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A B S T R A C T

Introduction: One of the most common health problems affecting the elderly population in the world is osteo
porosis. Osteoporosis is defined as a bone disease characterized by a decrease in bone mass (density), due to 
inability of  the  body to control mineral content in bones and accompanied by damage to bone architecture. 
Osteoporosis is characterized by low bone mass and micro architecturally deteriorated bone tissue, along with 
increased both bone fragility and susceptibility to fracture. Genetic polymorphism of the tumor necrosis factor 
alpha (TNFα) gene is a risk factor for osteoporosis in postmenopausal women. TNFα acts as a regulator of bone 
resorption. 
Objectives: This research aimed to screen for the TNFα G308A genetic polymorphism and differentiate its 
distribution in postmenopausal women with osteoporosis. 
Material and methods: One hundred stored biological samples (50 samples from postmenopausal women 
with osteoporosis and 50 healthy control samples) were analyzed, using polymerase chain reactionrestriction frag
ment length polymorphism (PCRRFLP) technique with the Ncol restriction enzyme. Subsequently, they were as
sessed statistically using c2 test. 
Results: The AG genotype was the most frequent genotype in both samples. Fisher’s exact test revealed no sig
nificant association between the TNFα G308A polymorphism and postmenopausal osteoporosis (p = 0.117). 
Conclusions: The TNFα G308A genetic polymorphism was detected in postmenopausal Indonesian women. 
However, it was not associated with osteoporosis in these populations.  
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INTRODUCTION

According to the  World Health Organization, el
derly people are individuals aged 65 years and above, 
and include the elderly group (6074 years), the oldage 
group (7590 years), and the veryadvancedage group 
(above 90 years) [1]. Indonesia is a country with an aged 
population, as the elderly population represented > 7% 

of the total population in 2008, 2009, and 2012. Regard
ing the  sexes, women are overrepresented in the  most 
elderly population of Indonesia. 

Osteoporosis is one of  the  most common health 
problems among the  elderly population worldwide. 
Osteoporosis is defined as a bone disease that is charac
terized by a  decrease in mass (density) of  the  bone as 
a whole, because of the inability of the body to regulate 
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mineral content in bones accompanied by damage to 
the bone architecture, which results in decreased bone 
strength, bone loss, and an  increased risk of  fractures. 
The term osteoporosis refers to bones that are normally 
mineralized but lack minerals in quantity. Osteoporosis 
is characterized by a bone mineral content (BMC)/bone 
mineral density value  >  2.5 standard deviations below 
the normal average. 

The latest research from the International Osteopo
rosis Foundation revealed that one in four Indonesian 
women aged 5080 years are at risk of developing osteo
porosis. This risk is also 4 times higher in women vs. 
men, especially in postmenopausal women. Osteopo
rosis occurs mostly in postmenopausal women and 
does not show real physical symptoms, until bone loss 
occurs at a later age. This is due to a decrease in estrogen 
levels in the blood of postmenopausal women, because 
it is no longer produced in the ovaries. Most symptoms 
of osteoporosis appear after the age of 50; therefore, ear
ly detection of this condition is not easy [1, 2]. 

Osteoporosis is the result of an imbalance in the pro
cess of bone remodeling, i.e., an imbalance in the pro
cess of  bone resorption and bone matrix deposition. 
Some genetic and environmental factors affect osteopo
rosis and its associated phenotypes. Genetic factors play 
an  important role in the  pathogenesis of  osteoporosis, 
rather than a  combination of  dietary, hormonal, envi
ronmental, and lifestyle factors [3]. The genetic factors 
that affect bone remodeling include the  receptor acti
vator of NFkB ligand (RANKL), the receptor activator 
of  NFkB (RANK), osteoprotegerin (OPG), and cyto
kines, such as interleukin 1 (IL1), IL6, and the tumor 
necrosis factor a (TNFα) [4]. 

The TNFα gene, which is one of the genes that influ
ence the process of bone resorption, is a potent cytokine 
with a wide range of proinflammatory activities that was 
discovered by Carswell et al. in 1975, and is considered 
one of the major cytokines associated with inflammatory 
processes and immune responses. The main physiologi
cal effect of TNFα is the initiation of an immunological 
and inflammatory response by deploying neutrophils 
and monocytes at the site of inflammation, followed by 
activation. Therefore, the TNFα gene has various effects 
on the body. The forming genes are in the class III region 

FIGURE 1. Visualization of PCR products after amplification of the samples using TNF-α G-308A forward and reverse 
primers. PCR amplification resulted in one single band (117 bp) 

of the major histocompatibility complex (MHC), ~250 
centromeric kilobases from the HLAB locus, and 850 
centromeric kilobases from HLADR [4, 5] (Figure 1). 

TNFα is an  inflammatory cytokine that manages 
bone metabolism and has been shown to trigger bone 
resorption in in vitro studies. The stimulatory effect of 
TNFα on osteoclast formation has been demonstrated 
in bone marrow cultures in humans and mice. The lack 
of estrogen in postmenopausal women can cause the 
activation of  cytokine production, which in turn in
creases bone resorption [6, 7]. 

TNFα is thought to play a role in osteoclastic bone 
resorption in estrogendeficiency conditions. TNF in
creases osteoclastogenesis by inducing the  expression 
of  activator receptors for nuclear factorJB ligand 10, 
and indirectly activating mature osteoclasts through pri
mary effects on osteoblasts and the inhibition of osteo
clast apoptosis. TNF runs its activities through the TNF 
receptor (TNFR), which consists of TNFRI and TNFRII. 
In vitro studies have shown that the two receptors regu
late the process of osteoclastogenesis distinctly. The sol
uble TNFRI/sTNFRI and TNFRII (sTNFRII) forms 
stem from the extracellular binding domains of the two 
receptors. In addition, TNFα can be a local mediator of 
osteoclast activity, but in turn, an  increased osteoclast 
activity is associated with agerelated bone loss. There
fore, components of the TNFTNFR system may candi
date gene loci for osteoporosis [7]. 

The TNFα G308A polymorphism is characterized by 
and alteration of a guanine (G) nucleotide to an adenine (A) 
at position 308 in the  promoter region of  the  gene.  
The A allele is a mutant (polymorphic) allele; therefore, 
the genotypes that contain an  A  allele (AG and AA) 
experience polymorphism (polymorphic genotypes).  
The G allele is a  nonpolymorphic allele; thus, the  GG 
genotype is a genotype that does not experience polymor
phism (nonpolymorphic genotype). 

TNFα plays an important role in osteoclastic bone 
resorption in estrogen deficiency conditions. TNF in
creases osteoclastogenesis by promoting the  expres
sion of activator receptors for JB10 ligandfactor and 
activating osteoclasts through indirect primary effects 
on osteoblasts and inhibiting osteoclast apoptosis. 
TNF carries out its activities through TNFR, which 

100 bp
50 bp
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consists of TNFRI and TNFRII. In vitro studies show 
that the  two receptors differ in the  process of  osteo
clastogenesis. The  soluble forms of  TNFRI (soluble  
TNFRI/sTNFRI) and TNFRII (sTNFRII) can be ob
tained from extracellular connecting domains of the 
two receptors. In addition, TNFα can be a local medi
ator in osteoclast activity, and osteoclast activity is as
sociated with agerelated bone loss. Therefore, compo
nents in the TNFTNFR system can be candidate gene 
loci for osteoporosis [8]. 

OBJECTIVES 

This research aimed to screen for the TNFα G308A 
genetic polymorphism and differentiate its distribution 
in postmenopausal women with osteoporosis. In Indo
nesia, the TNFα gene polymorphism has not been in
vestigated in the context of osteoporosis. It is hoped that, 
through this research on the  TNFαG308A polymor
phism in postmenopausal women with osteoporosis, 
polymorphism of  this gene can be used as a predictor 
of osteoporosis in the future. 

MATERIAL AND METHODS 

This study was performed with a  written approval 
from the ethics committee of  the Faculty of Dentistry, 
Universitas Indonesia (No. 53/ Ethical Approval/FKGUI/ 
VII/2017). 

This study used materials of  DNA extracted from 
the blood serum of postmenopausal women with osteo
porosis and samples of  healthy individuals as controls 
(50 samples each), using a method described by Auer
kari et al. [911]. The samples were stored as the research 
material obtained from the  Oral Biology Laboratory, 
Faculty of Dentistry, Universitas Indonesia. Subsequent
ly, the samples were kept deepfrozen at −20°C. 

The TNFα G308A polymorphism was ampli
fied using the  following primers: forward, 5’AGGC 
AATAGGTTTTGAGGGCCAT3’, and reverse, 5’ACA 
CTCCCCATCCTCCCGGCT3’. PCR was performed 
on a  conventional PCR machine in a  total volume of  
20 µl for each sample, containing 10 µl of  master mix 
(Taq Bioline), 0.75 µl of each primer, 8.4 µl of ddH2O, 
and 0.1 µl of genomic DNA. The PCR conditions con
sisted of 4 min of initial denaturation at 94°C, followed 
by 35 cycles of denaturation at 95°C for 30 s, annealing 
at 56°C for 35 s, and elongation at 72°C for 15 s, with 
final elongation step at 72°C for 5 min. The PCR prod
ucts were electrophoresed at 80 V, 400 mA for 30 min 
in 1.5% agarose gels stained with Gel Red. The  length 
of  the  fragments was measured using a  50 bp DNA 
marker (ThermoScientific). 

PCR was followed by the application of the restric
tion fragment length polymorphism (RFLP) genotyping 
method using the  NcoI restriction enzyme (Thermo

Scientific), which produced one fragment (117 bp) for 
the G allele and two fragments (97 and 20 bp) for the  
A allele. For RFLP, the tubes were placed in an incubator 
at 37°C for 16 hours; then the enzyme was inactivated 
at 65°C for 20 min using a thermoblock. The fragments 
were separated by electrophoresis at 80 V, 400 mA for  
40 min in 3.5% agarose gels stained with Gel Red for 
visualization using Gel Doc. 

HardyWeinberg equilibrium was assessed using the 
c2 test. Differences in the distribution of the alleles and 
genotypes of  the  TNFα G308A gene polymorphism 
between the  two groups were analyzed using Fisher’s 
exact test, because the number of samples did not meet 
the  requirements for the  c2 test. Statistical tests were 
performed using SPSS, version 16. 

RESULTS 

The amplification of  the  TNFα gene G308A pro
moter region polymorphism yielded a  single band of 
117 bp (Figure 1). RFLP yielded one fragment for the 
G allele (117 bp) and two fragments for the  A allele  
(97 bp and 20 bp). The  genotype of  each sample was 
identified using Gel Doc. The AA genotype was identi
fied by the presence of the two DNA fragments of 97 bp 
and 20 bp (the NcoI enzyme recognized its restriction 
site in both alleles). The  GG genotype only produced 
one 117 bp fragment (the NcoI enzyme did not recog
nize any restriction sites in these alleles). The AG geno
type was identified in cases, where the  NcoI enzyme 
only recognized its restriction site in one of the alleles, 
which yielded three DNA fragments with a  length of  
117 bp, 97 bp, and 20 bp, respectively (Figure 2). 

The TNFα G308A genetic polymorphism pro
duced three genotypes, namely GG (wildtype homo
zygote; nonpolymorphic), AG (variant heterozygote; 
polymorphic), and AA (mutant homozygote; polymor
phic). The  distribution of  the  alleles and genotypes in 
the population were estimated using the  HardyWein
berg test, and a c2 value of  36.86 was obtained, which 
meant that the  sample population was consistent with 
the HardyWeinberg equilibrium (p > 0.05). The distri
bution of the frequency of genotypes and alleles is pre
sented in Table 1. 

The polymorphic genotypes were more frequent in 
the osteoporosis group (100%) compared with the con
trol group (92%). Similarly, regarding the allele frequen
cy distribution, the polymorphic alleles were more fre
quent in the osteoporosis group (62%) versus the control 
group (51%). 

Differences in the distribution of the genotypes and 
alleles of  the  TNFα G308A genetic polymorphisms 
between the  two groups were analyzed using Fish
er’s exact test, because the  number of  samples did not 
meet the  requirements for the  c2 test. Pvalue  >  0.05 
were in both the genotype distribution (p = 0.117) and 
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alleles (p  =  0.154) of  the  study sample. The  distribu
tion of the alleles (p = 0.117) and genotypes (p = 0.154) 
of  the  TNFα G308A genetic polymorphism was not 
significantly different between postmenopausal women 
with osteoporosis and healthy individuals. 

DISCUSSION 

TNFα is a proinflammatory cytokine that affects bone 
metabolism by increasing bone resorption and inhibiting 
osteoblast differentiation. Many microsatellite markers 
and SNPs have been identified in this cluster, including 
the substitution of a guanine base to an adenine at posi
tion −308 in the 5’ region of the gene (rs1800629) [12]. 
The relationship between the TNFα gene polymorphism 
and osteoporosis has been studied in various populations, 
but not among the  Indonesian inhabitants. Therefore, 
this study aimed to analyze the TNFα G308A genetic 
polymorphism and its relationship with osteoporosis in 
postmenopausal women in Indonesia. 

In the Indonesian population studied here, the poly
morphic genotypes were more frequent than were the 

FIGURE 2. Genotyping of the TNF-a G-308A polymorphism. PCR products were restricted using NcoI and separated 
by electrophoresis. Electrophoresis generated one fragment (117 bp) for the G allele and two fragments (97 bp and 
20 bp) for the A allele

100 bp
75 bp
50 bp
25 bp

117 bp
97 bp

20 bp

TABLE 1. Genotype and allele distributions of the TNF-α 
G-308A gene polymorphism in women with and with-
out osteoporosis 

Variables Osteoporosis p-value 

Yes , n (%) No , n (%) 

Genotype

AA 12 (24.0) 5 (10.0) 0.117 

GG 0 (0.0) 4 (8.0) 

AG 38 (76.0) 41 (82.0) 

Total 50 (100.0) 50 (100.0)

Allele

A 62 (62.0) 51(51.0) 0.15

G 38 (38.0) 49(49.0)

Total 100 (100.0) 100 (100.0) 

nonpolymorphic ones in both the  osteoporosis and 
the  control groups. This was in line with a  research 
conducted among Chinese population [13], in which 
there were more polymorphic genotypes (95.9%) than 
nonpolymorphic (4.1%) ones (79.3% AA, 16.6% AG, 
and 4.1% GG genotypes) in the  osteoporosis group. 
However, that study did not mention the distribution in 
the control group [13]. 

Conversely, our results were in contrast with those 
of  the study conducted among a Mediterranean popu
lation, in which the  nonpolymorphic (GG) genotype 
was more frequent in both the osteoporosis (83%) and 
the  control (74%) groups. In the  osteoporosis group, 
17.1% of  individuals presented with polymorphic gen
otypes (12.8% AG and 4.3% AA genotypes) [2]. There 
was no AA genotype in the  control group, whereas  
26% of the cohort had the AG polymorphic genotype in 
this Mediterranean population [2]. 

A similar scenario was reported for a Korean popu
lation [14], in which the nonpolymorphic (GG) geno
type was more frequent in the  osteoporosis group 
(87.4%) than were the polymorphic genotypes (12.6%; 
11.6% AG and 1% AA genotypes). In the control group, 
92.3% of  individuals had the  nonpolymorphic (GG) 
genotype and 7.7% had a  polymorphic genotype (the 
AG genotype exclusively, as no AA genotype was found 
in the control group in this Korean population) [14]. 

Similar findings were described in a  study con
ducted in Poland [14], in which the  nonpolymorphic 
(GG) genotype was more frequent in the  osteoporosis 
group (79.41%) versus polymorphic genotypes (20.59%; 
19.75% AG and 0.84% AA genotypes). Among the con
trol group, 67.41% of  individuals had the  nonpoly
morphic (GG) genotype and 32.59% had polymorphic 
genotypes (29.46% AG and 3.13% AA genotypes) [15]. 
Distribution of  the  TNFα G308A genotype frequen
cies are shown in Table 2. 

In the  Indonesian population, the  polymorphic  
allele A was more frequent in both postmenopausal 
women (62%) and healthy individuals (51%) compared 
with the nonpolymorphic G allele. These results are not 
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consistent with the study conducted among the Mediter
ranean population [2], in which the  nonpolymorphic 
G allele was more frequent in the  osteoporosis group 
(89.4%) and in the  control group (87%). Allele A  was 
present in only 10.6% of  the  individuals in the  control 
group and 13% of  the  healthy individuals [2]. A  simi
lar scenario was found in the study conducted in Poland 
[14], in which the nonpolymorphic G allele was more 
frequent in the  osteoporosis group (89.29%) and in 
the control group (89.29%) and controls (82.14%). More
over, 10.71% of the individuals in the osteoporosis group 
and 17.86% of  individuals in the control group carried 
the polymorphic A allele [15]. Distribution of the TNFα 
G308A allele frequencies are shown in Table 3. 

The results of the statistical test (p = 0.117) of the geno
type distribution in the study sample led us to conclude 
that there was no significant difference in the distribution 
of  the  TNFα G308A genetic polymorphism between 
postmenopausal women with osteoporosis and healthy 
individuals. Although the TNFα G308A gene tic poly
morphism was present in postmenopausal women with 

osteoporosis, there was no significant difference in its 
distribution pattern between the  control and osteopo
rosis groups. This may be due to various other factors 
that play a role in the development of osteoporosis, such 
as environmental effects that cause an increase or a de
crease in the likelihood of disease development and life
style, racial and ethnic differences, or the  low number 
of  samples used in this study. The  polymorphism can 
be used as a biomarker to confirm the diagnosis and its 
relations to dental abnormalities, which may be found 
in osteoporotic patients, and for general considerations  
in treatment planning. 

CONCLUSIONS 

Although this study detected the  TNFα G308A 
genetic polymorphism in postmenopausal Indonesian 
women with osteoporosis, there was no significant dif
ference in its pattern of distribution between postmeno
pausal women with osteoporosis and healthy individuals. 

TABLE 2. Distribution of the TNF-α G-308A genotype frequency in several post-menopausal female populations 

Research Population Genotypes Osteoporosis group (%) Control group (%) 

Alwadris et al. (2017) Indonesia GG 8.0 0 

AG 82.0 76 

AA 10.0 24 

Chen et al. (2005) China GG 4.1 

AG 16.6 

AA 79.3 

Fontova et al. (2002) Mediterranean GG 83.0 74 

AG 12.8 26 

AA 4.3 0 

Kim et al. (2009) Korea GG 87.4 92.3 

AG 11.6 7.7 

AA 1.0 0 

Kotrych et al. (2016) Poland GG 79.41 67.41 

AG 19.75 29.46 

AA 0.84 3.13 

TABLE 3. Distribution of the TNF-α G-308A allele frequency in several post-menopausal female populations 

Research Population Allele Osteoporosis group (%) Control group (%)

Alwadris et al. (2017) Indonesia G 38.0 49.0 

A 62.0 51.0 

Fontova et al. (2002) Mediterranean G 87.0 89.4 

A 10.6 13.0 

Kotrych et al. (2016) Poland G 10.71 17.86 

A 89.2 82.14 
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