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tract. The present study aimed 1o assess the incidence
the vitamin [ERceptor (VDR) gene polymorphism Tagl
in patients with periodontitis, and the polential association
of this polymorphism with the severity of the disease. This
was a case-controlled study, which included 162 adults
divided 1nto two groups as follows: Case group (X1 patients
diagnoned with periodontitis) and control group (81 patients
withowt periodontitis). Venous blood was obtamed from cach
sample from which DNA was extracted. The gene poly-
morphism was determined vsing restricted frazment length
polymorphism-PCR and DNA sequencin wentify endo
nuclcase restrctions in exon 9 (Tagl). The diata wene analyzed
using an independent samples t-test. VDR gene polymor-
phisms were defected m penodontitis cases with TT (86.4%).
Tt (12 4%gand 11 (1.29) genotypes. DNA sequencing
confirmed a change in the sequence of the VDR gene nucleo-
tides tn paticnts with periodontits. The data indicated that the
severity of periodontal tissue damage may be influenced by
changes in the mucleotide sequence.

Introduction

Periodontitis 1s one of the most common inflammatory
discases affecting the tssues supporting tecth and it is char-

rized by progressive resorption of the alveolar bone (1-3).
ﬁukuﬂilis is also one of the primary causes of Joss of leeth
in adults, and it can aftect an idividuals quality of hite ol keft
untreated (4-6). Periodontitis is initiated by bacterial plaque
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on the tooth surface and can be caused by multiple factors,
such as an ymbalance of periodomal pathogens. bost immunity
and other environmental, local and systemic fwtor: 1
The majority of studics on this topic have emphasized on the
role of genetic factors in disease pathogeneses, and on their
ability to influence the umigue reaction that charactenzes
the susceptibility of cach individual (1.5} Approximatcly
50% of the chimcal severity of penodontitns may be issoc-
ated with host genetics (3.8). However, the genetic efiects may
differ among ditferent ethnicities duce to the diversity of the
subjects m a population (3.7). Therefore. understanding of the
pathophysiology of this disease from a genctic standpoint s
essential for its carly detection and diagnosis.

Over the past decade, considerable efforts bave been made
to wennly the influence of vanous genetic factons. such iy
genes that code for IL-1 (9. TNF-a (105 TL-10 (11 1L-4 (12).
IL-4 receptor-c (131, Fo y receptor (14). CD-14 (15) and the
vitamin D receptor (VDR The genetic predispositions associ-
ated with these genes are considered 1o affect the severny ol
different discases (16.17). VDR, i particular, 15 a promusing
candidate in periodontitis sinee 1 affects both bone metabolism
and immunological function 4.18). This receptor is present in
v s cell types and can act ax a ranscriptional regulator (2).
It is located on chromosome 12 g and has 14 exons, 6 of which
are I ed on the Sregion that is not translated (la-10) (7.18).
The untranslated region of the VDR gene comprises a
polymorphism cluster i Tagl. Apal and Bsml (12.200. 11 the
function of VDR is affected by the polymorphisms of the
VDR gene. the comtribution of these variants is consudered
critical for the pathogenesis of systemic discases relaled
bone tissues, such as penodontal discase (19.20).

Several studies have attempted w elucxdie an association
between the presence of VDR gerfioly morphisms and the
pathogenesis of certain discases. A series of chaacierized
VDR gene polymorphisms. including those for the Fold. Apal.
Tugl and Bxml genes have been previously reported (2.3.5)
To date. an association has been found between the suscep-
tibility to periodontal discase and a certain nu of
single-candidate gene polymorphisms (21 Other studies
have also shown a connection between periodontal discase
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and vitamin D levels (2.22.23). Although extensive evidence
has been obtai the majority of the studies were only
focused on the mvestigation of the association between
periodontitis and the VDR gene poly morphism (2.21-23). In
the present study. DNA sequencing and restricted fragment
length polymorphism (RFLP)-PCR analysis were used to
further examine the changes m nuclcotde arrangement of
the VDR geoc. The idenufication of genctic variamts linked
1o the wcreased susceptibaly 1o cenam diseases may be key
1o the dcu:!ncm and advancement of proventive medicine.
Thercfore, the sim of the present study was to investigate
possible correlations between the VDR gene polymorphisms.
;',_ ifically in exon 9 (Tayl). and the severity of periodontitis.
s study was a case-controlled study and the subjects were
recruited from a Makassar-based population in Indonesia.

E&rﬂslﬂdm

Study population and data collection. The present study was
a casc-controlied study including paticnts who were enrolled
al the Periodomology Department of the Dental Hos
Hasanuddin University. Indonesia. The study protocol was
approved by the Ethics Committee for Biomedical Rescarch
in Humans, Faculty of Medicine. Hasanuddin University
tapproval no. OIRYH 048 A5 31/PPERKOMETIK 2010
approval date 04/0672010). The curnent Qud) was performed
in accordance with the Dedaration of He 1 (20, In total.
162 individuals were recruited. and they were divided into
two groups: Case group, patients diagnosed with periodonttis
{14 males and 67 females) and @2 control group. healthy
patients without periodontitis (3% males and 43 females). The
median @R ol the case group was 38 years (age range 25-60)
and the median age of the control group was 34 years (age
range 22-60). Determination of the sample size was based on
the Lemeshow formula Tor the case-controlied study design.
The actual odd ratio (OR) estimate was ~2. Consideration of
OR=2 has heen used in previous research studies: an OR of 2
obtained in these previous studies suggested that sampies with
VDR gene polymorphisms were 2x more likely to suffer from
chronic perwodontitis than those without VDR gene polymor-
phisms. Thus we used this as minimum standard to caleulate
our sample size (25.26). Since the number of populations was
mfinite (unknownj P20 .5 was used with a value of 005 The
anticipated rate was 10% and the power of the test was (1.842.
The diagnostic criteria & case group included patients
diagnosed with periodontitis on the New Classibication
of Periodontal Disease (2018) (27). The periodontitis stage in
the present study was divided into three rories as deter-
mined previously (24) Tt was based on the dinical sttachmment
B §CAL) and probing pocket depth (PPD): Stage 1. CAL
12 mm and maximum PPD <4 mm: stage 11, CAL 34 mm
and maximum PPD=s3 mm: and stages Hand IV.CALZ5 mm
and PPDz6 mm. The diagnostic criteria for the control group
were healthy patients without periodontitis. which was defined
by the absence of clinically detectable mflammation in the
gingiva, such as an intact periodontium without a gingival
recession and CAL. “salmon’ or “coral pink™ in color. irm in
consistency and hrmly attached to the underlying alveolar
bone. T jevts that were suitable for the present siudy were
inchuded m the case and the control groups and were provided

with the nefEhary mformation regardig the rescach proce-
dure. They were asked to sign the relevant informed consemt
form for their agreement in participating in the stidy. The
recruitment of the paticnts was performed tor 1 year by two
allocated rescarchers. The first rescarcher sclected patients
from the medical record and completed the infornstion in
the rescarch form regarding age, sex. cthnicity. occupation,
medical history and history of drugs used. Subsoquently. a
Protessor m the Department of Perodomology performed the
climcal examnation for the diagnosis of periodontal discase
and suggested whether or not cach patient was suitable for
wclusion m the study.

Iuinrk i pmu nis, age ninge u! 25-60FFRrs. and had w ImN
20 teeth. The paticnts who exhibited 2 mterprosunal sites
with CAL22 mm, and 6 interproximal stes with PPDz4 mm
were also included. T clusion criteria were the following:
Patients with systemic discases. such as diabetes. wberculosis.
hepatitis or human immunodeficiency virus, as well as patients
with smoking habits or had used prosthetics. Moreover.
panents who were pregnant andior breastleeding were also
eacluded from the study.

Chlinical exammation. Patents who met the mclusion criteria
receved a comprehensive dental examination and a complete
rescarch chart was reconded. Tt is well established that tmpos-
tant chinwal signs of perodontiis inchude poor o moderate
scores in the oral hy giene index-simpliticd (OHI-S). PPD and
CAL(27.28).1 ore these clinical signs were used wevaluate
their influence on the incidence of VDR gene polymorphisms.
Initially, the number of caries teath, the number of edentulous
and the OHIL-S score (29) were assessed. Subsequently. scaling
was performed on all subjects using an witrasonic scaler. The
chmical examination was performed 1o evaluate the PPD and
the level of CAL. The measurements of PPD were made at
6 sites on each tooth acconding o the charting form wsed
the Department of Periodontology. The largest value f#m
6 1woth surfaces in each ooth was obtained for analysis. € AL
was measured based on the distance from the cen enamel
junction to the base of the pocket. For analysis. iterdental
CAL at the site of the greatest loss was taken

Laboratory analvss. Venous blad (0.5-1 ml) samples were
obtained from all subjects in both groups for laboratory anal-
ysis. The DNA from the peripheral leukocytes was extracted
and puriticd using the Boom method (30). The a In Was
performed in the Laboratory of Immunology and Molecular
Biology, Faculty of Medicine, Hasanuddin University
{ Mukassar, Indonesia). The gene polymorphisms were deter-
minced based on endonuclease restriction m exon 9 of the
examined VDR gene using RFLP-PCR and direct sequencing.

Amplification by PCR. In all s :ts. VDR gene polymos-
phisims were detected in exon 9 using the following specilic
primers: Forwand, 5-CTGGGGAGCGGGGAGTATGAA
GGA-3 and reverse, 5-GGGTGGCGGCAGCGGATGTA-Y
thitps:/omim.org/entry/601769). DNA amplification was
conducted for RFLP using the Tagl restriction enzyme. The
PCR amplification was performed using 32 cycles, consisting
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of denaturation for I min at 94°C, annealing for 1.5 min
at 39°C, and extension for 2 min at 72°C. Foll#ing the
completion of 32 cycles. the samples were heated at 72°C for
7 min. The amplification products were analyzed by agarose
gel clectrophoresis.

RFLP-PCR analvsis_ Following amplification. 5 g1 PCR ampli-
licali rducts and 2 pd loading buffer were mixed and loaded
omo 1.5% agarose gels along with ethidium bromide. The gel
was soaked in @ contamner with Tos borate EDTA buffer. and
subsequentiy. clectrophonesis was performed at a steady voRage
of %0V tor 1 h. The gel was removed and observed under UV
light. The fragment bands observed at different distances from
the sample indicated genotypic differences of the VDR gene
polvmorphism. The differences were marked with the leter
ta restriction arca s present) or the letter T (no restriction arca
is present). The genotypes based on the bands of the agarose
gels were classified as follows: 1) TT: Absence of tragment
sizes al 1LWS bp: i) Te Presence of fragment sizes at (946
+ 452 by and 1,398 bp and iin) 1 Presence of fragment sizes
a 946 bp and 432 bp.

DNA sceguencing. In all obtained samples, direet sequencing
was performed by Macrogen, Inc. Sequenci wfirmed the
changes m the nucleotide base arrangement i exon 9 of the
VDR gene NCBI BLAST was used 10 analyze the sequencing
results,

ﬁmn‘.-«r analvsis. SPSS version 115 (SPSS. Inc.) was
wsed for data analysis. Thef #ran + SD were calculated for
all descriptive variables. An independent samples t-test
was performed 1o d@ phenotypic differences i subjects
with periodomitis. P<0.05 was considered to indicate a
statistically significant difference. Hardy-Weinberg equi-
librium was venfied manually using a standard calculabon
formula (31).

Results

Distribution and characteristics of the subjects. In wotal,
the data were collected for 162 patients from the Dental
Hospital, Hasanuddin Unio@iuy. The age was known for all
162 patients. The detailed characteristics of the subjects are
shown in Table 1. Based on the ndependent sam t-test, it
was found that both edentulons and OHIE-S were significamtly
higher is the case group compared with the control groups
{P<0.05; Table 11 This difference mdicated that patients
with periodontitis exhibited worse oral hygiene than healthy
paticnts without penodontits.

VDR gene polvimorphism. The VDR gene polymorphism
consists of the following three genotypes: TT (1 band).
11 (2 bands). amd To (3 bands) (Fig. 1A and By. The TT genotype
(1.398 bp) idicated no fragment sizes. Wi s fragment sizes
of 946. 452 and 1.398 bp were obtamned for the Tt genotype
ﬁl fragment sizes of 946 and 452 bp for the 1 genotype.

¢ senotype distribotion of the VDR gene in the case and
control groups is highlighted in Table 1L It was noted that
the case group exhibited a higher percentage of the TT geno-
1y pe{86_4% ) compared witheither the Tt(12 3% yor the u¢1.2%)

geaoty pes. The control group had a TT genotype percentage
of 98.8%_a Ti genotype percentage of 1.2% and an absence
of the 1t genotype. Both case and comtrol groups exhibited a
genotype distribution within the Hardy-Wemberg equalibrium
[P +2pyryg =1 (0965 +2 (0.96) {0 04)4¢0.047=1,0016].

The comparison between the VOR genotype of the
subjects with periodontitis was based on the mean value of
OHI-S. PPD and CAL (Table H1). The results confirmed that
the mean of OHL-S was tugher for the patients with periodon-
titis and the TT genotype (mean sweore. 2715 than that of the
patients with periodontitis and i To/n genotype imean score.
2.12). However, the difference was not statistically signi ficant
(P>0.05). Both the PPD status and CAL were higher for the
Tun genotype (PPD mean score. 5.14: CAL mean score.
4.4 compared with those of the TT genotype (PPD mcan
score, 3.52: CAL mean score, 2802 Both of these parameters
indicated significant differences. with P-values of 0.006 and
0001, respectively,

Pobvmerphism analvsg@pf the VOR gene by sequencing. DNA
sequencing confirmed achange inthe sequenceol the VDK gene
mickeotides (Fig. 2). The data inbicated the sequencing results
of the three genotypes. The nucleotide sequence Tor the t
genotype at codon 352 was altered compared with that of
the mial sequence of AGGTCGA (Fig. 2A and By, the final
sequence was AGGCCGA (Fig. 20 This indicated a nuckeo-
tide substitution from T 1o C (GTC o GCCYy due to the change
in the ammo acid valine woded by GTC) o alanine fcoded by
GCC).

Discassion

Thcgm of the present study was to identify the presence of the
VDK gene polymorphisms in patients with peniodontits G
Subsequently. the VDR gene polynsorphism was assessed as
a risk factor associated with periodontitis between patients
with periodontitis and healthy cts (33). The presemt
stdy examined the change in lhg‘ckmhk sequence of the
VDR gene toexplore the polential association of the VDR gene
potymorphism with the severity of the disease. Limited studics
have been performed utilizing DNA sequencing for the wen-
tification of genetic \ﬂl‘iﬂlll!slillt linked to susceptibilny
1o periodontitis. In addition. 1o the best of owr knowledge, the
present study is the first study 1 this context conducted
Indonesia.

Current rese conducted i the held of perodontology
has particularly focused on the mfluence of genetic facions on
individual susceptibility to periodontitis (34-36). The tendency
for carly-onset perindontitis can be inherited with erther an
autosomal recessive or autosomal dominant trait (37.38). ffhe
present study. it was found that the frequency of the Ttand o
genotypes (t allele) was lower than that of the TT genotype
( Tallek) in both periodontitis and healthy subjects. This result
1> reasonable owing to the fact that the population in Makassar.
Tndonesia. as a part of the Astan race. has & minor presentation
of the nd 1t genoty pes in the VOR gene. A sinular result was

ed i a study by Zowda er al (39)11h arted a freguency
mlm Ttand 1t genotypes of only 2% in Asians. 5% in Alfrican
Americans and 17% in Caucasians. In accordance with these
tindings. two previous studies conducted by Sun ez al (37 and
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Table 1. Chmcopathological charactenistics of the reeruted cobort.

Case, u=81 Control. n=11
Parameters E:n SD Mcan SD P-value
r\-gC. year K9 924 31.61 1182 0.443
Height. cm 15553 655 157.33 733 .10l
Weight. ks 5546 645 56.19 912 0618
Body mass index, kg/m’ pafty) 29 2308 34 0936
nulous 248 269 106 107 < 001"
Eﬁn 217 23 M I .69 0673
Oral hygiene index-simplified 63 10.96 2 069 0o
Probing depth. mm 454 | -
Stage | (=<4 mum) 4 0
Stage Il 1<5 mm) 5 0
AV (26 mm) 72 1 9%
inical sttachment loss. mm 302 148
Stage [ (1 10 2 mm) 2 0
Stage 11 (3 w0 4 mm) 355 054
Stage IV (=6 mm) 591 Li6

P05, PN

Tachs er al (25) also reported that the 1 allele was present in
only 4% of a Chinese cthnic group and in 1% ol a Japanese
ethaic group. Moreover, a small distribution of the tallcles
in the Asian race was also noted by Wang ef «f (40); only
5% of the population cxamined.

The differences im the frequency of the genotypes or alleles
in a population can be explained by the following concepi: All
polymorphisms begin as mutations occurnng asaresultol DNA
damage. As the frequency of the allele increases in the popula-
tion, the matation is converted o a polymorphism (11.42). The
difference in the allele frequencics between ethnicities tends
10 be influenced by evolwionary processes and genetic tras
of a single population. .il.‘n assocation studies regarding
VDR polymorphisms and periodontal discase have been
performed in other cthnic populations and races (3443.44).
Bmdy by Borges ¢r af (45) reported an OR of 4.57 for the
association between VOR and pcnndnnmm a Brazilian
population. In 2004. de Brito er af (26) also reported that the
genotype and baplotype of the VDR gene polymor phism nery
be associated with the incudence of penodontal discase. The
corresponding FB values were 241 and 432, respectively.
Similashy. Brett ef af (46) demonstrated an association between
VDR genc polymorphism and periodontitis in the Cavcastan
race. Similarly, Tachi ef af (25) reported an OR value as high
as 2.3 in the Japancse population.

In our previons study. an OR value of 12.57 was noted
indicating that subjcis with VDR genc polymorphisms
exhibited a 12.57-fold higher probability of suffering from
penadontitis than those without VDR gene poly morphusim (331,
This s expected considering that the VDR gene is invohved
in various processes ranging from bone metabolism to the
regulation of the imnune response. The Tundamental etiolog y
of periodontitis s inflammation cansed by bacterial mfection.

which promotes alveolar bone resorption: therelore. the VOK
gene appcars to be an optimal candidate for predicting
iodontitis susceptibility. Previously published studics
monstrated that VDR plays an important role in trabecukar
boste compared with its role incortical bone (26.46). Morcover.
the variation in the VDR allele is responsible for the varia-
tion in bone mineral density (BMD) (26.46). VDR, which is
mvohed i controlling calcium and phosphate concent rations
in the blood. is disrupted by the presence of variations in the
DNA sequence or the presence of polymorphisms, resulling in
a decrease m BMD across the body. including the mandible
and max illa (7). A decrease i jaw bone density will increase
the alveolar porosity by aliering the trabecular pattern. which
will eventually increase the bone resorption rate following the
mvasion of periodontal pathogens (46 431
In the curremt study. the clinical teatures of periodontal
tissuc damage accompanying periodontitis were inves-
tigated by examining the periodomitis phenotype. The
results indicated that patients with periodontitis who had
the Tt genotype exhibited a higher severity of perixdontal
tissue JafZee than those with the TT genotype. It was
assumed that the Tr/u genotype of exon 9 of the VDR gene
affected mRNA stability or decreased the expression levels of
mRNA of osteoblast-associated genes. This would decrease
osteoblast function and increase osteoclast Function, thereby
leading to seiie alveolar trabecular bone resorption. These
filings arc in accordance with a previous study conducted
by Sun er al (37) who demonsufid that the presence of
the 1 allcle in the VDR Tagl may be a risk indicator for the
susceptibility 1o carly-onset periodontitis. Tachi e al (25)
supported the findy t Sun ef al (37) by demonstrating that
the incidence of the Tagl polymorphism was associated with
the suscephibility of developing aggressive periodontitis. In
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Figuee | VDK zome pevis mseptian . Re-dncted fragment deagih polymorphoson- PR mthe (A Cane zroap and (B ool 2voup VIR v atwoan DD pocoplin

another study, the incudence of the | Zygous (1) genotype
of Tagl in paticnts with oseopoross was significantly higher
in the osteoporosis group compared with that of the control
group (18).

In addition 10 assessing the incidence of the VDR gene
pohymaorphism. the present stidy detected a change in the
sequence of the nuckeotides unrw.«pnr@; to the amino
acid valine. The nucleotide substitution n exon 9 (Tagl) of
the VDR gene results i the conversion of valine to alanime
m paticats with pertodontitis. Another published study
evaluated the levels of VDR gene exprd®bn in intron 8 and
demonstrated that the detection of Apal CT single nucleotide
polymorphism #r5731236 in patients with chronic perxion

Kilis was an important factor that was often overdooked in the
prevention of this clllu:.lﬁ:%l 3. Accumulated evidence from
the previously published systemiatic review and meta-analysis
showed that VDR is a biological effector of vitamin D that
controls bone metabolism and inflammatory gene expres-

sion (5). Accordingly. in another review. 1t was also found

that genetic polymorphisms coukd modify gene expression or

function. Therefore, they may alfect biological pathways and
ﬁ susceptibility of the subjects o a variety of discases (49).

¢ likely explanation for these observed associations is
to assume the existence of §ruly functional sequence
variation to a differem part of the gene, which is. 1o a certain
extent. linked 10 §ifalicle of the anonymous polymorphism
explored (25.49). In the present study. it was assumed that
the nucleotide change would likely affect the level of VOR
gene expression, which subsequently influences the transla

tion rate of the protein or causes certain changes m RNA
stability and translation. This mcrcased the susceptibalaty of
subjects with 8 1 allele 10 a ow bone density phenotype, The
present study showed that patients with the 1t genotype had
a higher PPD (8 mum) than those of the q‘?fnl\ with the Tt
t

and TT genotypes. Therefore, the findings of the preseot study

cmphasize on the assumption that patients with the 1t geno-
type are susceptible 10 decreased bone density or decreased
immune system lunction. Untortunately. since this was not
fully addressed in the current rescarch. i is recommended 1o
analyze these tindings m future studies
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Table 1. Vitamin D receplor gene genolype frequency in the
case and control groups.

Case Control
Genotype n % n %
T TO R6.42 80 98.77
T 10 1235 1 1.23
u 1 123 0 (1]
Total 81 100 81 100

Table 111. Comparison iﬁhc Vitamin D receptor genotype in
paticnts with periodontitis based on OHI-S. PPD and CAL.

TT genotype. Trvu genotype.

n=T0 n=11
Parameter Mean SD Mean sSD P-value
OHI-S 22 095 2:42 093 006
PFD is? 149 514 2N 0006
CAL 2R 1.26 441 206 0001
P M) ﬁl-s. oral hygaene index -samplified: PPD, probaing pocket

depth: CAL, climical attachment Joss.

It 15 important © note tlmgpm.un study has certain
limitations such as the small sample stz consisted of indi-
viduals from a single center. Therefore. additional rescarch is
required o identify the specitic pathe
and the Functional sigmificance of the polymorphisms of the
VDR gene.

In conciusion. the findings of the present study suggested

1 the VDR gene polymorphism was associated with peri-
odontins in akinsar-based population. Indirect evidence
confirmas that the severity of penodontal tissue damage may
be a consequence of the presence of the tallele or the 1t geno-
Iy pe.

sis of this disecase
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