culture compared 

to culture in proliferation conditions (0 h) (Fig 3.12, p<0.05).     There was also a 

significant increase in PARP protein expression in BeWo cell nuclei at 24 h compared 

with 12 h and at 48 h compared with both 24 and 12 h of culture under syncytialization 

conditions (Fig 3.12, p<0.05).  Quantification of Snail protein expression, using ImageJ, 

over a timecourse of BeWo syncytialization showed a significant increase in Snail protein 

expression in BeWo cell nuclei at 12, 24 and 48 h of culture under syncytialization  
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Figure 3.11.  Immunofluorescence analyses of E-cadherin and PARP protein 

expression in BeWo cells during a timecourse of syncytialization.  BeWo cells were 

cultivated and grown under proliferating conditions (0h) or syncytialization promoting 

conditions (12 h, 24 h and 48 h) followed by fixation in 4% paraformaldehyde/PBS.  

Cells were then immunostained for E-cadherin and PARP.  The representative images 

demonstrate that the apparent localization of PARP to the cell nuclei correlates with the 

downregulation of E-cadherin expression at cell-cell membranes.  IgG insets, non-

specific IgG immunoglobulins of the appropriate animal species were used as specificity 

controls in place of the primary antisera.  Nuclei in E-cadherin immunofluorescence 

panels were stained blue with DAPI.  Scale bars = 25 µm.  Data are representative of 3 

independent experiments. 
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Figure 3.12.  Quantification of PARP protein localization in BeWo cell nuclei during 

a timecourse of syncytialization.  BeWo cells were cultivated in proliferating conditions 

(0h) or cultured in syncytialization promoting conditions (12 h, 24 h and 48 h) followed 

by fixation in 4% paraformaldehyde/PBS.  Cells were then immunostained for PARP.  

Representative images were taken to show the localization of PARP in BeWo cells 

cultured under proliferation (0h) conditions and for 12, 24 and 48 h under 

syncytialization conditions.  The fluorescence was measured in 40 nuclei per unit of time 

in each of 3 experiments using ImageJ.  Cells were chosen randomly from multiple 

pictures for each time point.  The image data was imported into ImageJ as an RGB (Red, 

Green, Blue) image and was converted to 8 bit.  The nucleus in the cell of interest was 

selected and the area, integrated density and mean gray value were measured.  A region 

next to the cell of interest was then selected to serve as the background.  These steps were 

then repeated to measure the nuclear fluorescence of all the other cells at each time point 

in the three experiments.  The corrected total cell fluorescence (CTCF) was calculated 

using the formula; CTCF = Integrated Density – (Area of selected cell x Mean 

fluorescence of background readings) and the average nuclear fluorescence (± SEM) was 

plotted for the timecourse of syncytialization.  a, p <0.05, 12 h compared to 0h, n=3.  b, p 

<0.05, 24 h compared to both 12h and 0 h, n=3.  c, p <0.05, 48 h compared to 24 h, 12 h 

or 0 h, n=3. 
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Figure 3.13.  Immunofluorescence analyses of E-cadherin and Snail protein 

expression in BeWo cells during a timecourse of syncytialization.  BeWo cells were 

cultivated and grown under proliferating conditions (0h) or syncytialization promoting 

conditions (12 h, 24 h and 48 h) followed by fixation in 4% paraformaldehyde/PBS.  

Cells were then immunostained for E-cadherin and Snail.  The representative images 

demonstrate that the apparent localization of Snail to the cell nuclei correlates with the 

downregulation of E-cadherin expression at cell-cell membranes.  IgG inserts, non-

specific immunoglobulins of the appropriate animal species were used as specificity 

controls in place of the primary antisera.  Nuclei in E-cadherin immunofluorescence 

panels were stained blue with DAPI.  Scale bars = 25 µm.  Data are representative of 3 

independent experiments.  
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Figure 3.14.  Quantification of Snail protein localization in BeWo cell nuclei during 

a timecourse of syncytialization.  BeWo cells were cultivated in proliferating conditions 

(0h) or cultured in syncytialization promoting conditions (12 h, 24 h and 48 h) followed 

by fixation in 4% paraformaldehyde/PBS.  Cells were then immunostained for Snail.  

Representative images were taken to show the localization Snail in BeWo cells cultured 

under proliferation (0h) conditions and for 12, 24 and 48 h under syncytialization 

conditions.  Cell fluorescence was measured in 40 nuclei per unit of time in each of 3 

experiments using ImageJ.  Cells were chosen randomly from multiple pictures for each 

time point.  The image data was imported into ImageJ as an RGB (Red, Green, Blue) 

image and was converted to 8 bit.  The nucleus in the cell of interest was selected and the 

area, integrated density and mean gray value were measured.  A region next to the cell of 

interest was then selected to serve as the background.  These steps were then repeated to 

measure the nuclear fluorescence of all the other cells at each time point in the three 

experiments.  The corrected total cell fluorescence (CTCF) was calculated using the 

formula; CTCF = Integrated Density – (Area of selected cell x Mean fluorescence of 

background readings) and the average nuclear fluorescence (± SEM) was plotted for the 

timecourse of syncytialization.  a, p <0.05, 12 h compared to 0h, n=3;  b, p <0.05, 24 h 

compared to 12 h or 0 h, n=3;  c, p <0.05, 48 h compared to 24 h, 12 h or 0 h, n=3. 
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conditions compared to culture in proliferation conditions (0 h) (Fig 3.14, p<0.05).  There 

was also a significant increase in Snail protein expression in BeWo cell nuclei at 24 h 

compared with 12 h and at 48 h compared with both 24 and 12 h of culture under 

syncytialization conditions (Fig 3.14, p<0.05).   

 

 

3.3.2 Assessment of PARP and Snail Promoter Activity during BeWo syncytialization  

 

 To determine if PARP and Snail gene promoter activities were also upregulated  

during BeWo syncytialization, luciferase reporter assays were performed.  BeWo cells  

were transfected with either a PARP promoter (PARP-luc) or a Snail promoter (Snail-luc)  

fused to the luciferase gene and subsequently cultured under proliferation or  

syncytialization – promoting conditions.  A luciferase reporter construct under the control  

of a GCM1 promoter (GCM1- luc) was also used in these experiments due to its known  

upregulation during trophoblast fusion (Yu et al., 2002; Baczyk et al., 2009).   A GAPDH  

promoter (GAPDH-luc) and a promoterless construct were also used as negative controls.  

PARP promoter activity was increased almost 3 fold during syncytialization relative to  

proliferation conditions (Fig. 3.15A, p < 0.05), indicating PARP gene expression is  

increased during syncytialization.  Similarily, Snail promoter activity was almost doubled  

during syncytialization compared to proliferation conditions (Fig. 3.15B, p <0.05).  As   

expected GCM1 promoter activity more than doubled in BeWo cells cultured under  

syncytialization conditions relative to proliferation conditions (Fig 3.15C, p <0.05).   

A reporter construct under the control of the glyceraldehyde-3-phosphate dehydrogenase 
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Figure 3.15.  PARP, Snail and GCM1 gene promoter activity in BeWo cells cultured 

under proliferation or syncytialization conditions.   BeWo cells were transiently 

transfected with either a PARP promoter (PARP-luc), a Snail promoter (Snail-luc) or a 

GCM1 promoter (GCM1-luc) fused to the luciferase gene and subsequently cultured 

under proliferation or syncytialization – promoting conditions for 48 h to determine if 

PARP or Snail promoter activity was increased during syncytialization.  BeWo cells were 

then lysed and luciferase activity was measured using a luminometer.  Luciferase activity 

was corrected for protein concentration measured by the Bradford assay and a β-

galactosidase assay was performed to normalize for transfection efficiency.  A) PARP 

promoter activity: a, p < 0.05, syncytialization versus proliferation conditions, n=3.  B) 

Snail promoter activity: a, p < 0.05, syncytialization versus proliferation conditions, n=3.  

C) GCM1 promoter activity; a, p < 0.05, syncytialization versus proliferation conditions, 

n=3.  Data represents average ± standard error of the mean (SEM).     
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(GAPDH) promoter (GAPDH-luc) as well as a promoterless luciferase construct did not  

show any significant difference in their relative luciferase activities between proliferation  

or syncytialization – promoting conditions (Fig 3.16A, 3.16B). 

 

3.3.3 Assessement of PARP and Snail Promoter Activities upon ILK Overexpression and 

Syncytialization 

  

 To determine if PARP and Snail promoter activities were induced by ILK during 

syncytialization, the same luciferase reporter constructs (previous section) were each 

transfected into the BeWo cells along with either of the pEGFP-C3 expression plasmids 

containing the wt or mutant ILK cDNAs.  The cells were then cultured under 

syncytialization – promoting conditions. 

 PARP promoter activity in cells transfected with the PARP-luc and pEGFP C3- 

caILK was significantly higher than in cells transfected with PARP-luc and pEGFP C3- 

wtILK, pEGFP C3-dnILK or pEGFP C3 (Fig. 3.17 p <0.05).  Specifically, cells 

transfected with PARP-luc and pEGFP C3-caILK showed a 1.2 fold increase over cells 

transfected with PARP-luc pEGFP C3-wtILK, a 4 fold increase over PARP-luc pEGFP 

C3-dnILK and a 2 fold increase over PARP-luc pEGFP C3 (Fig. 3.17, p <0.05).  Also,  

cells transfected with the PARP-luc and the pEGFP C3-wtILK had significantly higher  

PARP promoter activity than cells transfected with PARP-luc and pEGFP C3-dnILK or 

pEGFP C3 (Fig. 3.17, p<0.05).  Specifically, there was a 3 fold increase and a 1.5 fold 

increase in cells transfected with PARP-luc and pEGFP C3-wtILK over cells transfected 
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Figure 3.16.  GAPDH gene promoter activity (A) and the promoter activity of a 

promoterless gene construct (B) in BeWo cells cultured under proliferation or 

syncytialization conditions.   BeWo cells transiently transfected with either a GAPDH 

promoter (GAPDH-luc) or a promoterless construct fused to the luciferase gene and 

subsequently cultured under proliferation or syncytialization – promoting conditions for 

48 h.  BeWo cells were then lysed and luciferase activity was measured using a 

luminometer.  Luciferase activity was corrected for protein concentration measured by 

the Bradford assay and a β-galactosidase assay was performed to normalize transfection 

efficiency.  A) GAPDH promoter activity: p > 0.05, n = 3; syncytialization versus 

proliferation conditions.  B) Promoterless gene construct: p > 0.05, n = 3; syncytialization 

versus proliferation conditions.  Data represents average ± standard error of mean (SEM). 
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Figure 3.17.  PARP gene promoter activity in BeWo cells overexpressing EGFP-ILK 

fusion proteins and cultivated under syncytialization conditions.  BeWo cells were 

transiently transfected with the PARP gene luciferase promoter (PARP-luc) and pEGFP-

C3 expression plasmids containing either wildtype or mutant ILK cDNAs.  Cells were 

subsequently cultured under syncytialization conditions for 48 h.  BeWo cells were then 

lysed and luciferase activity was measured using a luminometer.  Luciferase activity was 

corrected for protein concentration measured by the Bradford assay and a β-galactosidase 

assay was performed to normalize transfection efficiency.  a, p <0.05, PARP-luc and the 

pEGFP C3-dnILK versus PARP-luc and pEFGP C3, n=3;  (b) p <0.05, PARP-luc and 

pEGFP C3-wtILK versus cells PARP-luc and either pEGFP C3 or pEGFP C3-dnILK, 

n=3;  c, p <0.05, PARP-luc and pEGFP C3-caILK versus PARP-luc and either pEGFP 

C3, pEGFP C3-dnILK or pEGFP C3-wtILK, n=3.  Data represents average ± standard 

error of mean.   
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with PARP-luc and pEGFP C3-dnILK or pEGFP C3 respectively (Fig. 3.17, p <0.05).  

Lastly, cells transfected with the PARP-luc and pEGFP C3-dnILK had a significant 2 fold 

decrease in PARP promoter activity than cells transfected with PARP-luc and pEGFP C3 

expression vector (Fig. 3.17, p <0.05).  

 Similarily, BeWo cells that were transfected with the Snail-luc construct and  

pEGFP C3-caILK had significantly higher Snail promoter activity than cells that were  

transfected with Snail-luc construct and either pEGFP C3-wtILK, pEGFP C3-dnILK or  

pEGFP C3 (Fig. 3.18, p <0.05).  Specifically, cells transfected with Snail-luc and pEGFP  

C3-caILK showed a 1.2 fold increase in activity over cells transfected with Snail-luc  

pEGFP C3-wtILK, a 4 fold increase over Snail-luc pEGFP C3-dnILK and a 2 fold  

increase over Snail-luc pEGFP C3 (Fig. 3.18, p <0.05).  Also, cells transfected with the  

Snail-luc promoter and pEGFP C3-wtILK had significantly higher Snail promoter  

activity than cells transfected with Snail-luc and either pEGFP C3-dnILK or pEGFP C3  

(Fig. 3.18, p<0.05).  There was a 3.5 fold increase and a 1.75 fold increase in activity in  

cells transfected with Snail-luc and pEGFP C3-wtILK over cells transfected with Snail- 

luc and pEGFP C3-dnILK or pEGFP C3 respectively (Fig. 3.18, p <0.05).  Lastly, cells  

transfected with the Snail-luc and pEGFP C3-dnILK had a significant 2 fold decrease in  

Snail promoter activity than cells transfected with Snail-luc and the pEGFP C3  

expression vector (Fig. 3.18, p <0.05). To demonstrate the specificity of the observed  

ILK-dependent modulation of PARP and Snail promoter activity, a GCM1-luc construct  

was transfected into the BeWo cell line along with the pEGFP C3-caILK, pEGFP C3- 

wtILK, pEGFP C3-dnILK or pEGFP C3.  There were no significant differences in GCM1  

promoter activity in either group of co-transfected cells (Fig. 3.19). 
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Figure 3.18.  Snail gene promoter activity in BeWo cells overexpressing EGFP-ILK 

fusion proteins and cultivated under syncytialization conditions.  BeWo cells were 

transiently transfected with the Snail gene luciferase promoter (Snail-luc) and pEGFP-C3 

expression plasmids containing either wildtype or mutant ILK cDNAs.  Cells were 

subsequently cultured under syncytialization conditions for 48 h.  BeWo cells were then 

lysed and luciferase activity was measured using a luminometer.  Luciferase activity was 

corrected for protein concentration measured by the Bradford assay and a β-galactosidase 

assay was performed to normalize transfection efficiency.  a, p <0.05, Snail-luc and 

pEGFP C3-dnILK compared to Snail-luc and pEFGP C3, n=3;  b, p <0.05, Snail-luc and 

pEGFP C3-wtILK compared to Snail-luc and either pEGFP C3 or pEGFP C3-dnILK, 

n=3;  c, p <0.05, Snail-luc and pEGFP C3-caILK compared with Snail-luc and either 

pEGFP C3, pEGFP C3-dnILK or pEGFP C3-wtILK, n=3.  Data represents average ± 

standard error of mean (SEM).  
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Figure 3.19.  GCM1 gene promoter activity in BeWo cells overexpressing EGFP-

ILK fusion proteins and cultivated under syncytialization conditions.   BeWo cells 

were transiently transfected with the GCM1 gene luciferase promoter (GCM1-luc) and 

pEGFP-C3 expression plasmids containing either wildtype or mutant ILK cDNAs.  Cells 

were subsequently cultured under syncytialization conditions for 48 h.  BeWo cells were 

then lysed and luciferase activity was measured using a luminometer.  Luciferase activity 

was corrected for protein concentration measured by the Bradford assay and a β-

galactosidase assay was performed to normalize transfection efficiency.  P >0.05, n=3 

between all groups.  Data represents average ± standard error of mean (SEM).    
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The GAPDH-luc construct and the promoter-less luciferase construct were also used as 

controls.  When the GAPDH-luc construct was transfected into the BeWo cell line along 

with the pEGFP C3-caILK, pEGFP C3-wtILK, pEGFP C3-dnILK or pEGFP C3 

expression vector, there were no significant differences in GAPDH promoter activity 

between the groups of co- transfected cells (Fig. 3.20).  Similar results were seen when 

the promoter-less luciferase construct was transfected into the BeWo cells with the 

pEGFP C3-caILK, pEGFP C3-wtILK, pEGFP C3-dnILK or pEGFP C3 expression 

vectors (Fig. 3.21).    

 

3.3.4 The Expression of Candidate ILK Partners in Human Placental Tissue Sections in 

Situ 

 

 To determine the spatio-temporal localization of PARP1 and Snail in human  

chorionic villi during gestation immunofluorescence analysis was performed.  From 8  

wks to 14 wks gestation , PARP was abundantly detected in floating branches of the  

chorionic villi.  PARP was localized to cells of the villous stroma and in the cytoplasm of  

the villous cytotrophoblast.  PARP was also found in most nuclei of villous  

cytotrophoblast cells. Futhermore, PARP was sometimes detected in the nuclei of the  

syncytiotrophoblast cell layer (Fig. 3.22, 3.23).  In contrast, there was very little  

immunostaining of PARP in cells of term placentae (Fig. 3.22, 3.23).  E-cadherin was  

detected in the plasma membranes of the villous cytotrophoblast cells, regardless of  

PARP protein expression in these cells, in first and early second trimester placental tissue  

sections (Fig, 3.23).  There was no observance of E-cadherin in the multinucleate  
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Figure 3.20.  GAPDH gene promoter activity in BeWo cells overexpressing EGFP-

ILK fusion proteins and cultivated under syncytialization conditions.  BeWo cells 

were transiently transfected with the GAPDH gene luciferase promoter (GAPDH-luc) and 

pEGFP-C3 expression plasmids containing either wildtype or mutant ILK cDNAs.  Cells 

were subsequently cultured under syncytialization conditions for 48 h.  BeWo cells were 

then lysed and luciferase activity was measured using a luminometer.  Luciferase activity 

was corrected for protein concentration measured by the Bradford assay and a β-

galactosidase assay was performed to normalize transfection efficiency.  p >0.05, n=3 

between all groups.  Data represents average ± standard error of mean (SEM). 
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Figure 3.21.  Promoterless gene activity in BeWo cells overexpressing EGFP-ILK 

fusion proteins and cultivated under syncytialization conditions.  BeWo cells were 

transiently transfected with the Promoterless luciferase construct (Promoterless-luc) and 

pEGFP-C3 expression plasmids containing either wildtype or mutant ILK cDNAs.  Cells 

were subsequently cultured under syncytialization conditions for 48 h.  BeWo cells were 

then lysed and luciferase activity was measured using a luminometer.  Luciferase activity 

was corrected for protein concentration measured by the Bradford assay and a β-

galactosidase assay was performed to normalize transfection efficiency.  p > 0.05, n = 3 

between all groups.  Data represents average ± standard error of mean (SEM).  
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Figure 3.22.  Immunofluorescence analysis of PARP expression in human chorionic 

villi during gestation.  First trimester, early second trimester and term human placental 

tissue samples were immunostained for PARP-1 or incubated with an affinity-purified 

mouse IgG (negative control) followed by RRX-Donkey anti-Mouse IgG.  Representative 

images are shown.  Arrows in wk 8 and 10 panels show PARP localization in the villous 

cytotrophoblast cells.  Nuclei were stained blue with DAPI.  Scale bars = 25 µm.  Cyt-

Cytotrophoblast, Syn-Syncytiotrophoblast, ST-Stroma (n=4 for each gestational age).  
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Figure 3.23.  Co - immunofluorescence analysis of PARP and E-cadherin expression 

in human chorionic villi during gestation.  First trimester, early second trimester and 

term human placental tissue sections were immunostained for PARP and Snail followed 

by RRX-Donkey anti-Mouse IgG or FITC-Sheep anti-RabbitIgG respectively.  Some 

tissues were also incubated with affinity purified mouse IgG or rabbit IgG followed by 

RRX-Donkey anti-Mouse IgG or FITC-Sheep anti-RabbitIgG respectively, to serve as 

controls.  Representative images are shown.  Arrows show PARP localization in the 

cytoplasm and in the nucleoplasm of specific villous cytotrophoblast cells.  Arrowheads 

show PARP localization in the nuclei of the syncytiotrophoblast cell layer.  E-cadherin 

was detected in the plasma membranes of the villous cytotrophoblast cells in first and 

early second trimester placental sections.  E-cadherin was detected at term placental 

sections as a thin line showing the reduction in the cytotrophoblast cell layer at term.  

Nuclei in merged panels (blue) were detected by staining with DAPI.  Scale bar = 25 µm.  

Cyt-Cytotrophoblast, Syn-Syncytiotrophoblast, ST-Stroma (n=4 for each gestational 

age).    
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syncytiotrophoblast layer. E-cadherin was also detected in term placental tissue sections  

as a thin line, showing thereduction in the cytotrophoblast cell layer at term (Fig. 3.23).   

IgG controls demonstrated that immunostaining was not a result of non-specific  

interactions of immunoglobulin molecules with the tissue.  

 From 8 wks to 14 wks gestation, Snail was detected in the villous stroma and  
 
villous cytotrophoblast cells.  Snail was found primarily in the cytoplasm and  
 
nucleoplasm of villous cytotrophoblast cells and in the nuclei of some  
 
syncytiotrophoblast cells (Fig. 3.24).  Snail was not detected in the cytotrophoblast or  
 
syncytiotrophoblast layers in term placentae (Fig. 3.24).  An IgG control demonstrated  

that immunostaining was not a result of non-specific interactions of  

immunoglobulin molecules with the tissue.  

  PARP and Snail were co-localized in cytotrophoblast cells from first and early  
 
second trimester placental tissue.  Placental tissue samples were immunostained for both   
 
PARP and SNAIL and both were primarily localized to the nucleoplasm of the same  
 
villous cytotrophoblast cells.  When PARP was not detected in a villous cytotrophoblast  
 
nucleus, Snail was primarily not localized to that nucleus (Fig. 3.25).  IgG controls  
 
demonstrated that immunostaining was not a result of non - specific interactions of  
 
immunoglobulin molecules with the tissue.  
 
 Co-localization of ILK/E-cadherin (Fig. 3.26) was also performed by  
 
immunofluorescence analysis to confirm ILK localization to the villous cytotrophoblast.   
 
ILK was found in the cytoplasm and at the plasma membrane of villous  
 
cytotrophoblasts as has been previously reported (Elustondo at al., 2006).  Here, it was  
 
also noticed that ILK was detected in the nuclei of some syncytiotrophoblast cells, which  
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Figure 3.24.   Immunofluorescence analysis of Snail expression in human chorionic  

villi during gestation.  First trimester, early second trimester and term human placental  

tissue sections were immunostained for Snail or incubated with an affinity-purified rabbit  

IgG (negative control) followed by FITC-Sheep anti-RabbitIgG.  Representative images  

are shown.  Arrows in wk 10 panel show Snail localization in the villous cytotrophoblast  

cells and arrowheads show the localization of Snail in the nuclei of syncytiotrophoblast  

cells.  Snail was not detected in the cytotrophoblast or syncytiotrophoblast layers of term  

placentae.  Nuclei were stained blue with DAPI.  Scale bar = 25 µm.  Cyt- 

Cytotrophoblast, Syn-Syncytiotrophoblast, ST-Stroma (n=4 for each gestational age). 
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Figure 3.25.  Co - immunofluorescence analysis of PARP and Snail expression in 

human chorionic villi during gestation.  First trimester, early second trimester and term 

human placental tissue sections were immunostained for PARP and Snail or incubated 

with affinity purified mouse and rabbit IgG (negative controls) followed by RRX-Donkey 

anti-Mouse IgG or FITC-Sheep anti-RabbitIgG respectively.  Representative images are 

shown.  Arrows in wks 8 and 14 panels show that when PARP was not detected in a 

villous cytotrophoblast nucleus, Snail was primarily not localized to that same nucleus 

either.  Nuclei were stained blue with DAPI.  Scale bar = 25 µm.  Cyt-Cytotrophoblast, 

Syn-Syncytiotrophoblast, ST-Stroma (n=4 for each gestational age).   
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Figure 3.26.  Co - immunofluorescence analysis of ILK and E-cadherin expression in 

human chorionic villi during gestation.  First trimester, early second trimester and term 

human placental tissue sections were immunostained for ILK and E-cadherin or 

incubated with affinity purified mouse and rabbit IgG (negative controls) followed by 

RRX-Donkey anti-Mouse IgG or FITC-Sheep anti-RabbitIgG respectively.  

Representative images are shown.  Arrows show ILK localization in the villous 

cytotrophoblasts and arrowheads show ILK in the nucleus of some syncytiotrophoblast 

cells.  E-cadherin was detected in the plasma membranes of the villous cytotrophoblast 

cells in first and early second trimester placenta sections but was reduced at term.  Nuclei 

in merged panels (blue) were detected by staining with DAPI.  Scale bar = 25 µm.  Cyt-

Cytotrophoblast, Syn-Syncytiotrophoblast, ST-Stroma (n=4 for each gestational age).   
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 was not previously observed (Fig. 3.26).  Once again E-cadherin was detected in the  

plasma membranes of the villous cytotrophoblast cells in first and early second  
 
trimester placental tissue sections while there was no observance of E-cadherin in the 
 
multinucleate syncytiotrophoblast layer.  E-cadherin was also detected in term  
 
placental tissue sections as a thin line in cytotrophoblast, showing a reduction in the   
 
cytotrophoblast cell layer at this time (Fig. 3.26). 
    
 Co- immunofluorescence analysis was also performed for Snail and ILK which   

once again showed ILK localization in the cells of the villous stroma, in the cytoplasm   

and at the plasma membrane of villous cytotrophoblasts, and in the syncytiotrophoblast  

layer (Fig. 3.27).  Both ILK and Snail were found to be highly expressed in the  

cytotrophoblast cell layer (Fig. 3.27). 

 

3.4 Is ILK Necessary for BeWo syncytialization  

 

 Using siRNA against ILK as a strategy for the targeted depletion of ILK gene 

expression, the necessity of ILK for BeWo syncytialization was examined.  Various ILK 

siRNA concentrations were tested to optimize ILK depletion (Fig. 3.28A).  BeWo cells 

were transfected with ON-TARGET plus SMART pool ILK siRNA and a siGLO green 

transfection indicator or ON-TARGET plus Non- targeting pool siRNA and SiGLO green 

transfection indicator and grown under syncytialization – promoting conditions for 48  

h.  Immunofluorescence analysis of E-cadherin expression to determine the presence or 

absence of syncytialization illustrated that cells transfected with 500 nM ILK siRNA 
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Figure 3.27.  Co - immunofluorescence analysis of ILK and Snail expression in 

human chorionic villi during gestation.  First trimester, early second trimester and term 

human placental tissue sections were immunostained for ILK and Snail or incubated with 

affinity purified mouse and rabbit IgGs (negative control) followed by RRX-Donkey 

anti-Mouse IgG or FITC-Sheep anti-Rabbit IgG respectively.  Representative images are 

shown.  Arrows show ILK localization in the villous cytotrophoblasts and arrowheads 

show ILK in the nucleus of some syncytiotrophoblast cells.  Both ILK and Snail were 

found to be highly expressed in the same spatial location in the cytotrophoblast cell layer.  

Nuclei in merged panels (blue) were detected by staining with DAPI.  Scale bar = 25 µm.  

Cyt-Cytotrophoblast, Syn-Syncytiotrophoblast, ST-Stroma (n=4 for each gestational 

age).   
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showed significantly less syncytialization compared to cells transfected with the non-

targeting siRNA (Fig. 3.28B, Table 3.4).  BeWo cells transfected with ILK siRNA 

showed an average incidence of syncytialization of 24.7 %, while cells transfected with 

the non- targeting control showed an average incidence of syncytialization of 68.7% 

(Table 3.4).   

 An immunoblot analysis of BeWo cells transfected with ILK siRNA or the non-

targeting control siRNA was conducted (Fig 3.29A).  ILK expression was significantly 

downregulated in the cells transfected with ILK siRNA when compared with the cells 

transfected with the non targeting control siRNA (p<0.05) (Fig. 3.29A).  Immunoblot 

analysis also demonstrated that when ILK expression was almost completely silenced, 

Snail expression also significantly decreased (p<0.05) (Fig. 3.29C), E-cadherin 

expression significantly increased (p<0.05) (Fig. 3.29D) while PARP expression 

remained unchanged (Fig. 3.29B).    

 

 

 

 

 

 

 

 

 



161 
 

 

 

 

Figure 3.28.  ILK siRNA knockdown in BeWo cells.  A). Concentration analysis to 

determine the siRNA concentration necessary for ILK knockdown in BeWo cells.  BeWo 

cells were transiently transfected with either 250 nM or 500 nM of ON-TARGETplus 

SMARTpool human ILK siRNA or ON-TARGETplus non-targeting pool siRNA and 

grown under syncytialization conditions.  Shown is a representative immunoblot showing 

ILK knockdown at both 250nM and 500nM. B). Immunofluorescence analysis of E-

cadherin expression in BeWo cells following ILK depletion and cultured under 

syncytialization conditions.  BeWo cells were transiently transfected with either ILK 

siRNA or a non-targeting control siRNA and cultivated under syncytialization conditions 

for 48 h.  Cells were then immunostained for E-cadherin followed by RRX-Donkey anti-

Mouse IgG to determine the presence or absence of syncytialization in cells transfected 

with the ILK siRNA.  Syncytialization was considered legitimate when at least 3 or more 

nuclei were present in the same membrane-bound cytoplasm.  Nuclei (blue) were stained 

with DAPI.  Data are representative of three independent experiments.  Scale bar = 25 

µm.  ILK – ILK siRNA.  Data represents average ± standard error of mean (SEM).      
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Table 3.4:  The incidence of syncytialization in BeWo cells following ILK depletion.  
The incidence of BeWo syncytialization was determined by scoring the absence of E-
cadherin immunolocalization in cells transfected with either ILK siRNA or a non 
targeting siRNA control.  Syncytialization was significantly decreased in BeWo cells 
transfected with ILK siRNA versus non-targeting siRNA (p < 0.05).  Data are from three 
independent experiments*.  In each experiment 20 different fields of view were analysed.  
SEM; standard error of the mean.    
 
 

Experiment 
 

ILK siRNA Non-targeting control 
siRNA 

1 76/350 153/235 
2 120/494 172/247 
3 111/391 190/264 

Average incidence 
(% of 1.00 +/- SEM) 

a0.2467 +/-0.0176 0.6867 +/- 0.0185 

*Syncytialization was deemed to occur when 3 or more nuclei were formed within the 
same cytoplasm. 
a: Syncytialization was significantly decreased in BeWo cells expressing ILK siRNA 
versus Non-targeting control siRNA  
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Figure 3.29.  Immunoblot analysis of ILK, PARP, Snail and E-cadherin expression 

in BeWo cells following ILK depletion and culture under syncytialization 

conditions.  A) Representative immunoblots from 3 independent experiments depicting 

expression of ILK, PARP, Snail and E-cadherin in cells transiently transfected with either 

500nM of ILK siRNA (ILK) or 500nM of non targeting control siRNA and cultivated 

under syncytialization conditions for 48 h.  GAPDH expression was used as a control to 

verify protein loading of all gel lanes.  Densitometric analysis of (B) ILK (C) PARP (D) 

Snail and (E) E-cadherin protein expression in BeWo cells transfected with either 500nM 

NTC siRNA or 500nM ILK siRNA and cultured under syncytialization conditions.  

Results were normalized to GAPDH protein expression (n=3).  (B) ILK, a, p< 0.05, NTC 

siRNA compared with ILK siRNA. (C) PARP, p> 0.05; NTC siRNA compared with ILK 

siRNA.  (D) Snail, a, p< 0.05, NTC siRNA compared with ILK siRNA.  (E) E-cadherin, 

a, p< 0.05, NTC siRNA compared with ILK siRNA.   Data represents average ± standard 

error of the mean (SEM). 
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Chapter 4: Discussion 

  

Trophoblast differentiation during early human placental development involves 

two fundamentally different pathways.   During the invasion pathway, villous 

cytotrophoblast cells differentiate and become extravillous trophoblast cells while in the 

syncytialization/fusion pathway, villous cytotrophoblast cells fuse to form the 

syncytiotrophoblast (Zhou et al., 1997; Potgens et al., 2004; Bischof and Irminger-

Finger, 2005).  Syncytial fusion of cytotrophoblast with the syncytiotrophoblast to 

maintain a complete syncytiotrophoblast layer is a key process in implantation and 

placentation Benirschke and Kaufmann, 2001).  During implantation of the human 

blastocyst, trophoblast cells fuse with neighbouring trophoblast cells via their basolateral 

domains, to establish the first syncytiotrophoblast (Boyd and Hamilton, 1970).  When the 

blastocyst is implanted this cell-cell fusion stops and the enlargement and maintenance of 

the syncytiotrophoblast is achieved by the incorporation of single cytotrophoblast cells 

with the existing syncytiotrophoblast layer.  These fusion events involve the apical 

domains of the cytotrophoblast and the basal plasmalemma of syncytiotrophoblast 

(Huppertz et al., 1999; Benieschke and Kaufmann, 2001; Potgens et al., 2002). 

   Trophoblast differentiation and syncytialization have some similarities to EMT.  

EMT is a process in which epithelial cells acquire mesenchymal properties, dissociate 

from the basement membrane and migrate to secondary sites.  This requires alterations in 

morphology, cellular architecture, adhesion and migration capacity (Lee et al., 2006; 

McPhee et al., 2008).  This transition is characterized by a loss of cell adhesion and 
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apical polarity due to the loss of E-cadherin expression (Medici et al., 2008).  Various E-

cadherin repressors such as Snail have been implicated in this process, and the expression 

of Snail is critical for EMT during embryonic development (McPhee et al., 2008).  The 

transmembrane glycoprotein, E-cadherin is an adherens junction protein that mediates 

calcium dependent homophilic cell adhesion (Getsios and MacCalman, 2003).  E-

cadherin is highly detectable at points of cytotrophoblast cell-cell contact and it links to 

adaptors called catenins at these contacts, which are important for maintaining cell 

attachment and the layered phenotype of the villous cytotrophoblast (Coutifaris et al., 

1991; Yap et al., 2007).  In contrast, reduced expression and re-organization of cadherins 

from these cell junctional regions promote a loosened connection between cells, coupled 

with reduced apico-basal polarity (Kokkinos et al., 2010).  This remodelling of cell-cell 

adhesion complexes and reduction of E-cadherin is associated with the differentiation and 

subsequent fusion of cytotrophoblast into the syncytiotrophoblast, as well as EMT 

(Coutifaris et al., 1991; Getsios and MacCalman, 2003).  Thus, the presence or absence 

of E-cadherin can be used to assess trophoblast syncytialization (Getsios et al., 2001; 

Getsios and MacCalman, 2003; Brown et al., 2005).   

 There are well known reports of ILK playing a role as a scaffold at cell-ECM 

focal adhesions sites (Wu, 2004; Vespa et al., 2005; Boulter and Van Obberghen-

Schilling, 2006; Legate et al, 2006) and in signal transduction pathways that control cell 

motility, survival, proliferation, differentiation and gene expression in mammalian cells 

(Tan et al., 2001; Legate et al., 2006; Mayden et al., 2010).  However, ILK also appears 

to be involved in integrin-independent epithelial cell-cell adhesion (Vespa et al., 2003; 



168 
 

2005).  Vespa et al (2005) previously demonstrated that ILK was a key modulator of Ca2+ 

dependent adherens junction and tight junction formation in epithelial cells.  It has also 

been reported that ILK was highly detectable on immunoblots in human placental tissue 

samples throughout gestation and that ILK was highly detectable by immunofluorescence 

in villous mononuclear cytotrophoblast cells in first and early second trimester human 

chorionic floating villi, but was poorly expressed in the overlying multinucleate 

syncytiotrophoblast layer (Elustondo et al., 2006).  E-cadherin is also highly detectable 

on the surface of human cytotrophoblast cells but not on the surface of the encompassing 

syncytiotrophoblast cell layer (Coutifaris et al., 1991).  Previously it was reported that the 

overexpression of ILK disrupted epithelial cell morphology and inhibited the adhesion of 

cells to integrin substrates (Hannigan et al., 1996).  ILK was also found to regulate the 

loss of E-cadherin expression in various epithelial cells leading to increased invasiveness 

in tumor cells (Wu et al., 1998; Tan et al., 2001).   

The loss of E-cadherin expression in cells may result from genetic mutations, 

promoter hypermethylation or transcriptional repressors (McPhee et al., 2008).  As 

previously mentioned, the transcription factor Snail is a well known repressor of E-

cadherin expression (Batlle et al., 2000; McPhee et al., 2008).  Snail is transcriptionally 

silent in normal epithelial cells and its expression has been found to be regulated by 

various cell signalling effectors such as Akt, endothelin-1 (ET-1), gliotactin (Gli) and 

ILK.  More recently PARP, an abundant nuclear enzyme influencing biochemical 

properties that regulate nuclear processes such as DNA repair and regulation of gene 

expression under basal, signal activated and stress activated conditions, has been found to 
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mediate E-cadherin expression through Snail (McPhee et al., 2008).  Therefore, to test 

the hypothesis that ILK could facilitate the differentiation and fusion of cytoptrophoblast 

into syncytiotrophoblast, human placental tissue collected throughout gestation and the 

BeWo trophoblast cell line model were used to examine the spatiotemporal localization 

and expression of ILK, Snail and PARP during syncytialization as well as the necessity 

of ILK for this process.   

 

4.1 Temporal and Spatial Expression of ILK is Dynamically Altered during 

Syncytialization 

 

 ILK is a focal adhesion associated signalling enzyme/adaptor protein that interacts 

with integrins, at focal adhesions, and plays a central role in integrin activation (Grashoff 

et al., 2004; Elustondo et al., 2006).  Integrins are a large family of adhesion receptors 

that mediate cell-cell and cell-ECM adhesions/interactions (Legate et al., 2006) through 

their communication with cadherins (Yano et al., 2004).  Previous studies have shown 

that β1 integrins regulate myoblast fusion (Schwander et al., 2003); however, the 

mechanism is not well understood.  Integrin α6β4 is present at the basal surface of 

cytotrophoblast and syncytiotrophoblast cells during pregnancy (Aplin, 1993) and is 

thought to be important in stabilising trophoblast adhesion and controlling cellular 

differentiation and fusion/syncytialization (Aplin et al., 2009).  Therefore, since ILK is 

important in integrin activation it is possible that ILK or its kinase activity plays a role in 

regulating trophoblast fusion.  
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 In this study total ILK expression was highly detected in BeWo trophoblast cells 

cultured in proliferation conditions (0 h), but was significantly lower by 12 h (vs 0 h) of 

culture in syncytialization conditions.  Expression quickly recovered and reached 

detectable levels at 48 h of culture in syncytialization conditions to those comparable to 

ILK expression at 0 h (Fig. 3.1).  There were also dramatic changes in the spatial 

expression of ILK during syncytialization as ILK increasingly accumulated in BeWo 

trophoblast cell nuclei during syncytialization (Fig. 3.2, 3.3).  From the immunoblot and 

immunofluorescence analysis it was observed that as ILK expression began to increase in 

the BeWo cells 12 h under syncytialization conditions, ILK began to localize to the cell 

nuclei.  Work by Acconcia et al., (2007) demonstrated that ILK can localize to both the 

cell cytoplasm and cell nuclei and that ILK contains both functional nuclear localization 

and nuclear export sequences.  Furthermore, in MCF7 and NIH 3T3 cells, ILK nuclear 

localization appears to be important for maintaining nuclear integrity and ILK can 

associate directly with chromatin.  ILK was found to interact with the regulatory region 

of the connector enhancer of kinase suppressor of ras 3, CNKSR3, gene chromatin to 

negatively regulate its expression, therefore defining a role for ILK in the regulation of 

transcription (Acconcia et al., 2007).  Thus, it is possible that ILK may be regulating 

transcription of other candidates during syncytialization in BeWo cells.   

 The subsequent examination of ILK kinase activity during syncytialization in 

BeWo cells revealed that ILK activity was increased at 48 h of BeWo syncytialization 

(Fig. 3.1).  This could lead to increased ILK-Akt signalling, as Akt is a substrate of ILK 

Persad et al., 2000; 2001).  From the results presented in Fig. 3.10, it could be seen that 
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the pAkt level was indeed increased in BeWo cells at 48 h of syncytialization.  Thus, this 

increase in pAkt may be directly a result of an increased ILK kinase activity.  ILK has 

been found to phosphorylate Akt on Ser473 in a PI3K-dependent manner, but it is also 

thought that ILK may activate Akt phosphorylation indirectly through the recruitment of 

another Ser473 kinase or through α-parvin-mediated targeting of Akt to lipid rafts 

(Hannigan et al., 2005).  Since ILK kinase activity is increased during syncytialization 

and Akt is a known substrate of ILK, this led to the hypothesis that ILK could regulate E-

cadherin through the activation of its transcriptional repressor Snail, which is known to 

be regulated in other normal epithelial cell subtypes via Akt and ILK (Tan et al., 2001; 

McPhee et al., 2008).  Tan et al., (2001) found that when ILK activity was inhibited in 

the adenomatous polyposis coli (APC)-/- human colon carcinoma cell lines SW480 and 

DLD-1 via an ILK inhibitor, it resulted in the transcriptional stimulation of E-cadherin 

expression, correlating to the inhibition of Snail.  However, overexpression of ILK in 

IEC-18 cells showed an increase in Snail promoter activity and an inhibition of E-

cadherin promoter activity when compared with parental IEC-18 cells (Novak et al., 

1998; Wu et al., 1998).    

 There has been considerable debate in recent years regarding the status of ILK 

functioning as a serine/threonine kinase or as a pseudokinase (Fukuda et al., 2009; 

Wickstrom et al., 2010).  This debate focuses on the fact that the ILK kinase domain is 

different from typical kinases.  Examination of the ILK kinase domain has revealed that 

ILK may have a pseudokinase function.  Most kinases have a conserved Mg-binding site, 

a glycine rich P loop and a well conserved catalytic loop (Fukuda et al., 2009).  However 
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all of these features are significantly disrupted in ILK; there is an unusual ATP-

configuration, a severely impaired catalytic core lacking essential amino acid residues 

important for phosphotransferase activity and a short rigid activation loop.  Also, there is 

no spatially conserved residue/motif elsewhere in the ILK structure that could 

compensate for the lack of these strict catalytic features (Fukuda et al., 2009; Wickstrom 

et al., 2010; Hannigan et al., 2011).  However, there are similar deficiencies in other 

kinases that are known to have kinase activity (Mukherjee et al., 2008).  There are 

various well known studies that have reported ILK kinase activity with different 

substrates in vitro and have given support to the fact that ILK is a bona fide protein 

kinase.  ILK has been found to directly phosphorylate diverse substrates such as myosin 

light chain kinase (Deng et al., 2001), the β1-integrin cytoplasmic domain (Hannigan et 

al., 1996), GSK-3β (Troussard et al., 1999; Persad et al., 2001), β-parvin (Yamaji et al., 

2001), and Akt (Persad et al., 2001; Troussard et al., 2003; Bravou et al., 2006).  Since it 

has been found that ILK exhibits kinase activity in only certain cell types, it is possible 

that the role of ILK as a kinase may be cell-type and context dependent.  The ILK 

immunoprecipitation kinase assay performed in this study gives support that ILK is a 

protein kinase in vitro in the BeWo epithelial cell subtype since ILK was found to 

phosphorylate the substrate GSK-3β.  Interestingly, a study by Bachelder et al., (2005) 

showed that the activation of GSK-3β inhibits Snail transcription in epithelial cells.  Thus 

GSK-3β inhibition, which can be caused via phosphorylation by ILK is able to stimulate 

the transcription of Snail, repress E-cadherin and induce EMT.  Since changes in ILK 

expression and catalytic activity were associated with BeWo syncytialization, exogenous 
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ILK overexpression in BeWo cells was conducted to further study the role of ILK 

expression on syncytialization.   

 

4.2 ILK Facilitates BeWo Syncytialization 

 

 The examination of the presence or absence of desmosomal or adherens junction 

(E-cadherin) proteins has been successfully used for evaluating the incidence of 

syncytialization in trophoblast cells (Coutifaris et al., 1991; Getsios and MacCalman, 

2003; Das et al., 2004; Daoud et al., 2005; Daoud et al., 2006).  The presence of E-

cadherin on cytotrophoblasts (Fisher et al., 1989), as well as various choriocarcinoma 

cells lines such as BeWo and JAR cells has been previously described (Wheelock et al., 

1987; Al-Nasiry et al., 2006).  It was demonstrated by electron microscopy, western blot 

analysis and immunocytochemistry that there was an intracellular accumulation of E-

cadherin during trophoblastic cell aggregation with a subsequent loss of this adherens 

junction protein upon syncytialization (Coutifaris et al., 1991).  Following isolation of 

cytotrophoblast cells or JEG-3 cells in vitro very few single cells showed intracellular E-

cadherin, which was confirmed by western blotting.  As the cells started to aggregate, E-

cadherin expression levels increased and reached a maximum at 24 h of incubation when 

cells were undergoing maximal aggregation.  Subsequently, as trophoblast cells 

underwent fusion, E-cadherin disappeared from the cell surface.  These results were 

confirmed by western blot analysis (Coutifaris et al., 1991).  The fate of the pre-existing 

E-cadherin protein upon fusion of the trophoblast cells is uncertain.  A previous study by 
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Wheelock et al., (1987) demonstrated that the turnover of E-cadherin in vitro may be due 

to cleavage of its extracellular domain, which was then found in the culture medium.   

 In this thesis, the incidence of syncytium formation in BeWo cells overexpressing 

EGFP-ILK fusion proteins, was examined using the presence or absence of E-cadherin in 

cell membranes.  Transient expression of wt-ILK in BeWo cells significantly increased 

trophoblast syncytialization compared to dn-ILK, while ca-ILK expression significantly 

increased syncytialization compared to vector control and dn-ILK expressing BeWo cells 

(Fig. 3.6; Table 3.1).  These EGFP-C3 constructs containing wt or mutant ILK cDNA 

have been utilized by other laboratories in a number of cell types (Boulter and Van 

Obberghen-Schilling, 2006; Elustondo et al., 2006; Legate et al., 2006).  Previously, in 

our laboratory Elustondo et al., (2006) transiently transfected the dn-ILK, wt-ILK or the 

vector control into the villous explant derived trophoblast cell line HTR8-SVneo.  

Expression of the dn-ILK dramatically reduced migration of this cell line compared to 

cells expressing wt-ILK or empty vector, indicating that ILK is a likely mediator of 

trophoblast migration during development.  The over-expression of wt-ILK in various 

cell types can lead to the phosphorylation of substrates Akt and GSK-3β, while the active 

mutant ca-ILK has been shown to constitutively phosphorylate Akt (Lynch et al., 1999; 

Persad et al., 2000; 2001).  The dn-ILK construct used in these experimets, E359K, was 

originally thought to be a kinase dead mutant, but has now been shown to have ~ 20% 

kinase activity in vitro (Delcommenne et al., 1998;  Novak et al., 1998; Persad et al., 

2001).  When an ILK kinase assay was performed using various mutant ILK fusion 

proteins and a GST fusion protein of the wt-ILK it was shown that there was a 65% 
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decrease in the activity of the dn-ILK, when compared to wt-ILK (Persad et al., 2001).  

This dn-ILK construct has also been found to be deficient in α-parvin and paxillin 

interactions and to be incapable of incorporating into focal adhesions, thus allowing ILK 

to remain in the cytoplasm (Yamaji et al., 2001; Nikolopoulous and Turner, 2002).  The 

dn-ILK appears to exert a strong dominant negative effect by maintaining ILK associated 

proteins in an inappropriate subcellular localization (i.e. not at focal adhesions).   

Therefore, normal ILK signalling seems to be dependent on efficient localization to focal 

adhesions, which involves multiple protein interactions (Nikolopoulous and Turner, 

2002).   

Since BeWo cells expressing dn-ILK only displayed a slightly reduced level of 

syncytialization compared to the cells expressing the vector control (Fig. 3.6; Table 3.1), 

it would appear that the lack of focal adhesion incorporation of ILK associated proteins 

does not significantly impact the physical process of BeWo syncytialization.  

Furthermore, the likelihood of residual kinase activity from this mutant (still retains 

~20% kinase activity in vitro) may account for the small reduction in syncytialization in 

the BeWo cells expressing the dn-ILK construct.   

 Transient expression of wt-ILK did not significantly increase trophoblast 

syncytialization in the BeWo cells compared with BeWo cells expressing the vector 

control construct (Fig. 3.6; Table 3.1).  ILK activity via PI3K is dependent upon ILK 

binding with PIP3 (Legate et al., 2006) and, as a result, it is possible that the 

overexpression of the wt-ILK fusion protein may have saturated PIP3 resulting in low 

activation levels of the exogenous wt-ILK fusion protein.  In contrast, our results with ca-
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ILK expressing BeWo cells, which would not require an elevated PIP3 and PI3K activity, 

indicate that ILK facilitates BeWo trophoblast syncytialization and that it is likely 

dependent, at least in part, on ILK catalytic activity.  Fusion-promoting culture 

conditions, particularly elevated cAMP and PKA activation induced by forskolin addition 

(Wise et al., 1990; Knerr et al., 2005), also likely synergize with ILK catalytic activity to 

aid in syncytialization, as ILK-induced syncytialization was absent in BeWo cells grown 

exclusively under proliferation-promoting conditions (Fig. 3.9; Table 3.3).  Therefore, 

while our data shows ILK is a key player in promoting BeWo trophoblast cell 

syncytialization, other factors are needed to be present to promote differentiation leading 

to the formation of a syncytium.  In total, these results clearly correlate with work by 

Miller et al., (2003) who demonstrated that ILK is necessary for L6 in vitro myogenesis 

and over-expression of ILK in L6 myoblasts resulted in increased ILK activity and 

stimulation of myoblast fusion into myotubes.  Trophoblast and myoblast differentiation 

and fusion share other molecular similarities.  Various studies have shown that myoblast 

fusion in mammals is regulated via cell adhesion proteins, including cadherins and 

ADAM 12; transmembrane lipids, including phosphatidylserine, and intracellular domain 

associated signalling or adaptor proteins such as β-catenin (Pavlath, 2010; Abmayr and 

Pavlath, 2012).  Furthermore, it is evident that cell signalling pathways that play critical 

roles in myoblast fusion, such as MAPK and FAK, are also implicated in trophoblast 

syncytialization (Hindi et al., 2013).     
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4.3 ILK Induces Intracellular β-hCG Expression 

 

 Placental hormone expression, such as β-hCG expression, is crucial for the 

maintenance of gestation and a successful pregnancy outcome.  The synthesis and 

secretion of β-hCG is a well known marker of hormonal syncytiotrophoblast 

differentiation (Shi et al., 1993) and syncytializing BeWo cells also express β-hCG 

mRNA and protein when cultivated in fusion-promoting conditions (Lin et al., 2000; 

Frendo et al., 2003a; Kudo et al., 2004).  To quantitatively detect β-hCG secreted in 

culture media from BeWo cells that were transiently transfected with the EGFP-C3 

constructs containing wt or mutant ILK cDNA, and subsequently cultured under 

syncytialization conditions, ELISA assays were conducted.  There were no significant 

differences in the amount of β-hCG secreted from the BeWo cells transfected with the 

different ILK cDNA constructs (Fig. 3.7).  However, the transfection efficiency using 

lipofectamine in the experiments conducted was estimated to be only approximately 40%.  

This low transfection efficiency likely resulted in a high background of β-hCG secretion 

from untransfected BeWo cells. 

 Since our transient transfection strategy likely meant that there was a background 

of β-hCG expression and secretion from untransfected cells, we then examined β-hCG 

expression in transfected cells using immunocytochemistry, as has been previously 

conducted (Lin et al., 2000).  In vector control expressing cells we detected some β-hCG 

expression as a result of culture in fusion-promoting conditions; however, dn-ILK 

expressing cells exhibited significantly lower levels of β-hCG detection compared to the 
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vector control, the wt-ILK and the ca-ILK mutant expressing cells (Fig. 3.8: Table 3.2).  

Thus, in contrast to “physical” syncytialization, lack of proper subcellular localization of 

ILK and its associated proteins does impact BeWo cell β-hCG expression and hormonal 

differentiation.  Furthermore, regarding the previous concern dealing with proper 

catalytic activation of exogenous wt-ILK in transfected BeWo cells, the significant 

increase in β-hCG expression in these cells vs dn-ILK and vector control may also 

indicate the requirement for ILK, in addition to its catalytic activity, as an adapter protein 

and signalling platform for other signalling proteins to aid in proper hormonal 

differentiation.  Lastly, BeWo cells expressing ca-ILK showed a significant increase in β-

hCG expression compared to vector control, dn-ILK and wt-ILK expressing BeWo cells 

(Fig. 3.8; Table 3.2).  This significant β-hCG upregulation in ca-ILK expressing BeWo 

cells highlights that ILK catalytic activity, at least in part, also has a role in promoting 

syncytiotrophoblast hormonal differentiation.   

 MAPKs are a family of protein kinases that play a role in proliferation, 

differentiation, survival, migration, growth and apoptosis (Nadeau et al., 2009).  Two 

well characterized subfamilies of MAPKs are the ERK1/2 and the four p38 enzymes 

(p38α, p38β, p38γ and p38δ); (Daoud et al., 2005).  A study by Daoud et al (2005) using 

primary cytotrophoblast cells cultured from human term placenta, revealed that both 

ERK1/2 and p38MAPK pathways are essential in the initiation of trophoblast hormonal 

differentiation and when these pathways were specifically inhibited, hCG secretion was 

inhibited in a dose dependent manner.  More recently, Delidaki et al (2011) found that 

both ERK1/2 and p38MAPK were activated downstream of adenylyl cyclase and were 
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involved in hCG secretion in BeWo cells.  In BeWo cells the MAPK activation primarily 

involves the cAMP/PKA/A-kinase anchoring protein (AKAP) pathway.  This is of 

importance, since ERK1/2 has been identified as a target of ILK signalling in a cell 

culture model of renal epithelial morphogenesis (Leung-Hagesteijn et al., 2005).  ILK has 

also been found to be upstream of mitogen activated protein kinase (MEK)/ERK1/2 

signalling in leukemic cells.  This study suggested that there is crosstalk between the 

PI3K/ILK/Akt pathway and the MEK/ERK pathway in differentiation (Tabe et al., 2007).  

A similar pathway crosstalk may be present in BeWo cells, in which ILK could further 

activate the MAPK pathway increasing secretion of hCG.          

 

4.4. Candidate ILK Signalling Pathway 

  

ILK participates in many signal transduction pathways that control cell survival, 

differentiation, proliferation and gene expression in mammalian cells (Wu and Dedhar, 

2001).  In portraying ILK as a regulator of BeWo syncytialization, it is important to begin 

elucidating the signalling pathway though which ILK is able to mediate this cell-cell 

fusion process.   

 We first demonstrated that Snail was expressed in syncytializing BeWo cells 

using timecourse experiments (Fig. 3.10).  Immunolocalization of Snail expression 

revealed that detection of Snail markedly increased in the nuclei during syncytialization 

(Fig. 3.13, 3.14), correlating with earlier findings for ILK, indicating that Snail would be 

able to interact with ILK to promote cell-cell fusion (Fig. 3.2).  As mentioned previously, 
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Snail is a transcription factor that cycles between the nucleus and the cytoplasm in 

various mammalian epithelial cell lines and its function is dependent on its intracellular 

location (Dominguez et al., 2003).  It has been suggested that the intracellular distribution 

of Snail, its transcriptional activation and its ability to initiate EMT is controlled by cell 

attachment to the ECM and cell signalling via ILK in various cell lines (Tan et al., 2001; 

Dominguez et al., 2003).  A short sequence in the amino terminus of Snail, termed the 

SNAG box, is essential for E-cadherin repression.  Dominguez et al (2003) reported that 

this SNAG box contains a nuclear export sequence and that phosphorylation of an 

adjacent serine-rich sequence facilitated translocation of Snail to the nucleus.  Other 

studies have shown that p21 activated kinase 1 (PAK1) phosphorylates Snail and favors 

the nuclear localization of Snail and, thus enhances its transcriptional activity (Yang et 

al., 2009). 

 We next demonstrated that PARP was also expressed in syncytializing BeWo 

cells using timecourse immunoblot experiments (Fig. 3.10).  Immunolocalization of 

PARP expression revealed that PARP increased in the nuclei of BeWo cells from 12 h of 

culture and thereafter under syncytialization-promoting conditions (Fig. 3.11,  3.12), 

corresponding to the translocation of ILK to the nucleus.  PARP is mainly found in the 

nucleus of cells where it associates with transcription factors and other nuclear proteins to 

form complexes and contribute to chromatin remodelling, DNA damage repair, 

regulation of transcription, and cell division.  PARP-1 is an important player in many key 

cellular processes, including transcription, and apoptosis (Droit et al., 2007).  This 
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supports our data that PARP, Snail and ILK could form a complex and be part of a 

signalling pathway for BeWo syncytialization.   

 It was also found that phosphorylated (Ser 473)-Akt expression consistently 

increased in BeWo cells during 48 h of culture under syncytialization promoting 

conditions (Fig. 3.10).  This corresponded to the increase in ILK kinase activity in BeWo 

cells under the same conditions and is of particular interest because Akt is a known 

substrate of ILK activity and has been found to regulate Snail expression (Bravou et al., 

2006; McPhee et al., 2008; Kimura et al., 2009).  ILK has been shown to mediate, in 

vitro, the kinase activity of Akt and constitutively active Akt has been found to down-

regulate the expression of the E-cadherin gene trancriptionally via inducing Snail 

expression during EMT in squamous cell carcinoma lines, however the mechanism by 

which Akt activates the transcription of Snail during EMT remains unclear (Grille et al., 

2003).  Therefore, it is possible that ILK may activate Akt during syncytialization which 

then activates the transcription of Snail to downregulate E-cadherin expression and 

mediate syncytialization.                               

 It was discovered that both PARP and Snail promoter activities were significantly 

upregulated during BeWo cell syncytialization compared to proliferation conditions using 

luciferase reporter assays (Fig. 3.15).  This indicates that both Snail and PARP genes are 

likely actively transcribed during syncytialization.  GCM1 was used as a control in this 

experiment due to the fact that this transcription factor is a well known regulator of 

syncytin 1 expression and plays a role in trophoblast syncytialization during placental 

development (Baczyk et al., 2004; Huppertz et al., 2006).  In this regard, it was 
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demonstrated in luciferase reporter assays from this study that GCM1 gene activity was 

high during BeWo syncytialization compared to BeWo cells cultured under proliferation 

conditions.   

 Since the experimental findings suggested that Snail and PARP may play a role in 

BeWo syncytialization, we wanted to further determine if they could be part of the ILK 

mediated pathway of syncytialization.  This was assessed by transfecting BeWo cells 

with either the Snail or PARP luciferase reporter vectors (Snail-Luc or PARP-Luc) along 

with the different pEGFP C3-ILK expression vectors that contained either the wt or 

mutant ILK cDNA, and culturing the cells under syncytialization promoting conditions 

(Fig. 3.17; 3.18).  The luciferase activity was significantly increased when either the 

Snail-Luc or PARP-Luc were transfected along with the ca-ILK construct relative to the 

wt-ILK, dn-ILK or empty vector control.  Luciferase activity from BeWo cells 

transfected with the wt-ILK construct and Snail-Luc or PARP-Luc was also significantly 

higher than in cells transfected with the dn-ILK or the empty vector control.  This 

indicated that both the Snail and PARP promoters were more active in BeWo cells 

overexpressing ILK, and therefore could be part of the ILK mediated pathway of 

syncytialization. 

 GCM1 was not found to be likely involved in the ILK mediated pathway of 

syncytialization.  The luciferase reporter activity was not significantly altered when 

GCM1-Luc was transfected into the BeWo cells along with any of the pEGFP C3 ILK 

expression vectors indicating that although GCM1 does play a role in BeWo 

syncytialization it is not part of the ILK mediated signalling pathway (Fig. 3.19).   
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 Tan et al., (2001) have previously demonstrated that the over-expression of ILK 

in various human colon carcinoma cell lines caused a stimulation of Snail expression.  

Somasiri et al., (2001) also demonstrated that the over-expression of ILK in the Scp2 

mouse mammary epithelial cell line resulted in the loss of E-cadherin expression, loss of 

polarity and the induction of EMT.  Recently, these results were extended to include data 

suggesting that in the Scp2 cell line, ILK transcriptionally upregulates Snail causing the 

loss of E-cadherin expression (McPhee et al., 2008).  Alternatively, in the SW480 colon 

carcinoma cell line, which expresses high levels of Snail and low levels of E-cadherin, 

when ILK is inhibited with an ILK kinase inhibitor named KP-SD-1, E-cadherin levels 

increase and Snail promoter activity is inhibited in a dose dependent manner by the ILK 

inhibitor (Tan et al., 2001).   Similar results of an increased E-cadherin expression are 

seen with the down-regulation or inhibition of Akt or Snail (Persad et al., 2001; Tan et 

al., 2001; McPhee et al., 2008).  McPhee et al., (2008) also identified PARP-1 as a 

component of the signalling pathway upstream of Snail leading to the down-regulation of 

E-cadherin expression.  ILK is known to regulate Snail transcription by binding to a 65 

base pair region in the 5` promoter of Snail termed the SIRE.  Using a SIRE assay 

coupled with mass spectrometry, PARP was identified to bind to the SIRE in an ILK 

dependent manner leading to E-cadherin down-regulation (McPhee et al., 2008).  

Therefore, the underlying signalling mechanism that may be responsible for ILK 

facilitated syncytialization of BeWo cells may involve Snail, the sensitive transcriptional 

repressor of E-cadherin expression, and PARP.                      
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 Immunofluorescence analysis of human placental tissue sections for PARP, Snail, 

E-cadherin and ILK resulted in the detection of all of these proteins in floating chorionic 

villi.  Both PARP and Snail were detected in the cytoplasm and nuclei of many villous 

cytotrophoblast cells, and also sometimes in the nuclei of the syncytiotrophoblast cell 

layer (Fig. 3.22, 3.23, 3.24, 3.25).  These proteins co-localized mainly in the 

nucleoplasm, a highly viscous liquid in the nucleus that includes the chromosomes and 

nucleoli, of the villous cytotrophoblast cells (Fig. 3.25).  ILK was localized in the 

cytoplasm of the plasma membrane of the villous cytotrophoblast cells as previously 

reported (Elustondo et al., 2006); however, ILK was also detected in the nuclei of some 

syncytiotrophoblast cells (Fig. 3.27).  ILK and Snail were found to be highly expressed in 

the same spatial locations in the cytotrophoblast cell layer (Fig. 3.27).   

Taken together, our results clearly establish a correlation of increased ILK activity 

and alterations in temporal and spatial ILK expression during BeWo syncytialization with 

increased Snail and PARP gene promoter activity and nuclear location in these cells 

during this process.  Lastly, detection of PARP and Snail in villous cytotrophoblast cell 

nuclei during first and early second trimester, when syncytialization has to occur, 

supports data obtained from experiments with BeWo cells.  There have been previous 

reports of Snail being involved in promoting EMT by downregulating E-cadherin 

expression through an ILK-Akt-PARP-Snail pathway (Tan et al., 2001; McPhee et al., 

2008).  This study now implicates this pathway in facilitating trophoblast syncytialization 

Fig. 4.1).      
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Figure 4.1.   An ILK-PARP-Snail Signaling Pathway in vCTB Syncytialization?  

It is proposed that during syncytialization there is an increased nuclear expression of ILK, 

PARP-1 and Snail along with an increased PARP and Snail promoter transcriptional 

activity.  Nuclear ILK and PARP would be able to bind to the SIRE within the Snail 

promoter to promote Snail transcription, allowing subsequent production of Snail protein. 

Snail would then bind to the E-box sequence of the E-cadherin promoter and repress the 

transcription of E-cadherin initiating syncytialization.   
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4.5 ILK is Necessary for BeWo Syncytialization 

  

 Various studies have shown that there are multiple key players involved in 

regulating syncytialization such as cytokines, hormones, protein kinases, transcription 

factors, proteases and membrane proteins (Potgens et al., 2002; Huppertz et al., 2006), 

meaning various signalling pathways may interact and play a role to mediate this cell-cell 

fusion.  EGF, GM-CSF, CSF, LIF and TGF-α are well known cytokines and growth 

factors that are required for development of the syncytium in cultured cytotrophoblasts 

(Morrish et al., 1997) and induce the secretion of hCG and/or hPL, two hormomes 

important in trophoblast differentiation and syncytialization (Garcia-Lloret et al., 1994; 

Morrish et al., 1997).  When cytokines and growth factors bind to receptors on target 

trophoblast cells, various signalling pathways become activated such as the MAPK and 

Src family of kinases, which are thought to play a role in the regulation of trophoblast 

fusion (Thomas and Brugge, 1997; Daoud et al., 2005).  There are also various proteins 

that have been found to be involved in the mediating of syncytialization such as syncytin 

1 (Frendo et al., 2003a), ADAM family of proteases (Ito et al., 2004) and caspases (Rote 

et al., 2010) along with physiochemical factors and membrane architecture (Huppertz et 

al., 1998; 1999).                                                                                                                    

 From our results, we have seen that ILK seems to be a new player in BeWo cell 

fusion and therefore may be important in mediating syncytialization in the placenta in 

vivo.  To more specifically determine if ILK was crucial for BeWo syncytialization in 

this study, siRNA mediated knockdown of ILK was used in BeWo cells that were 
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cultured under syncytilization promoting conditions.  Figure 3.28 shows the effective 

knockdown of ILK on immunoblot.  This knockdown of ILK also resulted in a significant 

decrease in syncytialization of BeWo cells compared to cells that were transfected with a 

non targeting control pool of siRNA (Fig. 3.28; Table 3.4), thus indicating that ILK is 

necessary to promote BeWo cell fusion.  A high concentration of ILK siRNA (500 nM) 

was used in order to effectively knockdown ILK expression in BeWo cells.  Other studies 

using ILK siRNA have used much lower concentrations of ILK siRNA usually ranging 

from 5 nM to 100 nM (Zhao et al., 2011; Wang et al., 2011).  High levels of ILK 

expression in BeWo cells or a high rate of turnover of ILK protein may have necessitated 

the high siRNA concentrations in these experiments.  Toxicity was not a concern since 

there was no marked loss of cells observed following transfection and subsequent cell 

culture of BeWo cells did not exhibit any morphological signs of poor health (no 

increased appearance of cell vacuoles, loss of intact nuclear membranes, nuclear 

fragmentation or cellular debris).  Furthermore, no cleaved PARP, an indicator or 

apoptosis, was observed in BeWo cell lysates by immunoblot analysis.     

 When ILK expression was depleted due to ILK siRNA, Snail expression 

decreased while E-cadherin expression increased as observed by immunoblot analysis 

(Fig. 3.29).  This gives further evidence that ILK may indirectly or directly downregulate 

the expression of E-cadherin via Snail.  Therefore if ILK is downregulated, E-cadherin 

expression would increase due to Snail inactivity and syncytialization would decrease.   

However, when ILK expression was depleted in our experiments, PARP expression 

remained unchanged.  This may be due to the fact that PARP expression may be 
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regulated in BeWo cells via other proteins or signalling pathways, as well as ILK.  PARP 

is a multifunctional nuclear protein with many roles in transcription control (Ji and Yulin, 

2010).  The functions of PARP in transcription and splicing control are reflected in 

multiple roles during development, including metamorphosis, gametogenesis and cell 

differentiation (Ji and Yulin, 2010).  Therefore, while PARP is abundant in many cells, 

only a small portion of total PARP protein may be working with ILK during 

syncytialization due to the fact that PARP is involved in many cellular functions.                                                                                                                                                                     

 

4.6 Clinical Importance                                                                                                      

                                                                                                                                  

 Impaired trophoblast differentiation and fusion appears to be directly associated 

with various pathological conditions including preeclampsia, IUGR (Huppertz et al., 

2006) and trisomy of chromosome 21 – which causes the phenotype of Down syndrome 

(Malassine et al., 2010).  This is not surprising since it is the syncytiotrophoblast that is 

the epithelial covering of the chorionic villi that is in contact with the maternal blood and 

performs many important functions such as ion and nutrient exchange, oxygen transport, 

waste removal and the synthesis and secretion of various hormones required for fetal 

growth and development (Benirschke and Kaufmann, 2001).                                                                                                                                        

 Pre-eclampsia is one of the main causes of maternal and fetal morbidity and 

mortality in the world, causing approximately 40 % of births delivered before 35 wks of 

gestation (Valenzuela et al., 2012).  Clinically, it is defined as the onset of hypertension 

and proteinuria after 20 wks of gestation.  Pre-eclampsia can sometimes lead to acute 
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renal failure, seizures, pulmonary oedema, acute liver injury, haemolysis and/or 

thrombocytopenia (Ramma and Ahmed, 2011).  Pre-eclampsia is associated with 

placental hypoxia and suppressed syncytiotrophoblast formation.  In a study by Kudo et 

al. (2003), hypoxia was shown to cause a decrease in syncytin 1 expression and BeWo 

cell fusion. This was thought to contribute to pre-eclampsia due to the fact that placental 

syncytin 1 expression levels in trophoblast is reported to be reduced in pre-eclamptic 

placental tissue and localized to the apical syncytiotrophoblast microvillous membrane 

instead of the basal membrane (Lee et al., 2001).  IUGR is one of the most common and 

complex problems in modern obstetrics and is defined as a fetus with a weight and height 

below the 10th percentile.  There are two distinct features that can determine IUGR, 

which are constitutional smallness and pathological growth restriction (Faraci et al., 

2011).  It is also thought that abnormal syncytiotrophoblast function may contribute to 

IUGR since, as mentioned previously, it is the syncytiotrophoblast layer that is central to 

nutrient and gas exchange between the mother and the fetus and the synthesis of 

hormones that are required for normal fetal growth and development (Lin et al., 1991).                                                                                        

 Two important hormones synthesized and secreted from the syncytium that are 

required for human gestation are progesterone and hCG.  Therefore any disturbances in 

the formation and functioning of the syncytiotrophoblast would result in abnormal 

secretion of these hormones and may be implicated in abnormal fetal growth and 

development (Langbein et al., 2008).  It was found that in trisomy 21, the process leading 

to membrane fusion is impaired and hCG signalling was abnormal due to a low number 

of hCG/ (luteinizing hormone) LH receptors.  Also, in trophoblast cells affected by 
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trisomy 21, there were abnormal glycosylated forms of hCG with low biological activity 

(Malassine et al., 2010).                                                                                                                                                    

 Cytotrophoblast differentiation and subsequent fusion to form the multinucleate 

syncytiotrophoblast is a multifactoral and dynamic process that remains poorly 

understood.  Without basic research into how the process of trophoblast syncytialization 

occurs and is regulated, it will not be possible to develop assays to better predict the 

occurance of conditions such as pre-eclampsia, IUGR and trisomy 21 and develop 

therapeutic strategies to combatprogression of these conditions.                                     

 A study by Ahmed et al., (2004) found that the ILK protein was found in serum of 

patients with ovarian cancer and recently a study by Watzka et al (2011) detected ILK in 

the serum of patients with malignant pleural mesothelioma.   Since my study implicates 

ILK as a regulator of syncytialization in vivo during human placental development and 

recent studies have found that ILK can be found in human sera, it may be advisable to 

assay ILK in pregnant patient sera to monitor changes in its concentration as a potential 

way to identify aberrant trophoblast fusion and potentially predict gestational 

trophoblastic diseases.                                                                                                                                                                                                

 

4.7 Conclusions 

  

There were 4 objectives investigated in these experiments.  The first examined the 

temporal and spatial expression profile as well as the kinase activity of ILK in BeWo 

cells undergoing proliferation and syncytialization.  ILK was found to be present in the 
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cell cytoplasm, at focal adhesion-like structures and at cell-cell adhesions in BeWo cells 

undergoing proliferation.  ILK expression decreased when cells were initially cultured 

under syncytialization - promoting conditions but recovered and at 48 h of culture 

reached levels comparable to 0 h.  However once BeWo cells were cultivated under 

syncytialization - promoting conditions ILK localization shifted to the nucleus.  ILK was 

also found to exhibit higher catalytic activity in BeWo cells cultured under 

syncytialization – promoting conditions, giving evidence to support ILK as a kinase and 

as a regulator of syncytialization.    

The second objective determined that ILK overexpression was able to induce 

syncytialization and hormonal differentiation in BeWo cells.  Transient expression of wt-

ILK in BeWo cells cultured under syncytialization – promoting conditions significantly 

increased trophoblast syncytialization compared to dn-ILK, while ca-ILK expression 

significantly increased syncytialization compared to vector control and dn-ILK 

expressing BeWo cells.  Also, transient expression of wt-ILK or ca-ILK in BeWo cells 

cultured under syncytialization – promoting conditions significantly increased hormonal 

differentiation in BeWo cells.  However, transient expression of wt-ILK, ca-ILK, dn-ILK 

or vector control did not show any significance difference in trophoblast syncytialization 

in BeWo cells cultured under proliferation – promoting conditions indicating that other 

factors have to be present besides ILK to induce syncytialization.       

The third objective examined the expression profile of candidate molecules, 

PARP and Snail that could partner with ILK to promote syncytialization in BeWo cells 

and in human placental tissue.  It was found that both PARP and Snail were expressed in 



193 
 

syncytializing BeWo cells and that both of these proteins localized to the nuclei during 

syncytialization.  Reporter assays using PARP or Snail luciferase reporter vectors along 

with the different pEGFP C3-ILK expression vectors that contained either wt or mutant 

ILK cDNA determined that both PARP and Snail promoters were more active in BeWo 

cells overexpressing ILK and therefore could be part of the ILK mediated pathway of 

syncytialization.  Analysis of PARP and Snail in human chorionic villi confirmed the 

spatial expression of these proteins primarily in the cytoplasm and nuclei of the 

cytotrophoblast.          

The last objective determined that ILK was necessary for BeWo syncytialization.    

The knockdown of ILK using ILK siRNA resulted in a significant decrease in 

syncytialization of BeWo cells compared with cells that were transfected with a non 

targeting control pool of siRNA.  It was also demonstrated that the knockdown of ILK 

resulted in a decrease in Snail and an increase in E-cadherin expression.   

 This study indicates that the ILK mediated signalling pathway is an important 

pathway during BeWo syncytialization and may be necessary for cytotrophoblast fusion 

in vivo during placental development.     

 

4.8 Future Directions                                                                                                                                             

                                                                                                                                   

 These findings demonstrate an ILK mediated signalling pathway is involved and 

is necessary in the differentiation and syncytialization of BeWo cells and likely 
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components of this syncytialization pathway are PARP and Snail.  In total these results 

implicates this signalling pathway in the same process in villous cytotrophoblasts in vivo.   

In addition, this research also raises the possibility of a more general role for ILK in cell-

cell fusion, as this function has been suspected in breast cancer cells and demonstrated in 

macrophages and myoblasts – all of which highly express ILK (Miller et al. 2003; 

Mongroo et al., 2004; Chen et al., 2007). 

In order to better understand the regulation of BeWo syncytialization, the 

identification of additional members of the ILK signalling pathway and their specific 

roles in trophoblast syncytialization need to be explored.  ILK, along with Snail and 

PARP are known to interact with many proteins in various signalling pathways such as in 

EMT.  Since EMT has some similarities with membrane fusion/syncytialization, it would 

be interesting to look at the temporal and spatial expression patterns of protein involved 

with ILK during EMT such as PINCH-1 (Liu, 2010) and α-catenin (Oloumi et al., 2004) 

in BeWo cells during proliferation and syncytialization.                                                                                                                 

 The utilization of cell models is of great importance in research.  Due to the 

BeWo cells ability to undergo syncytialization up to 80 % in the presence of forskolin 

and media with a high calcium content, and its ability to express proteins similar to those 

of the placental syncytiotrophoblast, these factors allow it to serve as a useful model for 

studying placental syncytialization.  However, an immortalized cell line can only re-

capitulate development in vitro to a limited extent.  Therefore future experiments should 

use villous explant placental tissue cultures.  In these experiments, one could isolate the 

cytotrophoblast layer from human placental samples of various gestational age, and 
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perform similar experiments to what was perfomed in this thesis - luciferase reporter 

assays, transfection of the pEGFP C3 expression vectors containing the wt or mutant ILK 

cDNA or transfection of ILK siRNA into the cytotrophoblast to determine the role of ILK 

in trophoblast syncytialization.  It is difficult to say whether these assays are viable in 

explant tissue, but the use of ILK antisense oligonucleotide targeting would be a feasible 

method to deplete ILK mRNA in isolated cytotrophoblast cells to see the effect on 

differentiation and syncytialization.  Snail and PARP expression could then be examined 

following oligo targeting of ILK, to see if ILK depletion would affect Snail and/or PARP 

expression in vivo.  This would confirm the importance of the ILK signalling pathway 

during differentiation and syncytialization.                                                                                                            

Lastly, other experiments that could be done are the siRNA depletion of Snail and 

PARP in BeWo cells and explant cultures to assess their importance directly in fusion.  

This would then allow for the analysis of ILK and/or other proteins by immunoblot 

analysis to determine the hierarchy of this ILK mediated pathway of syncytialization. 
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Abstract
Background: In the fusion pathway of trophoblast differentiation, stem villous cytotrophoblast
cells proliferate and daughter cells differentiate and fuse with existing syncytiotrophoblast to
maintain the multi-nucleated layer. Integrin-linked kinase (ILK) is highly expressed in 1st and 2nd
trimester villous cytotrophoblast cells, yet barely detectable in syncytiotrophoblast, thus we
examined the potential role of ILK in aiding trophoblast fusion.

Methods: The temporal/spatial expression and activity of ILK were determined in BeWo cells
undergoing syncytialization by immunoblot and immunofluorescence analyses. BeWo cells were
also transfected with pEGFP expression vectors containing wildtype or two mutant ILK cDNA
constructs. The incidence of cell fusion in transfected cells grown under syncytialization conditions
was then scored by the presence or absence of E-cadherin immunostaining. Beta-hCG expression
in transfected cells, a marker of syncytiotrophoblast hormonal differentiation, was also similarly
assessed.

Results: ILK catalytic activity increased and ILK began to increasingly localize to BeWo cell nuclei
during syncytialization in correlation with increased pAkt and Snail protein expression.
Syncytialization was also significantly elevated (p < 0.05) in BeWo cells expressing constitutively
active (ca)-ILK vs cells containing empty vector or dn-ILK. Furthermore, cytoplasmic Beta-hCG
expression markedly increased (p < 0.05) in cells expressing wt- and ca-ILK.

Conclusion: ILK-facilitated syncytialization is dependent, at least in part, on ILK catalytic activity
while hormonal differentiation appears dependent on both ILK-associated protein interactions and
catalytic activity. This study demonstrates that ILK plays a novel role in BeWo syncytialization and
differentiation, perhaps through an ILK-Akt-Snail pathway, and implicates ILK in the same process
in villous cytotrophoblasts in vivo.
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Background
The human placenta is a critical organ formed during
pregnancy that possesses an array of specialized meta-
bolic, hormonal, and immunological functions that con-
trol the growth and viability of the fetus and, in turn, the
health of the mother [1-4]. The importance of proper pla-
cental development to the health and well being of the
fetus and mother is illustrated in conditions that arise dur-
ing pregnancy such as preeclampsia, gestational diabetes
and intrauterine growth restriction, that are thought to be
the result of placental abnormalities [5].

In the human fetal placenta, the floating villi represent the
majority of the chorionic villi and are bathed in maternal
blood to function in hormone transport and to aid in the
exchange of gases, nutrients and waste between the mother
and fetus [2,5]. The floating villi consist of an outer multi-
nucleated syncytiotrophoblast layer, an underlying mitoti-
cally active mononuclear cytotrophoblast layer and a
stroma [4]. In the cytotrophoblast layer, polarized stem
cytotrophoblast cells proliferate and daughter cells then
differentiate and fuse with existing syncytiotrophoblast to
maintain the multi-nucleated layer [reviewed by [6]]. Mor-
phometric analyses have indicated that in the first trimester
there is an excess of villous cytotrophoblast cells fusing
with the syncytiotrophoblast – likely necessary for the met-
abolic integrity of the syncytiotrophoblast [7], although
Ellery et al [8] has recently demonstrated that a proportion
of nuclei in the syncytiotrophoblast are actively engaged in
transcription in accordance with the high metabolic and
secretory activity of the tissue. While proliferation of villous
cytotrophoblast cells falls with advancing gestation, the
cytotrophoblast layer is not entirely discontinuous. Mori et
al [9] and Jones et al [10] have calculated ~45–80% conti-
nuity of the cell layer at term with cytotrophoblast cells
being transformed into flat cells with many thin cellular
interdigitating processes. While the events leading to main-
tenance of the cytotrophoblast stem cell population as well
as cytotrophoblast differentiation and fusion are poorly
understood, it is becoming clear that initiation of an apop-
tosis cascade occurs early in differentiation [11,12]. A flip
of phosphatidylserine within the cytotrophoblast cell
membrane is also associated with cytotrophoblast fusion
[7,13]. Since the villous cytotrophoblast and syncytiotro-
phoblast comprise the epithelial covering of the chorionic
villi that is in contact with maternal blood, any distur-
bances in the processes of cytotrophoblast proliferation
and fusion of cytotrophoblast with overlying syncytiotro-
phoblast can seriously perturb the turnover and function of
the syncytiotrophoblast layer and ultimately may contrib-
ute to development of fetal growth restriction or preec-
lampsia [14].

Research has demonstrated that syncytin-1, a retroviral
envelope protein, appears to have a direct role in human
trophoblast fusion [15]. Furthermore, glial cells missing-1

(GCM1), a transcription factor, appears to be upregulated
in pre-fusing cytotrophoblast and to regulate syncytin-1
mRNA expression [15-17]. Along with these findings,
other proteins or groups of proteins such as protein tyro-
sine kinases and protein tyrosine phosphatases with a
variety of other known functions also appear to play
important roles in the fusion pathway [18,19]. An intrac-
ellular serine/threonine kinase named Integrin-linked
kinase (ILK) localizes to focal adhesions and is critically
involved in the adhesion of cells to their extracelluar envi-
ronment and in signal transduction [20,21]. ILK interacts
with the cytoplasmic domains of E-integrins and numer-
ous cytoskeletal associated proteins and has been found
to mediate protein-protein interactions.

Recently, Elustondo et al [22] reported that ILK was highly
detectable by immunoblot analyses in human chorionic
villous tissue lysates throughout gestation. It was also
highly expressed in situ in villous cytotrophoblast cells and
in stromal mesenchyme in first trimester and early second
trimester human chorionic floating villi; however, it was
scarcely detected in the syncytiotrophoblast layer. The
adherens junction protein E-cadherin mediates
homophilic calcium- dependent cell adhesion in neigh-
bouring cells and is also highly detectable at points of
cytotrophoblast cell-cell contact [23,24]. E-cadherin
expression markedly decreases with remodeling of cell-cell
adhesion complexes associated with differentiation and
subsequent fusion of cytotrophoblast to syncytiotrophob-
last [24] and, thus, presence/absence of the protein can be
used to assess trophoblast syncytialization [25-27]. As yet,
the mechanism(s) underlying the downregulation of E-cad-
herin expression in villous cytotrophoblast undergoing the
morphogenetic process of syncytialization is unknown.

Hannigan et al [28] has demonstrated that over-expres-
sion of ILK in epithelial cells results in disrupted cell-cell
adhesion. ILK also downregulates E-cadherin expression
through activation of the transcriptional repressor Snail,
independent of E-catenin/T cell factor (TCF7) regulation
[29]. Based on the reported role of ILK in regulating E-cad-
herin expression and the known expression of both ILK
and E-cadherin expression in the cytotrophoblast of
human chorionic villi during pregnancy, we hypothesized
that ILK could be a player in regulating the differentiation
and fusion of cytotrophoblast into the syncytiotrophob-
last via the downregulation of E-cadherin. To begin testing
this hypothesis we employed a well documented cell line
model, BeWo cytotrophoblast cells, for the study of tro-
phoblast syncytialization [30,31].

Methods
Cell culture
The BeWo cell line was purchased from the American Type
Culture Collection (Cat. #CCL-98, Manassas, VA, USA).
This cell line was originally derived from a human tro-
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phoblast choriocarcinoma and is well known to undergo
syncytialization upon forskolin treatment [32]. This cell
line model is ideal for experiments because syncytializa-
tion can be controlled with syncytialization of up to 80%
[33]. They can be grown under proliferating conditions
indefinitely where they exhibit an epithelial phenotype or
under syncytialization conditions where it is well known
that BeWo cells express markers of syncytiotrophoblast
such as E-hCG, syncytin, and markedly decreased E-cad-
herin and desmoplakin expression [15,24,33-36].

Cells were cultivated in 75 cm2 culture flasks in Ham's F-12
media with L-glutamine (Cat. #11765-062; Invitrogen Ltd.,
Burlington, Ontario, Canada) supplemented with 10%
fetal bovine serum (Cat. #16000-044; Invitrogen) and 100
U penicillin/100 Pg (Cat. #15140-122; Invitrogen) as has
been described elsewhere [37]. The BeWo cells were main-
tained under standard culture conditions of 5% carbon
dioxide in air at 37°C with medium renewal on a daily
basis. This tissue culture media formulation and associated
culture parameters were designated "proliferating condi-
tions". Once cells reached ~80% confluency they were pas-
saged into new tissue culture flasks with new media at a
ratio of 1:4. For culture of BeWo cells to promote syncytial-
ization the same conditions as above were utilized except
that the media was simply changed to Ham's F-12K media
(Cat. # 21127-022) containing 25 PM Forskolin (Cat.
#F6886; Sigma Chemical Co, St. Louis, Missouri, USA).
This media formulation and culture parameters were desig-
nated as "syncytialization conditions".

BeWo transfection and determination of syncytialization 
and E-hCG expression
BeWo cells were counted with a haemocytometer and the
concentration was adjusted to 2.5 × 105 cells/ml. Cells
were initially seeded on either 22 × 22 cm glass coverslips,
seated in 35 mm tissue culture dishes, or in 6 well plates
and cultivated in proliferating conditions as described
above. When the cells reached approximately 80% conflu-
ence they were washed with media without FBS or antibi-
otics and transiently transfected with 2.0 Pg of empty
pEGFP-C3 vector (Cat. #6082-1; BD Clontech), pEGFP-
C3 containing human wild-type (wt)-ILK, pEGFP-C3 con-
taining dominant-negative human E395K (dn)-ILK, or
pEGFP-C3 containing a constitutively active human
S343D (ca)-ILK construct and 8.0 Pl of Lipofectamine
2000 (Cat. #11668-027; Invitrogen). Transfections were
conducted according to the manufacturer's detailed
instructions. Six hours after transfection the cells were cul-
tivated in syncytialization conditions and the media
replenished 24 hours after transfection.

The incidence of syncytialization in transfected cells was
scored by the presence or absence of E-cadherin immu-
nostaining in twenty microscopic high power fields of
view (400× observed magnification). The use of E-cad-

herin immunostaining has been utilized in the past for
such assessments of trophoblast fusion [25-27]. Syncytial-
ization was considered genuine when at least 3 or more
nuclei were present in the same cytoplasm. The incidence
of E-hCG expression in transfected cells was also scored by
the presence or absence of E-hCG immunostaining in
twenty microscopic high power fields of view (400×
observed magnification).

Immunocytochemical analysis
BeWo cell syncytialization time course
BeWo cells were initially seeded on 22 × 22 mm glass cov-
erslips (2.5 × 105 cells/coverslip) seated in 35 mm culture
dishes and grown in proliferating conditions for 24 hours.
Cells were then fixed in 4% paraformaldehyde/PBS for 15
minutes under these proliferating conditions (0 h) or sub-
sequently at 3, 6, 9, 12, 18, 24, 36, or 48 h after initiation
of culture in syncytialization conditions. Cells were then
washed once with 1 × PBS for 5 minutes.

ILK fusion protein overexpression
For immunolocalization of E-cadherin or E-hCG in EGFP-
fusion protein expressing cells, forty eight hours after
transfection BeWo cells were washed with 1 × PBS for 2 ×
5 minutes each. The cells were then fixed in 4% parafor-
madehyde/PBS for 15 minutes and then washed once
with 1 × PBS for 5 minutes.

For immunocytochemical analyses, all cells were placed
in PBS containing 0.1% Triton X-100 (PBT) for 15 min-
utes at room temperature and subsequently washed with
1 × PBS for 5 minutes. The cells were then blocked in 5%
normal goat serum/1% horse serum/1% fetal bovine
serum in PBS for 1 h at room temperature with constant
agitation, then incubated for 1 hour at room temperature
in appropriate primary antisera (Table 1). Affinity-puri-
fied mouse and rabbit IgG, at the same concentration as
the primary antisera, served as negative controls for
immunocytochemical analyses. After three washes in PBT,
cells were incubated with appropriate secondary antisera
(Table 1). The cells were then washed two times with PBT
followed by a final wash in PBS. The cells were then
mounted in Vectashield containing DAPI (Cat # H-1200;
Vector Laboratories Inc., Burlington, Ontario, Canada).
All cells were observed using a Leica DM-IRE2 inverted
microscope (Leica Microsystems, Richmond Hill,
Ontario, Canada) equipped for epifluorescence illumina-
tion and attached to a Retiga Exi CCD camera (QImaging,
Burnaby, B.C, Canada). Openlab Image Analysis software
(Version 5.5; Improvision, Inc., Lexington, Massachusetts,
USA) was used for image capture and analysis.

Immunoblot analysis
BeWo cell syncytialization time course
BeWo cells were initially seeded at 2.5 × 105 cells/well in
35 mm culture dishes in Ham's F12 media and cultured



Reproductive Biology and Endocrinology 2009, 7:51 http://www.rbej.com/content/7/1/51

Page 4 of 14
(page number not for citation purposes)

for 24 hours. Cells were then lysed from these culture con-
ditions (0 h) or at 3, 6, 9, 12 18, 24, 36, or 48 h after ini-
tiation of culture in syncytialization conditions. 250 Pl of
NP-40 lysis buffer (50 mM Tris pH 8.0, 150 mM NaCl, 1%
Nonidet P-40) containing 100 PM sodium orthovanadate
and complete Mini EDTA-free protease inhibitors (Roche
Molecular Biochemicals, Laval, Quebec, Canada) were
added to the cells. Cells were harvested with a plastic cell
scraper and homogenized with moderate pipetting. Sam-
ples were cleared by centrifugation and supernatants were
retained for immunoblot analysis.

ILK fusion protein overexpression
BeWo cells were initially seeded at 3.5 × 105 cells/well in
6 well plates and transiently transfected with either the
pEGFP -C3 vector or one of the pEGFP-C3 containing ILK
constructs described above. Cells were then cultivated in
syncytialization conditions at 6 and 24 hours post-trans-
fection as described above. Forty- eight hours after trans-
fection, 250 Pl of NP-40 lysis buffer (50 mM Tris pH 8.0,
150 mM NaCl, 1% Nonidet P-40) containing 100 PM
sodium orthovanadate and complete Mini EDTA-free pro-
tease inhibitors (Cat. # 11836170001; Roche Molecular
Biochemicals, Laval, Quebec, Canada) were added to the
cells. Cells were harvested with a plastic cell scraper and
homogenized with moderate pipetting. Samples were
cleared by centrifugation and supernatants were retained
for immunoblot analysis.

For all immunoblot analyses, sample protein concentra-
tions were determined by the Bradford Assay using the
Bio-Rad protein assay dye reagent (Bio-Rad Laboratories,
Mississauga, Ontario, Canada). Protein samples (30 Pg/

lane) were separated in 10% polyacrylamide gels under
denaturing conditions and gels were blotted to Pierce 0.45
Pm nitrocellulose membranes (MJS Biolynx, Inc, ON,
Canada). Blots were washed with Tris buffered saline-
Tween-20 (TBST; 20 mM Tris base, 137 mM NaCl, and
0.1% Tween 20, pH 7.6) and blocked with 5% BSA/TBST
for 1 h. Appropriate antisera (Table 1) were incubated
with blots at 4°C overnight with constant agitation. The
next day, blots were washed with TBST and then incu-
bated in relevant horseradish peroxidase (HRP)-conju-
gated goat secondary antisera for 1 hour at room
temperature with constant agitation. Following washes in
TBST, proteins were detected on immunoblots using the
Pierce SuperSignal West Pico chemiluminescent substrate
detection system (Cat #34080; MJS Biolynx, Inc) and mul-
tiple exposures were generated to ensure the linearity of
the film responses.

E-hCG ELISA
BeWo cells were either grown under proliferating or syn-
cytialization conditions for 48 hours, with the media
being replenished once at 24 hours after initial seeding.
After 48 hours, the media was collected and the ELISA
conducted with a E-hCG ELISA kit (Cat # EIA-1469; DRG
Diagnostics, New Jersey, USA) exactly according to the
manufacturer's instructions.

Nonradioactive IP kinase assay
BeWo cells were seeded in 35 mm culture dishes at 2.5 ×
105 cells/well and cultured in either proliferating condi-
tions or syncytialization conditions as described above.
After 48 hours of culture, the cells were lysed with NP-40
lysis buffer containing 100 PM sodium orthovanadate

Table 1: Antisera utilized for immunofluorescence and immunoblot analysis.

Antisera Method Dilution Company Catalogue #

Mouse anti-ILK; Clone 65.1.9 IF 1:100 Abcam, Ltd, Cambridge, MA, USA ab49979
Rabbit anti-ILK IB 1:2000 Cell Signaling Technology, Beverly, MA, USA 3862
Rabbit anti-E-cadherin IF 1:250 Abcam, Ltd, Cambridge, MA, USA ab15148
Mouse anti-E-cadherin, clone SHE78-7 IF

IB
1:1000
1:10000

EMD Biosciences, San Diego, CA, USA 205602

Rabbit anti-hCG IF 1:500 Dako Canada, Inc, Mississauga, ON, Canada A0231
Rabbit anti-Snail IB 1:1000 Abcam, Ltd, Cambridge, MA, USA ab17732
Mouse anti-pAKT1 (Ser 473); Clone 587F11 IF 1:100 Cell Signaling Technology, Beverly, MA, USA 4051
Rabbit anti-pAKT1 (Ser 473) IB 1:1000 Cell Signaling Technology, Beverly, MA, USA 9271
Anti-phospho-GSK3E (Ser-9) IB 1:1000 Cell Signaling Technology, Beverly, MA, USA 9336
FITC-Sheep anti-Rabbit IgG IF 1:250 Sigma Chemical Co, St. Louis, MO, USA F7512
RRX-Donkey anti-Mouse IgG IF 1:150 Jackson ImmunoResearch Labs Inc, West Grove, USA 715-295-150
RRX-Donkey anti-Rabbit IgG IF 1:250 Jackson ImmunoResearch Labs Inc, West Grove, USA 711-295-152
ChromPure Mouse IgG IF N/A* Jackson ImmunoResearch Labs Inc, West Grove, USA 015-000-003
ChromPure Rabbit IgG IF N/A* Jackson ImmunoResearch Labs Inc, West Grove, USA 011-000-003
HRP-Goat anti-Rabbit IgG (H+L) IB 1:20000 Pierce, Rockford, IL, USA 31460
HRP-Goat anti-Mouse IgG (H+L) IB 1:10000 Pierce, Rockford, IL, USA 31430

IF: immunofluorescence, IB: immunoblot, FITC: Fluorescein isothiocyanate, RRX: Rhodamine-Red-X, HRP: horseradish peroxidase, *Dependent on 
concentration of primary antisera utilized
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and complete Mini EDTA-free protease inhibitors and
protein concentrations determined as described previ-
ously. For immunoprecipitation, 4.0 Pg of mouse mono-
clonal ILK antisera or non-specific IgG (see Table 1) was
added to 400 Pg of appropriate BeWo cell lysate and incu-
bated overnight at 4°C with gentle agitation. Fifty micro-
litres of TrueBlot anti-mouse IP beads (Cat # 00-8811;
eBiosciences, San Diego, California, USA) were added to
each sample and incubated for 2 hours at 4°C with gentle
rocking. Then ILK-antibody-bead complexes were centri-
fuged at 13,000 × g for 1 minute at 4°C and subsequently
washed 3 × with 500 Pl of NP- 40 lysis buffer followed by
3 washes with 500 Pl of kinase buffer (Cat # 9802; Cell
Signaling). Complexes were then each suspended in 50 Pl
of kinase buffer supplemented with 1.0 Pl of 10 mM ATP
(Cat # 9804; Cell Signaling) and 1 Pg of GSK-3E fusion
protein (Cat # 9237; Cell Signaling) and incubated for 30
minutes at 30°C. The reaction was then terminated with
12.0 Pl of 5× SDS polyacrylamide gel loading buffer fol-
lowed by vortexing and centrifugation for 30 seconds at
14,000 × g. All samples were heated to 95°C for 5 minutes
prior to loading on 10% polyacrylamide gels and SDS-
PAGE followed by electroblotting to Pierce 0.45 Pm pore
nitrocellulose membrane (MJS Biolynx, Inc). Immunob-
lot analyses of phosphorylated GSK-3E (Ser-9) and ILK
proteins were then conducted.

Data analysis
Statistical analysis was performed with GraphPad Prism®

version 5.01 (GraphPad Software, San Diego, California,
USA). Statistical significance for the determination of the
incidence of cell fusion and intracellular E-hCG expres-
sion were analyzed with a one-way analysis of variance
(ANOVA) and a Newman-Keuls multiple comparisons
test. Values were considered significantly different if p <
0.05. Densitometric analyses of immunoblot data was
conducted with a one-way ANOVA followed by pair wise
comparison of data points with two tailed unpaired t-
tests.

Results
ILK expression during BeWo syncytialization
ILK protein was readily detectable in BeWo cell lysates
from cells cultured under proliferating conditions (Fig.
1A; 0 h). Upon culture in syncytialization-promoting con-
ditions of Ham's F12K + 25 um Forskolin, ILK expression
consistently decreased by 6 h of culture and was signifi-
cantly lower by 12 h vs 0 h (p < 0.05). Expression quickly
recovered and reached detection levels at 48 h of culture
that were comparable to ILK expression at 0 h. In contrast,
ILK kinase activity, measured by phosphorylation of a
GSK3E fusion protein, was markedly higher at 48 h of cul-
ture in syncytialization-promoting conditions compared
to activity in cells cultivated in proliferating conditions
(Fig. 1B). This result was also concomitant with increased

syncytin protein expression and E-hCG secretion occur-
ring in syncytializing BeWo cells, as has been previously
described [35,36], compared to cells cultivated under pro-
liferating conditions (Fig. 1C, D). These results thus indi-
cate that ILK protein expression and activity are
dynamically regulated during BeWo syncytialization.

The spatial localization of ILK also changed dynamically
during BeWo syncytialization (Fig. 2). Under proliferating
culture conditions (0 h), ILK was localized in the cell cyto-
plasm, at focal adhesion-like structures and particularly
present at cell-cell adhesions marked by E-cadherin
expression (Fig. 2, arrows; inset). Once BeWo cells were
cultured under syncytialization conditions, ILK localiza-
tion shifted over the timecourse of culture to an increased
nuclear localization concomitant with decreasing E-cad-
herin detection in cell-cell adhesions (Fig. 2). However,
ILK could still be detected at decreased levels in the cyto-
plasm at 12 h and then in the cytoplasm and to focal-
adhesion like structures at the cell periphery from 24–48
h (Fig. 2). Since BeWo cells grown under syncytialization
conditions can achieve up to 80% syncytialization [33],
some BeWo cell clusters do not syncytialize. Interestingly,
in these cases we consistently observed that where syncy-
tialization was not evident, as marked by sustained and
readily detectable E-cadherin in cell-cell adhesions, ILK
localization to cell nuclei was markedly decreased (Fig. 3;
24 h vs 12 h panels).

Consequences of ILK fusion protein expression in BeWo 
cells
BeWo cells were transfected under proliferating condi-
tions with pEGFP-C3 expression vectors containing
wildtype or mutant ILK cDNAs. Cells were then grown
under fusion promoting conditions to assess the impacts
of the expression of various EGFP-ILK proteins on tro-
phoblast fusion. Transient expression of EGFP-wt-ILK,
EGFP-dn-ILK, and EGFP-ca-ILK for 48 h in BeWo cells
under fusion conditions resulted in significant detection
of these proteins on immunoblots at the expected ~80
kDa, in addition to endogenous levels of ILK (Fig. 4).
These results confirmed the viability of these vectors and
also demonstrated that the expression of the various
EGFP-ILK proteins were comparable between the respec-
tive transfectants for our studies. The expression of all the
EGFP-fusion proteins was also readily observable by
immunofluorescence.

During culture of BeWo cells under both proliferating and
syncytialization conditions, cells were routinely moni-
tored by phase contrast microscopy to qualitatively assess
the condition of the cell cultures. To determine the inci-
dence of syncytialization in transfected cells, the presence
(no syncytialization) or absence (syncytialization) of E-
cadherin in cell membranes of EGFP-fusion protein
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ILK protein expression and catalytic activity during BeWo syncytializationFigure 1
ILK protein expression and catalytic activity during BeWo syncytialization. A) Immunoblot analyses of ILK protein 
expression during a timecourse (0 h – 48 h) of BeWo syncytialization. A representative immunoblot is shown from four inde-
pendent experiments (n = 4). Middle panel is a representative immunoblot stained for total protein demonstrating comparable 
protein loading between gel lanes. 37 kDa – 75 kDa represent the position of molecular weight markers. The graph demon-
strates the densitometric analysis of ILK protein expression during the timecourse (n = 4). * p < 0.05 vs 0 h and 48 h; **p < 
0.05 vs 0 h. B) Representative immunoblots from in vitro kinase assays (n = 4) of ILK catalytic activity in BeWo cells grown 
under proliferating or syncytialization conditions (Syncytial.). Syncytial. -IgG only = immunoprecipitations with non-specific IgG 
in place of the primary ILK antisera. P-Ser-9-GSK3E = phosphorylated GST-GSK3E fusion protein. GST-GSK3E = total fusion 
protein used in the assay. C) A representative immunoblot demonstrating increased syncytin protein expression after 48 h of 
BeWo cell culture in syncytialization conditions (Syncytial.) compared to proliferating conditions (0 h). D) A representative 
ELISA demonstrating increased E-hCG secretion from BeWo cells after 48 h of culture in syncytialization conditions (Fused 
BeWo) compared to cell culture under proliferating (Non-fused BeWo) conditions (n = 8).
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expressing cells was assayed by immunofluorescence anal-
ysis (Fig. 5). Transient expression of dn-ILK in BeWo cells
resulted in a slight decrease in trophoblast cell fusion,
compared to vector control transfected cells, but the
decreased levels did not reach statistical significance (Fig.
5; Table 2). In contrast, expression of wt-ILK caused a sig-
nificant increase in cell fusion, compared to dn-ILK
expressing cells (p < 0.05), and expression of ca-ILK in
BeWo cells significantly increased cell fusion (P < 0.05)
compared to dn-ILK and empty vector expressing cells
(Fig. 5; Table 2).

Upon stimulation of BeWo cells with forskolin, it is well
known that E-hCG expression and secretion are upregu-
lated [35], thus serving as a marker of trophoblast hormo-
nal differentiation. ELISA analyses of E-hCG secretion
into culture media from transiently transfected BeWo cells
demonstrated that any differences in E-hCG secretion
could not be statistically distinguished between the differ-
ent transfected cells (data not shown) likely due to the
background of E-hCG secretion from non-transfected
BeWo cells. Thus, using immunofluorescence analysis we
specifically examined the cytoplasmic expression of E-
hCG in transfected BeWo cells (Fig. 6). BeWo cells trans-
fected with empty vector did express some E-hCG in the
cytoplasm but dn-ILK expressing cells showed dramati-
cally reduced (p < 0.05) E-hCG expression (Fig. 6; Table
3). In contrast, wt-ILK and ca-ILK expressing cells showed
markedly enhanced expression (p < 0.05) of E-hCG in the
cell cytoplasm compared to dn-ILK and vector control
cells (Fig. 6; Table 3).

Expression of candidate ILK partners in BeWo 
syncytialization
To begin identifying candidate molecules that could part-
ner with ILK to promote syncytialization, we examined a
timecourse of BeWo cell syncytialization by immunoblot
analysis. Phosphorylated (Ser 473)-Akt expression, a sub-
strate of ILK activity, consistently increased by 48 h of
BeWo culture under syncytialization-promoting condi-

Immunofluorescence analyses for E-cadherin (left panels) and ILK (right panels) protein expression in BeWo cells during a timecourse of syncytializationFigure 2
Immunofluorescence analyses for E-cadherin (left 
panels) and ILK (right panels) protein expression in 
BeWo cells during a timecourse of syncytialization. 
Cells were cultivated under proliferating conditions (0 h) or 
syncytialization conditions (12 h – 48 h). With increasing cul-
ture time in syncytialization conditions, ILK began to localize 
to cell nuclei in addition to the cytoplasm and to focal adhe-
sions (arrowheads, 24 h – 48 h). Arrows in 0 h panels show 
the position of apparent ILK and E-cadherin co-localization 
demonstrated in the insets. IgG insets, non-specific IgGs of 
the appropriate animal species were used as specificity con-
trols in place of the appropriate primary antisera. Nuclei in E-
cadherin immunofluorescence panels were stained with 
DAPI. Scale bars = 25 Pm.

Immunofluorescence analyses for E-cadherin (left panels) and ILK (right panels) protein expression in BeWo cells at 12 h and 24 h of cell culture in syncytialization conditionsFigure 3
Immunofluorescence analyses for E-cadherin (left 
panels) and ILK (right panels) protein expression in 
BeWo cells at 12 h and 24 h of cell culture in syncy-
tialization conditions. The images demonstrate that ILK 
localization to cell nuclei correlates with downregulation of 
E-cadherin expression at cell-cell membranes. IgG insets, 
non-specific immunoglobulins of the appropriate animal spe-
cies were used as specificity controls in place of the appro-
priate primary antisera. Nuclei in E-cadherin 
immunofluorescence panels were stained with DAPI. Scale 
bars = 25 Pm.
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tions (Fig. 7A, B; 0 h vs 48 h, p < 0.05), in support of our
data from in vitro kinase assays of ILK activity at 48 h of
culture (Fig 1B). Furthermore, the expression of the tran-
scriptional repressor Snail was relatively low at 0 h until
after 12 h of culture in syncytialization conditions then
also became highly expressed by 48 h compared to 0 h
(Fig. 7A, C; p < 0.05). Thus, increased ILK activity appears
to correlate with increased Snail expression during syncy-
tialization and decreased detection of E-cadherin at cell-
cell adhesions (Figs. 1, 2, 7).

Discussion
Despite well known roles for ILK in cell-ECM adhesion
and signal transduction [20,21], ILK also appears to be
involved in integrin-independent epithelial cell-cell adhe-
sion [38,39]. We have previously reported that ILK was
highly expressed in villous cytotrophoblast cells in first
trimester and early second trimester human chorionic
floating villi, but that it was barely detected in the syncyti-
otrophoblast layer [22]. The adherens junction protein E-
cadherin is also highly detectable in human cytotrophob-
last and loss of E-cadherin in cytotrophoblast is associated
with syncytialization [24-27]. Importantly, ILK appears to
regulate E-cadherin expression [28,29]. Thus, using the

BeWo trophoblast cell line model we examined ILK
expression in BeWo cells during syncytialization and
tested the hypothesis that ILK could facilitate the differen-
tiation and fusion of cytotrophoblast into the syncytiotro-
phoblast.

Temporal and spatial expression of ILK is dynamically 
altered during syncytialization
Examination of ILK kinase activity during syncytialization
revealed that ILK activity is increased during syncytializa-
tion. This could lead to increased ILK-Akt signaling as Akt
is a substrate of ILK. While total ILK expression was signif-
icantly lower by 12 h (vs 0 h) of culture in syncytialization
conditions, expression quickly recovered and reached
detection levels at 48 h of culture that were comparable to
ILK expression at 0 h. However, more dramatic changes in
spatial expression of ILK were apparent during syncytiali-
zation as ILK began accumulating in cell nuclei. Recent
work by Acconcia et al [40] demonstrated that ILK can
localize to both cell cytoplasm and cell nuclei and that ILK
contains both functional nuclear localization and nuclear
export sequences. Furthermore, in MCF7 and NIH 3T3
cells ILK nuclear localization appears important for
nuclear integrity and ILK can associate with chromatin.
Since changes in ILK expression and catalytic activity were
associated with BeWo syncytialization, we examined
whether or not exogenous ILK overexpression in BeWo
cells could facilitate the process.

ILK facilitates BeWo syncytialization
The examination of the presence or absence of desmo-
somal or adherens junction (E-cadherin) proteins has
been successfully used for evaluating the incidence of
fusion in trophoblast [18,24,26,41,42]. Thus, we also
scored the incidence of syncytium formation in BeWo
cells overexpressing EGFP-ILK fusion proteins by examin-
ing the presence or absence of E-cadherin immunolocali-
zation. Transient expression of wt-ILK in BeWo cells
significantly increased trophoblast syncytialization com-
pared to dn-ILK while ca-ILK expression significantly
increased syncytialization compared to vector control and
dn-ILK expressing BeWo cells. The ILK constructs used for
our experiments have been utilized by other laboratories,
including ours, in a number of cell types [20,21]. We have
previously demonstrated that transient expression of dn-
ILK in the extravillous trophoblast cell line model HTR8-
SVneo significantly reduced trophoblast migration com-
pared to cells expressing wt-ILK [22]. The over-expression
of wt-ILK in a number of cell types can lead to phosphor-
ylation of Akt and GSK3-E while the active mutant ca-ILK
has been shown to constitutively phosphorylate Akt [43-
45]. The dominant negative mutant ILK was originally
considered a kinase dead mutant, but has since been
shown to have ~20% kinase activity in vitro [45-47] be
deficient in D-parvin and paxillin interaction, and to be

Immunoblot analysis of transient expression of wildtype (wt), dominant negative (dn), and constitutively active (ca) EGFP-ILK fusion proteins in BeWo cellsFigure 4
Immunoblot analysis of transient expression of 
wildtype (wt), dominant negative (dn), and constitu-
tively active (ca) EGFP-ILK fusion proteins in BeWo 
cells. A representative immunoblot demonstrating that the 
EGFP-ILK fusion proteins were readily detectable in BeWo 
cells 48 h post-transfection and absent in the empty vector 
transfected cells (pEGFP). Endogenous ILK (ILK) was detect-
able in all transfected and non-transfected cell lysates and 
total ERK2 detection served as an indication of comparable 
protein loading between lanes.
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incapable of incorporating into focal adhesions thus
remaining only in the cytoplasm [48,49]. Therefore, it
appears to exert a strong dominant negative effect by
maintaining ILK associated proteins in an inappropriate
subcellular location (e.g. not focal adhesions) [49].

Since dn-ILK expressing BeWo cells only displayed a
slightly reduced level of syncytialization compared to vec-
tor control cells, it would appear that lack of focal adhe-
sion incorporation of ILK-associated proteins, but not

likely D-parvin or paxillin, does not significantly impact
BeWo syncytialization. Furthermore, the likelihood of
residual kinase activity from this mutant (not fully kinase
dead) may account for the less than significant reduction
in syncytialization in dn-ILK expressing BeWo cells. Tran-
sient expression of wt-ILK in BeWo cells did not signifi-
cantly increase trophoblast syncytialization compared to
vector control expressing cells. ILK activity is dependent
on PI-3 kinase activity in vivo [21] and, as a result, it is
possible that the overexpression of the wt-ILK fusion pro-

Immunocytochemical analysis of E-cadherin expression in BeWo cells transiently transfected with either pEGFP-C3 vector (EGFP), pEGFP-C3 containing dominant negative ILK (EGFP-dnILK), wildtype ILK (EGFP-wt ILK) or constitutively active ILK (EGFP-ca ILK) and cultivated under syncytialization conditions for 48 hFigure 5
Immunocytochemical analysis of E-cadherin expression in BeWo cells transiently transfected with either 
pEGFP-C3 vector (EGFP), pEGFP-C3 containing dominant negative ILK (EGFP-dnILK), wildtype ILK (EGFP-
wt ILK) or constitutively active ILK (EGFP-ca ILK) and cultivated under syncytialization conditions for 48 h. Ms 
IgG = mouse IgG negative control. Scale bar = 50 Pm. Data are representative of three independent experiments.
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tein may have saturated the endogenous PI-3 kinase
resulting in low activation levels of the exogenous wt-ILK
fusion protein. In contrast, our results with ca-ILK express-
ing BeWo cells indicate that ILK facilitates BeWo trophob-
last syncytialization and that it is likely dependent, at least
in part, on ILK catalytic activity. Fusion-promoting culture
conditions, particularly elevated cAMP levels and PKA
activation induced by forskolin addition [32,50], also
likely synergize with ILK catalytic activity to aid syncytial-
ization as ILK-induced syncytialization was absent in
BeWo cells grown only under proliferation-promoting
conditions (data not shown). In total, our results clearly
correlate with work by Miller et al [51] who demonstrated
that over-expression of ILK in L6 myoblasts resulted in
increased ILK activity and stimulation of myoblast fusion
into myotubes.

ILK induces intracellular E-hCG expression
The synthesis and secretion of E-hCG is a marker of syncy-
tiotrophoblast differentiation [6] and syncytializing
BeWo cells also express E-hCG mRNA and protein when
cultivated under fusion-promoting conditions [15,34,35].
In our experiments we examined E-hCG expression in
transfected cells using immunocytochemistry, as has been
previously done [34], since our transient transfection
strategy meant there was a background of E-hCG expres-

sion and secretion from untransfected cells. In vector con-
trol cells we detected some E-hCG expression as a result of
culture in fusion-promoting conditions; however, dn-ILK
expressing cells exhibited significantly lower levels of E-
hCG expression in situ compared to vector controls and
the other mutant ILK protein expressing cells. Thus, in
contrast to syncytialization, lack of proper subcellular
localization of ILK-associated proteins (dominant nega-
tive effect) does impact BeWo cell E-hCG expression and
differentiation. Furthermore, with the concern above
regarding proper catalytic activation of exogenous wt-ILK
in transfected BeWo cells, the significant increase in E-
hCG expression in these cells vs dn-ILK and vector con-
trols may also indicate a need for ILK, in addition to cata-
lytic activity, as an adapter protein and signaling platform
for other signalling proteins to aid proper hormonal dif-
ferentiation. What specific ILK-associated protein(s) may
be involved in hormonal differentiation of BeWo cells is
under investigation. The significant upregulation of E-
hCG expression in ca-ILK expressing BeWo cells highlights
that ILK catalytic activity, at least in part, also has a role in
promoting syncytiotrophoblast differentiation.

Candidate ILK signalling pathway
The underlying signaling mechanism that could be
responsible for ILK facilitated syncytialization of BeWo

Table 2: The incidence of BeWo syncytialization. The incidence of BeWo syncytialization was determined by scoring the absence of E-
cadherin immunolocalization in groups of EGFP-fusion protein expressing cells. Data are from three independent experiments.

Experiment BeWo + pEGFP-C3 BeWo + pEGFP-C3 -dn-ILK BeWo + pEGFP-C3 - wt-ILK BeWo + pEGFP-C3- ca-ILK

1 28/43 11/38 35/48 38/43
2 26/51 39/63 66/72 32/35
3 21/50 14/47 19/32 27/37

Avg. Incidence 
(% of 1.00 +/- SEM)

0.52 +/- 0.07 0.42 +/- 0.10 a0.73 +/- 0.09 b0.85 +/- 0.06

a: Syncytialization was significantly elevated in cells expressing wildtype (wt)-ILK versus dominant negative (dn)-ILK expressing cells (p < 0.05)
b: Syncytialization was significantly increased in BeWo cells expressing constitutively active (ca)-ILK vs cells containing pEGFP-C3 (empty vector) or 
dn-ILK (p < 0.05)

Table 3: The incidence of E-human chorionic gonadotropin (E-hCG) expression. The incidence of E-hCG expression was determined by 
the presence of E-hCG immunolocalization in groups of EGFP-fusion protein expressing cells. Data are from three independent 
experiments.

Experiment BeWo + pEGFP-C3 BeWo + pEGFP-C3- dn-ILK BeWo + pEGFP-C3- wt-ILK BeWo + pEGFP-C3- ca-ILK

1 16/40 13/68 27/47 46/57
2 23/57 8/51 30/47 49/61
3 20/43 15/55 22/36 38/55

Avg. Incidence 
(% of 1.00 +/- SEM)

0.43 +/- 0.02 a0.22 +/- 0.03 b0.62 +/- 0.02 b, c0.77 +/- 0.04

a: Cytoplasmic E-hCG expression markedly decreased in cells expressing dominant negative (dn)-ILK relative to pEGFP-C3 (empty vector) cells (p 
< 0.05)
b: Expression was significantly increased in cells expressing wildtype (wt)- and constitutively active (ca)-ILK compared to cells expressing empty 
vector or dn-ILK (p < 0.05)
c: Cytoplasmic E-hCG expression was significantly increased in cells expressing ca-ILK compared to cells expressing wt-ILK (p < 0.05)
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cells may involve Snail, a sensitive transcriptional repres-
sor of E-cadherin expression. Tan et al [29] have previ-
ously demonstrated that over-expression of ILK in human
colon carcinoma cell lines stimulated Snail expression.
Recently, these results were extended in Scp2 mouse
mammary epithelial cells where ILK over-expression
resulted in stimulation of Snail expression and loss of E-
cadherin expression [52]. Alternatively, depletion of ILK,
Akt, or Snail resulted in upregulation of E-cadherin

expression. The authors also identified Poly (ADP-ribose)
polymerase-1 (PARP-1) as a component of the signaling
pathway upstream of Snail leading to downregulation of
E-cadherin expression [52]. Our results clearly establish a
correlation of increased ILK activity and alterations in ILK
expression, including nuclear localization of ILK, during
BeWo syncytialization with increased Snail expression in
these cells during this process. With reports of Snail
involved in promoting epithelial-mesenchymal transition

Immunocytochemical analysis of E-human chorionic gonadotropin (E-hCG) expression in BeWo cells transiently transfected with pEGFP-C3 vector (EGFP), pEGFP-C3 containing dominant negative ILK (EGFP-dn ILK), wildtype ILK (EGFP-wt ILK) or constitutively active ILK (EGFP-ca ILK) and cultivated under syncytialization conditions for 48 hFigure 6
Immunocytochemical analysis of E-human chorionic gonadotropin (E-hCG) expression in BeWo cells tran-
siently transfected with pEGFP-C3 vector (EGFP), pEGFP-C3 containing dominant negative ILK (EGFP-dn 
ILK), wildtype ILK (EGFP-wt ILK) or constitutively active ILK (EGFP-ca ILK) and cultivated under syncytializa-
tion conditions for 48 h. Rb IgG = rabbit IgG negative control. Scale bar = 25 Pm. Data are representative of three inde-
pendent experiments.
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by downregulating E-cadherin expression through an ILK-
Akt-Snail pathway [29,52], our study also implicates this
pathway in facilitating syncytialization of BeWo trophob-
last cells. Identification of additional members of this ILK
signaling pathway and the specific interactions and
role(s) of all these proteins in trophoblast syncytialization
is ongoing.

Impaired trophoblast fusion and differentiation appears
to be directly associated with pathological conditions
such as preeclampsia or fetal growth restriction [14].
Using DNA microarray analysis, Kudo et al [35] reported
that genes involved in cell and tissue structural dynamics
appeared to be very important for syncytialization. Given

the role of ILK in such processes, we appear to have iden-
tified a new protein involved in trophoblast syncytializa-
tion and differentiation for future study. In addition, our
research also raises the possibility of a more general role
for ILK in cell-cell fusion per se as this fusion process has
been suspected in breast cancer cells and demonstrated in
macrophages and myoblasts – and all of which can highly
express ILK [51,53-56].

Conclusion
These findings demonstrate that ILK activity and expres-
sion play a novel role in syncytialization and differentia-
tion of BeWo cells, and implicate ILK in the same process
in villous cytotrophoblasts in vivo.

ILK, pAkt, and Snail protein expression during a timecourse of BeWo syncytializationFigure 7
ILK, pAkt, and Snail protein expression during a timecourse of BeWo syncytialization. A) Representative immuno-
blots from four independent experiments (n = 4) are shown with a representative immunoblot stained for total protein to 
illustrate comparable protein loading of all gel lanes. B) Densitometric analysis of pAkt expression during BeWo cell culture in 
syncytialization conditions demonstrating a significant decrease in pAkt expression by 24 h (p < 0.05) compared to 0, 9, 12 and 
48 h and a rapid increase in pAkt expression by 48 h of culture compared to 0 h (p < 0.05, n = 4). C) Densitometric analysis of 
Snail protein expression during BeWo cell culture in syncytialization conditions demonstrating that Snail expression becomes 
significantly elevated at 24, 36 and 48 h vs 12 h (p < 0.05, n = 4) and at 48 h of culture compared to expression in proliferating 
conditions at 0 h (p < 0.05, n = 4).
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