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ABSTRACT  

Background: The genes coding for human (h) chorionic somatomammotropin (CS), hCS-A and 

hCS-B, and placental growth hormone (GH-V), hGH-V are located at a single locus on 

chromosome 17q22-24. Local regulatory (5´ P and 3´ enhancer) sequences and a remote locus 

control region (LCR) containing a placenta-specific hypersensitive site (HS) IV, have been 

implicated in the efficient expression of the placental hCS/GH-V genes, in part through gene 

transfer studies in placental and non-placental tumor cell lines. However, low levels of 

endogenous expression are reported in placental tumor cells compared to normal term placenta. 

Thus it was hypothesized that the hCS/GH-V chromatin structure in human choriocarcinoma 

cells is less accessible to regulatory regions essential for efficient expression due to DNA and/or 

histone modifications, specifically methylation and acetylation, respectively. 

Approach: To assess individual hCS-A, hCS-B and hGH-V gene expression in placental and 

non-placental tumor cells, and assess the effect of increasing “chromatin accessibility” on 

hCS/GH-V RNA levels by inhibiting DNA methylation and histone deacetylation using 5-aza-

2´-deoxycytidine (azadC) and trichostatin A (TSA).  

Principal Findings: Low levels of hCS-A, hCS-B and hGH-V RNA were detected in placental 

and non-placental tumor cells compared to term placenta. A significant >5-fold increase in 

promoter activity was seen in placental but not non-placental cells transfected with hybrid hCS 

promoter luciferase genes containing 3´-enhancer sequences. Placental JEG-3 cells pretreated 

with azadC and TSA resulted in a significant >10-fold increase in hCS-A, hCS-B and hGH-V 

RNA levels compared to TSA treatment alone, however, a modest ~3-fold effect was seen in 



 vi 

non-placental MCF-7 cells. By contrast to the effect of pretreatment with azadC, post-treatment 

with azadC mutes the stimulatory effects of TSA on hCS/GH-V transcripts. The specificity of 

the response suggests that azadC treatment, and presumably hypomethylation of DNA, results in 

an increase in response to TSA and histone hyperacetylation at the hGH/CS locus. An 

assessment of histone H3/H4 hyperacetylation in JEG-3 cells treated with azadC and TSA versus 

TSA alone revealed significant increases consistent with a more open chromatin structure 

including the hCS 3´-enhancer sequences and LCR.   

Conclusions: These observations suggest that accessibility of remote and local regulatory 

regions required for efficient placental hGH/CS expression can be restricted by DNA 

methylation and histone acetylation status. This includes restricting access of the hCS 3´-

enhancer sequences to available placental enhancer transcription factors.  
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CHAPTER 1 

Introduction 

1.1 Regulation of Differential Gene Expression Pattern 

Regulation of gene expression in higher eukaryotes is a complex and tightly regulated process 

involving many factors and levels of control (Barrett, Fletcher et al. 2012). Expression of 

individual genes from somatic cell genome, varies both temporally, that is at certain stage of 

development or in response to signals, as well as spatially, where expression occurs in one cell 

type and not the other. Recent evidence suggests that regulatory mechanisms underlying gene 

expression are becoming increasingly well understood (Tyagi 2015). 

Gene regulation is a highly dynamic process that includes two stages. The first stage involves the 

structural constraints that determine accessibility of genes, and the second stage involves the 

initiation of transcription that occurs once the gene is accessible. 

 

1.2 Chromatin Structure 

The structure of chromatin not only helps package the entire eukaryotic genome into the nucleus, 

but also helps determine the accessibility of DNA for replication and selective transcription. 

“Nucleosomes” are the repeating subunits of chromatin (Luger, Dechassa et al. 2012). They 

consist of a core of basic histone proteins, around which the DNA is wrapped 1.65 times. The 

core is an octamer that consist of two copies of each of the canonical histones: H3, H4, H2A and 
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H2B (Kornberg 1974).  

Histone proteins H3, H4, H2A and H2B, share a common structural domain that consist of three- 

α helices (α1, α2 and α3) separated by two loops  (L1 and L2), also known as the histone fold, 

which facilitate heterodimerization of H2A with H2B and H3 with H4 (Luger, Mader et al. 

1997). Such interactions are responsible for the basic dimeric structural unit of the nucleosome 

(Figure 1.1).  

 

Figure 1.1: The nucleosome: basic repetitive unit of chromatin 

The above figures represent structural elements that help to maintain the nucleosome. It consists 

of the two-histone fold domain formed by three α-helices separated by loops. Two H3-H4 

heterodimers form a four-helix bundle-giving rise to a tetramer. Two H2A-H2B then associate 

with H4 to form an octamer, which forms a nucleosome. This structure represents a hierarchical 

arrangement of histones in the nucleosome. Figure 1.1 is reproduced from (Venkatesh and 

Workman 2015). 

 

The N- and C-terminal tails protrude from the globular portion of histone H2A, H2B, H3 and H4 

and can undergo several types of post-translational modifications (Table. 1) (Kouzarides 2007). 

Histones were originally considered as a static scaffold for DNA packaging (Zhou, Goren et al. 
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2011). However, it is now known that the post-translational modifications of the histone tails 

dictate DNA packaging which can modulate its accessibility (Felsenfeld and Groudine 2003, 

Zhou, Goren et al. 2011).  

Different patterns of post-translational modifications established on distinct amino acid residues 

on histone proteins can regulate two opposite processes like transcriptional activation and 

repression (Table 1). Additionally, post-translationally modified chromatin also serves as 

selective “binding platform” for regulatory proteins that can specifically bind to certain modified 

amino acid residues and mediate the initiation of nuclear processes such as transcription, DNA 

repair and replication (Kouzarides 2007, Taverna, Li et al. 2007).  

 

 

Figure 1.2: Packaging of Chromatin in the Nucleus:  

This schematic represents the different levels of chromatin compaction in the eukaryotic nucleus 

from “naked” DNA to the condensed mitotic chromosome. This schematic representation is 

modified from Alberts and Watson (1994). 
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1.3 Genome accessibility and activation of gene expression 

DNA accessibility is indirectly determined by preferential catalytic activity of DNase I –“an 

enzyme that preferentially snips accessible” DNA (Casci 2006). The digestion sites referred to as 

“DNase I hypersensitive sites” usually reside in the cis-regulatory elements such as promoters 

and enhancers of actively transcribed genes (Bell, Tiwari et al. 2011). Classically, there are two 

major classes of morphologically distinct chromatin in eukaryotes: (a) Heterochromatin that is 

compact and transcriptionally inactive and (b) Euchromatin that is less compact and more 

transcriptionally active (Hsu 1962, Frenster, Allfrey et al. 1963). Chromatin structure changes 

include unwrapping, rewrapping, sliding, assembly and disassembly of nucleosomes, which 

involve the formation and disruption of interactions between DNA, H3-H4 and H2A-H2B 

components of the nucleosome (Zhang and Tang 2003, Mersfelder and Parthun 2006, Arnaudo 

and Garcia 2013). These chromatin structure modifications are influenced by post-translational 

modifications of histones (Zhang and Tang 2003, Mersfelder and Parthun 2006, Arnaudo and 

Garcia 2013).  

As discussed in Section 1.2 post-translational modifications of histones impact chromatin 

structure by influencing histone-DNA and histone-histone contacts (Wolffe 1998, Wolffe and 

Hayes 1999). The presence of these marks at the protruding N-terminal tails are viewed as acting 

in two ways: a) directly, by altering the structure of local chromatin to open and restrict access to 

DNA; and b) indirectly, through the recruitment of effector proteins that carry out transcription 

and other nuclear processes (Strahl and Allis 2000, Jenuwein and Allis 2001, Gurard-Levin and 

Almouzni 2014). The latter led to the “Histone Code Hypothesis”, which states that post-

translational modifications on one or multiple amino acid residue of histone tails may act 
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sequentially or in combination to specify downstream signal (Strahl and Allis 2000).  For 

example: phosphorylation of serine 10 residue on histone H3 is associated with chromosome 

condensation during mitosis and early gene induction following mitogenic stimulation (Strahl 

and Allis 2000). A review suggested that a phosphorylation mark alone or in combination with 

other marks (such as phosphorylation at serine 28 residue on histone H3) may recruit factors that 

mediate chromosome condensation and segregation (Strahl and Allis 2000, Rothbart and Strahl 

2014). 

Table 1: List of post-translational modification. This table is modified from (Sadakierska-Chudy 

and Filip 2015).        

Amino acid residue                          MODIFICATION  

 [single-letter code]                                                                                                                                                                                      

 

Lysine [K]                                              Acetylation 

                                                                Mono-, di-, and trimethylation 

                                                                Ubiquitination 

                                                                Biotinylation 

                                                                Sumoylation 

Arginine [R]                                          Mono- and di- methylation 

                                                                Mono-and poly-ADP-ribosylation 

Serine [S]                                               Phosphorylation 

Tyrosine [Y]                                          Phosphorylation 

Threonine [T]                                        Phosphorylation 
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Figure 1.3: Representative Image of Histone Tails and Associated Modifications 

 

Acetylation of lysine is a major post-translational modification. Histone acetylation can influence 

the occurrence of other posttranslational modifications such as methylation, ubiquitination and 

phosphorylation either in cis, on the same histone molecule, or in trans, between histone 

molecules or across nucleosomes (Kouzarides 2007, Latham and Dent 2007). One of the best 

studied example of cross-regulation is phosphorylation of histone H3 at Ser10 followed shortly 

by acetylation at Lys14 in mouse 10 T1/2 cells upon stimulation of the Ras-MAPK pathway with 

epidermal growth factor (EGF) (Hsu, Sun et al. 2000, Lo, Trievel et al. 2000, Liokatis, Stutzer et 

al. 2012). Acetylation is now known to occur in more than 80 transcription factors and many 

other cytoplasmic proteins (Glozak, Sengupta et al. 2005). Thus, it is not only crucial in the 

nucleus but also for regulating different cytoplasmic process including energy metabolism, 
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autophagy, endocytosis and even signaling pathways from the plasma membrane (Matthias, 

Yoshida et al. 2008, Yang and Seto 2008, Sigismund, Confalonieri et al. 2012). 

                                                  

1.4 Histone Acetylation 

Acetylation of histones H3 and H4 makes the chromatin more accessible to interacting proteins 

in vivo (Krajewski and Becker 1998). In vitro demonstrations have also illustrated that 

acetylation counteracts the tendency of nucleosomes to fold into highly compact inaccessible 

structures (Hebbes, Clayton et al. 1994, Garcia-Ramirez, Rocchini et al. 1995, Krajewski and 

Becker 1998, Tse, Sera et al. 1998). In eukaryotic cells, most of the genome consists of 

hypoacetylated inactive chromatin usually considered as the “ground state” (Schubeler, 

Francastel et al. 2000). Activation of genes requires hyperacetylation of the histones across the 

chromatin domain. The well-defined β-globin locus reveals that “transcriptional competence” 

require acetylation throughout the majority of the domain (Litt, Simpson et al. 2001, Schubeler, 

Groudine et al. 2001).  

Acetylation of H3-H4 histones across chromatin regions is correlated with transcriptional 

competence, decondensation of the chromatin and renders the region permissive to 

transcriptional factors (Schubeler, Francastel et al. 2000). Studies have demonstrated that 

transcriptional activation occurs within a permissive promoter region marked by localized and 

targeted acetylation (Brown, Lechner et al. 2000, Forsberg and Bresnick 2001). A more localized 

acetylation of histone H3 works in conjunction with broader range of histone H4 acetylation 

(Schubeler, Francastel et al. 2000, Vignali, Steger et al. 2000). Regions located near the 
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transcription initiation site (Promoters) and cis regulatory regions hundreds of base pairs away 

from the initiation site (Enhancers) are enriched with hyperacetylated histones (Litt, Simpson et 

al. 2001). Hyperacetylated histones are also found at DNase I hypersensitive sites (Litt, Simpson 

et al. 2001). As discussed in Section 1.3, acetylation facilitates recruitment of proteins to the 

exposed DNA. Transcriptional regulation involves targeting of acetylation enzymes HATS (co-

activators of transcription) and deacetylation enzymes HDACs (repressors of transcription) to 

regulatory sites and these trans-factors recruit HAT containing-activators to specific promoters 

or enhancer regions (Brown, Lechner et al. 2000). Possible mechanisms proposed for tethering of 

HATs to permissive chromatin regions include the recruitment of HATs to “distinct entry sites 

from where they spread throughout the domain” (Kelley and Kuroda 2000, Koch and Andrau 

2011, Varala, Li et al. 2015) possibly by attaching to tracking protein such as RNA polymerase 

II (Wittschieben, Otero et al. 1999).  

A permissive chromatin structure by domain-wide histone acetylation is necessary but not 

sufficient for active transcription (Struhl 1998). In the event of an unfolded and more accessible 

chromatin structure, a single nucleosome is considered to be an obstacle to the interactions 

between transcription factors and their binding counterparts (Struhl 1998). A hyperacetylated 

nucleosome is less restrictive (Vettese-Dadey, Grant et al. 1996, Anderson, Lowary et al. 2001, 

Sewack, Ellis et al. 2001) and increases the flexibility of DNA ends (Eberharter and Becker 

2002). As mentioned in Section 1.3, changes to the chromatin structure that accompany 

transcriptional activation requires not only  acetylation alone but the combined actions of several 

other post-translational modifications (Wang, Moore et al. 2000).  
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Figure 1.4: Histone Acetylation Switch        

Acetylation permits the recruitment of ATP-dependent chromatin remodeling factors to open the 

promoters and regulatory regions. Deacetylation by HDACs; often followed by histone 

methylation lead to heterochromatin which is a highly repressive structure. In this illustration: 

Acetylated histone tail is indicated as yellow circles. Methylation is indicated by grey rectangle. 

HAT – Histone AcetylTransferase; HDAC – Histone DeACetylase; HMT – Histone 

MethylTransferase; HP1 – Heterochromatin Protein 1. This Figure is reproduced from 

(Eberharter and Becker 2002). 
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1.5 DNA Methylation    

Methylation of the cytosine residues in the context of CpG dinucleotide serve as a “silencing” 

mark in vertebrates (Holliday and Pugh 1975, Riggs 1975). More than 50% of the genes in the 

vertebrate’s genome consist of an approximately 1 kb short CpG rich region also known as CpG 

islands. CpG regions in a mammalian genome are mostly concentrated in the promoter region 

but are also distributed across the genome (Jones 1999, Takai and Jones 2002).   

CpG islands have a bimodal pattern of distribution (Takai and Jones 2002). The de novo 

methyltransferases, DNMT3A and DNMT3B are responsible for setting up the methylation 

pattern during development. The substrates for these enzymes include the nucleosomal DNA. 

(Ooi, Qiu et al. 2007). Following replication, the methylation pattern is maintained by 

maintenance methyltransferase DNMT 1 (Jones and Liang 2009).  

A transcriptionally active gene is characterized by nucleosome depleted regions and the level of 

gene expression in eukaryotes is controlled by transcription factors (Kelly, Miranda et al. 2010). 

Nucleosomes are considered to be preferential sites for DNA methylation (Chodavarapu, Feng et 

al. 2010). There is evidence which suggests that methylated DNA at the transcription start site 

cannot initiate transcription as the chromatin is folded into higher-order structure (Kass, 

Landsberger et al. 1997, Zhang and Tang 2003, Hernando-Herraez, Heyn et al. 2015). 

Methylation sites at gene promoters are associated with repressed transcription and marked by 

methyl-CpG-binding protein 2 (MECP2) which recruits HDACs (repressors of transcription) 

(Nguyen, Gonzales et al. 2001).  

In summary, DNA methylation is considered to be a “silencing” mark, which represses 
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transcription. 

 

 

Figure 1.5: DNA Methylation 

Methylation of cytosine in CpG dinucleotide is associated with condensed, inactive chromatin. 

The repressive state is maintained by lysine modifications of the histone tails. DNA methylation 

involves addition of methyl group to the 5-cytosine residues in CpG dinucleotide residues. This 

Figure is reproduced from (Gudjonsson and Krueger 2012). 
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1.6 The Human Growth Hormone (GH) / Chorionic Somatomammotropin (CS) gene family as 

a model system to study differential gene expression 

The human GH/CS gene locus on chromosome 17 contains five tandemly arranged and 

structurally highly related genes. From 5´ to 3´, the genes within the locus are the pituitary 

growth hormone hGH-N and the placental hCS-L, hCS-A, hGH-V, and hCS-B. 

 

  

  

 

Figure 1.6: The Human (h) Growth Hormone (GH) – Chorionic Somatomammotropin (CS) 

Locus 

From 5´ to 3´ the genes within the locus are Growth Hormone-N (GH-N), Chorionic 

Somatomammotropin-L (CS-L), Chorionic Somatomammotropin-A (CS-A), Growth Hormone 

Variant (GH-V), and Chorionic Somatomammotropin-B (CS-B).  

 

These genes are believed to have evolved through gene duplication, resulting in greater than 90% 

similarity in gene structures and flanking regulatory sequences (Barsh, Seeburg et al. 1983, Hirt, 

Kimelman et al. 1987, Chen, Liao et al. 1989). Human GH-N is primarily expressed in the 
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somatotrophs of the anterior pituitary and hCS and hGH-V genes are expressed in the placental 

syncytiotrophoblasts (Chen, Liao et al. 1989). The hGH-V gene codes for placental GH and hCS-

A and hCS-B independently code for the same polypeptide hormone hCS (also known as 

placental lactogen), while hCS-L is a pesudogene (Liebhaber, Urbanek et al. 1989, MacLeod, 

Lee et al. 1992).  

1.6.1 Human term placenta 

Levels of hCS and hGH-V correlate with placental development and mass during pregnancy. 

These pregnancy-specific hormones may help to control insulin sensitivity in normal pregnancies 

through positive effects on pancreatic β cell mass (Hoshina, Boothby et al. 1982, Lombardo, De 

Angelis et al. 2011). The expression of hCS in normal placenta represents 3.5% of the total 

mRNA of syncytiotrophoblasts, which is similar to the 3% of total GH-N mRNA represented in 

the pituitary somatotrophs. By contrast, hGH-V transcripts account for closer to 0.001% of the 

total syncytiotrophoblast mRNA (Liebhaber, Urbanek et al. 1989, MacLeod, Lee et al. 1992). 

Expression of hCS is high during pregnancy (grams of protein per day in the latter stages) and it 

has been reported that the hCS genes are differentially expressed during pregnancy (MacLeod, 

Lee et al. 1992). Human CS-A and hCS-B RNA levels are comparable at eight weeks of 

pregnancy  but hCS-A transcripts are five-fold more abundantly expressed than hCS-B by term 

(MacLeod, Lee et al. 1992). There is also evidence that hCS/GH-V RNA levels are  decreased in 

pregnancies complicated by maternal obesity (Vakili, Jin et al. 2013).  

1.6.2 Human choriocarcinoma cell lines 

Human placental choriocarcinoma cell lines (JEG-3, JAR and BeWo) consist of “mitotically 
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active cytotrophoblasts with moderate degrees of differentiation” (Ringler and Strauss 1990). 

Human placental choriocarcinoma cell lines, including JEG-3, JAR and BeWo express the 

hCS/GH-V genes at much lower levels relative to human term placenta (Nickel and Cattini 1991, 

Lytras, Bock et al. 1994). The nuclease sensitivity assay pattern is suggestive of a more open 

chromatin configuration of the hCS/GH-V locus in term placenta (Nickel and Cattini 1996). 

Thus, although transcript levels are low, human choriocarcinoma cell lines have offered a model 

to study hCS/GH-V gene regulation. 

 1.6.3 Ectopic expression 

Studies have also revealed ectopic hCS/GH-V gene expression in human endometrial tissue 

(Slater, Cooper et al. 2006), normal human mammary gland (Mol, Henzen-Logmans et al. 1995, 

Raccurt, Lobie et al. 2002), normal and neoplastic human lymphoid tissues and cells (Hattori, 

Shimatsu et al. 1990, Wu, Devi et al. 1996), human ovaries (Untergasser, Kranewitter et al. 

1997, Silva, Figueiredo et al. 2009), human testis (Untergasser, Kranewitter et al. 1997) and also 

in non-placental endometrial carcinoma cell lines (Khorram, Garthwaite et al. 2001, Sbracia, 

Scarpellini et al. 2004, Pandey, Perry et al. 2008), adenocarcinoma cells such as the breast cancer 

MCF-7  cell line (Tuttle, Hugo et al. 2014). However, the expression profile of the individual 

members of the  hCS/GH-V gene family  is not known. 

1.7 Human (h) CS/GH locus is a target for histone and/or DNA modifications and regulatory 

regions linked to expression of the placental members of the human (h) GH/CS locus 

As mentioned in Section 1.6.1, hCS is expressed at high levels during normal pregnancy. 

Expression of the hCS/GH-V genes in placental cells has been linked to multiple regulatory 
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regions based on gene transfer studies in culture and mouse in vivo. As discussed in detail in 

Section 4.1, enhancer activity was localized within a 241 bp fragment of a larger 1022 bp region 

downstream of the hCS-B gene, which has the capacity to increase CS promoter activity in 

transiently transfected placental cell lines by 300 fold (Jacquemin, Oury et al. 1994, Lytras and 

Cattini 1994). The hCS enhancer sequence is a repeat sequence and is also present downstream 

of hCS-A and hCS-L genes (Fitzpatrick, Walker et al. 1990). The hCS-A and hCS-L enhancers 

are not as potent as the hCS-B enhancer in transfected choriocarcinoma cells although, the 

activity of hCS-A enhancer sequence increases in placental primary cells undergoing 

differentiation (Jacquemin, Alsat et al. 1996). These observations have suggested that the hCS 

enhancers might contribute to activated expression of hCS in normal term placenta in vivo.  

The locus control region (LCR) for the hCS/GH-V gene locus has three hypersensitive sites (HS) 

known to be involved in regulation of the placental genes. HS III and HS V regions were 

identified in term placenta as well as pituitary adenoma chromatin, but HS IV was specific to the 

placenta (Jones, Monks et al. 1995). Using ChIP assays hyperacetylation of histones in the HS III 

and HS V regions has been observed. This study also demonstrated hyperacetylation of the 

proximal upstream P sequences (Elefant, Su et al. 2000); P sequences were first identified as 

repeated regions found in the hGH/CS gene locus on chromosome 17 and located about 2 kb 

upstream of each of the placental members (Barsh, Seeburg et al. 1983, Chen, Liao et al. 1989)   

There is evidence that perhaps independently none of the regulatory regions are sufficient to 

confer efficient and consistent expression of the hCS/GH-V genes in the placenta.  P sequences 

are conserved sequences located approximately 2 kb upstream of hCS-A, hCS-B and hGH-V 

genes (Nachtigal, Nickel et al. 1993). P sequence has the capacity to enhance transgene activity 
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in the placenta of transgenic mice (Elefant, Su et al. 2000). Placental transgene expression was 

evident in two of the three HSI,II P-hGH-N-P compared to similar construct which lacked the 

263P element (Elefant, Su et al. 2000). However, a 15 kb hCS-A transgene containing enough 

flanking DNA to include upstream P sequence and a downstream enhancer region was expressed 

in only 4 of the 6 transgenic lines (Jones, Monks et al. 1995). In each of these constructs, the 

level of transgene expression was variable (Elefant, Su et al. 2000). It can therefore be 

interpreted that the distal HS III-V which was not contained in HSI,II P-hGH-N-P construct, has 

the capacity to produce expression level (Elefant, Su et al. 2000).  It is still unclear if the P 

sequence can act as a local enhancer, but it would be consistent with the observation of P 

sequence hyperacetylation in human term placenta (Elefant, Su et al. 2000). There is a more 

likely possibility that the P sequences act in conjunction with other regions not limited to 

promoters and downstream enhancers for activated expression. The single construct that has 

been reported to confer consistent expression of the locus in the placenta includes the entire 

hGH/CS gene locus and LCR (Jin, Lu et al. 2009). Taken together these results suggest that 

neither proximal nor distal regulatory elements alone are sufficient for the appropriate expression 

of hGH/CS gene family in the placenta.  

 Information contained in Sections 1.1-1.7 of the thesis, suggest that histone acetylation and 

DNA methylation can contribute to accessibility of the chromatin. High levels of hCS/GH-V in 

human term placenta indicate a more ‘open’ and accessible hGH/CS locus in human term 

placenta versus choriocarcinoma cells. Several proximal and distal regulatory regions have been 

linked to efficient expression of the hCS/GH-V genes as implied above. Neither the proximal nor 

distal elements alone are, however, sufficient for efficient and appropriate expression of the 
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placental members of the hCS/GH locus (Jones, Monks et al. 1995). There is a possibility that 

the regulatory regions need to be accessible to facilitate co-operation with each other for 

activated expression. 
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1.8 Overview of Thesis Research Objectives 

The human (h) chorionic somatomammotropin (CS) genes (hCS-A and hCS-B as well as the 

hCS-L pseudogene) and placental growth hormone (GH) variant gene (hGH-V) are located at a 

single locus on chromosome 17q22-24 (Chen, Liao et al. 1989). These genes are preferentially 

expressed by villus syncytiotrophoblasts in the placenta during pregnancy (Liebhaber, Urbanek 

et al. 1989, MacLeod, Lee et al. 1992). There is also evidence that these genes are differentially 

expressed; hCS-A and hCS-B RNA levels are comparable at eight weeks of pregnancy, but hCS-

A transcripts are five-fold more abundant than those of hCS-B by term (MacLeod, Lee et al. 

1992). Human CS genes are expressed at relatively high levels such that hCS RNA represent 

about 3.5% of the total syncytiotrophoblast transcripts, and are also more abundant than those of 

hGH-V in term placenta (Cooke, Ray et al. 1988, MacLeod, Lee et al. 1992). These patterns of 

hCS/GH-V gene expression are not always conserved in placental tissues or cells. For example, 

hCS/GH-V RNA levels are decreased in pregnancies complicated by obesity (Vakili, Jin et al. 

2013) or altered in abnormal placental tissue or cells, including hydatidiform mole and 

choriocarcinoma cell line (Nickel and Cattini 1991). Relatively low levels of hCS/GH-V 

transcripts were detected in human choriocarcinoma BeWo, JAR and JEG-3 cells compared to 

normal term placenta (Lytras, Bock et al. 1994). In addition, there is evidence for low-level 

ectopic production of hCS/GH-V transcripts in ovaries, testis, mammary glands, and 

endometrium, and also in some non-placental tumor cells such as the breast cancer Michigan 

Cancer Foundation-7 (MCF-7) cell line (Tuttle, Hugo et al. 2014).  

Based on in vitro and transgenic mouse in vivo study, multiple regulatory regions are implicated 

in the efficient expression of the hCS/GH-V genes (Jones, Monks et al. 1995). These include the 
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proximal promoter region and P sequences located about 2 kb upstream, as well as 3´-enhancer 

regions located about 2 kb downstream of the hCS genes (Chen, Liao et al. 1989, Jones, Monks 

et al. 1995). In addition, remote upstream nuclease hypersensitive sites (HS) have been identified 

in a LCR including HS III and HS V, and the placenta-specific HS-IV (Chen, Liao et al. 1989, 

Nachtigal, Nickel et al. 1993, Jones, Monks et al. 1995, Elefant, Su et al. 2000, Lytras, Detillieux 

et al. 2011).  

Thus, it is hypothesized that low levels of hCS/GH-V expression in placental tumor cells is 

associated with DNA (methylation) and/or histone (acetylation) modifications, which limits 

accessibility of necessary transcription factors to specific regulatory regions. Furthermore, it is 

hypothesized that ectopic expression may be associated with a different pattern of DNA 

(methylation) and/or histone (acetylation) modification, likely reflecting a distinct chromatin 

structure or pattern of regulatory regions and/or associated transcription factors, even when 

overall levels of hCS/GH-V RNA are comparable to those in placental cells. Four research 

objectives are pursued in this thesis. They are: 

 

1. To confirm and compare hGH/CS expression levels in tumor cells of placental and non-

placental origin versus normal human term placenta (Chapter 3). 

  

 Approach: In brief, total hCS/GH-V RNA levels will be compared in human placental 

(BeWo, JAR and JEG-3) and non-placental cervical carcinoma HeLa, breast 

adenocarcinoma MCF-7 and T47D, uterine adenocarcinoma Hec1A and glioblastoma U-87 



 21 

cells. RNA from HTP and cell lines will be assessed by reverse transcriptase (RT) 

polymerase chain reaction (PCR). A set of exon 3/exon 4 primers common to all members of 

the hCS/GH-V gene family will be used to non-selectively amplify the known majority of 

hGH/CS transcripts (which can be easily distinguished from unprocessed message or DNA). 

 

2. To compare individual hCS-A, hCS-B and hGH-V RNA levels in tumor cells of placental 

versus non-placental origin (Chapter 3). 

 

 Approach: In brief, quantitative real-time RT-PCR (q-PCR) will be combined with specific 

primers to detect hCS-A, versus hCS-B versus hGH-V transcripts. Cells to be tested will be 

based on the results of Objective 1, but will include tumor cells showing the highest and 

lowest hCS-GH/V RNA levels, and if possible an example of placental and non-placental 

cells with comparable expression levels. 

 

3.  To compare hCS promoter, P sequence and 3´-enhancer activity in transfected placental and 

non-placental tumor cells as an indication of transcription factor availability. Ideally an 

example of each cell type will be selected where both display comparable levels of hCS/GH-

V transcripts as detected by RT-PCR (Chapter 4). 
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 Approach: In brief, placental and non-placental cells will be transiently transfected with 

hybrid luciferase (Luc) genes driven by a 496 bp hCS-A promoter region with or without a 

263 bp P sequence or 241 bp hCS-B 3´-enhancer regions. Cells will also be transfected with 

luciferase genes driven by a minimal (84 bp viral) thymidine kinase and 496 bp pituitary 

hGH promoter as well a promoter-less gene as controls. All Luc gene constructs will be co-

transfected with a Renilla-luciferase (R-Luc) gene and relative luciferase activity (Luc/R-

Luc) determined for comparison. 

 

 4. To compare the effect of histone acetylation and/or DNA methylation inhibition on 

hCS/GH-V gene expression in placental and non-placental cells, as a means to increase 

transcription factor accessibility. Ideally an example of each cell type will be selected 

where both display comparable levels of hCS/GH-V transcripts as detected by RT-PCR 

(Chapter 5). 

 

 Approach: In brief, placental and non-placental tumor cells will be treated with increasing 

doses of the histone deacetylases (HDAC) inhibitor trichostatin-A (TSA) and/or the DNA 

methyltransferase (DNMT1) inhibitor 5-aza-2´ deoxycytidine (azadC) at increasing doses 

for 18 or 24 hours. RNA levels will be assessed for hCS-A, hCS-B and hGH-V by q-PCR. 

Effects on histone acetylation and DNA methylation will be confirmed by protein 

“immuno”blotting using specific antibodies to hyperacetylated histones and a commercially 

available enzyme-linked immune-sorbent assay (ELISA) to detect methylated DNA. If there 
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is a significant effect of these treatments on hCS/GH-V transcript levels then an attempt will 

be made to link them to any corresponding changes in known regulatory region structure 

associated with hCS/GH-V gene expression, including, promoter, P and 3´-enhancer 

sequences. 

 

The observations made will be discussed in the context of how differences in the organization or 

structure of the hCS/GH-V gene locus on chromosome 17 can affect both endogenous and 

ectopic hCS/GH-V RNA expression, and whether this (i) may have broader implications, and (ii) 

how this might be pursued. 
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CHAPTER 2 

 

Materials and Methods 

 

2.1 Human Term Placenta Samples 

Human term placenta (HTP) samples were obtained after approval of the Health Research Ethics 

Board at the University of Manitoba. Placentas were obtained from women with a body mass 

index (BMI) of 20-25 kg/m
2,

 and no gestational complications, including preeclampsia or 

gestational diabetes. BMI was assessed based on the pre-pregnancy weight. 

2.2 Cell Culture 

Cells obtained from the American Type Culture Collection (Rockville, MD) were cultured in a 

humidified atmosphere at 37ºC, 5% CO2 and 95% air, in Rosewell Park Memorial Institute 

(RPMI) 1640 or Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% (v/v) 

fetal bovine serum (FBS) and antibiotics (10 IU/ml penicillin, 10 mg/ml streptomycin) in 100 

millimeter (mm) culture dishes. Cell stocks were maintained at -80ºC in 90% FBS, 10% 

dimethyl sulfoxide (DMSO). Trypsin-EDTA was used to lift the cells following a single wash in 

phosphate buffered solution. The cell lines used: A) Human placental choriocarcinoma cell lines 

which includes BeWo, JAR, JEG-3 (Kohler, Bridson et al. 1971, Pattillo, Gey et al. 1971) 

express chorionic somatomammotropin, but at much reduced level compared to normal human 
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term placenta (Nickel and Cattini 1991).   

B) Human mammary gland adenocarcinoma MCF-7, mammary gland ductal carcinoma T47D, 

cervical carcinoma HeLa, endometrial adenocarcinoma HEC-1-A and brain glioblastoma U-87 

demonstrate evidence of ectopic expression of members of the human CS/GH-V gene family 

(Wu, Devi et al. 1996, Untergasser, Kranewitter et al. 1997, Khorram, Garthwaite et al. 2001, 

Raccurt, Lobie et al. 2002, Slater, Cooper et al. 2006, Pandey, Perry et al. 2008, Tuttle, Hugo et 

al. 2014). 

2.3 Treatment with DNA Methylation and/or Histone Deacetylation Inhibitors 

For treatment with DNA methylation inhibitor 5-aza-2´ deoxycytidine (azadC) and/or HDAC 

inhibitor trichostatin-A (TSA), cells were plated at a density of 3 x10
5 

per well in 35 mm plates, 

and 24 hours later fed with medium containing 5, 10, 25and 50 µM azadC or 10, 20, 50 and 100 

nM TSA for 24 and 18 hours, respectively, before harvesting. For sequential treatment, cells 

were fed medium with either: (i) 50 µM azadC for 24 hours then refed with medium containing 

100 nM TSA for 18 hours; or (ii) 100 nM TSA for 18 hours and then refed with medium 

containing 50 µM azadC for 24 hours. As controls, cells were treated with a corresponding dose 

of dimethyl sulfoxide (DMSO) vehicle for comparison in all cases. 

2.4 RNA Analysis 

Total RNA was extracted using QIAshredder and RNeasy plus Mini kit (Qiagen, Toronto, ON). 

For reverse transcriptase (RT) polymerase chain reaction (PCR), 1 µg of RNA per reaction was 

reverse transcribed by the QuantiTect Reverse Transcription kit according to the manufacturer’s 
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instructions (Qiagen). Minus RT reactions were also done to assess genomic DNA 

contamination. For PCR, 4% HTP or 40% (cell lines) of RT reaction mixture was used with 

specific primers (Table 1). Detection of a 250 bp product common to all five members of the 

hGH/CS family was assessed using specific primers spanning exon 3 and exon 4 (Table 1) at an 

annealing temperature of 47ºC for 30 cycles, essentially as described previously (Lytras, Bock et 

al. 1994). As a result, the presence of unspliced hGH/CS transcript or genomic DNA is detected 

as a 341-343 bp PCR product (Lytras and Cattini 1994). PCR products were visualized by 

agarose gel electrophoresis and ethidium bromide staining. 

Identification and relative quantitation of individual hCS-A, hCS-B and hGH-V RNAs was done 

by real-time RT-PCR using specific primers (Table 1) as described previously (Vakili, Jin et al. 

2013). Minus RT reactions were also done using the same primers and thermal cycle conditions 

as a control for the presence of genomic DNA. Specific amplifications were identified with a 

single peak in the melting curve and routine verification of a single PCR product visualized by 

agarose gel electrophoresis. The expression level of each gene was calculated from the standard 

curve and normalized to either human glyceraldehyde-3-dehydrogenase (GAPDH) or, for azadC 

and TSA treatments, to β-glucorinidase transcripts. 
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Table 1. Primers used for qPCR (h = human) 

 

2.5 Gene Transfer and Luciferase Assay 

For plasmid DNA transfer, cells were plated (1.5x10
5 

per 35-mm well) and 24 hours later 

transfected with hybrid luciferase (Luc) genes (1 µg) using TransIT® - 2020 Transfection 

reagent according to the manufacturer’s protocol (Mirus, Madison, WI). Plasmids containing 

hybrid hCS-A promoter (496 bp) and fire fly luciferase (Luc) reporter genes without (CSp.Luc) 

or with upstream 263 bp P (263P.CSp.Luc) and downstream 241 bp hCS-B enhancer sequences 

(CSp.Luc.241Enh) were used. The CSp.Luc and 263P.CSp.Luc genes are described elsewhere 

(Norquay, Jin et al. 2001). The CSp.Luc.241Enh was generated by Ms. Yan 

 

RNA 

 

              Primer sequence 

hGH/CS      Forward: CAGAAGTATTCATTCCTGCA  

     Reverse: TTTGGATGCCTTCCTCTAG  

hCS-A      Forward: GGCTTCTAGGTGCCCGAGTA 

     Reverse: GCACTGGAGTGGCACCTTCA  

hCS-B      Forward: CAGCAAGTTTGACACAAACTCA  

     Reverse: AGAAGCCACAGCTACCCTCT  

hGH-V      Forward: GTTTGAAAGAAGCCTATATCCTG  

     Reverse: TCACCCTGTTGGAAGGTGTT  

hGAPDH      Forward: TTGATTTTGGAGGGATCTCGC 

     Reverse: GAGTCAACGGATTTGGTCGT 

h β-glucorinidase      Forward: TTGATTTTGGAGGGATCTCGC 

     Reverse: GAGTCAACGGATTTGGTCGT 
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Jin. Briefly, the hCS-B 241 bp enhancer fragment was amplified using SV40PCAT-

CSBenhancer plasmid DNA as a template (Lytras, Surabhi et al. 1996), using primers containing 

an AatII restriction enzyme site (CSB-En-Forward: 

AGCTGCGACGTCGTCTACATTTCAGCTCATCAACTTGG, and CSB-En-Reverse: 

AGCTCGGACGTCCAGCTGTGAACACATGGGTCTCATCT). The amplicon was digested 

with AatII and ligated into the AatII site of CSpLuc and downstream of the luciferase gene. The 

sequence and orientation of the hybrid gene construct was confirmed by sequencing. Cells were 

co-transfected with 20 ng/well of a hybrid Renilla luciferase gene (RLuc) directed by a minimal 

thymidine kinase promoter (Promega Corp., Madison, WI). Cells were harvested 18 hours post-

transfection, and luciferase activity (Luc/RLuc) was measured after cell lysis using the Dual-

Luciferase® Reporter (DLR
TM

) Assay System (Promega Corp.) and a photo-counting 

luminometer. 

2.6 Protein Immunoblotting 

Nuclear extraction from cell cultures was performed using a Nuclear Extraction Kit according to 

the manufacturer’s instructions (Abcam, #113474). Briefly, after treatment, cells were suspended 

in PBS (3 milliliter (ml) per 100 mm plate) and centrifuged for 5 minutes at 1000 x g. Cells 

pellets resuspended in 300 µl of 1x Pre-Extraction Buffer per 10
6
 cells were vortexed vigorously 

for 10 seconds and centrifuged ( 12000 x g for 1 minute ) Nuclear Extraction Buffer containing 

DTT and Protease Inhibitor Cocktail -PIC (10 µl per 10
6
 cells) was added to the pellet and 

incubated on ice for 15 minutes with vortex (5 seconds every 3 minutes). After centrifugation 

(14000 x g for 10 minutes at 4ºC) the supernatant containing the pure and enriched nuclear 

fraction was collected. Protein concentrations were determined by a Bradford Protein Assay 
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(Bio-Rad). For detection of acetyl H3 histones, 5µg (before and after TSA treatment) of nuclear-

extracted proteins were analyzed by immunoblotting as described. Proteins were separated by 

15% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, transferred to polyvinylidene 

fluoride membranes, and immunoblotted with anti-acetyl-H3 antibody (Millipore, #06-599) as 

well as total histone H3 (CST, #9715) and lamin-B (Abcam, #16048), as controls for change in 

H3 acetylation following treatment with TSA and loading for nuclear proteins respectively. The 

detected proteins were visualized using horseradish peroxidase-conjugated anti-immunoglobulin 

G (IgG) secondary antibody and Enhanced chemiluminescence (ECL) plus immunoblotting 

detection reagents (Thermo Fischer Scientific Inc.). 

2.7 Enzyme Linked Immuno Assay (ELISA) 

To determine the global methylation status in placental JEG-3 and non-placental MCF-7 cells 

following treatment with DNA hypomethylating agent azadC, total DNA was isolated using 

Qiagen DNeasy Blood & Tissue Kit (Qiagen, Toronto, ON) according to the manufacturer’s 

protocol. The 5- methyl cytosine (mC) content of the total extracted DNA was semi-

quantitatively measured using an ELISA kit. The methylated fraction of DNA was detected using 

the respective capture and detection antibodies using MethylFlash™ Methylated DNA 

Quantification Kit (Epigentek, #P-1034) according to the manufacturer’s protocol and quantified 

colorimetrically at 450 nm in a micro plate reader. Results are expressed as 5- mC (ng) after 

azadC treatment relative to independent control (DMSO) values for each group/duration, which 

are arbitrarily set to 100. 
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2.8 Chromatin Immunoprecipitation (ChIP) Assay 

Assays were processed by Zymo Research Corp. (Irvine, CA). Placental JEG-3 choriocarcinoma 

cells were cross-linked with formaldehyde at 1% final concentration for 7 minutes at room 

temperature, and chromatin prepared using the Zymo-Spin ChIP kit (Zymo Research Corp) 

following manufacturer’s instructions. Sonication was performed at the high power setting for 40 

cycles (30 seconds on, 30 seconds off) using an Bioruptor Plus (Diagenode Inc., Denville, NJ), 

yielding a fragment size in the range of 200-700 bp. ChIP assays were performed in triplicate for 

each sample using 27 µg of chromatin and 5 µg of anti-H3 (Abcam, ab1719) or 5 µg of anti-

H3ac (Millipore, 06-599) and anti-H4ac (Millipore 06-598; lot# 2510372). The specificity of the 

histone antibodies was demonstrated using a normal rabbit immunoglobulin (IgG) polyclonal 

antibody for immunoprecipitation (Millipore, #PP64B). ChIP DNA was purified using ChIP 

DNA Clean and Concentrator (Zymo Research), and the relative abundance of HS III, IV and V, 

downstream hCS enhancer elements, P sequences as well as hCS-A and hGH-V promoter 

regions in immunoprecipitated DNA and input DNA was quantified by qPCR with sequence-

specific primers (Table 2). Values for both hyperacetylated (HAc) histone H3/H4 and IgG were 

normalized to values for H3, and data for HAc H3-H4 “binding events” are presented relative to 

IgG control values.  
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Table 2. Primers used for ChIP-qPCR 

 

 

 

 

 

 

 

 

 

 

 

2.9 Statistical Analysis 

All studies were done in triplicate unless stated otherwise, with at least two determinations per 

sample. Statistical analysis was done using Prism® software. For two category comparisons 

 

RNA 

 

Primer sequence 

HS V      For: TCCCTCGGACCAGAACAC 

     Rev: CCCAGGTAAAAGCAGCATGT  

HS IV      For: TTCTCAGGGTTTGGGACTGA 

     Rev: TGGGAAGAAGTGGTGGACTC  

HS III      For: CACTGATGAGCTTGGCGTCAC 

     Rev: CCTGCCACTTCCGCTCTCCA 

(CS) EL,A,B      For: TCATCTTTGCGGTCCCTAAC  

     Rev: AGCCCTCACTCCCTGAGATT  

PA      For: CTGGACTAGCACCCCAGACTCATCAT  

     Rev: TCGATGACACCCCTCTTGGATCCTCC  

CS-Ap      For: GAGGAGCTTCTAAATTATCCAC 

     Rev: CAGTTCTCTCTCCCTGCTTGA 

PV      For: TTCCTGAAACATTATCGGACC 

     Rev: TTGGATCCTCACACAGGCGG 

GH-Vp      For: AGTGGCCCCAGGCCTAAACA 

     Rev: CCTTCTCTCTCGCTGCTTCT 
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unpaired t-tests were used, and for multiple comparisons one-way analysis of variance 

(ANOVA) was used with a post-hoc Tukey-Kramer test as appropriate. A value of p<0.05 is 

considered statistically significant and is represented in Figures as: * or #, p<0.05; ** or ##, 

p<0.01; *** or ###, p<0.001. 
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                                                      CHAPTER 3 

 

3.1 Detection and comparison of hCS-A, hCS-B and hGH-V RNA levels in tumor cells of 

placental and non-placental origin versus human normal term placenta 

Pregnancy hormones including  CS and GH-V are expressed in the syncytiotrophoblast layer of 

the human placenta (McWilliams and Boime 1980). The rise in circulating hCS and hGH-V 

protein concentrations in maternal serum during gestation (Frankenne, Closset et al. 1988) 

reflects placental growth (Braunstein, Rasor et al. 1980) and/or enhanced “transcriptional 

activation rather than amplification” of the hCS/GH-V genes (Boime, McWilliams et al. 1976, 

McWilliams, Callahan et al. 1977). Studies have demonstrated that transcripts from hCS-A and 

hCS-B genes (both independently encoding mature CS) is initiated with differentiation of 

placental mono-nucleated cytotrophoblasts to multi-nucleated syncytiotrophoblasts (Klassen, 

Nachtigal et al. 1989) and GH-V which encodes placental growth hormone directly sub localize 

to the syncytiotrophoblastic epithelium of the human term placenta (Hoshina, Boothby et al. 

1982, Cooke, Ray et al. 1988, Liebhaber, Urbanek et al. 1989, Scippo, Frankenne et al. 1993).   

 

As previously stated in Section 1.6.1, “There is a developmentally regulated switch in the 

relative expression” of hCS-A and hCS-B transcripts during pregnancy; starting at comparable 

levels at 8 weeks of pregnancy and both encoding identical CS protein, hCS-A transcripts are 5-
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fold more abundant than those of hCS-B by term in uncomplicated pregnancies (MacLeod, Lee 

et al. 1992), and hGH-V transcripts levels are several orders of magnitude lower than hCS-A and 

hCS-B transcripts (Chen, Liao et al. 1989). CS and GH-V serve as diagnostic markers for normal 

progression of pregnancy (Handwerger 1991). However, this pattern of hCS/GH-V expression is 

not always conserved in normal placental tissues or cells based on evidence which suggests that 

level of hCS/GH-V transcripts are significantly decreased in pregnancies complicated by 

maternal obesity (Vakili, Jin et al. 2013) or altered in pregnancies associated with “small- and 

large- for gestational age” infants (Mannik, Vaas et al. 2010). Furthermore, an altered expression 

pattern is also observed in abnormal placental tissues or cells, including hydatidiform mole and 

choriocarcinoma cell lines (Szulman and Surti 1978, Hoshina, Hussa et al. 1984, Hoshina, 

Boothby et al. 1985, Morrish, Honore et al. 1992, Lytras, Bock et al. 1994). Human placental 

tumor cell lines consist of “mitotically active cytotrophoblasts with moderate degrees of 

differentiation” (Ringler and Strauss 1990), endogenously express hCS/GH-V transcripts at 

relatively low levels compared to normal term placenta (Nickel and Cattini 1991, Nachtigal, 

Bock et al. 1992, Lytras, Bock et al. 1994), and offers a good model for studying hCS/GH-V 

gene regulation. Studies have also demonstrated ectopic hCS/GH-V gene expression in human 

endometrial tissue (Slater, Cooper et al. 2006), normal human mammary gland (Mol, Henzen-

Logmans et al. 1995, Raccurt, Lobie et al. 2002), normal and neoplastic human lymphoid tissues 

and cells (Hattori, Shimatsu et al. 1990, Wu, Devi et al. 1996), human ovaries (Schwarzler, 

Untergasser et al. 1997, Silva, Figueiredo et al. 2009), human testis (Untergasser, Kranewitter et 

al. 1997) and also in non-placental endometrial carcinoma cell lines (Khorram, Garthwaite et al. 

2001, Sbracia, Scarpellini et al. 2004, Pandey, Perry et al. 2008) and adenocarcinoma cells such 
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as the breast cancer MCF-7  cell line (Tuttle, Hugo et al. 2014). 

The expression profile of individual hCS-A, hCS-B and hGH-V transcripts using specific primers 

have not been reported in placental and non-placental tumor cells. 

 

3.2 RESULTS 

3.2.1 Detection of hCS-A, hCS-B and hGH-V transcripts in placental and non-placental tumor 

cells 

Total hCS/GH-V RNA was isolated from normal human term placenta (HTP) as well as human 

placental (BeWo, JAR and JEG-3) and non-placental cervical carcinoma HeLa, breast 

adenocarcinoma MCF-7 and ductal carcinoma T-47D, uterine adenocarcinoma Hec1A and 

glioblastoma U-87 cells. Transcripts common to hGH/CS genes and combining exon 3 and 4 

sequences, as well as human GAPDH RNA were assessed using specific primers (Table 1) by 

reverse transcription polymerase chain reaction (RT-PCR) and gel electrophoresis. Relative to 

HTP, the presence of low levels of hGH/CS transcripts was confirmed in examples of both 

human placental and non-placental tumor cells. The exception was U-87 glioma cells where 

hGH/CS transcripts were not detected under equivalent conditions (Figure 3.2 A).  

Based on the expression levels of the total hCS/GH-V transcripts; Individual hCS-A, hCS-B and 

hGH-V gene expression was investigated in placental (BeWo, JAR, JEG-3) and non-placental 

HeLa, MCF-7, U-87 tumor cells. This reflects a selection of available placental tumor cells and a 

range of expression levels in non-placental cell lines. This includes JEG-3 and MCF-7 that 
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appear to have comparable levels of hCS/GH-V RNA. RNA was assessed by qPCR using 

specific primers for hCS-A, hCS-B and hGH-V transcripts (Table 1), and products were 

routinely examined by gel electrophoresis; a representative image is shown in (Figure 3.2 B). For 

quantitation, the values for hCS-A, hCS-B and hGH-V transcripts were normalized to human 

GAPDH RNA levels. Results are presented relative to levels in JEG-3, which are arbitrarily set 

to 1.0 (Figure 3.2 C). Expression of hCS-A, hCS-B and hGH-V genes was detected in all cell 

lines, but this was a fraction of that observed in HTP based on a comparison with levels in JEG-3 

cells. Relative levels of individual hCS-A, hCS-B and hGH-V transcripts were all significantly 

greater in BeWo and JAR versus JEG-3 cells. However, a more variable pattern of relative 

expression was seen with JEG-3 compared to non-placental tumor cells; while hCS-A RNA 

levels were greater in HeLa and MCF-7 cells, hCS-B transcripts were greater only in HeLa cells 

and hGH-V transcripts were greater in MCF-7 cells alone (Figure 3.2 C). There was also no 

significant difference in individual hCS-A, hCS-B and hGH-V RNA levels between JEG-3 and 

U-87 cells. 
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Figure 3.2 A 

 

 

Figure 3.2 B 

 

                                              

Figure 3.2 (A) Assessment of total human (h) GH/CS RNA and relative levels of hCS-A, hCS-B 
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and hGH-V transcripts in placental and non-placental cells. RNA was isolated from tumor cells 

indicated as well as human term placenta (HTP) samples, and was assessed by RT-PCR using 

primers common to the five human (h) GH/CS genes that span exon 3 and 4 sequences to yield a 

250 bp amplicon (or 341-343 bp unspliced RNA or genomic DNA product) as well as GAPDH. 

Minus RT reactions were also assessed. All products as well as 100 bp markers were visualized 

by agarose gel electrophoresis and ethidium bromide staining as shown in the above 

representative image. (B) RNA was isolated from placental and non-placental tumor cells and 

assessed by qPCR using specific primers to hCS-A, hCS-B and hGH-V as well as GAPDH 

transcripts. All products as well as 50 bp markers were visualized by agarose gel electrophoresis 

and ethidium bromide staining as shown in this representative image.    

 

Figure 3.2 C 

 

 

         

Figure 3.2 C: 

Human CS-A, CS-B and GH-V as well as GAPDH transcripts were assessed as in Figure 3.1B, 

and the latter was used to normalize the data. Results are expressed as fold-difference in mean 

values relative to JEG-3 RNA levels, which has been arbitrarily set to 1.0, and error bars indicate 

standard error of the mean (n=3). Comparisons of RNA levels between JEG-3 and HTP was 

assessed by one-way ANOVA with post Tukey-Kramer Multiple Comparisons test (**, p<0.01, 

***, p<0.00                             
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                                                                 CHAPTER 4   

 

4.1 Comparison of hCS promoter, P sequence and 3´ -Enhancer activity in transfected 

placental and non-placental tumor cells as an indication of transcription factor availability 

 

Appropriate expression of hCS/GH-V genes from GH/CS locus have been linked in parts to 

proximal cis acting regulatory elements and associated trans-acting factors which includes: 

(i) Local repeat elements, termed P sequences, located approximately 2 kilobases (kb) upstream 

of the placental hCS-L, hCS-A, hGH-V, hCS-B promoters but not pituitary hGH-N promoter 

(Chen, Liao et al. 1989). The 263-bp core element (263P) of P sequences was shown to blunt the 

in vitro activity of the CS-A promoter in pituitary (GC) but not placental (JEG-3) cells after gene 

transfer (Nachtigal, Nickel et al. 1993). Cell culture-based studies have suggested that the 263P 

region and its corresponding factors represses CS-A promoter in pituitary GC tumor cells but not 

in placental JEG-3 cells (Nachtigal, Nickel et al. 1993, Norquay, Jin et al. 2001, Norquay, Yang 

et al. 2003, Norquay, Yang et al. 2006). In vivo studies have also suggested a stimulatory role for 

the P element in hCS activation. This was demonstrated by HSI,II/P/hGH/P transgenic lines 

expressing pituitary specific hGH mRNA in the mouse placenta (Elefant, Su et al. 2000). Thus, 

in vivo and in vitro data suggest that 263P element may have functional significance, however, 

the direction of response and how this is affected by tissue location is yet to be determined for 

individual members of the hGH/CS gene family.  
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(ii) A transcriptional enhancer was identified in a 1022 bp region that lies ~2 kb downstream of 

the hCS-B gene (Rogers, Sobnosky et al. 1986). Fragments of the 1022 bp region were tested for 

enhancer activation of a heterologous simian virus 40 (SV40) promoter in JEG-3 cells. 

Fragments spanning 1-210 and 103-241 bp retained 94% and 93% of the enhancing activity of 

the full length 1022 bp sequence respectively (Walker, Fitzpatrick et al. 1990). Enhancer activity 

was localized to 241 bp nucleotides (nts) 1-241, of the 1022 bp region which has been shown to 

enhance homologous or heterologous promoter activity by 300- to 400-fold in placental 

trophoblast cells in vitro (Walker, Fitzpatrick et al. 1990, Jacquemin, Oury et al. 1994, Lytras 

and Cattini 1994). The 241 bp hCS-A “enhancer” region was not equally efficient in vitro 

(Rogers, Sobnosky et al. 1986, Jacquemin, Alsat et al. 1996, Lytras, Surabhi et al. 1996). The 

hCS ‘enhancer’ regions contain hyperacetylated H3-H4 histones in primary placental and 

choriocarcinoma (BeWo) cells (Kimura, Sizova et al. 2007). Detailed analysis of the 241 bp of 

hCS-B 3´-Enh region suggest involvement of trans-acting factors necessary for activated hCS 

expression (Walker, Fitzpatrick et al. 1990, Jacquemin, Oury et al. 1994, Jiang and Eberhardt 

1995, Jiang, Shepard et al. 1995, Lytras, Detillieux et al. 2011, Vakili, Jin et al. 2013). In 

addition to the local regulatory elements, basal hCS promoter activity was demonstrated in 

placental JEG-3 cells between nucleotides -142 and -129 which bind ubiquitous Sp1 protein 

(Fitzpatrick, Walker et al. 1990). There is evidence to support the presence of putative AP2 

binding sites within the first 325 bp of the CS-A promoter (Richardson, Langland et al. 2000). 

Mutations in AP2 binding sites resulted in 60-80% decrease in hCS promoter activity compared 

to the wild type promoter activity (Richardson, Langland et al. 2000).  

Compared to the normal HTP hCS-A, hCS-B and hGH-V genes are expressed at an extremely 
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low level in placental JEG-3 cells (Figure 3.2C) (Lytras, Bock et al. 1994). Interestingly, low but 

comparable levels of hCS/GH-V RNA was detected in JEG-3 cells and in non-placental MCF-7 

and U87 cells. This suggests that the placental origin of the JEG-3 is not apparent in the 

response and low levels of expression.  

 

4.2 RESULTS  

 

4.2.1 The downstream CS enhancer region shows preferential activity in placental versus non-

placental tumor cells 

Expression of hCS have been linked to local cis DNA regions including upstream P sequences 

and downstream enhancer (3´-Enh) regions and their associated trans-acting factors (Vakili, Jin 

et al. 2013). The activity of local regulatory regions were determined in placental (JEG-3, 

BeWo) and non-placental (MCF-7 and U-87) cells by gene transfer assays. Cells were transiently 

transfected using: 1) 492/+6 of CS-A gene immediate 5´-flanking region (CS-Ap) upstream of 

the firefly Luc gene (CSp.Luc); 2) A hybrid firefly luciferase gene directed by the 263P fragment 

upstream of the 492/+6 of CS-A gene (263P.CSp.Luc); and 3) 241-Enh element downstream of 

the hybrid firefly luciferase gene directed by 492/+6 of CS-A gene (CSp.Luc.241Enh). To 

control for DNA uptake, cells were co-transfected with Renilla luciferase gene (pRLTKp.Luc) 

and luciferase activity was measured after 18 hours (Figure 4.2). Corrected (Luc/RLuc) values 

are expressed relative to CSp.Luc activity, which is arbitrarily set to 1.  
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In placental (JEG-3) and non-placental (MCF-7 and U-87) cell lines, the presence of 263P had a 

modest (<2-fold) but significant increase in CS-A promoter activity. However, 263P repressed 

CS-A promoter activity (<2-fold) in placental BeWo cells. The repressive in vitro activity of 

263P observed in BeWo cells does not reflect the enhancer activity of P sequence to stimulate 

expression of the hGH-N gene in placenta of transgenic mouse carrying HSI,II/P/hGH/P 

transgene (Elefant, Su et al. 2000). The presence of the 241-Enh element resulted in significant 

CS-A promoter activity in placental but not non-placental tumor cells. A significant and more 

robust 5 to 12-fold increase in activity was observed in the presence of 3´-Enh sequences in 

placental JEG-3 and BeWo cells. A modest stimulation (1.3 fold) was seen in non-placental 

MCF-7 but not U-87 cells. Thus, consistent 3´-Enh activity was seen in the two placental but not 

non-placental cell lines tested. 

These data raise the possibility that the placental enhancer factors are present in BeWo and 

JEG-3 cells but unlike in the transfected luciferase reporter gene the cis-elements in the 

endogenous hCS genes are not accessible in the context of chromatin. 
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Figure 4.2 

                                                                                       

Figure 4.2: 

The downstream enhancer region shows preferential activity in transfected placental versus non-

placental tumor cells. Hybrid hCS-A promoter (CSp)/luciferase (Luc) genes without (CSp.Luc) 

or with the 263 bp P sequence element (263P.CSp.Luc) or 241 bp hCS-B downstream enhancer 

element (CSp.Luc.241Enh) were used to transiently transfect placental (JEG-3, BeWo) and non-

placental (MCF-7, U-87) cells. To control for DNA uptake cells were co-transfected with a 

hybrid Renilla luciferase gene (RLuc). Results are expressed as mean values (Luc/RLuc) relative 

to CSp.Luc activity, which was arbitrarily set to 1, and error bars represent standard error of the 

mean (n=6). The mean values for CSp.Luc in JEG-3, BeWo, MCF-7 and U-87 were 1.895 ± 
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0.066, 0.788 ± 0.039, 3.110 ± 0.033 and 2.356 ± 0.148, respectively. Results for promoter 

activity were analyzed by one-way ANOVA with post Tukey-Kramer Multiple Comparisons test 

(**, p<0.01, ***, p<0.001).  
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                                                 CHAPTER 5 

 

5.1 Effect of DNA methylation and/or histone deacetylation inhibition on hCS/GH-V gene 

expression in placental and non-placental cells, as a means to increase transcription factor 

accessibility  

Eukaryotic gene expression is tightly controlled by DNA methylation and/or histone 

modifications (Cedar and Bergman 2009). DNA methylation and histone modifications have 

garnered much interest as possible mechanisms underlying tissue-specific gene expression (Bird 

2002, Shiota 2004, Yagi, Hirabayashi et al. 2008). For example, examination of DNA 

methylation and histone H3 acetylation profiles provide clear evidence that liver-specific 

expression of genes associated with DNA and histone modifications (Imai, Kikuchi et al. 2009).  

DNA methylation is  associated with repression of transcription (Cedar 1988), and for the ability 

to interfere with transcription factor binding (Ehrlich and Ehrlich 1993). In some instances, DNA 

methylation and associated methyl-CpG binding proteins at the methylated sites can mediate 

histone modifications by recruiting HDACs to methylated DNA (Nan, Ng et al. 1998, Ng, Zhang 

et al. 1999, Wade, Gegonne et al. 1999).  

 Assay of the hCS and hGH-V genes showed similar patterns DNase I digestion patterns but 

increased sensitivity in normal human term placenta versus choriocarcinoma JEG-3 and BeWo 

cells; increased sensitivity was interpreted as evidence of a more open chromatin structure 

(Nickel and Cattini 1996). Increased levels of nuclease were required to see the same digestion 
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pattern in human non-placental cervical carcinoma HeLa cell nuclei/chromatin, suggesting a 

more condensed chromatin structure containing the hCS/GH-V gene locus (Nickel and Cattini 

1996). Together, these observations suggest that an “open” chromatin structure correlates with 

transcriptional activity and there is a possibility that undefined mechanisms such as DNA 

methylation and histone modifications are responsible for differences in CS and GH-V gene 

expression by human term placenta versus choriocarcinoma cells (Nickel and Cattini 1996, 

Cattini, Yang et al. 2006).  

Studies using primary human trophoblast and choriocarcinoma cells have indicated that the 

hGH/CS locus is a target for DNA and histone modifications. Activation of the placental 

members of the hGH/CS gene family reflect distinct patterns of histone H3-H4 hyperacetylation 

at the placental LCR and local regulatory regions, which possess enhancer activity (Elefant, Su et 

al. 2000, Jin, Norquay et al. 2004, Kimura, Liebhaber et al. 2004, Kimura, Sizova et al. 2007). 

An assessment of DNA methylation status in the hGH/CS gene locus using methylation sensitive 

restriction enzymes suggested that undermethylation may play a role in the hGH/CS gene 

expression in placenta versus non-placental leukocytes (Hjelle, Phillips et al. 1982). This study 

was limited by the fact that it was not able to distinguish the methylation pattern in the distal and 

proximal regulatory elements. Thus, the approach used was unable to detect any differences 

between hydatidiform mole DNA compared to term placenta even though moles make little or no 

CS (Hjelle, Phillips et al. 1982).  

To investigate the relevance of DNA methylation and histone acetylation, placental and non-

placental tumor cells were treated with a hypomethylating agent (azadC) and deacetylating agent 

(TSA). AzadC has been reported to reactivate gene expression but is cytotoxic at higher doses 
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(Jabbour, Issa et al. 2008). Studies have demonstrated usage of 1, 5 and 10 µM azadC in JAR 

and MCF-7 cells for 3-7 days (Dom, Galdo et al. 2013). As discussed in Section 1.5 of this 

thesis, the bimodal pattern of DNA methylation is maintained following DNA replication during 

the cell cycle. The doubling time in choriocarcinoma cells is approximately 24-28 hours (Ringler 

and Strauss 1990). Thus, we selected doses ranging from 5 to 50 µM azadC for a period of 24 

hours. The deacetylating agent TSA has been used in studies to assess the effects of histone 

acetylation on gene expression (Zhang, Fatima et al. 2005, Dom, Galdo et al. 2013). Histone 

hyperacetylation has been linked to increased gene expression (Bowman and Poirier 2015). TSA 

is known for inhibiting HDAC activity, inducing cell cycle arrest and cytotoxicity in human 

neuroblastoma cell lines (Furchert, Lanvers-Kaminsky et al. 2007). The dose of TSA used was 

based largely on previous studies. For example, 100 nM TSA for 48, 72 hours was used in MCF-

7 cells and up to 1.65 µM TSA for 12 hours has been used in choriocarcinoma JAR cells (Zhang, 

Fatima et al. 2005, Dom, Galdo et al. 2013). Thus, dose range of 10, 20, 50 and 100 nM TSA for 

18 hours was selected for this study. A shorter duration was selected to offset potential cytotoxic 

effects of TSA and thereby assist with interpretation of any data. In section 1.6 of this thesis, the 

interplay between DNA methylation and histone acetylation is discussed. Both TSA and azadC 

have been used to derepress the LHR gene expression (Zhang, Fatima et al. 2005). In this study 

sequential treatment with azadC followed by TSA was also pursued based on evidence indicating 

that DNA methylation recruits HDACs thereby contributing to repression of gene expression 

(Wolffe 1998, Nguyen, Gonzales et al. 2001).  
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5.2 RESULTS 

5.2.1 Differential effects of DNA demethylase and HDAC inhibition on hCS-A, hCS-B and 

hGH-V RNA levels  

To increase accessibility of placental enhancer transcription factors to the cis regulatory elements 

in the hCS/GH gene locus placental JEG-3 cells were treated with increasing concentrations of 

either azadC (5, 10, 25 and 50 µM) for 24 hours or TSA (10, 20, 50 and 100 nM) for 18 hours. 

Levels of hCS-A, hCS-B and hGH-V RNA were then assessed by qPCR (Figure 5.2). For 

controls, cells were treated with DMSO vehicle under identical conditions for each treatment 

group, and RNA levels were normalized relative to β-glucorinidase transcripts. Treatment with 

25 µM azadC or greater resulted in modest but significant and consistent increases in hCS-B and 

hGH-V but not hCS-A RNA levels in JEG-3 cells (Figure 5.2 A). Human GH-V transcripts 

showed greater sensitivity to TSA than hCS-A and B, as levels were increased ~2-fold with 10 

and 20 nM TSA treatment. However, hGH-V as well as hCS-A and hCS-B levels were all 

significantly increased ~5-fold with 50 nM TSA, and a further increase (equivalent to 7 to 15-

fold) was seen with 100 nM TSA treatment (Figure 5.2 B). 
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Figure 5.2 A 

                 

Figure 5.2 B 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

Figure 5.2 A and 5.2 B: 

Differential effects of DNA demethylase and HDAC inhibition on hCS-A, hCS-B and hGH-V 

RNA levels. Placental JEG-3 cells were treated with increasing concentrations of the A) 

hypomethylating agent 5-aza-2´ deoxycytidine (azadC) or vehicle DMSO for 24 hours, or B) 

HDAC inhibitor Trichostatin-A (TSA) or DMSO for 18 hours. RNA was assessed by qPCR 

using specific primers for hCS-A, hCS-B and hGH-V as well as glucorinidase transcripts, which 

was used to normalize the data. In all cases, mean values and standard error of the mean were 

determined, and results are expressed as fold-effect of azadC or TSA treatments relative to 

independent control (DMSO) values, which are arbitrarily set to 1.0. Data were analyzed by t-

test, and significant differences between DMSO control and azadC or TSA treatment groups are 

indicated by **, p<0.01 and ***, p<0.001 (n=6). 
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5.2.2 Levels of hCS/GH-V transcripts are increased synergistically with sequential azadC and 

TSA treatments in placental JEG-3 but not non-placental MCF-7 cells 

The effect of sequential 50 µM azadC (24 hours) and 100 nM TSA (18 hours) on hCS/GH-V 

transcripts in JEG-3 and MCF-7 cells was assessed by qPCR, given the individual effects of 

DNA demethylase and HDAC inhibition in JEG-3 cells. Synergistic and significant increases in 

hCS-A (~37-fold), hCS-B (~44-fold) and hGH-V (~15-fold) RNA levels were observed in JEG-3 

cells treated with azadC and TSA versus TSA alone (Figure 5.2 C). By contrast, more modest 

and additive ~3-fold increases in hCS-A and hCS-B were seen in MCF-7 cells (Figure 5.2 D), 

while hGH-V RNA levels were not increased but rather decreased by ~50% (Figure 5.2 D). 

To assess the specificity of the response in placental JEG-3 cells, the sequential study was 

repeated with the reversal of the sequential treatment regimen (100 nM TSA for 18 hours then 50 

µM azadC for 24 hours). By contrast to the effect of pretreatment with azadC, post-treatment 

with azadC mutes the stimulatory effects of TSA on hCS/GH-V transcripts (Figure 5.2 E).  

These studies indicate that the DNA methylation and/or histone acetylation status of the 

hCS/GH-V gene chromatin structure contributes to low levels of expression in choriocarcinoma 

cells. Presumably, the chromatin is more condensed and less accessible to transcription factors. 
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Figure 5.2 C 

                        

Figure5.2D 
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Figure 5.2 E 

                 

Figure 5.2 

Human CS-A, CS-B and GH-V RNA levels are increased specifically in placental JEG-3 cells 

with sequential azadC and TSA treatments. (C) JEG-3 cells and (D) non-placental MCF-7 cells 

were treated with: 50 µM 5-aza-2´ deoxycytidine (azadC) for 24 hours; 100 nM trichostatin-A 

(TSA) for 18 hours; or azadC for 24 hours followed by TSA for 18 hours (azadC+TSA). (E) 

JEG-3 cells were also treated with TSA for 18 hours followed by azadC for 24 hours 

(TSA+azadC). In all studies (C-E), cells were treated with vehicle (DMSO) for the 

corresponding length of time used for azadC and/or TSA (Control). Levels of hCS-A, CS-B and 

GH-V RNA were assessed by qPCR as described in Figure 4. Mean values and standard error of 

the mean were determined, and results are expressed as fold-effect of azadC, TSA or azadC/TSA 

treatments relative to independent control values for each treatment group/duration, which are 

arbitrarily set to 1 (n=4-6). Data were analyzed by t-test. Significant differences between control 

and azadC or TSA treatment groups are indicated by **, p <0.01 and ***, p <0.001. 

Significance between TSA and azadC/TSA treatment groups are indicated by ###, p <0.001. 
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5.2.3 Decrease in DNA methylation level after treatment with hypomethylating agent azadC 

and increase in histone H3 hyperacetylation status following treatment with inhibitor of 

histone deacetylase TSA 

After treatment with 50 µM hypomethylating azadC, global DNA methylation in placental JEG-

3 and non-placental MCF-7 cells were analyzed by ELISA assay. For controls, cells were treated 

with DMSO vehicle under identical conditions for 24 hours. The quantification of the amount of 

5- methyl cytosine (mC) showed a significant decrease in JEG-3 cells. However, although there 

was an apparent decrease observed in MCF-7 cells it was not significant. 

Figure 5.2 F 

                                       

Figure 5.2 F 

Placental JEG-3 and non-placental MCF-7 cells were treated with 50 µM of DNA 

hypomethylating agent azadC. The 5- mC content of the total extracted DNA was semi-

quantitatively measured by a DNA quantification kit. The methylated fraction of DNA was 
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detected using the respective capture and detection antibodies and quantified colorimetrically at 

450 nm in a micro plate reader. Mean values and standard error of the mean were determined, 

and results are expressed as 5- mC (ng) after azadC treatment relative to independent control 

values for each group/duration, which are arbitrarily set to 100 (n=4). Data were analyzed by t-

test. Significant differences between control and azadC treatment groups are indicated by ***, p 

<0.001. 

 

Protein immunoblotting was done to assess overall effects of TSA on histone H3 acetylation 

status. JEG-3 and MCF-7 cells were treated with DMSO and 100 nM of histone deacetylase 

inhibitor TSA for 18 hours. Cells were harvested and nuclear proteins were extracted. An 

increase in overall H3 acetylation was observed in TSA treated placental and non-placental cells 

by protein immunoblotting using specific antibodies to anti-acetyl-H3 relative to total H3.  

Figure 5.2 G  

                                                

Figure 5.2 G 

Nuclear-extracted proteins (5µg) were separated by 15% sodium dodecyl sulfate-polyacrylamide 
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gel electrophoresis (SDS-PAGE), transferred to polyvinylidene fluoride membranes, and 

immunoblotted with Anti-Acetyl-H3 antibody (Millipore, #06-599), total histone H3 (CST, 

#9715) and Lamin-B (Abcam, #16048). The detected proteins were visualized using horseradish 

peroxidase-conjugated anti-immunoglobulin G (IgG) secondary antibody and ECL plus 

immunoblotting detection reagents (Thermo Fischer Scientific Inc., Nepean, ON, Canada). This 

was done in duplicate. Figure above is representative pattern of each treatment.  

 

5.2.4 Significant increase in H3/H4 hyperacetylation of the hCSA, B, L 3´ Enh sequences in 

placental JEG-3 cells after sequential azadC and TSA treatment 

As mentioned in Section 5.2.2, hCS-A, hCS-B and hGH-V RNA levels are synergistically 

increased in JEG-3 cells after sequential azadC and TSA treatment. The response was specific as 

when the study was repeated with the reversal of the sequential treatment regimen, it failed to 

elicit a similar response. As already discussed in Section 5.1, histone H3-H4 hyperacetylation at 

local and more remote (LCR) regulatory regions have been linked to placental gene activation. 

Based on the preferential response in Section 5.2.2, histone H3-H4 hyperacetylation status was 

assessed in JEG-3 cell chromatin in situ by ChIP assay (Figure 7). Primers were selected to 

assess the hCS/GH-V P and promoter sequences as well as HS III, IV and V from the hGH/CS 

LCR, and combined hCS A, B, L 3´ -Enh regions (Table 2). There was an increase in histone H3-

H4 hyperacetylation of the hGH/CS gene locus with TSA as well as sequential azadC and TSA 

treatments relative to IgG control values. Based on the increase in hCS/GH-V RNA levels 

(Figure 5.2C), this suggests that increased hyperacetylation makes the hGH/CS locus chromatin 

more open and accessible for transcription-related activity. Significant increases in H3-H4 

hyperacetylation with sequential treatment was observed in the hCS A, B, L 3´ -Enh sequences, the 

hCS-A and hGH-V promoters, P sequences of hGH-V, HS III and IV but not HS V of the 
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hGH/CS LCR (Figure 5.3). 

Figure 5.3 

 

 

 

 

Figure 5.3:  

Histone H3-H4 hyperacetylation increases across the hGH/CS locus in situ with sequential 

azadC/TSA treatment of JEG-3 cells. ChIP assay was performed with antibodies specific to 

hyperacetylated (HAc) H3 and H4 on chromatin isolated from JEG-3 cells treated without 

(control) or with 100 nM trichostatin-A (TSA) for 18 hours, or 50 µM 5-aza-2´ deoxycytidine 

(azadC) for 24 hours then TSA for 18 hours (azadC+TSA). Quantitative PCR was performed on 

both input and immunoprecipitated (bound) chromatin fractions (n=3) with primer sets designed 

to detect regions of the hGH/CS LCR (HS III, IV and V), downstream enhancer regions common 

to hCS-L, CS-A and CS-B (EL, A, B), P sequences upstream of hCS-A (PA) and h GH-V (PV) and 

the proximal promoter regions for hCS-A (CS-Ap) and hGH-V (GH-Vp).Results are presented 

as HAc H3-H4 binding events relative to IgG control values for each primer set, which is 

arbitrarily set to 1. Values for HAc H3-H4 and IgG were all normalized to values for H3. 

Statistical analysis were performed compared to the control value for each primer set by one-way 
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ANOVA with the post Tukey-Kramer Multiple Comparisons test (**, p <0.01 and ***, p 

<0.001). Comparison of TSA and azadC + TSA for each primer pair was assessed by t-test; ###, 

p <0.001. 
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                                                     CHAPTER 6  

                                              DISCUSSION 

6.1 Expression of hCS-A, hCS-B and hGH-V transcripts in normal term placenta versus 

placental and non-placental tumor cells 

6.1.1 Human (h) chorionic somatomammotropin (CS) and growth hormone variant (GH-V) 

expression in normal and complicated pregnancies 

Human CS was isolated by Josimovitch and MacLaren in 1962 (Josimovich and Maclaren 1962), 

and is readily detected in the syncytiotrophoblasts but not trophoblasts of normal placenta by 

immunofluorescence (Heyderman, Gibbons et al. 1981). The concentration of hCS in maternal 

serum increases over the gestational period in normal intrauterine pregnancy (Mueller, Raio et al. 

2004). Pregnancy-specific hGH-V expressed by syncytiotrophoblasts (Liebhaber, Urbanek et al. 

1989) is detected in maternal plasma starting at 5 weeks of gestation (Chellakooty, Vangsgaard 

et al. 2004) and increases throughout pregnancy until term (Chellakooty, Skibsted et al. 2002). 

Human CS and hGH-V transcripts act as potential clinical diagnostic markers for progression of 

normal pregnancies as they are often decreased in pregnancies complicated by hypertension and 

maternal obesity (Farina, Sekizawa et al. 2006, Mannik, Vaas et al. 2012, Vakili, Jin et al. 2013). 

As discussed in Section 3.1, hCS-A, hCS-B and hGH-V have differential expression profiles in 

normal pregnancies. Pregnancies complicated by placenta previa and invasive placenta are 

marked by increased hCS RNA transcripts (Kawashima, Sekizawa et al. 2014) and increased 

hGH-V expression is reported in gestational diabetic pregnancies with  large-for-gestational-age 
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newborns (LGA) (Mannik, Vaas et al. 2012).  

During pregnancy extravillous trophoblasts invade into uterine decidua and the inner third of the 

myometrium to achieve maternal-fetal exchange of molecules (Huppertz, Hemmings et al. 2005). 

Following these adaptive changes during pregnancy, extravillous trophoblast cells aberrantly 

retained in the uterus may become susceptible to formation of gestational choriocarcinoma 

(Huppertz, Hemmings et al. 2005). Gestational choriocarcinoma occurs with an approximate 

frequency of 1 in 40,000 pregnancies (Ganapathi, Paczos et al. 2010) and is often preceded by 

hydatidiform mole, ectopic pregnancy or spontaneous abortion (Kobayashi, Shimizu et al. 2011). 

Gestational trophoblastic choriocarcinoma and hydatidiform mole are documented with an 

extremely high chorionic gonadotropin (hCG) level (Mock, Kovalevskaya et al. 2000, Hsieh, 

Hsu et al. 2008) and a decrease in hCS (Mochizuki, Morikawa et al. 1976, Hoshina, Hussa et al. 

1984, Nickel and Cattini 1991, Lytras, Bock et al. 1994). 

6.1.2 Altered human (h) chorionic somatomammotropin (CS) and growth hormone variant 

(GH-V) expression in placental choriocarcinoma and non-placental tumor cells 

In light of difficulty in establishing and maintaining primary placental cultures over a period of 

time efforts were made to establish human placental tumor (choriocarcinoma) cell lines such as 

BeWo, JAR, and JEG-3 cells (Ringler and Strauss 1990). Patillo and co-workers established the 

first hormone producing cell line BeWo. This choriocarcinoma cell line was derived from a 

choriocarcinoma serially transplanted by Hertz and colleagues in the hamster cheek pouch 

(Pattillo and Gey 1968, Pattillo, Gey et al. 1968). Patillo et al isolated colonies of tumor cells 

from explants and passed the cells until pure culture was obtained (Pattillo and Gey 1968). 
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Assessment by light and electron microscopy revealed that BeWo cells retained the 

cytotrophoblast characteristics of the original tumor, although rare differentiation to a syncytium 

can be observed (Ringler and Strauss 1990). Kohler and associates established the first clonally 

derived hormone producing choriocarcinoma cell lines including JEG-3 cells (Kohler and 

Bridson 1971, Kohler, Bridson et al. 1971). The JAR cell line, in contrast to JEG-3 and BeWo 

cells, was the first cell line to be established directly from a biopsy of choriocarcinoma occurring 

in a 24 year-old Caucasian female (Pattillo, Hussa et al. 1971). All the choriocarcinoma cell lines 

were reported to produce hCS (Ringler and Strauss 1990). Expression of hCS-A, hCS-B and 

hGH-V in all choriocarcinoma cell lines make it a convenient model to study hCS and hGH-V 

gene regulation (Nickel and Cattini 1991, Lytras, Bock et al. 1994). In addition to the 

choriocarcinoma cells, studies have also demonstrated ectopic hGH/CS gene expression in non-

placental endometrial carcinoma cell lines (Khorram, Garthwaite et al. 2001, Sbracia, Scarpellini 

et al. 2004, Pandey, Perry et al. 2008) and adenocarcinoma cells such as the breast cancer MCF-7 

cell line (Tuttle, Hugo et al. 2014). However, the expression profile of the individual hCS-A, 

hCS-B and hGH-V transcripts in tumor cells of non-placental origin have not been detected. 

Relatively low levels of hGH/CS transcripts were observed in three placental and four of five 

non-placental tumor cell lines (Figure 3.1A) as assessed by RT-PCR, gel electrophoresis and 

ethidium bromide staining using primer sets that non-selectively amplify all the members of the 

hGH/CS gene family. This result is consistent with previous studies where RT-PCR or RNA 

blotting have been used (Nickel and Cattini 1991, Nachtigal, Bock et al. 1992, Lytras, Bock et al. 

1994, Untergasser, Kranewitter et al. 1997, Tuttle, Hugo et al. 2014).  

As discussed in Section 3.1, hCS and GH-V follows a differential pattern of expression in 
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normal uncomplicated pregnancies (MacLeod, Lee et al. 1992, Chen, Liao et al. 1989). Previous 

studies have employed RT-PCR using primer sets for each individual transcripts (MacLeod, Lee 

et al. 1992) or RT-PCR using a common primer set, followed by restriction digestion to 

distinguish hCS-A, hCS-B and hGH-V (Lytras, Bock et al. 1994). Our assessment here was 

extended to include individual hCS-A, hCS-B and hGH-V RNAs in normal term placenta, 

placental BeWo, JAR, JEG-3 versus non-placental HeLa, MCF-7 and U-87 tumor cells by qPCR 

for the very first time using specific primer sets. The results are consistent with previous 

findings, which support low levels of expression in tumor cells versus normal human term 

placenta, and are also consistent with BeWo and JAR in contrast to JEG-3 displaying preferential 

placental expression of individual hCS/GH-V genes (Nickel and Cattini 1991, Lytras and Cattini 

1994). BeWo, JAR and JEG-3 are the most intensively studied choriocarcinoma cell lines along 

with a number of human-placenta-derived cell that have been used to model syncytiotrophoblast 

function (Sullivan 2004). The total hCS/GH-V RNA expression was 10-fold higher in BeWo 

cells than JAR cells, while it was undetectable or extremely low in JEG-3 cells as determined 

previously by methods such as cDNA cloning and RNA blotting (Nickel and Cattini 1991, 

MacLeod, Lee et al. 1992, Nachtigal, Nickel et al. 1993). The differences in patterns of 

expression of placental hCS/GH-V among choriocarcinoma cells suggest that they represent 

distinct populations of placental cells reflecting the heterogeneous nature of human placental 

cells available during the cytotrophoblast to syncytiotrophoblast transition in a deregulated 

trophoblastic system (Hochberg, Rachmilewitz et al. 1992, Lytras, Bock et al. 1994).  

Interestingly, low comparable levels of hCS and hGH-V transcripts were observed in placental 

JEG-3 and non-placental MCF-7 and U87 cells. Cell authentication was not conducted to ensure 
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the cell lines are true to their origin but as a first approximation, this low levels could suggest 

that the placental origin of the JEG-3 cells is no longer apparent in the JEG-3 cells used in this 

project. Either the JEG-3 cells lack necessary ‘placental’ transcription factors required for 

preferential and efficient hCS/GH-V gene expression, and/or if these factors are available, their 

access to appropriate regulatory regions in the hGH/CS locus is limited.  

 

6.1.3 Differential response of regulatory 3´-Enh regions associated with expression of 

hCS/GH-V genes in placental versus non-placental tumor cells 

Based on in vitro and transgenic mouse in vivo studies, multiple regulatory regions have been 

implicated in the efficient expression of the hCS/GH-V genes. These include the proximal 

promoter region and 263-bp (263P) fragment of a region known as P  sequences located about 2 

kb upstream of hCS-L, hCS-A, hGH-V and hCS-B genes (Nachtigal, Nickel et al. 1993), 3´-

enhancer regions located 2 kb downstream of the hCS-A and hCS-B genes (Rogers, Sobnosky et 

al. 1986, Lytras, Bock et al. 1994). In addition to the local cis-elements, remote upstream 

nuclease HS sites have been identified in a LCR including HS-III and HS-V and the placenta-

specific HS-IV (Jones, Monks et al. 1995). As discussed in Section 1.7 of this thesis, efficient 

expression of hCS/GH-V genes requires combined actions of the local cis-regulatory elements 

and the distal elements. Gene transfer assays using hybrid hCSp-Luc gene constructs with 

regulatory 263P and 241-3´-Enh sequences in JEG-3 cells suggest that the choriocarcinoma cell 

line can support placental hCS expression (Jacquemin, Oury et al. 1994, Lytras and Cattini 

1994). It can be inferred that even though the transcriptional apparatus is present in JEG-3 cells 
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that the most likely reason to explain the low hCS/GH-V RNA levels is a lack of access of the 

locus to these trans-acting factors. As previously stated (see section 1.6.2) there have been 

multiple reports of ectopic expression of hCS including in human breast cancer cell lines such as 

MCF-7 cells (Tuttle, Hugo et al. 2014). A differential response between placental and non-

placental cell lines was not observed following transfection of the 263-bp (263P) sequence 

construct (Figure 4). A modest ~1.5-fold increase in hCS promoter activity was seen in JEG-3 

cells. The decrease in hCS promoter activity with 263P in BeWo cells was not expected based on 

the ‘positive’ effect of P sequences on pituitary hGH-N expression in the placenta of transgenic 

mice (Elefant, Su et al. 2000). In addition, a modest positive effect of P sequences was detected 

on hCS promoter activity in transfected JEG-3 cells (Nachtigal, Nickel et al. 1993). Nonetheless, 

positive or negative, these data are consistent with the capacity for P sequences to influence 

promoter activity in placental cells. 

In terms of the hCS 3´-Enh element, a preferential stimulation of hCS promoter activity was seen 

in JEG-3 as well as BeWo cells but not non-placental MCF-7 and U-87 cells. This is consistent 

with JEG-3 cells possessing “placental cell” characteristics in spite the low levels of endogenous 

hCS/GH-V RNA levels observed in this study, as well as the availability of trans-acting factors, 

in BeWo and JEG-3 cells, that can access the hCS 3´-Enh region. The enhancer region has 

presumably a relatively open (chromatin) configuration in the context of transfected plasmid 

DNA, but if the equivalent sequences cannot be accessed in the endogenous hCS/GH-V gene 

locus, this may explain the low levels of endogenous hCS/GH-V expression in tumor cells versus 

term placenta. 
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6.1.4 Differential effects of DNA demethylase and HDAC inhibition on hCS-A, hCS-B and 

hGH-V RNA levels 

Nucleosomes consist of a histone core around which ~146 bp of double helix DNA is wrapped 

twice (Kornberg and Lorch 1999). When these nucleosome units are linked together the resulting 

structure is termed “chromatin”. The condensation of this structure or regions of this structure 

can be controlled through various post-translational modifications of the core histone protein by 

reversible incorporation of, for example, acetyl groups within the N terminal tails of these 

proteins (Rothbart and Strahl 2014). DNA modifications can also play an active role in 

influencing chromatin structure (Henikoff, Furuyama et al. 2004, Ptashne 2005). An open state 

of chromatin allows transcription factors including RNA polymerase II to access the DNA and 

enhance RNA synthesis. DNA hypomethylation and histone hyperacetylation are features of an 

open chromatin structure (Eberharter and Becker 2002, Jaenisch and Bird 2003). DNA 

methylation marks integrate with histone modifications dynamically to regulate chromatin 

function (Cedar and Bergman 2009). Both DNA methylation and histone hyperacetylation have 

been linked to placental expression of the hGH/CS family (Hjelle, Phillips et al. 1982, Elefant, 

Su et al. 2000, Kimura, Liebhaber et al. 2004). Treatment with an inhibitor of histone 

deacetylation (TSA) resulted in an increase in hCS-A, hCS-B and hGH-V RNA levels in JEG-3 

cells. Treatment with 25 µM azadC or greater resulted in modest but significant and consistent 

increases in hCS-B and hGH-V but not hCS-A RNA levels in JEG-3 cells. Differential response 

of hCS-A, hCS-B and hGH-V gene expression to histone deacetylation and DNA 

hypomethylation treatment suggest that DNA methylation and histone hyperacetylation alters 
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chromatin aceessibility at different regulatory regions. In spite of controlling chromatin 

accessibility by different mechanisms, there is evidence that DNA methylation may modulate 

local histone acetylation (Eden, Hashimshony et al. 1998). 

6.1.5 Levels of hCS/GH-V transcripts are increased synergistically with sequential azadC and 

TSA but not TSA and azadC treatments in placental JEG-3 and not in non-placental MCF-7 

cells 

Unmethylated DNA that contains acetylated histones is associated with open chromatin and 

increases accessibility of putative regulatory DNA elements (Weber and Schubeler 2007). By 

contrast, methylation of the same DNA sequences is associated with assembly of nucleosomes 

containing non-acetylated H3-H4 histones resulting in a more condensed chromatin 

configuration (Eden, Hashimshony et al. 1998, Hashimshony, Zhang et al. 2003, Weber and 

Schubeler 2007, Suzuki and Bird 2008).  

The effect of sequential treatment with a DNA hypomethylating agent 50 µM azadC (24 hours) 

before inhibition of histone deacetylation 100 nM TSA (18 hours) on hCS/GH-V transcripts in 

JEG-3 and MCF-7 cells as assessed by qPCR resulted in a synergistic increase in JEG-3 cells. 

The synergistic effect with azadC and TSA treatment was not seen with non-placental MCF-7 

cells. This synergistic response was specific to sequential azadC and TSA treatments in JEG-3 

cells and was not observed upon reversal of the treatment. DNA and histone modifications 

function in a cooperative manner to modify chromatin organization and facilitate recruitment of 

effector proteins to regulatory locations throughout the genome (Cedar and Bergman 2009). 

Studies on derepression of the luteinizing hormone receptor (LHR) gene in choriocarcinoma JAR 
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cells suggest that treatment with HDAC inhibitor (TSA) evokes significant activation of the LHR 

gene, but maximal stimulation is achieved through the combined mechanistic actions of TSA in 

the continued presence of azadC (Zhang, Fatima et al. 2005). Failure to see the same synergistic 

increase in hCS/GH-V RNA levels when TSA was used before sequential treatment with azadC 

in JEG-3 cells suggest that stimulated expression of hCS/GH-V transcripts requires both 

hypomethylated DNA and hyperacetylated histones. As discussed in Section 1.5, methylation 

sites are marked by methyl-CpG-binding proteins which recruit HDACs (repressors of 

transcription) (Nguyen, Gonzales et al. 2001). Pretreatment with azadC for 24 hours 

hypomethylates the DNA and blocks the recruitment of HDACs to the hGH/CS locus. Thus 

DNA hypomethylation boosts the recruitment of acetylase (activators of transcription). Post-

treatment with azadC mutes the synergism response as the hypermethylated marks impedes 

recruitment of acetylase to the hGH/CS locus.  TSA has also been shown to decrease global 

DNA methylation but in a manner distinct from azadC (Arzenani, Zade et al. 2011). The 

synergistic effect on hCS/GH-V transcripts seen in JEG-3 cells suggests that specific (azadC-

related) demethylation provides a preferred basis for efficient histone hyperacetylation and 

sequence availability which can be achieved with prior azadC treatment enhancing the effects of 

TSA by interfering with the ability of methylcytosine – binding proteins to recruit HDACs to 

methylated regions (Jones, Veenstra et al. 1998, Nan, Ng et al. 1998, Wade, Jones et al. 1998, 

Cedar and Bergman 2009). We can interpret that DNA and histone modifications can make the 

chromatin more accessible and may affect binding of effector proteins that may read 

simultaneous modification states on both hypomethylated DNA and hyperacetylated histones 

through different interacting domains. For example: Mi-2/NuRD can sense hyper-methylated 

DNA through its MBD2 subunit and unmodified H3 N-terminal tails through its CHD4 and 
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CHD5 subunits (Musselman, Ramirez et al. 2012, Oliver, Musselman et al. 2012).  

6.1.6 Significant increase in H3/H4 hyperacetylation at hCS 3´-Enh sequences, hCS-A/hGH-

V promoters as well as HS III and the placenta–specific HS IV of the hGH/CS LCR 

Chromosomal remodeling is an important step, which may require the concerted effort of two 

distinct chromosomal remodeling activities: 1) histone acetyltransferase activity and, 2) ATP – 

driven chromosome – remodeling activity (Luo and Dean 1999). The question that follows is 

“how are the histone acetyltransferases recruited to the DNA”? Reports from yeast have 

indicated that usually transcription factor binding sites are nucleosome free (Grunstein 1990). It 

is possible that some transcription activators can readily bind to specific DNA sequences and 

recruit histone acetyltransferase complexes to the DNA (Defossez and Stancheva 2011). The 

recruitment of acetyltransferases acetylates histones across the genome and facilitates the 

binding of other transcription factors along with basal transcriptional machinery by making the 

sites more accessible (Bogdanovic and Veenstra 2009, Defossez and Stancheva 2011). 

Transcriptional repression has been shown with methylated DNA binding methyl CpG-binding 

domain (MBD) containing family (MeCP2). MeCP2 associate with multi-unit protein complexes 

containing histone deacetylases (HDACs). Transcriptional repression activity of MeCP2 is 

shown to be associated with the Sin3-HDAC and N-CoR-SMRT co-repressor complexes (Jones, 

Veenstra et al. 1998, Lyst, Ekiert et al. 2013). MBD proteins are known to be associated with 

nucleosome remodeling and histone deacetylase (NuRD) complexes (Le Guezennec, Vermeulen 

et al. 2006). Reporter luciferase assays have demonstrated that binding of the MBD proteins can 

lead to transcriptional repression (Ng, Zhang et al. 1999, Bakker, Lin et al. 2002, Jiang, Jin et al. 

2002). Methyl CpG binding proteins was demonstrated to act as developmental stage-specific 
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transcriptional repressors in germ cell tumors and some somatic tissues (Jiang, Jin et al. 2002).  

Genome wide CpG hypermethylation is linked to gene silencing in various cell types (Kang, 

Bang et al. 1999, Dong, Kim et al. 2001) and treatment with azadC depletes DNMTs and 

reactivates transcription (Chiurazzi, Pomponi et al. 1998, Robert, Morin et al. 2003). 

Studies done in this thesis raise the question of whether DNA methylation preceding histone 

acetylation plays a role in hGH/CS locus activation/expression in vitro? A cytosine residue can 

either be methylated or unmethylated. Enhancers tend to have fairly variable methylation status 

and their methylation status has been analyzed by whole - methylome analysis in plants and 

animals (Cokus, Feng et al. 2008, Lister, O'Malley et al. 2008, Lister, Pelizzola et al. 2009, 

Chodavarapu, Feng et al. 2010). Schmidl et al. found differentially methylated CpG region 

within the enhancers of subsets of T cells at various differentiation stages (Schmidl, Klug et al. 

2009). The methylated CpG regions can result in reduced enhancer activity (Schmidl, Klug et al. 

2009). Demethylation of CpG regions can activate the enhancer function (Wiench, John et al. 

2011). The role of DNA methylation in the regulation hGH/CS locus has not been investigated. 

It remains unclear as to how DNA methylation affects hGH/CS expression. There is a question 

as to whether it directly increases accessibility of the chromatin or indirectly by controlling the 

binding of transcription factors. 

The increased hCS/GH-V gene expression with sequential azadC and TSA treatments in JEG-3 

cells was associated with significant increases in hyperacetylation at hCS 3´-Enh sequences, the 

hCS-A/hGH-V promoters as well as HS III and the placenta-specific HS IV of the hGH/CS LCR. 

Multiple transcription factors associated with these regulatory regions have been identified 

through gene transfer and/or in situ binding studies. Loss of C/EBPβ binding to the hCS 3´-Enh 
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sequences correlates with a decrease in hCS promoter activity with maternal obesity in 

pregnancy (Vakili, Jin et al. 2013). The CCAAT-enhancer-binding proteins (C/EBP) are a family 

of basic region / leucine zipper DNA binding proteins (Landschulz, Johnson et al. 1988). There 

are six transcription factors belonging to this family involved in tissue-specific metabolic gene 

transcription (Lekstrom-Himes and Xanthopoulos 1998). Investigation patterns of these six 

members have indicated that C/EBPβ has high expression levels in the syncytiotrophoblasts of 

the human placenta (Bamberger, Makrigiannakis et al. 2004). C/EBP family members, especially 

C/EBPβ was shown to recruit the chromatin remodeling complexes SWI/SNF (Kowenz-Leutz 

and Leutz 1999, Pedersen, Kowenz-Leutz et al. 2001). C/EBPβ has been shown to activate 

transcription by interaction with E1A-binding domain of p300 (Mink, Haenig et al. 1997). This 

suggests that C/EBPβ has the capacity at least in part to recruit a co-activator of transcription 

CBP/p300 (Chrivia, Kwok et al. 1993). CREB binding protein (CBP) and p300 is considered as a 

class of co-activators that binds to CREB transcription factors and can modify chromatin 

structure by recruiting histone acetyltransferases such as steroid receptor coactivator-1 (SRC-1), 

ACTR and p300/(CREB binding protein) associated factor (P/CAF) (Oelgeschlager, Janknecht et 

al. 1996, Mink, Haenig et al. 1997, Erickson, Hemati et al. 2001, Guo, Cichy et al. 2001, Duong, 

Waltner-Law et al. 2002, Jurado, Song et al. 2002). DNA elements for forkhead box F1 (FOXF1) 

site in the proximal hGH-V promoter region, and ETS-domain transcription factor family 

members in the HS III sequences of the LCR have been linked to efficient activity of the CS 

genes (Jin, Norquay et al. 2004, Lomenick, Hubert et al. 2006). Binding of activator protein-2 

(AP-2) to HS III sequences correlates with histone H4 hyperacetylation in term placenta (Jin, 

Norquay et al. 2004) and CCCTC binding factor (CTCF) sites are present within the LCR and 

gene locus (Jin, Oomah et al. 2011, Tsai, Cooke et al. 2014). A possible explanation in the 
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increased hCS/GH-V gene expression with sequential azadC and TSA treatments in JEG-3 cells 

is the increased accessibility of the above mentioned transcription factors to the regulatory 

regions following an increase in histone hyper acetylation.   

As discussed in Section 1.7, the local cis-regions and the distal LCR of the hGH/CS locus may 

work in conjunction for activated expression of hCS/GH-V genes. ChIP data suggest that there is 

a significant increase in histone H3-H4 hyperacetylation status at HS-IV after sequential azadC 

and TSA treatment. CTCF is recruited to the placenta specific HS-IV in two choriocarcinoma 

cell lines JEG-3 and BeWo as well as transgenic mice carrying 123-kb hGH/BAC transgene 

(Tsai, Cooke et al. 2014). CTCF and associated cohesin contribute differentially to chromatin 

architecture (Zuin, Dixon et al. 2014). It has been recently demonstrated that depletion of CTCF 

reduces intradomain interactions but leads to increased interaction with neighboring domains 

(Zuin, Dixon et al. 2014). CTCF is stably bound to the chromatin (Li, Huang et al. 2013) and 

maintain chromatin boundaries by dictating the recruitment of cohesin (Zuin, Dixon et al. 2014). 

Without CTCF binding cohesin will fail to localize appropriately and will form non-specific 

interactions reaching beyond boundaries (Zuin, Dixon et al. 2014). Recent studies suggests that 

loss of cohesin may result in loss of contact with neighboring enhancer sequences (Zuin, Dixon 

et al. 2014). DNA methylation blocks the binding of CTCF (Bell and Felsenfeld 2000). CTCF 

binds to demethylated DNA and can demethylate the neighboring regions (Stadler, Murr et al. 

2011). This can increase the accessibility of the hCS/GH-V locus to the available transcription 

factors. 

Observations made in this study suggest that accessibility of local and distal regulatory regions 

linked to stimulated placental expression are restricted by DNA methylation and histone 
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acetylation status of the hGH/CS locus in the JEG-3 cells. Our transfection data with hybrid 

luciferase genes containing hCS 3´-Enh sequences indicates the availability of transcription 

factors required for preferential enhancer activity in human choriocarcinoma cells. The 

inaccessibility of preferred regulatory regions presumably contributes to the low levels of hCS-

A, hCS-B and hGH-V gene expression in placental tumor cells. Results described in Section 5.2 

F & G indicate that the non-placental MCF-7 cells may require either higher doses of azadC and 

TSA or longer exposure to see a significant effect. This is in contrast to the placental JEG-3 

cells, which responded with greater sensitively to the same treatment regimen. Thus, the non-

responsiveness of the MCF-7 cells may be due to an inaccessible chromatin in the hGH/CS locus 

or, as indicated by our gene transfer data or lack available transcription factors to bind these 

regulatory regions and enhance transcription.   

In summary, efficient hCS/GH-V gene expression requires interaction between local and remote 

regulatory regions in vivo, to facilitate appropriate access to available and necessary transcription 

factors. These regions are modified in terms of DNA methylation and histone acetylation status 

in human choriocarcinoma JEG-3 cells. These studies suggest that DNA demethylation followed 

by inhibition of histone deacetylation would offer an effective means to increase hCS/GH-V 

gene expression. The apparent increase in DNA accessibility of key regulatory regions, including 

3´-Enh sequences, would then be able to take advantage of available placental enhancer 

transcription factors, required increased expression of the hCS/GH-V genes.   
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                                                              CHAPTER 7  

                                          FUTURE DIRECTIONS 

Studies conducted in this thesis provide insight into the DNA methylation and histone 

acetylation status, and thus ‘chromatin accessibility’, at the hGH/CS locus in human placental 

choriocarcinoma JEG-3 cells. These studies can also provide some insight into the regulation of 

the hGH/CS locus in vivo. As discussed in Section 1.4, DNA methylation and histone acetylation 

regulate gene expression directly by changing chromatin accessibility or indirectly can change 

the whole cell methylation and acetylation status, which in turn can affect transcription factors 

availability. The experimental design used in this thesis needs modification if these studies were 

to be pursued further. To achieve significant demethylation, non-placental MCF-7 cells should 

be treated with higher doses or exposed longer to azadC.  More importantly, while the studies 

done suggest increased accessibility, future studies would look at the availability and specific 

recruitment of transcription factors and its co-activators to the hGH/CS locus under conditions of 

TSA versus azadC and TSA treatments. Most important, studies would examine how does azadC 

and TSA treatments affect the chromatin architecture and the interactions (protein/protein and 

protein/DNA complexes formed) between local and remote regulatory sequences.  

7.1 Mapping the methylated sites at the human (h) GH/CS locus 

Previous studies on the human GH/CS locus have looked into the acetylation status across the 

proximal and distal regulatory sequences as well as the locus control regions of the hGH/CS in 

term placenta (Kimura, Liebhaber et al. 2004, Kimura, Sizova et al. 2007). There is little 

available knowledge of DNA methylation status across the hGH/CS locus. DNA methylation has 
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been detected across the locus using methylation-sensitive enzyme assays but the technique 

lacked specificity as the individual hGH/CS genes share >90% sequence similarity (Hjelle, 

Phillips et al. 1982). Results in Section 5.2 F & G, indicate that function of DNA methylation is 

analogous to an amplifier and histone hyperacetylation presumably act as a switch to control 

transcription.  I would suggest using a locus specific genome-wide array based approach such as 

immunoprecipitation or bisulfite pyro sequencing assay  to map out the methylation sites (Shen 

and Waterland 2007). It will be useful to assess the methylation status across the hGH/CS locus 

under azadC versus DMSO vehicle controlled treatment conditions. Based on Figure 5.3, I 

expect to see a change in the DNA methylation status of the HS-IV, 3´-Enh and the hCS/GH-V 

promoter regions.  

 

7.2 The transcription factors restricted from binding to methylated DNA  

It is unclear from the studies pursued in this thesis whether the change in gene expression is due 

to direct and/or indirect effects of azadC or TSA on the hCS/GH-V gene locus. For example, 

changes in the DNA methylation status directly affecting binding of (available) transcription 

factors to the hCS/GH-V locus or indirectly through effects on transcription factors and 

associated co-activators production (and thus binding to the locus). Binding of a few 

transcription factors like MYC is influenced by the methylation status of its cognate sequence 

(Prendergast and Ziff 1991) whereas SP1 is not influenced by methylation status (Harrington, 

Jones et al. 1988). Recent genome-wide studies have suggested that binding of transcription 

factors can be greatly influenced by methylation of CpG sites within its recognition sequence 
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(Chen, Feng et al. 2011). Interestingly not only the methylation of CpG sites within the 

transcription factor recognition sequence, but also within 100 bp away from the binding site can 

influence binding (Jones 2012). This observation was first reported in human embryonic stem 

cells, where octamer-binding transcription factor 4 (OCT4) was unable to bind to its cognate site 

when there was DNA methylation within 100 bp on either side of target sequence (You, Kelly et 

al. 2011, Jones 2012). As discussed in Section 6.1.6, methylated DNA can bind MDB proteins 

that in turn recruit HDACs and co-repressors, which can disrupt binding of transcription factors. 

It is of interest in the context of my thesis from my observations in figure 5.2 F. In the hGH/CS 

locus it has been suggested that decreased binding of the transcription factor C/EBPβ leads to 

decreased expression of the hCS/GH-V genes (Vakili, Jin et al. 2013). If 7.1 is pursued, we will 

get to know if any CpG methylated sites exist within the C/EBPβ recognition site or the 

neighboring sequences. If yes, does it disrupt binding of C/EBPβ to the 3´-Enh regions and what 

makes C/EBPβ an important target? As mentioned in Section 6.1.6, these classes of transcription 

factors have the potential to recruit HATs and chromatin remodeling complexes to make the 

chromatin more accessible (Kowenz-Leutz and Leutz 1999, Pedersen, Kowenz-Leutz et al. 

2001). Chromatin Immunoprecipitation techniques can be used to look into the binding of the 

transcription factor such as C/EBPβ. The recruitment of HATs to the hGH/CS locus is not 

known. Discussed in Section 1.6, acetylation makes the chromatin accessible for transcription. 

For the hGH/CS locus recruitment of the HATs can help us understand whether stimulated 

hCS/GH-V expression requires opening of the entire hGH/CS locus in addition to chromosomal 

interactions between cis-elements and regulatory sequences. HAT activity can be determined by 

histone acetyl-transferase assay (HAT assay) with immunopurified proteins (Valineva, Yang et 
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al. 2005).  

7.3 Histone methylation marks dictate DNA methylation status: 

Histone methylation has been extensively studied at the hGH/CS locus in conjunction with 

histone acetylation (Kimura, Liebhaber et al. 2004). The repressive trimethylation mark on 

histone H3 lysine (K) 9 residue [H3K9me3] can recruit HDACs (Veenstra and Wolffe 2001). As 

discussed in Section 1.3, acetylation can work in conjunction with other post-translational 

modifications and DNA methylation. Most importantly post-translational modifications and 

DNA methylation play an important role in the folding of chromatin structure that in turn 

regulates the differential expression pattern of these genes (Cedar and Bergman 2009).  

My thesis has helped establish that placental JEG-3 cells have the necessary transcriptional 

apparatus for more increased hCS/GH-V expression. Histone acetylation and DNA methylation 

in the locus appear to limit chromatin accessibility, which accounts for the low levels of 

hCS/GH-V RNA detected relative to human term placenta. The role of DNA methylation in the 

regulation of the placental hCS/GH-V gene locus has been understudied, and my thesis has 

helped increase the potential importance of this DNA modification in the locus. Finally, these 

studies raise the possibility that combined and specific (given the sensitivity to the order of 

azadC and TSA treatments) effects on DNA methylation and histone acetylation may contribute 

to the repressed levels of hCS and hGH-V detected in choriocarcinoma versus term placenta in 

vivo.  
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