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Abstract: Hormonal changes in postmenopausal women may increase 

osteoclastogenesis that can lead to increased risk of osteoporosis. 

Receptor Activator of Nuclear factor Kappa B (RANK) and Receptor 

Activator of Nuclear factor Kappa B Ligand (RANKL) have an important 

role in osteoclastogenesis that involve in the regulation of bone 

resorption. In this study, we analyzed the Single Nucleotide 

Polymorphism (SNPs) within the RANK/RANKL gene and the 

associated sRANKL level to assess the risk of osteoporosis in 

postmenopausal Indonesian women. Research was conducted as case 

control study that involved 210 postmenopausal Indonesian women. 105 

of the women were classified as osteoporosis and 105 as normal. 

Genetic analysis was performed by PCR-RFLP. BMD was measured by 

Dual energy X-ray Absorptiometry (DXA) and the RANKL serum level 

was determined by ELISA. For statistical analysis, Chi-square testing, 

Kruskal Wallis testing, Mann-Whitney U testing and odds ratio testing 

were mainly applied, with a significance level of p<0.05. Genotype 

frequencies of RANK and RANKL polymorphism were compared 

between osteoporosis and normal group. Statistical analysis showed 

significant difference between the two group for genetic (p<0.05) and 

allele (p<0.05) of RANK gene (rs121908659) polymorphism. The 

elevated odd ratio suggests an increased risk (4.83-folds) to osteoporosis 

with the genotype CG in compare with genotype GG. No significant 

difference in RANK (rs1805034) and RANKL (rs9594759) in genotypes 

and allotypes. Even though there were no significant differences in the 

RANKL genotype, but we found that CT genotype was protective factor 

than CC genotypes. sRANKL levels in the RANKL genotype was 

significantly different (p<0.05), with RANKL level of TT genotype was 

higher than CC/CT genotype. Genotype and allele frequencies of RANK 

polymorphism (rs121908659) have been found to be associated with an 

elevated risk to osteoporosis in postmenopausal Indonesian women. 

Moreover, polymorphism of RANKL at the SNP location rs9594759 was 

significantly associated with level of sRANKL. 
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Introduction 

Menopause is a natural aging process in a woman’s 

life that is marked by physiological termination of 

menstruation cycle (Raisz, 2005; Nelson, 2008). 

Postmenopausal women have a higher risk in 

osteoporosis and cardiovascular, which is considered as 

a result of the decrease in estrogen level (Bell, 2003; 

Finkelstein et al., 2008). Estrogen hormone prevents 

bone resorption through different aspect in bone 

marrow and bone cells, which in turn will decrease 

osteoclastogenesis, increase osteoclast apoptosis and 

decrease the mature osteoclast ability of bone 

resorption (Weitzmann and Pacifici, 2006). 

Studies on animal model have been done to obtain 

information on the mechanisms of bone mineral density 

in aging process, estrogen deficiency condition, or on 

effect of various pathological conditions and disease. A 

study on animal model using mice that have undergone 

ovariectomy process showed increase of trabecular 

bone resorption, accompanied by decreased bone 

strength after the estrogen level decreased (Lacey et al., 

1998; Bitto et al., 2008; Kearns et al., 2008). The 

decrease of estrogen level leads to the increase of 

osteoclastogenesis (Bell, 2003). 

Studies on osteoclastogenesis developed after the 

discovery of the role of Osteoprotegerin (OPG), 

Receptor Activator of Nuclear factor κB (RANK) and 

Receptor Activator of Nuclear factor κB Ligand 

(RANKL) in bone metabolism process. All three 

substances have roles in bone cell control (Boyle et al., 

2003; Eghbali-Fatourechi et al., 2003). Osteoclast 

activation occurs by influence of RANKL affinity 

towards RANK, whereas OPG takes role as RANK 

competitor receptor which can bond with RANKL, 

avoiding RANKL bonding with RANK, therefore 

prohibiting bone resorption (Srivastava et al., 2001; 

McClung, 2007; Kearns et al., 2008). Study on mice as 

animal model performed by Srivastava et al. (2001) 

reported that the increase of osteoclastogenesis is due to 

the increase of response of bonding RANK and RANKL 

(Giroux and Rousseau, 2009). 
RANKL is one of the Tumor Necrosis Factor (TNF) 

family. It is also known as TNF-Related Activation-

induced Cytokine (TRANCE), Osteoprotegerin Ligand 

(OPGL) and Osteoclast Differentiation Factor (ODF). 

RANK is the receptor of RANKL. It has a critical role 

in bone remodeling and also essential in the 

development and activity of osteoclasts (Manolagas, 

2000; Jones et al., 2002; Boyle et al., 2003; 

Teitelbaum, 2004). Differentiation of progenitor 

hemopoietic depends on RANK that is located on the 

cell membrane of osteoclast cell. RANKL is expressed 

on membrane surface of osteoblastic stromal cells. 

Furthermore, RANKL will be binds to RANK on the 

surface of osteoclast progenitor cell to stimulate cell 

differentiation (Jilka, 2001). 

RANK protein consists of 616 amino acids that are 

included in the type I trans-membrane protein. RANK 

consists of cistein-abundant extracellular. RANK protein 

on mice and human have 70% similarity. Northern blot 

analysis indicates that 4,5 kb of human mRNA RANK 

are expressed in almost all tissues (Guerrini et al., 2008; 

Styrkarsdottir et al., 2008).
 

RANKL cDNA clones have an open reading frame 

that encodes a 317 amino acid type II transmembrane 

protein. Intracellular domain consists of 48 amino acid 

terminus while the transmembrane domain is composed 

of 24 amino acids hydrophobic. Carboxy-terminal 

residue has significant homology to the TNF ligand 

family members. RANKL associated into a homotrimer. 

Homotrimer is similar to other TNF molecule. It has four 

loops with a unique surface that is required for full 

activation of RANK. RANKL was first identified as a 

transmembrane protein. But later on it was also found in 

different form or as soluble RANKL. The soluble 

RANKL is secreted by the helper T cells or disengaged 

from the position of the membrane by 

metalloproteinases. The soluble RANKL also has a role 

in osteoklastogenesis (Rubin and Greenfield, 2005). 
Genetic variety on population regulates bone mass 

density, especially on post-menopausal women    (Giroux 

and Rousseau, 2009; Wang et al., 2014; Tu et al., 2015). 

Decrease of bone mass density caused by 

osteoclastogenesis increase is influenced by the activity of 

RANKL/RANK/OPG. Genetic variety on RANK, 

RANKL and OPG genes have correlation with bone 

mass density (Bonfá et al., 2015; Tu et al., 2015). This 

study is focused on the analysis of RANK/RANKL 

genetic variety and RANKL level on post-menopausal 

women in Indonesia. 

Single Nucleotide Polymorphism (SNP) analyzed in 

this research were RANK gene on rs121908659 and 

rs1805034, whereas RANKL gene on rs9594759. In 

SNP positioned r121908659, G base is converted to C 

base, causing the transformation of Glicine (Gly) amino 

acid into Arginine (Arg) on the 53
rd

 position. 

rs1805034(C/T) causing alteration of Alanin (Ala) into 

Valin (Val) on 192rd position (Koh et al., 2007). 

Position of rs9594759 in upstream region of RANKL 

gene, C base is converted to T base (Styrkarsdottir et al., 

2008). Polymorphism of RANKL gene in the upstream 

regions can affect the transcription process and 

implicates the formation of proteins and 

osteoclastogenesis. Therefore, the mutation in the 

upstream regions can be observed in the protein levels. 

This research will analyze the association between 

genetic variety on RANK/RANKL and sRANKL level 

with the osteoporosis risk on the population of post-

menopausal women in Indonesia.  
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Materials and Methods 

Subjects 

Sample used were DNA isolate obtained from 210 

post-menopausal women (Approval letter No. 

159/H2.F1/ETIK/2013). DNA isolate were obtained 

from post-menopausal women within the age range of 

50-75 years old, Deutero-Malay race group, healthy 

physical condition without systemic disease such as 

diabetes mellitus, bronchial asthma, osteomalacia, cancer 

and tuberculosis. Subjects were not undergoing 

medicinal therapy such as steroids, osteoporosis therapy 

medicines, anticoagulant, anti convulsion, never 

undergone ovarian removal operation, not on a diet 

program and filled informed consent. DNA on 

osteoporosis group requires extra conditions: T-score 

under -2.5, while non-osteoporosis group were obtained 

from post-menopausal non-osteoporosis women’s DNA 

whose T-score are larger than -1.  

Fragment Amplification of Target DNA 

Fragment Amplification DNA was performed with 

Polymerase Chain Reaction (PCR) method using 

Gotaq
TM

 PCR Core System kit (Promega). Volume of 

each reagent is 50 µL, consists of 100ng genomic 

DNA, 1 µM each of primer oligonucleotide, 1x Green 

Gotaq, 2.5 mM MgCl2, 200 mM dNTP mix and 1.25
U 

Tag DNA polymerase. Primer used for DNA target 

amplification are described in Table 1. 
DNA samples were amplified for 35 cycles, with 

initial denaturation on 94°C for 5 min, continued into a 

cycle which consists of denaturation on 94°C for 30 sec, 

annealing on 47-62°C (Table 1) for 30 sec dan 

elongation on 72°C for 30 sec. At the end of the cycle, 

extension time was prolonged on 72°C for 7 min. 

Amplification results were separated using 

electrophoresis on 2% agarose gel with 90 Voltage for 

60 min. The lengths of target DNA from the PCR are 

shown in Table 1. 

Restriction Fragment Length Polymorphism (RFLP) 

Restriction fragment were performed using 1U of 

restriction enzyme (New England Biolabs) into a vial 

with 1 µg of DNA fragment acquired from amplification 

process, 2 µL of buffer solution RE 10X and ddH2O up to 

20 µL, incubated in water bath on optimal temperature for 

each restriction enzyme (Table 2.) for 4 h. Restriction 

enzyme was inactivated by incubation on inactive 

temperature for each restriction enzyme for 20 min. DNA 

fragment was analyzed in 3% agarose gel in TAE 1x on 

90 Voltage for 60 min. Restriction fragment result using 

restriction enzymes are shown in Table 2. 

SRANKL Content Measurement of sRANKL Levels 

using ELISA Method 

This examination used a sandwich ELISA assay 

sRANKL which is a quantitative examination to 

soluble RANKL (sRANKL). We used serum as the 

examination materials. Wells of Microtiter plate was 

coated by first antibody (Abnova) and incubated at 

4°C for overnight (16-18 h). Microtiter plate was 

washed twice with a solution of PBST (1x PBS 

supplemented with 1.2% Tween-20). After that, a 

layer was blocked by addition of 200uL blocking 

buffer (5% skim milk in PBST) and incubated at least 

2 h at room temperature. Plate then washed twice 

using PBST. Samples were added to the plate and 

incubated for 2 h at room temperature. Furthermore, 

plate was washed three times with PBST.

 
Table 1: Primers and PCR condition 

Gen  Positions  SNP Sequencing  Annealing temperature PCR product 

RANK Exon  rs1805034 F= 5’-GGGGATTCAAATGTCCAAGAAGG-3’ 56°C 353bp 
   R= 5’- CATGCACGGGATGAAATAAAGGG-3’ 
RANK Exon rs121908659 F= 5’-GAACTGAGATCACGCCATTG-3’ 62°C 301bp 
   R= 5’-GAAAGCCTCACCCACTTTTG-3’ 
RANKL Promoter rs9594759 F= 5’TTG-CAG-AAC-GTG-TGG-AAA-TC-3’ 47°C 302bp 
   R= 5’-GCA-ACC-GCA-CCT-TTC-TGT-AT-3’ 

 
Table 2: PCR-RFLP conditions 

SNP Enzyme restriction Amino acid changes Genotype  Size 

rs1805034 AciI Ala→Va) CC 188bp, 130bp, 36bp 
   CT 316bp, 188bp, 130bp, 36bp 
   TT 316bp, 37bp 

rs121908659 BsaAI Gly→Arg GG 301pb 
   GC 301bp, 246bp, 55bp 
   CC 246bp, 55bp 
rs9594759 DdeI - CC 236 bp , 66 bp 
   CT 302bp, 236bp, 66bp 
   TT 302bp 
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Antibody detection solution (Biotinylated mouse 

mAb) was added to the microtiter wells and incubated 

for 2 hours at room temperature. Plate was washed 

three times with PBST. Secondary reagents 

(Streptavidin-HRP) was added to the 

microtiterplatewells and incubated for one hour. Plate 

washed four times using PBST. Substrate solution was 

added to each microtiter well and incubated for 15 min. 

The stop solution was added to microtiter plate and in less 

than 30 min microtiterplatemust be read using ELISA 

plate reader at 405 nm with a filter length of 630 nm. 

Statistical Analysis 

 Analysis on the acquired data was performed using 

SPSS. Chi-square was used to determine genotype/allotype 

association of RANK/RANKL on osteoporosis and non-

osteoporosis groups. Kruskal Wallis and Mann-Whitney 

test were used to analyze the correlation between genotype 

and osteoporosis risk with sRANKL levels. The Odds Ratio 

(OR) was used to look at the association of gene 

polymorphism and the risk of osteoporosis. 

Results  

Genotyping Analysis 

PCR technique was used to amplify the target DNA 

on RANK/RANKL gene that contains polymorphic sites 

rs121908659, rs1805034 and rs9594759. PCR result 

using pair of primer for RANK/RANKL yielded a single 

band. DNA amplicon was cut using enzyme restriction 

to determine genotype (Fig. 1). 

Sample consists of 210 post-menopausal women’s 

genotype and allotype were analyzed on RANK/RANKL 

gene. This study showed that the highest allele frequency 

distributions were T allele for rs1805034, G for 

rs121908659 and C rs9594759. In addition, no genotypes of 

homozygous mutant rs121908659 were found (Table 3). 

Distribution of Frequency of Genotype and 

Allotype on Non-Osteoporosis and Osteoporosis 

Group 

Genotype and allotype data acquired by using PCR-

RFLP technique were analyzed statistically. Chi-square 

test analysis on the frequency genotype and allotype 

group yielded the value of p<0.05. From 210 post-

menopausal women analyzed, frequency of genotype 

and allotype rs1805034 (RANK gene) and rs9594759 

(RANKL gene) did not show significant differences 

between subgroups, whereas rs121908659 showed 

significant difference between subgroup. In 

rs121908659, CG genotype on osteoporosis group was 

higher than the non-osteoporosis. C allotype on 

osteoporosis group were higher than the non-

osteoporosis. This indicates that the CG genotype 

group was more prone to osteoporosis compared with 

the GG genotype group. Mutant homozygote CC 

genotype was not found on either group. Frequency 

distributions of RANK/RANKL gene between 

subgroup are shown in Table 4. 

 

 

 
Fig. 1: Agarose gel electrophoresis of PCR–RFLP for RANK and RANKL genotypes analysis. The samples were electrophoresed 

against 100bp DNA ladder. Genotypes were labeled on the gel. (A) RANK (rs1805034) genotypes analysis, Line 1 = CT, line 
3 = CC, line 4 = TT, B) RANK (rs121908659) genotypes analysis, line 1,3,4 = GG, line 2 = GC, C) RANKL rs9594759 
genotypes analysis, line 2-3 = CT, line 4-5 = CC and line 6 = TT 

 
Table 3: Frequency distribution of genotype and allotype in postmenopausal Indonesian woman 

 Genotype   Allotype 

RANK (rs1805034) CC = 6% CT= 36% TT=58% C= 24% T= 76% 
RANK (rs121908659) CC= 0% CG=8% GG=92% C=4% G=96% 
RANKL (rs9594759) CC= 48% CT=36% TT=16% C=66% T=34% 

M 1 2 3 4 
1 2 3 M 4 

1 2 3 4 5 6 

300 pb 

200 pb 

100 pb 

316 pb 

188 pb 

130 pb 

37 pb 

301 pb 

246 pb 

300 pb 

200 pb 

100 pb 

302 pb 

236 pb 

66 pb 

A B C 
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Table 4: Association genotype and allotype with osteoporosis in postmenopausal Indonesian woman 

 Osteoporosis Non-osteoporosis p OR 

RANK (rs1805034) 
Genotype 7% 5%  CT vs CC = 0.64(0.19-2.2), p>0.05 
CC 34% 38% p>0.05 TT vs CT = 1.16(0.64-2.08), p>0.05 
CT 59% 57%  TT vs CC = 0.74(0.22-2.46), p>0.05 
TT 
Allotype 
C 24% 24% p>0.05 C vs T= 1(0.52-1.91), p>0.05 
T 76% 76% 
RANK (rs121908659) 
Genotype 0% 0% p<0.05 NA 
CC 13% 3%  CG vs GG = 4.83(1.33-17.52), p<0.05 
CG 87% 97%  NA 
GG 
Allotype 
C 6.5% 1.5% p<0.05 C vs G = 4.57(2.59-8.06), p<0.05 
G 93.5% 98.5% 
RANKL (rs9594759) 
Genotype 51% 39% p>0.05 CT vs CC = 0.52(0.28-0.97), p<0.05 
CC 30% 44%  TT vs CT = 1.64(0.73-3.66), p>0.05 
CT 19% 17%  TT vs CC = 0.85(0.39-1.86), p>0.05 
TT 
Allotype 
C 66% 61% p>0.05 C vs T = 1.24(0.70-2.21), p>0.05 
T 34% 39% 

 
Table 5: Level of sRANKL in postmenopausal Indonesian 

woman 

 sRANKL p 

Genotype 
CC 0.119 ± 0.028a 
CT 0.190 ±0.034b p<0.05 
TT 0.191 ± 0.034b 
Group of Non-Osteoporosis 0.153 ± 0.028a p>0.05 
Osteoporosis 0.176 ± 0.039a 

 
Along with Chi-square analysis, odd ratio analysis 

was also performed to determine the risk of genotype 
group against osteoporosis. Odd ratio analysis result 
showed that CG genotype in RANK gene 
(rs121908659) has osteoporosis risk of 4.83 times 
higher than the GG genotype group. This shows that 
individual with CG genotype is more prone to 
osteoporosis with 4.83 fold than GG genotype. CG 
genotype is not always going to manifest on 
osteoporosis because osteoporosis is a multifactor 
disease. Osteoporosis can manifest not only because of 
the genetic factor, but also the environmental factors. In 
RANKL gene (rs9594759) showed that CT genotype 
has osteoporosis protective of 1.92 times higher than 
CC genotype, even though genotype and allotype 
RANKL gene have no association between 
osteoporosis and non-osteoporosis group. 

Our result showed that the high sRANKL levels in 

CT and TT genotypes compare with CC genotype 

(Table 5). Statistical analysis was performed using 

Kruskal-Willis test because the data obtained had 

abnormal distribution. The results of statistical analysis 

obtained p value = 0.027. Because the p value is less 

than 0.05, the sRANKL levels differ significantly in the 

genotype group. The sRANKL levels in the TT and CT 

genotypes were not significantly different, but they 

were significantly different from the sRANKL levels 

in the CC genotype. 

Discussion  

Mutation of rs121908659 has a recessive autosomal 

property. It is reported that homozygote mutation is 

found on osteopetrosis sufferers, on boys or girls. 

Those osteopetrosis sufferers were born from 

heterozygote genotype parents (Guerrini et al., 2008). 

In this research, the data of frequency of genotype 

distribution shows no mutant homozygote, therefore it 

supported the notion that the mutation is recessive 

autosomal and gives clinical manifestation effect since 

childhood, because it is not found on physiologically 

normal population on older age group.  

Mutation on rs121908659 transformed the Glyamino 

acid into Arg amino acid. Glyis an amino acid with 
isoelectric point on 5.97 (non-polar, aliphatic residues), 
while Arghas isoelectric point on 10.76 (positively 
charged residues). Transformation of Glyamino acid into 
Argchanges the isoelectric point, which in turn 
influences protein structure transformation. The mutation 

on this point are on the extracellular domain, on the 
ligand bonding site, therefore the transformation in 
RANK structure can influence bonding affinity between 
RANK and RANKL. 
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Transformation of Gly into Arg on heterozygote 
genotype causes the increase on osteoporosis risk. 
From that point we can assume that the transformation 
of Gly into Arg will cause transformation on RANK 
protein structure, which in turn will increase the 
bonding affinity between RANK and RANKL. This 
will cause the increase of osteoclastogenesis process. 
The increase of osteoclast production will in turn 
increase the bone absorption process, which will 
decrease the bone density. Therefore, the mutation on 
rs121908659 is associated with osteoporosis risk on 
post-menopausal women in Indonesia. 

The osteoporosis group had the highest sRANK 
levels than non-osteoporosis group in post menopausal 
Indonesian women. Statistical analysis was performed 
by using Kruskal Wallis test because data was not a 
normal distribution. It showed that sRANKL levels was 
not significant in the subgroup (osteoporosis and non-
osteoporosis) with p value of 0.59. 

Measurements of sRANKL with elisa technique 
showed sRANK levels in CC genotype has significantly 
lower than CT and TT genotypes. RANKL is a cytokine 
that plays an important role in osteoclastogenesis. 
Increased RANKL will lead to increased osteoclast cells, 
thereby enhancing the bone absorption process. 
Subsequently, this will lead to the decrease in bone 
density. TT genotype has high sRANKL levels. It shows 
that the osteoclastogenesis process will be high and 
increase bone resorption. RANKL have three isoform. 
Isoforms 1 and 3 are trans-membrane, while the isofom 2 
has a soluble form. Increased sRANKL levels generally 
provide pathological effects, whereas increased trans-
membrane RANKL isoforms have more effect on 
physiological changes. The process of osteoporosis in 
post-menopausal women is more due to the physiological 
changes resulting from estrogen deficiency. 

A study on rs9594759 by Roshandel et al. (2010) 
showed that (In a study conducted by Roshandel et al. 
(2010) that analysed rs9594759 reported that) C alleles have 
higher BMD ultrasound than T alleles (Roshandel et al., 
2010). This is consistent with the results of our study, 
where C allele has lower sRANKL levels than T alleles 
that can result in lower osteoclast formation process. In 
the European population T alleles have a higher risk of 
osteoporosis compared to the C allele which is a minor 
allele in the European population. Mutation in 
rs9594759 might be resulting in an increase in the 
sRANKL levels caused by enhancement of enhancer 
activity in the RANKL gene. 

In our study on Indonesian population showed that 
frequency of C alleles was higher in osteoporotic 
menopausal women. This result is different from the 
results in Europe population. Our study suggests that the 
process of osteoporosis in postmenopausal women that 
occurs in the Indonesian population is more affected by 
the low mineralization process and bone formation. 
Osteoporosis is not only influenced by sRANKL levels, 
but also by many factors, among others: nutritional 

intake, healthy lifestyle, hormonal contraceptive use, or 
other gene activity. One of the genes that need to be 
analyzed is the Vitamin D Receptor (VDR) because the 
RANKL mutation in this study resides in the RANKL 
enhancer gene element that is activated by attachment 
of the VDR complex. Therefore, it is necessary to 
analyze whether there is a linkage between 
polymorphism of RANKL enhancer elements with 
VDR polymorphism in the population. 

Conclusion 

RANK and RANKL have a role in the risk of 

osteoporosis in postmenopausal women in Indonesia. 

RANK genotypes and allotypes (rs121908659) were 

associated with an increased risk of osteoporosis, 

whereas RANKL heterozygotes shown protective factors 

of osteoporosis. Mutations in the RANKL gene was 

associated with increased sRANKL levels. 
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