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ABSTRACT 

Altarda M. The Investigation of DNA Methylation of Estrogen Related Receptor Alpha 

(ESRRA) and Receptor Activator of Nuclear Factor Kappa B Ligand (RANKL) Genes 

in Menopause Woman. Near East University, Graduate School of Health Sciences, 

M.Sc. Thesis in Medical Biology and Genetics Program, Nicosia, 2018. 

 

Menopause occurs when the follicle pool in the ovaries has become exhausted and is 

insufficient to maintain menstrual cycles.  Genetic and environmental factors are the major 

determinants of the timing of ending and starting these periods. Increased number of studies 

tried to identify genetic background of reproductive ageing and disorders of reproduction. 

Candidate-gene and genome-wide approach, including both a linkage mapping and 

association design tried to highlight related genes in humans. Estrogen is an important 

hormone during the menopause. During the menopause follicle-stimulating hormone and 

luteinizing hormone levels increase and estrogen levels decrease. The polymorphisms of 

Estrogen gene were associated with osteogenesis and menopause. The RANKL/RANK 

pathway is important for both formation and function of the osteoclast.  

In this study, the aim was to detect methylation status of RANKL gene and ESRRA gene in 

post-menopausal woman. DNA was purified from blood taken from 35 post-menopausal 

patients and 30 pre-menopause participants. Methylation status of RANKL and ESRRA 

promotor regions was analyzed by Methylation Specific High Resolution Melting (MS-

HRM) technique. There was no statistically significant association between post-

menopausal and methylation of RANKL promotor (P> 0.05). Only a relationship between 

ESRRA promotor methylation and post-menopausal patients (P< 0.05) has been identified. 

Furthermore, significant association between methylation status of RANKL and ESRRA 

genes was associated. The results of this study showed that the ESRRA unmethylation 

increased the methlation level of RANKL, which means repressed RANKL gene expression 

and function. 

 

 

Keywords: Menopause, RANKL, ESRRA, MS-HRM, Methylation 

 

 



vii 

 

ÖZET 

 

Altarda M. Estrogen Related Receptor Alpha (ESRRA) ve Receptor Activator of Nuclear 

Factor Kappa B Ligand (RANKL) Genlerinin DNA Metilasyonlarının Menopoz 

dönemindeki kadınlarda araştırılması.  

Yakın Doğu Üniversitesi, Sağlık Bilimleri Enstitüsü, Tibbi Biyoloji ve Genetik 

Programı, Yüksek Lisans Tezi, Lefkoşa 2018.  

Menopoz, yumurtalıklarda folikül rezervinin azalması ve menstüral döngüler için yetersiz 

sayıya ulaşması durumudur. Genetik ve çevresel faktörler menopoz zamanı periyotların 

başlama zamanı ile ilgili esas belirleyicilerdir. Reproduktif yaşlanma ve üreme hastalıkları 

ile ilgili olarak son dönemde oldukça fazla çalışma yapılmaktadır. Aday gen ve genom-wide 

asosiasyon ve linkage haritalama çalışmaları ile insanlarda ilişkili genlerin tanımlanılması 

çalışılmaktadır. Menopoz döneminde östrojen oldukça önemli bir hormondur. Menopoz da 

FSH ve LH hormone seviyesi artmakta ve östrojen seviyesi ise azalmaktadır. Östrojen gen 

polimorfizmlerinin osteogenez ve menopozda önemli rol oynadıkları bilinmektedir. 

RANKL/RANK yolağı ise özellikle osteoklast fonksiyonunda ve oluşumunda önemli rol 

oynamaktadır.  

Bu çalışmada, RANKL ve ESRRA genlerinin metilasyon durumlarının post-menopoz 

kadınlarda araştırılması amaçlanmıştır. DNA 35 post-menopoz ve 30 pre-menopozlu 

bireyden alınan kandan izole edilmiştir. Metilasyon Spesifik Yüksek Rezolüsyonlu Erime 

Eğrisi Analizi ile (MS-HRM) RANKL ve ESRRA promotor metilasyon durumları analiz 

edilmiştir. Post-menopoz ve RANKL promotor metilastoyonu arasında istatistiksek olarak 

önemli bir ilişki saptanmamıştır (P>0.05). Sadece ESRRA promotor metilasyonu ve post-

menopoz arasında önemli bi istatistiksel ilişki saptanmıştır (P<0.05). Ayrıca RANKL ve 

ESRRA genlerinin metilasyonları arasında istatistiksel olarak önemli bir ilişki saptanmıştır. 

Ayrıca ESRRA geminin unmetilasyonunun RANKL metilasyon seviyesini artırdığı, yani  

RANKL gen ekspresyonunu ve fonksiyonunu baskıladığı saptanmıştır. 

 

 

Anahtar Kelimeler: Menopoz, RANKL, ESRRA, MS-HRM, Metilasyon 
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1. INTRODUCTION 

1.1 Menopause 

Menopause defined in Greek as “ending of month”; “meno” means month and “pause" 

means ending. The hormone levels are altered then menstrual cycle has ceased and this ends 

the reproductive competence (Currie & Martin, 2006). Many symptoms have been noted in 

menopause due to irregular secretion of hormones such as hot flashes, sweating and sleep 

disorders (Table 1). The symptoms show differences between the early and late stage of 

menopause (Stachoń, 2013; Joffe et al 2010).  

Depending on the severity of symptoms and changing of the hormone levels, two periods 

have been classified; called pre-menopause and post-menopause. Pre-menopause refers to 

the stage two or three years before final menstrual period (FMP), sometime defined as the 

whole reproductive duration until FMP (World Health Organization (WHO), 1996). 

Peri-menopause or “menopausal transition” identified as the initial stage of loss of menstrual 

cycle where the final years of reproductive life starts to biological fluctuation and 

endocrinological altering (Santoro, 2016; The North American Menopause Society, 2000). 

Additionally, the peri-menopausal period takes two to eight years according to World Health 

Organization and starts around 45.5-47.5 years of age. During the normal menstrual cycle, 

estrogen inhibits the stimulation of follicle-stimulating hormone (FSH). The lack of 

feedback inhibition (Su & Freeman, 2009) during the menopause causes a decreased level 

of estrogen level and increased level of the FSH and luteinizing hormone (LH). Alterations 

in hormone level has an effect on the length and regularity of the period (Trickey, 2003). 

Post-menopausal woman has severe symptoms than peri-menopausal woman (Monteleone 

et al., 2018). During the post-menopause period; serum FSH level increased ten times and 

LH has increased three times (Peacock & Ketvertis, 2018) and serum estradiol level 

decreased to less than 80 pmol/l (Lobo et al., 2000). Additionally, ovarian activity decreases 

and testosterone level drops by 20% (Couzinet et al., 2001). Estrogen has also been shown 

to be important in bone loss and osteoporosis in post-menopausal women (Khosla et al., 

2012). Signaling pathways are important in the regulation of osteoclasts, osteoblasts and 

control bone turnover which leads to bone loss after menopause and during the normal aging.  
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Table 1: The common symptoms of PMS (from (Trickey, 2003)). 

PHYSICAL EMOTIONAL AND MENTAL 

Abdominal Distension Nervous Tension 

Headaches Mood Swings 

Joint Pains and/or Backache Depression 

Fluid Retention Forgetfulness 

Cyclic Weight Gain Excess Sleepiness 

Premenstrual Acne Anxiety 

Fatigue and Weakness  

 

 

1.2 Genetics of Menopause  

Hormone levels, nutrition, medical care, genetic features and environmental factors all have 

influence on the severity of menopause and the time of onset. Nowadays, studies focused on 

the identification of the relationship between environmental factors and genetic background 

of the neutral menopause. Many studies aimed to identify the responsible genes and the 

interactions among genetics, biological and environmental factors and menopause. Genome-

wide linkage analysis, candidate gene association studies and genome-wide association 

studies (GWAS) tried to highlight the associated genotype of age natural menopause (ANM) 

(He & Murabito, 2014). Previously published studies reported that there is a significant 

association with X chromosome, chromosome 9q21.3 and menopause in Dutch population. 

Asselt and colleagues (2004) showed that Xp21.3 locus is associated with premature ovarian 

insufficiency (POI) (van Asselt et al., 2004).  

Several studies showed the association between single nucleotide polymorphism (SNP) and 

menopause (Voorhuis et al 2010). Genome-wide association studies scanned more than 

500,000 SNP of the whole human genome (Voorhuis et al., 2010). Mitchell and colleagues 

(2006) showed the importance of Cytochrome P450 Family 19 Subfamily a Member 

1(CYP19A1) during the estrogen synthesis and demonstrated that the CYP19A1 

polymorphism is associated with late stage of menopause transition and age of menarche 

(Mitchell et al., 2008). Zhang and colleagues (2006) demonstrated that rs854163 SNP in 

Decarboxylase gene (HDC) was associated with age of menopause (Zhang et al., 2006). 
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He and colleagues (2009) and Stolk and colleagues (2009) discovered novel SNPs that are 

related to the age at menarche and age at natural menopause (He et al., 2009; Stolk et al., 

2009).  Researchers identified early menopause, before 40 years old, in Fragile X syndrome 

(Laml et al., 2002) and high level FSH was detected (Murray et al 2000). Qin and coleagues 

(2015) showed the ineractions between genetic abnormalities and early menopause (ER) or 

POI (Qin et al., 2015).  Over the past decades, numerous genes have been listed as POI 

candidate genes, in which these genes are crucial in cell apoptosis (FMR1), migration and 

differentiation of primordial germ cell (NANO53) and transcription factors for oocyte 

(NOBOX, WT1) (Mercadal et al., 2014; Qin et al., 2015; Wang et al., 2016). Recent studies 

also highlighted genetic variants which were associated with earlier age at menopause 

(Sarnowski et al 2018).   

Estrogen have two isoforms, ERα and ERβ which has generated by alternative splicing of 

mRNA (Heldring et al., 2007). The importance of ERα in bone metabolism has been 

demonstrated in many studies. Smith and collegues, showed that elavated bone turn over 

and osteopenia was due to a point mutation in the ERα gene (Smith et al., 1994). ERα mRNA 

expression in primary hOB (human osteoblasts)cells was higher than human osteosercoma 

cell (Chen et al., 2004). Also, the expression of ERα detected in the myometrium and viginal 

wall of post and premenopusal woman (Chen et al., 1999; Sakaguchi et al., 2003). 

Until now, polymorphisms of estrogen- related genes and their role in timing of menopause 

has been tested by different researchers.  ERα gene polymorphism include (TA) repeat, Pvull 

and Xbal are associated with bone mass in pre- and peri-menopuseal woman (Albagha et al., 

2009; Sowers et al., 2009; Willing et al., 2009). Malacara and collegues showed that some 

post-menopuse symptoms including vaginal dryness and hot flashes that are associated with 

ERα polymorphism (Malacara et al., 2004). Furthermore, ERα expression levels have been 

associated with various cancers.  ERα expression was significantly higher in post-menopusal 

thyriod papillary cancer cells than control subjects. Rubio et al. concluded that elevated ERα 

gene expression levels can elevate the risk of thyroid papillary cancer which occurs after 

menopuse (Rubio et al., 2018). The methylation of  ERα  gene was higher in Chinese woman 

with breast cancer than normal samples (Zhao et al., 2008). 

Furthermore, Ramos and colleagues reported that DNA methylation increases the risk of 

cardiovascular abnormalities (CDV) in post-menopausal woman, in such decreased level of 

global methylation was associated with cardiovascular risk in postmenopausal women 

(Ramos et al., 2016). 
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The reproductive ageing has also been suggested to change the epigenetic profiles of 

different genes. Levine and colleagues used different tissue types to be able to demonstrate 

epigenetic aging and found strong interaction between age at menopause and epigenetic age 

acceleration in blood samples  (Levine et al., 2016).  

 

1.3 Estrogen  

Estrogen is an important hormone for the sexual development and it is also important for 

menstrual cycle control during reproduction age. Estrogen used their nuclear estrogen 

receptors (ERs) to be able to apply their biological functions (Mangelsdorf et al., 1995). ERs 

are composed of five domains: amino-terminal domain (A/B- domain) which are defined by 

AF1 and AF2, whereas AF1 responsible for active transcription of gene, while AF2 is 

specific ligand (Heldring et al., 2007), a DNA-binding domain (C- domain), a hinge region 

(D- domain), a ligand-binding domain (E-domain) and the carboxyl-terminal domain (F-

domain) which is specific to ERs not for other members of the steroid/ nuclear receptor 

superfamily. Estrogen have two isoforms, ERα and ERβ which is generated by alternative 

splicing of mRNA (Heldring et al., 2007). 

ERα consists of 595 amino acid which encoded by ESRA gene or ESR1 and located at the 

long arm of chromosome 6, while estrogen receptor beta is encoded by ESRB gene and 

located at 14q23.2- q23.3 position (NCBI, 2018).   

 

Figure 1.1: Location of ERα and ERβ genes on the chromosome 6 and chr14 (adapted from 

genecard.com). 

Generally, ERs are expressed on different types of tissues including uterus, liver, cervix and 

pituitary gland, while high level expression of ERs and specially ERβ has been observed in 

ovarian (granulosa cells) tissue. The function of estrogen is not limited to the regulation of 

menstrual cycle, various new reports showed the importance in both male and female 
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reproductive system, cardiovascular system, neuroendocrine system, skeletal system, and 

adipose tissues. In reproductive system, ERs knockout mice “ERKO” showed that low 

number of normal follicles and oocytes are obtained (Drummond & Fuller, 2010). Also, 

undeveloped mammary glands have been observed due to loss of estrogen signalling further 

stopping the ovulation (Hewitt & Korach, 2003). Additionally, ERs influence the male 

reproduction system through prostate development and prostatic homeostasis (McPherson 

et al 2008), in such loss of ERs reduce the fertility on men by decreasing the sperm 

concentration and quality (Lee et al., 2009). 

 

1.3.1  Relation of Estrogen with Diseases 

In cardiovascular system, many studies demonstrated that low levels of ERs caused 

decreased LDL level and reduce the level of cholesterol (Knowlton & Lee, 2012).     

Estrogen related receptor alpha (ESRRA) was localized on chromosome 11q13.1 and 

encoded by this gene is a nuclear receptor that is closely related to the estrogen receptor. 

This protein acts as a site-specific transcription regulator and has been also shown to interact 

with estrogen and the transcription factor TFIIB by direct protein-protein contact. The 

binding and regulatory activities of this protein have been demonstrated in the regulation of 

a variety of genes including lactoferrin, osteopontin, medium-chain acyl coenzyme A 

dehydrogenase (MCAD) and thyroid hormone receptor genes (Casaburi et al., 2015). 

Estrogen has an important role on bone by either cellular mechanism or molecular 

mechanism. The deficiency of estrogen caused features on bone turnover and this deficiency 

leads to increasing number of BMUs (Basic Multicellular Unit) during the bone remodelling 

(Weitzmann & Pacifici, 2006). Estrogen deficiency in post-menopausal women plays an 

effectual role on osteloclast (OC) formation. Deficiency of estrogen increased the production 

of RANKL and TNF by osteoblasts. Excessive RANK ligand causes increased number of 

osteoclasts, increased bone remodelling activity and greater bone loss (Nanes, 2003). 

Furthermore, estrogen extend the life span of osteoblasts by active the Src/Shc/ERK pathway 

(Lee et al., 2006).  

 

1.4 RANKL / RANK Gene 

RANKL is one of the members of the tumor necrosis factor (TNF) family (Boyce & Xing, 

2007). RANKL considered as polypeptide protein with TNF-related apoptosis including 
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ligand (TRAIL), CD40 and Fas ligand (Muñoz et al., 2005). RANKL or TNFSF11 gene is 

located at chromosome number 13 long arm whereas two form of RANKL has been produced 

from proteolysis or alternative splicing (Ikeda et al., 2001). RANKL is expressed in many 

types of tissues including lymph node, lung, spleen, osteocytes, T-cells and bone at different 

levels (Kearns et al., 2007).  

RANK is a of 625 amino acids polypeptide that has 4.5% signal peptide, 29% - 30% N-

terminal extracellular domain, 62% cytoplasmic C-terminal domain and 4% short 

transmembrane domain (Wright et al., 2009). 

RANK or Tumor necrosis factor receptor superfamily member 11A is a type I trans-

membrane protein. This protein has been detected in many type of cells including 

osteoclasts, dendritic cells, fibroblasts, and T- and B-cell lineages (Boyce & Xing, 2007). 

RANK has a high affinity to bind to RANK ligand and OPG (Osteoprotegerin), and its 

activation of RANK stimulates osteoclastogenesis (Figure 1.2) (Boyce & Xing, 2008). 

RANKL has been identified as a helper to stimulate epithelial cells to produce the milk during 

lactation period in mammary glands, while knockout and RANK overexpressing mice show 

lactation failure by suppression of prolactin pathway. Cordero and colleagues conclude that 

the pharmacological blockage of RANK signaling at mid-gestation in wild type mice leads 

to precocious and exacerbated lacto-genesis (Cordero et al., 2016). Recently, has been 

discover another important role of RANKL which is a thermoregulator, after central RANKL 

injections in both rats and mice, severe fever has been noted, data shows that the changing 

of body temperatures was only in the females, an author suggested that RANKL/ RANK might 

explains hot flashes, sudden bursts of high body temperature in the older woman (Hanada et 

al., 2009). 
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1.4.1 RANKL and Related Diseases 

The importance of RANKL in the skeletal system has been detected by several studies. 

Firstly, in 1988 it has been shown that RANKL plays a significant role in osteoclast 

generation process. RANKL expressed as a membrane-associated protein at osteoblasts and 

binds to RANK in osteoclasts through cell-cell interaction and stimulate the differentiation 

of osteoclasts (Takahashi et al., 1988). RANKL not limited to induce the differentiation of 

osteoclasts but also plays a key role in osteoclast function and survival (Pérez-Sayáns, 2010).  

RANKL pathway regulated by estrogen and OPG, where estrogen limits the amount of 

RANK ligand expression by osteoblasts and OPG blocks the binding of RANK ligand to 

RANK (Shevde et al., 2000). Rare autosomal disorder which is called familial expansile 

osteolysis shows skeletal changes including damage of dentition and heighten bone 

remodeling in focal areas lead to painful, defecting to pathologic fracture, newly has 

discovered that there are two insertion mutation in first exon of RANKL (Ralston, 2008). 

Huges and colleagues reported heterozygous insertion mutations in exon 1 of RANKL in 

familial expansile osteolysis and demonstrated that both mutations caused an increase in 

Figure 1.2: The RANKL/RANK extracellular domains, RANKL protein is consist of 316 

amino acid residues, TNF homologues domain placed between ASP152-ASP316 (Adapted 

from Takahashi et al., 2008). 
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RANK-mediated nuclear factor-kappaB (NF-kappaB) signaling in vitro. (Hughes et al., 

2000).  

 As a result of the age-related changes in osteoclast and osteoblast function; bone density 

and structure deterioration over time can cause a higher fracture risk in human. Distal 

forearm fractures increased rapidly in menopause women. Signaling pathways are important 

for the regulation of osteoclasts and osteoblasts bone turnover after menopause or during 

normal aging (Iñiguez-Ariza & Clarke, 2015). RANKL gene also plays a major role in 

menopausal-related disorders. Stynkarsdottir  and colleagues showed that SNPs in RANKL 

promoter and 5’UTR region associated with BMD (Styrkarsdottir et al., 2008). Furthermore, 

high RANKL rate has been detected in osteoporosis and low BMD patients, author suggested 

that transcription activity of those SNPs at RANKL gene which causes abnormalities in bone 

metabolism (Mencej et.al.,  2008). Eghbali and colleagues showed that upregulation of 

RANKL has an effect on osteoclast formation and activity, this effective leads to elevating 

the bone resorption in early post-menopausal woman (Eghbali-Fatourechi et al., 2003).  

 

1.5 Epigenetics 

In 1942, Conrad Waddigton introduced a new term called epigenetic to explain “the 

interaction between genes and the environment that leads to appear a new phenotype without 

changing in nucleotide sequence. Multiple interactions have been demonstrated such as 

imprinting gene silencing, X chromosome inactivation, paramutation, RNA interference, 

chromatin modification and DNA methylation (Yen et al., 2007; Lande et al 2007; 

Kouzarides, 2007; Tollefsbol, 2017). These are important factors which control the function 

and the expression of genes (Armstrong, 2014). Histone (chromatin) modification and DNA 

methylation are the most common epigenetic mechanisms that strongly have an impact on 

gene expression and bring many diseases into being. However, the numerous studies on 

epigenetics mechanisms offer a new way for management of the disorders.  

 

1.5.1 DNA Methylation 

DNA methylation is an epigenetic modification happening on the pyrimidine ring at fifth 

carbon of cytosine, by using specific enzyme called methyltransferases (DNMTs) which 

brings methyl group from S-adenyl methionine (SAM) to setup 5mC (5- methylctosine) 

(Figure 1.7).  
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Figure 1.3: DNA cytosine methylation (from Tollefsbol, (2017)) 

DNA methylation is important for the gene regulation, activation, expression and cell 

differentiation without changing the nucleotide sequence (Tollefsbol, 2017; Miranda, & 

Jones, 2007; Derek et al., 2010). CpG islands which localized near to the promotor regions 

of genes can be methylated or unmethylated and both have an effect on gene expression CpG 

(Figure 1.8).  

 

Figure 1.4: A) The binding of transcriptional factors at gene promoter results in transcription 

initiation. B) Methylated promoter does not allow transcriptional factors from attached to 

produce silence in the gene. Adapted from (Nikolova & Hariri, 2015). 

1.6 High Resolution Melting Analysis 

High Resolution Melting (HRM) analysis is one of the new approaches which has been 

performed in 2003 for the first time by Gundry and colleagues for detection of multiple type 
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of genetic mutations and DNA sequence variants such as SNPs and DNA methylation 

(Gundry et al., 2003). This technique depends on melting temperature differences between 

nucleotides during the denaturation of DNA. HRM procedure started by the amplification of 

DNA and labeling of the interested region of the DNA is important because HRM is 

fluorescent based technique (Biosystems, 2010). HRM technique used fluorescent dyes 

which includes, LC Green, SYTO Dye, EvaGreen® or Chromofy.  These dyes are 

characterized by a high amount of fluorescent bright that are emitted when linked to double 

strand DNA (dsDNA)  leading to exposure related to the PCR product to a range of 

temperature denaturing the DNA. HRM detects temperature changes and gives melting 

curve where the highest point of fluoresce will be at the beginning. Emitting rate of fluoresce 

dye depends on many factors including length of the product, GC content and sequence of 

interest DNA target (Reed & Wittwer, 2004). 

 

1.7 Methylation Specific High Resolution Melting Analysis (MS-HRM) 

The methods used for the identification of the methyl group started even before discovering 

the influence of methylation on gene expression in 1975 (Holliday & Pugh, 1975). These 

methods are still progressing and improving the importance of DNA methylation in 

molecular mechanism.    

The first techniques for methylation analysis were HPLC (High-performance liquid 

chromatography) or TLC (Thin-layer chromatography) made with splitting the 

unmethylated deoxynucleosides from methylated one (Vischer & Chargaff, 1948). After 

that, biological pathways had appeared. In 1985, Adouard and colleagues introduced an 

immunological DNA methylation assay. This method used the polyclonal antibodies that 

can observe the main differences in methylation (Adouard et al., 1985). Restriction enzymes 

which are defined as specific enzymes that are able to cut the DNA at specific recognition 

sites, both Hpa II and Msp I can be used to identify DNA methylation (Cedar et al., 1979). 

Over the years, sensitive, accurate, and effective methods have been developed. Bisulfite 

sequencing designed by Frommer used for identification of the DNA methylation pattern ( 

Frommer et al., 1992, Li & Tollefsbol, 2011). In this regard, bisulfite modified DNA used 

during the PCR amplification with specific primers (Methylation specific PCR) and this 

followed by sequencing (Figure 1.9) (Shen & Waterland, 2007).   
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However, those methods are not sensitive enough to detect the global variety in DNA 

methylation. The use of HRM increased recently and this technology shows the differences 

of melting temperature between methylated and unmethylated cytosines (Switzeny et al., 

2016). 

 

 

Figure 1.5: Paradigm illustrating the steps to detect DNA methylation by HRM (Adapted 

From https://www.qiagen.com). 

 

1.8 Bisulfite Modification 

Bisulfite conversion or modification was discovered in 1992 by Frommer and colleagues 

(Frommer et al., 1992). This method was based on conversion of the cytosine to uracil after 

treatment with sodium bisulfite and removing the amino group in cytosine and makes uracil 

sulfonate. Then this process is followed by desulfonation which produces uracil (Grunau & 

Clark, 2001). Frommer and colleagues have proposed that sulfonation reaction of cytosine 

becomes slower if there is a methyl group located on the fifth position of pyrimidine ring 

(Frommer et al., 1992).  

 

The aim of this study is; investigates the methylation status of both estrogen receptor alpha 

gene (ESRRA) and RANKL gene in pre and post-menopausal women by using MS-HRM.    
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2. MATERIALS AND METHODS  

2.1 Study Case  

We studied the ESRRA and RANKL gene methylation in a series of 30 pre-menopausal and 

35 post-menopausal women. Blood samples were collected by the Department of Obstetrics 

and Gynecology from Cengiz Topel Government Hospital. 

Bone mineral density (BMD) information and exposure to exogenous hormones (oral 

contraception or post-menopausal hormone replacement therapy, smoking habits, alcohol 

and physical activity was carefully reviewed. 

Inclusion and exclusion criteria’s are as follow; 

Inclusion criteria:  All post-menopausal ladies (menopause for > 1 year). 

Exclusion criteria: Women with un-natural menopause, women who took medications such 

as anxiolytics, anti-depressants, exogenous hormone, women who have serious disease or 

mental retardation. 

Informed consent was obtained from each patient and the study was approved by the Ethical 

Committee of the Near East University (Project No: SAG-2016-2-012). The clinical and 

biochemistry data were carefully reviewed and compared.  

 

2.2 Materials  

2.2.1 Used Equipment 

Micropipettes and tips (2–20–100–1000 µL) (Gilson) 

Eppendorf Tubes (1.5 mL) 

PCR Tubes (0.2 mL) (Perkin Elmer) 

Water Bath 

Micro-centrifuge (Eppendorf) 

Vortex Mixers (Heidolph) 

Deep-freeze (Arçelik) 

Spectrophotometer (Nano-Drop) 

Thermal cycler (Eppendorf Ag, 533151744) 

Real-time PCR System (Rotor gene)  
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2.2.2 Kits 

The AllPrep DNA/RNA/Protein Mini Kit - QIAGEN 

The EpiTect Bisulfite Kit - QIAGEN 

EpiTect HRM PCR Kit - QIAGEN 

 

2.3 Methods  

2.3.1 DNA extraction  

The following isolation procedure is used. 

1-  Incubated blood samples into the erythrocyte lysis (EL) buffer at 4° C for 15 min. than 

centrifuge at 1000 x g, for 15 min at 4°C and supernatant was discarded. 

2-  5ml EL buffer was added to the pellet and centrifuge at 1000 x g for 10 min at 4°C and 

supernatant was discarded. 

3- Pellet (lysis cells) were dried after being disposed of the supernatant  

4- 350 µl – 600 µl of buffer RLT- ß-mercaproethanol were added with vortex. 

5- Samples loaded to the QIAshredder spin column and centrifuged at 14000 rpm for 3 min.  

6- 500 µl AW1 buffer added and then centrifuged for 15 s at 10000 rpm.  

7- 500 µl of AW2 buffer added and centrifuged for 2 min at full speed.  

8- 100 µl of preheated Elution Buffer (EB) was added to the tube and incubated at room 

temperature for 2 min and centrifuged at 10000 rpm for 1 min.  

DNA was extracted from the fresh blood tissues by AllPrep DNA/RNA/Protein Mini Kit 

and its quantity was measured using a NanoDrop ND-1000 Spectrophotometer (Thermo 

Fisher Scientific). 
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2.3.2  Bisulfite Modification 

Unmethylated cytosine residues were converted to the uracil by bisulfite treatment of DNA 

by using the EpiTect Bisulfite Kit (QIAGEN) according to the Unmethylated Cytosine’s in 

DNA from Low-Concentration Solutions protocol.  

1- 800 µl of RNase-free water was added to dissolve bisulfite mix 

2- Add each component in the order listed (Table 2). 

Table 2: Bisulfite reaction components. 

Component Volume per reaction (µl) 

DNA Solution (1-500 ng) Variable (maximum 40 µl) 

RNase free water Variable 

 Dissolved Bisulfite Mix 85 

RNA Protect Buffer 15 

Total 140 

 

3- Performed the bisulfite DNA conversion using a thermal cycler. Program the thermal 

cycler according to following table. 

 

Table 3: Thermal cycler conditions for bisulfite conversion. 

 Temperature 

(°C) 

Time 

(min) 

Denaturation 95°C

              

5 min. 

Incubation 60°C 25 min. 

Denaturation 95°C 5 min. 

Incubation 60°C 85 min. 

Denaturation 95°C 5 min. 

Incubation 60°C 175 

min.  

Hold 20°C ∞ 
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4- After bisulfite modification samples were transferred to the 1.5 ml micro-centrifuge 

tubes and then added 560 µl freshly prepared Buffer BL containing 10 µg/ml carrier 

RNA. Mix the solutions by vortexing and then centrifuge briefly. Transfer the mixture 

into the EpiTect spin columns than centrifuge the spin columns at maximum speed for 1 

min.  

5- Discarded the flow-through, and place the spin columns back into the collection tubes 

and added 500 µl Buffer BW to each spin column, and centrifuge at maximum speed for 

1 min.  

6- Discarded the flow-through, and place the spin columns back into the collection tubes 

and added 500 µl Buffer BD to each spin column, and incubate for 15 min at room 

temperature (15–25°C) and then centrifuge the spin column for 1 min at maximum speed. 

7- Discarded the flow-through, and place the spin columns back into the collection tubes 

and added 500 µl Buffer BW to each spin column and centrifuge at maximum speed for 

1 min.  

8- Discarded the flow-through, and place the spin columns back into the collection tubes 

and placed the spin columns into new 2 ml collection tubes, and centrifuge the spin 

columns at maximum speed for 1 min to remove any residual liquid.  

9-  Added 20 µl Buffer EB onto the center of each membrane. Elute the purified DNA by 

centrifugation for 1 min at approximately 15,000 x g (12,000 rpm.)  

 

EpiTect PCR Control DNA Set was used as a universal methylated and unmethylated control 

DNA. 

After DNA isolation and bisulfite modification, DNA concentration was measured by using 

Nanodrop and the samples which have 10 ng and upper in DNA concentration was included 

in this study.  

 

2.3.3 MS-HRM 

We used QIAGEN Rotor Gene Q for MS-HRM to detect the methylation status of our 

samples. Primers were designed according to the EpiTect® HRM™ PCR Handbook. 

RANKL and ESRRA genes were scored according to their cut-off value was set above the 

mean methylation levels +2Å~ standard deviations of the four unmethylated controls. We 

used comparable amounts of template genomic DNA for all samples resulting in CT values 
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below 30 and differing by no more than 3 CT values. Reaction composition using EpiTect 

HRM PCR Master Mix, 2x was shown in Table 4. 

 

Table 4: Reaction composition using EpiTect HRM PCR Master Mix, 2x. 

Component Volume per 10 µl reaction Final concentration 

2X EpiTect HRM PCR 

Master Mix 

5 µl 

 

1x 

10 µM (each) primer mix 

 

0.75 µl  

  

0.75 µM forward primer 

0.75 µM reverse primer 

 

RNase-free water 

 

Variable  

 
- 

Template DNA 

 

Variable  

 

5–10 ng/reaction  

 

Total volume per reaction  

 
10 µl 

 

Program the real-time cycler according to the following table 5. 

 

Table 5: Optimized cycling protocol for HRM analysis on the Rotor-Gene Q. 

   

Initial PCR Activation 

Step 

5 min 95 °C 

3-step cycling 

Denaturation 10 s 95 °C 

Annealing 30 s 55 °C 

Extension 10 s 72 °C 

Number Of Cycles 

40-45 

Denaturation 30 s 95 °C 

Pre-hold 30s 50 °C 

HRM Analysis For 

Rotor-Gene Q 

2s 65–95° C 

 0.1 °C increments 
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2.4 Statistical analyses 

The statistical analyses and their associations with patient characteristics were performed by 

chi-square test and two tailed Fisher's exact test. Calculations were performed using SPSS 

15.0 software (SPSS, Chicago, IL, USA), with a statistical significance of P < 0.05. 
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3. RESULTS  

This study was carried out on 30 pre-menopausal (control) and 35 post-menopausal women. 

Menopause was defined according to the recent World Health Organization criteria (at least 

1 year of amenorrhea, retrospectively) and serum estradiol level was less than 30 pg/mL. 

None of the participants received any steroid or biological therapies either. There were no 

significant differences between the pre-menopausal and post-menopausal groups in BMD, 

smoking habits, alcohol and physical activity. 

Lumbar and femoral BMD were determined by dual-energy X-ray absorptiometry (DEXA). 

No differences were found in the femoral neck, trochanter, Ward’s Triangle, L2, L3, L4, L2-

L4, or between the femoral neck and total hip BMD after further adjustment for potential 

confounding factors (P > 0.05) (age and BMI). 

The mean age of 30 pre-menopausal patients was 33.5 years (mean ± Std. Deviation, 33.5 ± 

6.9) and 56.7 (mean ± Std. Deviation, 56.7± 4.9) was the post-menopausal patients (Shown 

in Table 6). 

 

Table 6: Characteristics of study population. 

Menopause 

Status 

Mean Std. Deviation Median Minimum Maximum N 

Menopause 56.7714 4.91747 56.0000 51.00 71.00 35 

Control 33.5000 6.92198 34.0000 21.00 52.00 30 

Total 
 

65 

 

After DNA isolation, bisulfite modified DNA was used for methylation analysis. 

Methylation status of related genes has been determined by MS-HRM method with CT value 

equals 0.001 (Figure 3.1). We used comparable amounts of template genomic DNA for all 

samples resulting in CT values below 30 and differing by no more than 3 CT values. 

 

2.5 Methylation of RANKL Gene 

Universal methylated and unmethylated control DNA (EpiTect Control DNA Set, Cat 

No./ID: 59568) used as a reference to determine the methylation situation for our samples 

in each reaction (Figure 3.1).  
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In total; RANKL promotor was methylated in 26 samples and 39 samples were unmethylated 

(Table 7).  

In the study group, RANKL promotor was methylated in 16 (45.7%) post-menopausal 

women (Figure 3.4.) and 19 (54.3%) of the pre-menopausal women is unmethylated (Table 

10) (Figure 3.2, Figure 3.3) (Table 8). 

In the control group, 10 (33.3%) of the samples were methylated and 20 (66.7%) of the 

samples were unmethylated (Table 8). 

There is no statistically significant association between menopause and methylation of 

RANKL promotor (P > 0.05) (Table 8). There was no significant differences between the 

methylation of RANKL and BMD, smoking habits, alcohol and physical activity. 

 

Table 7: Methylation frequency of RANKL promotor in 65 samples. 

RANKL 

  Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Valid M 26 40.0 40.0 40.0 

U 39 60.0 60.0 100.0 

Total 65 100.0 100.0   

 

Table 8: According to study group promotor methylation status of RANKL. 

  RANKL Total p 

Value 
M U 

Menopause 

Status 
Menopause Count 16 19 35  

 

 

 

 

p> 0.05 

% within 

Menopause 

Status 

45.7% 54.3% 100.0% 

Control Count 10 20 30 

% within 

Menopause 

Status 

33.3% 66.7% 100.0% 

Total Count 26 39 65 

% within 

Menopause 

Status 

40.0% 60.0% 100.0% 
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Figure 3.1: Universal methylated control and universal unmethylated control for RANKL 

gene.  Purple peak was associated with universal unmethylated control for RANKL gene 

and red peak was associated with universal methylated control for RANKL gene. 

Figure 3.2: Unmethylated RANKL patient. RANKL methylated control was pink, 

unmethylated control was yellow. Patient number 62 and 63 were unmethylated. 
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Figure 3.3: Unmethylated RANKL patient. RANKL methylated control was pink, 

unmethylated control was blue. Patient number 64 and 65 were unmethylated. 

 

 

Figure 3.4: Unmethylated RANKL patient. RANKL unmethylated control was purple, 

methylated control was red. Patient number 49 was unmethylated. 
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2.6 Methylation of ESRRA Gene 

In total; ESRRA was methylated in 18 (27%) samples and unmethylated in 47 (72%) 

samples (Table 9). 

In the study group, ESRRA gene was methylated in 6 of 35 (17.1%) post-menopausal 

samples and unmethylated in 29 of 35 (82.9%) post-menopausal samples (Table 10). 

In the control group, ESRRA gene was methylated in 12 of 30 samples (40%) and 

unmethylated in 18 of 30 (60%) samples (Table 10). 

There is statistically significant association between menopause and methylation of ESRRA 

promotor (p < 0.05) (Table 10). 

 

Table 9: Methylation frequency of ESRRA in 65 samples. 

ESRRA 

  Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Valid M 18 27.7 27.7 27.7 

U 47 72.3 72.3 100.0 

Total 65 100.0 100.0   

 

Table 10: According to study group promotor methylation status of ESRRA. 

  ESRRA Total p Value 

M U 

Menopause 

Status 

Menopause Count 6 29 35  

 

 

 

 

 

p< 0.05 

% within 

Menopause  

17.1% 82.9% 100.0% 

Control Count 12 18 30 

% within 

Menopause  

40.0% 60.0% 100.0% 

Total Count 18 47 65 

% within 

Menopause  

27.7% 72.3% 100.0% 
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Figure 3.5: General overview of the methylated and unmethylated patients in ESRRA gene. 

Figure 3.6: Universal methylated control and universal unmethylated control for ESRRA 

gene. Yellow peak was associated with universal unmethylated control for ESRRA gene and 

purple peak was associated with universal methylated control for ESRRA gene. 
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Figure 3.7: Unmethylated ESRRA patient. Yellow peak was associated with universal 

unmethylated control for ESRRA gene and purple peak was associated with universal 

methylated control for ESRRA gene and green peak associated with methylated patient 

number 54. 

 

Figure 3.8: Unmethylated ESRRA patient. Pink peak was associated with universal 

unmethylated control for ESRRA gene and blue peak was associated with methylated control 

for ESRRA gene and purple peak associated with methylated patient number 38. 



25 

 

Figure 3.9: Methylated and unmethylated ESRRA patients. ESRRA unmethylated control was 

purple, methylated control was green. Patient number 3 is methylated and patient number 

54, 55 were unmethylated. 

 

3.1 Relationship between promotor methylation of ESRRA, RANKL and menopause 

The relationship between ESRRA and RANKL was analyzed. Both of the genes were 

methylated in 11 samples, ESRRA was unmethylated and RANKL was methylated in 15 

samples. 

 In 7 samples, ESRRA was methylated but RANKL was unmethylated and in 32 samples 

both of the genes were unmethylated.  

There was statistically significant association between RANKL and ESRRA methylation 

status (p < 0.05) (Table 11).  
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Table 11: RANKL and ESRRA Interaction. 

  ESRA Total p 

 Value 
M U 

RANKL M Count 11 15 26 p<0.05 

% within 

RANKL 

42.3% 57.7% 100.0% 

U Count 7 32 39 

% within 

RANKL 

17.9% 82.1% 100.0% 

Total Count 18 47 65 

% within 

RANKL 

27.7% 72.3% 100.0% 
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4. DISCUSSION 

Methylation has an impact on gene expression (Tost, 2009).  Numerous studies showed the 

role of DNA methylation in cancer and imprinting disorders. Fragile X, ICF (Immune 

deficiency, centromeric instability, and facial abnormalities) are examples of 

neurodevelopmental disorders where aberrant methylation pattern has been observed 

(Robertson, 2005). Furthermore, loss of DNA methylation (hypo-methylation) and hyper-

methylation has been detected in different type of tumors (Laird, 2005). 

Thaler and colleagues concluded that hypermethylation at Lysyl Oxidase (LOX) promoter 

has an effect on bone quality (Thaler et al., 2011). Lysyl oxidase (lox) are expressed in 

osteoblasts and considered as collagen, elastin cross liking enzyme which is necessary in 

bone formation and strength (Grau-Bové et al 2015). Also, the  relationship of the DNA 

methylation and ALPL gene was related mineralization and demineralization of bone cells 

(Delgado-Calle et al., 2011). 

On other side, Reppe and colleagues screened 100 BMD-related genes and 480000 CpG site 

and found differences on DNA methylation between osteoporotic woman and healthy 

controls (Reppe et al., 2015). 

RANKL provides a ligand/receptor/receptor antagonist system for controlling bone 

homeostasis and related biological processes (Bucay et al., 1998). RANKL stimulates bone 

resorption by activating RANK signaling (Trouvin & Goëb, 2010; Eghbali-Fatourechi et al., 

2003; Dougall et al., 1999; Bucay et al., 1998) and considered as a candidate gene for 

regulating susceptibility to osteoporosis (Ralston & de Crombrugghe, 2006). The RANKL 

gene encodes a protein of 316 amino acids with a molecular mass of 38 kDa.  RANKL 

produced by osteoblastic lineage cell and activated T cells, promotes osteoclast formation, 

fusion, differentiation, activation, and survival. Also leads to enhanced bone resorption and 

bone loss (Lacey et al., 1998; Kong et al., 1999). In fact, the RANKL gene has been associated 

with osteoporosis susceptibility in candidate gene association studies and then confirmed by 

genome-wide association studies (GWAS) as a susceptibility locus regulating bone mineral 

density (BMD) (Styrkarsdottir et al., 2008). Single nucleotide polymorphisms (SNPs) of the 

RANKL promoter showed association with BMD (Hofbauer, 1999; Hsu et al., 2006; Mencej 

et al., 2008). Mencej and colleagues detected promoter polymorphisms of RANKL gene 

(−290C>T, −643C>T and −693G>C) which was related with elevated transcriptional 
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activity of gene and correlated with increased RANKL protein rate. This caused imbalances 

in bone metabolism and was related with low BMD (Mencej et al., 2008).  

Shang and colleagues analyzed SNPs of RANK and RANKL in a Chinese female population 

and showed that RANKL polymorphisms related with BMD in the femoral neck in peri- and 

postmenopausal Chinese women (Shang et al, 2013) 

Researchers tried to identify the importance of genetic variations in peri- and 

postmenopausal women and BMD. The importance of SNPs in BMD has been shown by 

different researchers. (Shang et al., 2013; Tu et al., 2015; Wang et al., 2016; Zheng et al., 

2015) 

Delgado-Calle and colleagues showed that increased expression of RANKL during rhe 

osteoporotic fractures but they did not show statistically significant association between 

methylation and  osteoporotic fractures (Delgado-Calle et al., 2012).  

 

Hanada and colleagues demonstrated that central RANKL injections in mice and rats 

triggered severe fever and they mapped RANK during the fever response on astrocytes but 

when they applied high doses of RANKL in intraperitoneal this did not result in any changes 

in body temperature nor in activity. They highlighted the RANKL was important fever 

inducer in central nervous system (Hanada et al 2009).   In this work, we detected RANKL 

promotor methylation in 16 (45.7%) post-menopausal women and 10 control group (33.3%). 

The RANKL gene was unmethylated in 19 post-menopausal women (33.3%) and 20 (66.7%) 

of the control samples.  There is no statistically significant association observed between 

menopause and methylation of RANKL promotor.  

Estrogen gene contains two receptors (Estrogen receptor-α and Estrogen receptor-β) and has 

important physiological functions in bone and in other tissue (Chen et al., 2004) . ERα 

consists of 595 amino acid residues with a molecular mass of 66 kDa and encoded by 

Estrogen Receptor Alpha gene (ESRA) (Bord et al., 2001). Although, ERα is well reported 

in the female reproductive system.  

Penolazzi and collegues showed that 4 CpG within ~ 700 bp promoter F region (which’s 

control the expression of ERα) were methylated, also this region localized near to the 

transcription factor activator protein (AP1) and RUNX2 binding site and important for 

proliferation and differentiation of the osteoblasts (Penolazzi et al., 2004) . Until now, based 

on our literature research, there is no research study was applied with ESRRA gene 

methylation in pre and post-menopause women. In this study, we identified methylation 
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status of Estrogen Receptor Alpha gene (ESRRA) in post-menopause woman. We detected 

ESRRA promotor methylation in 6 post-menopause (%17.1) and 12 (%40) of the control 

samples. In 29 of the post-menopause (%82.9) and 18 of the control samples (%60) were 

unmethylated. We observed statistically significant association between pre-menopause and 

unmethylation of ESRRA promotor. So, this shows that this gene is unmethylated during the 

pre-menopause and it is methylated during the post-menopause. ESRRA is related to the 

estrogen receptor and interacts with estrogen and the transcription factor. So this also 

confirms the basic literature information which was the expression of estrogen was 

decreased during the post-menopause.  

Both ESRRA and RANKL were detected to be methylated in 42.3% of patients and both of 

the genes were unmethylated in 82.1% of patients. When the RANKL gene was methylated 

the ESRRA gene was unmethylated in %57.7 samples and contrary when the ESRRA gene 

was methylated, RANKL gene was unmethylated in %17 of the patients. ESRRA can caused 

increased methylation level in RANKL gene. This implies that when the ESRRA gene is 

unmethylated, the methylation level of RANKL gene was increased. The significant 

interaction was detected between methylation status of RANKL and ESRRA genes (P<0.05).  
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5. CONCLUSION 

In conclusion, ESRRA and RANKL are interacting with each other regardless the menopausal 

status of the women. When the ESRRA is unmethylated, the methylation profile of the 

RANKL was increased. This suggests that ESRRA can suppress the RANKL gene expression. 

Researchers highlighted that RANKL used COX2-PGE(2)/EP3R pathway for 

thermoregulation and induction of fever. Therefore, the increased methylation of RANKL 

may directly affect the expression on gene and this causes abnormal fluctuation of 

temperature on post-menopause patients. At the same time, researchers highlighted that the 

deficiency of RANKL/RANK expression is related with osteoporosis and irregular 

resorption of bone. In accordance with literature, we can conclude DNA methylation is 

another mechanism which decreased gene expression and increased irregular resorption of 

bone but this hypothesis also needs confirmation on bone cells. On the other hand, we have 

found significant differences in the gene methylation profiles of the post-menopausal and 

pre-menopausal women. Our findings may provide further insight into the process of 

postmenopausal changes and gene methylation status. In conclusion, this is the first study 

which shows the RANKL and ESRRA methylation in post-menopausal women.  Also, this is 

the first study which shows the ESRRA induced RANKL methylation.  
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