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ABSTRACT

Objective: Lumbar disc herniation (LDH) is a common degener-
ative disease. It is still not clear if there is a possible association
between the vitamin D pathway and the etiopathogenesis of the
disease. In this study, we investigated certain VDR polymorphisms
which are known to affect vitamin D levels in patients with lumbar
disc herniation.

Material and Method: Tagl (rs731236) and Fok-I (rs2228570) poly-
morphisms were studied by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) in 72 LDH patients and
81 healthy controls.

Results: After evaluation of our results, the frequency of LDH pa-
tients who have VDR Tag-I Tt genotype was significantly higher than
the controls and carriers of Tag-1 Tt genotype and t allele who had
an increased risk for lumbar disc hernia cases, respectively p=0.002,
OR:1.688, 95%Cl:1.206-2.360; p=0.006, OR:1.420, 95%Cl:1.104-1.825.
VDR Fok-I genotypes did not differ significantly between lumbar
disc herniation and control cases. (p=0.079). But, Ff genotype and
f allele carriers had a higher risk for lumbar disk hernia than those
with other genotypes, respectively p=0.025, OR:1.594, 95%Cl:1.052-
2.414; p=0.037, OR:1.514, 95%Cl:1.019-2.250.

Conclusion: Our study contributes to the identification of genetic
risk factors for specific subgroups of patients with LDH, and em-
phasizes the contribution of these biomarkers to the detailed clin-
ical evaluation of patients with genetic biomarkers.

Keywords: Vitamin D receptor, polymorphism, lumbar disc herni-
ation
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Amag: Lomber disk hernisi (LDH) yaygin bir dejeneratif hastalik-
tir. D vitamini yolu ile hastaligin etyopatogenezi arasinda olasi bir
iliskinin varligi calismalarda tam olarak gosterilememistir. Bu calis-
mada LDH hastalarinda D vitamini diizeyini etkiledigi bilinen VDR
polimorfizmlerini arastirdik.

Gereg ve Yontem: Taql (rs731236) ve Fok-l (rs2228570) polimor-
fizmleri 72 LDH hasta ve 81 saglikli kontrol 6rneginde polimeraz
zincir reaksiyonu- restriksiyon fragman uzunluk polimorfizmi (PC-
R-RFLP) yontemi kullanilarak incelendi.

Bulgular: Elde edilen bulgularin degerlendirilmesi sonrasi VDR
Tag-1 Tt genotipine LDH hastalarinda gorilme sikligi kontrollerden
anlamli olarak yiiksek oldugu ve Tag-I Tt genotip ve t alel tastyici-
larinin  LDH vakalari icin yiksek risk tastyicisi oldugu tespit edil-
di, sirastyla; p=0,002, OR: 1,688,% 95Cl: 1,206-2,360; p=0,006, OR:
1,420,% 95Cl: 1,104-1,825. VDR Fok-I genotipleri LDH ve kontrol
vakalar arasinda degerledirildiginde anlamli farklik g6zlemlen-
memistir (p=0,079). Ancak, Ff genotipi ve f allel tasiyicilari LDH has-
talari icin diger genotiplere gore daha ytiksek bir risk tasimaktadir.
Sirasiyla; p=0,025, OR: 1,594, %95 Cl: 1,052-2,414; p=0,037, OR:
1,514, %95 Cl: 1,019-2,250.

Sonug: Calismamiz, LDH'li hastalarin belirli alt gruplari icin genetik
risk faktorlerinin tanimlanmasina katkida bulunmaktadir ve gene-
tik biyobelirteclerin hastalarin ayrintili klinik degerlendirmesine
katkisinin 6nemini vurgulamaktadir.

Anahtar Kelimeler: D vitamini reseptort, polimorfizm, lomber
disk hernisi
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INTRODUCTION

The intervertebral disc, a bond between two adjacent verte-
brae, contributes to the flexibility of the spine (1, 2). An in-
tervertebral disc disorder involves several pathological con-
ditions such as, deterioration, herniation, or other defects of
intervertebral discs. Degenerative changes of a disc lead to
several symptoms. Generally, these disorders are usually char-
acterized by low back pain (LBP). (1). More than 80% of peo-
ple suffer from LBP during their life time (3). LBP has been de-
fined as one of the most common musculoskeletal disorders
in the world, especially in the working population (4, 5) and
affects up to 50-80 % of people at least once during their life-
time (4). Studies have shown that lumbar disc degeneration
(LDD) is associated with LBP. The etiology of LDD has com-
plex features (4, 5). According to the general opinion, there
are several potential risk factors for a lumbar disc herniation,
such as, age, weight, gender, occupation and smoking, and
probably contribute to the genesis or to the acceleration of
spinal degeneration (1, 4). The etiology of disc degeneration
is based on environmental factors as well, as recent studies
have shown that the physiological, molecular and genetic
characteristics of herniated intervertebral disc tissues play a
very important role in explaining the pathogenesis of human
diseases (6, 7). Recent studies have demonstrated that, the
effect of genetic factors was found to be more important in
the progression of the lumbar disc hernias (1). Moreover, it is
also proposed that intervertebral disc disease is very similar
to complex disorders with multiple genetic forms. In the stud-
ies conducted so far, some genes were analyzed in the patho-
genesis of lumber disc disease. Previous studies implied that,
many genes are connected with lumbar disc disease, such as
collagen IX (COL9A2), matrix metalloprotease-3 (MMP-3), vi-
tamin-D receptor (VDR), estrogen receptor (ER) genes. These
genetic factors have been reported to influence the regener-
ation and degeneration degree of the spine (1, 8).

Vitamin D is one of the critical determinants involved in bone
metabolism and development (6, 9). The VDR gene, one of
the top members of the nuclear receptor family, is encoded
by chromosome 12 (8, 10). VDR are expressed in the growth
plate of the bone and cartilage cells osteoblastic cells (11).
Several studies determined that VDR play an important func-
tion in healthy bone structure. Therefore, VDR gene variants
were thought to be related with various bone diseases, such
as osteoporosis, osteoarthritis and degenerative disc disease
(1, 11). The VDR gene has been investigated as a genetic fac-
tor according to development of spine pathologies since
1998 (12). Recent studies have shown that VDR gene poly-
morphisms have an effect on the development of various de-
generative disc diseases (8). The Fok-I (rs10735810, merged
into rs2228570) polymorphism, one of the most important
variants in the VDR, is located on exon 2, and known as the
main responsible agent for creating an alternative transcrip-
tion initiation region that leads to alterations in the activity
of the VDR protein. Because of the replacement of cytosine
(C) by thymine (T), the Fok-I polymorphism causes differ-
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ent translation initiation sites to occur. These variations are
associated with a different capacity to induce transcription
of the VDR gene and VDR related genes (12). The VDR Fok-I
polymorphism prompts a change translation promoter site,
prompting the formation of a longer than wild VDR isoform.
As predicted, this caused it to be less active (7, 13). In the
end of the studies that have examined the relationship be-
tween LDD and the Fok-1 polymorphism have presented
conflicting data. For this reason, studies to be carried out in
different populations are important (7, 14, 15). Another sig-
nificant SNP of the VDR gene, the the Tag-l (rs731236T / C)
polymorphism is caused by a switch from ATT to ATC, which
leads to a synonym change in codon 352 (isoleucine) (12, 16,
17).In arecent study by Toktas et al., the intensity level of disk
degeneration has been shown to be enhanced by Tag-I. This
study suggests that the Tag-I SNP variant is associated with
the severity and development of intervertebral disc degen-
eration (IVDD) (18).

The aim of this study was to determine any relationship tween
the Tag-l and Fok-I polymorphisms of the VDR gene in lumbar
disc hernias.

MATERIAL AND METHOD

Subject selection: In our study, in 72 patients with lumbar disc
herniation, we analyzed the Tag-l and Fok-l gene polymor-
phisms in the VDR gene, and in 81 healthy individuals who ap-
plied to the Department of Neurosurgery of istanbul University
Cerrahpasa School of Medicine. The mean age between the
groups of the patients and the control group was 44.75+15.63
and 47.22+10.63 years, respectively. Samples from both groups
were taken after the informed consent form was signed, and
the study was conducted prospectively. istanbul Medical Fac-
ulty Clinical Research Ethics Committee approved our study.
The protocol followed during the study is consistent with the
Declaration of Helsinki World Medical Association (Ethical Prin-
ciples for Medical Research Involving Human Subjects).

Polymorphism Analysis

All blood samples were collected in tubes containing EDTA,
and DNA was taken from whole blood using the salting-out
method (19). Genotyping by polymerase chain reaction (PCR)
and restriction fragment length polymorphism (RFLP) was per-
formed using these methods (Table 1).

Statistical Analysis

Statistical analysis was performed using the Statistical Package
for Social Sciences version 21.0 (IBM Corp.; Armonk, NY, USA)
revision software package. Clinical laboratory data, which are
expressed as mean + SD, were compared between the pa-
tients and the control group by the unpaired Student's t test.
The differences in the distribution of VDR genotypes or alleles
between the patient and the controls were tested using chi-
square statistics. VDR alleles frequencies were calculated by
gene counting methods. p<0.05 was considered statistically
significant.
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Table 1.Tag-1 / Fok-I RFLP methods

PCR reaction Restriction

Gene Primers mixture Enzym Genotype PCR conditions
Taqg-l Forward:5’ 3mMMgCl,  Taql(65°C) TT (490,245 Initial denaturation
polymorphism CAGAGCATGGACAGGGAGCAAG 0,2mM dNTP, bp) Tt (490, step of 94°C for 4 min
3’; Reverse:5’ 0.2mM 290, 245, followed by 5 cycles of
GCAACTCCTCATGGGCTGAGGTCTCA 3’ primers 205 bp)tt  94°C for 45 sec, 64°C
0.2mM Taq (290,245,  for 60 sec and 72°C for
polymerase 205 bp) 2 min; and a further,
(ina50pl 25 cycles of 94°C for
reaction 30 sec, 64°C for 30 sec
volume for 1x and 72°C for 45 sec.
polymerase
chain
reaction)
Fok-I Forward :5’ 3mM Mgdl, Fok-1 (37°C) FF (272) Initial denaturation
polymorphism GATGCCAGCTGGCCCTGGCACTG 0.2mM Ff (272, step of 94°C for 4 min
3’; Reverse: dNTP 0.25 198, 74) followed by 5 cycles
5’ATGGAAACACCTTGCTTCTTCTCCCTC 3"  mM primer Ff (198,74) of 94°C for 45 sec,
0.25mM Taq 64°C for 60 sec and
polymerase 72°C for 2 min; and
(ina50pl a further, 25 cycles of
reaction 94°C for 30 sec, 64°C
volume for 1x for 30 sec and 72°C for
polymerase 45 sec. For Fok-I; initial
chain denaturation of 4 min
reaction) at 94°C, followed by

30 cycles of 94°C for

1 min, annealing at
60°C for 1 min and
extension at 720C for 1
min. A final elongation
step occurs at 72°C for
4 minutes.

RESULTS

Table 2. Allele and genotype frequencies of lumbar disc

The analysis included 72 lumbar disc hernia patients (32 female hernia cases and controls

and 40 male) and 81 healthy controls (47 female and 34 male). Controls Lumbar disc
The patient and control groups had similar distributions for (n=81) hernia (n=72)
age and sex differences. The genotype and allele frequencies of SNP n (%) n(%) p

the VDR polymorphisms (Fok-I and Tag-l) of lumbar disc herni-

ation patients and controls are demonstrated in Table 2. After ~Fok- Genotype

evaluation of our results, a significant difference was found in FE 55 (67.9) 37 (51.4) 0.079
Taqg | genotype distribution of VDR between patients and the

control group (p=0.006) (Table 2). The VDR Tag-l Tt genotype  Ff 24.(29.6) 34 (47.2)

was significantly higher in lumbar disc hernia patients (60.9%) f s 101.4)

compared with controls (39.2%), and carriers of the Tag-l Tt
genotype and the t allele had an increased risk for lumbar disc ~ Tag-l Genotype
hernia cases, respectively, as shown in the clinical features of the
study groups (p=0.002, OR:1.688, 95%Cl:1.206-2.360; p=0.006,
OR:1.420, 95%Cl:1.104-1.825). VDR Fok-I genotype frequencies Tt 30(37) 45 (62.5)
did not differ significantly between lumbar disc herniation and
control cases. (p=0.079). But, Ff genotype and f allele carriers

1T 39 (48.1) 19 (26.4) 0.006

tt 12(14.8) 8(11.1)
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Table 3. Lumbar function assessment test results in patient
group

Std.

Mean Deviation
VAS (Visual Analog Scale) 6.4559 1.59695
SLR - Right (Straight Leg Raise) 59.4444  20.13320
SLR - Left (Straight Leg Raise) 60.1786 17.55418
LFA (Lumbar Flexion Angle) 50.5147 19.41571
LFA-ROM
(Lumbar Flexion-Range of Motion)  4.6812 1.42066

Table 4. Comparison of homozygous genotypes according
to VDR Tag-l Polymorphism with lumbar function tests

Std.

Taqg-1 Mean Deviation P
TT Genotype 6.1111 1.32349

VAS 0.617
tt Genotype 6.4286 1.61835
TT Genotype 2.1765  0.72761

LFA-ROM 0.534
tt Genotype 2.3750  0.74402
TT Genotype 63.9286 20.20839

SLR - Right 0.125
tt Genotype 47.0000 19.87461
TT Genotype 67.1875 18.43626

SLR - Left 0.025*
tt Genotype 46.6667 15.05545
TT Genotype 51.7647 22.28657

LFA 0.824
tt Genotype 50.0000 17.32051

*p<0.05

had a higher risk for lumbar disk hernia than those with other
genotypes (p=0.025, OR:1.594, 95%Cl:1.052-2.414; p=0.037,
OR:1.514, 95%Cl:1.019-2.250, respectively). In our study, ac-
cording to gender, there is not any statistical significance of the
genotypes distribution. In addition, according to lumbar flexion
degrees in lumbar disc herniation patients compared to the dis-
tribution of VDR Tag-l and Fok-I polymorphisms genotypes, the
Fok-I polymorphisms genotypes for the ff genotype in individ-
uals (73.3+£16.9) were determined to be statistically significant-
ly higher than the Fok-l Ff genotype in individuals (48.4+15.3);
(p=0.018). Functional lumbar evaluation tests (Table 3) applied
in the diagnosis and evaluation process of our patient group
were evaluated for VDR Tag-l and VDR Fok-I polymorphisms. SLR-
Left who have Taql TT genotype was found to be 1.44 times than
patients with tt genotype (Table 4; p=0.025). For the Fok-I poly-

Table 5. Comparison of f allele carriage or FF genotype
carriage with lumbar function tests in VDR Fok-I
polymorphism

Std.
Fok-I1 Mean Deviation p
fallele 6.8485  1.62252
VAS 0.048*
FF genotype 6.0857  1.50238
fallele 59412 251857
LFA-ROM 0.386
FF genotype 3.4571 1.37528
SLR - Right fallele 63.3333  20.39833
(Straight Leg 0.113
Raise) FF genotype 54.5833 19.10592
fallele 60.9259 15.13002
SLR - Left 0.762
FF genotype 59.4828 19.79109
fallele 48.1818 16.94745
LFA 0.340
FF genotype 52.7143 21.50044
*p<0.05

morphism, the VAS value was found to be 1.14 times statistically
higher in patients with the f allele than in patients carrying the
FF genotype (Table 5; p=0.04). The lumbar functional evaluation
data of the patient group are presented in Table 4.

DISCUSSION

Some of the polymorphisms in the VDR gene encoding vitamin
D, which is an important factor in the regulation of cell divi-
sion and differentiation, were investigated for their functional
significance and potential effects on disease sensitivity (20).
Several studies have shown that cellular effects of VDR may be
associated with cell proliferation of disc cells. In addition, ex-
pression rates of matrix genes are related to specific cytokines
and protein production (21, 22). Despite the recent research
on lumbar disc disease, knowing that genetic factors play a
critical role as the VDR gene, these genes have not yet been
fully described (23). Researchers have rapidly turned to poly-
morphisms of these genes to determine the expression and
effects of the full functions of these genes (23). In our study,
although there was no statistically significant difference in
terms of genotype distribution according to sex, we found a
positive correlation between Tag-l genetic variant of VDR gene
and lumbar disc herniation. We also determined that the VDR
Tag-l Tt genotype might affect the development of lumbar disc
hernia. These results are correlated with the work of Toktas et
al. (18). At the same time, this work constitutes evidence for the
suggestion of Taql SNP, which Tag-I SNP of VDR could be associ-
ated with both escalated developing IVDD and violent IVDD, in
the compilations of Martrosyan et al. (3) in 2016.
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Another gene associated with the VDR in our study, Fok-I poly-
morphism FF genotype, could be a less active variant, there-
fore, this alternation may lead to a more aggressive disease
prognosis (24, 25). In several studies, the association of the
Fok-l polymorphism in the VDR with the hernia, disc degener-
ation in different ethnic groups or lumbar spinal stenosis was
analyzed (12). Colombini et al. According to the data obtained
from the study, VDR Fok-I polymorphism in Italian population
reported that there is no correlation with the risk of lumbar
spine disease (12). In addition, several studies have determined
similar results according to various types of disc pathologies
(26). On the other hand, several previous studies have report-
ed a relationship between the Fok-l polymorphism in VDR and
the specific signs of disc degeneration in different populations
such as Turkish (14), Brazilian (13) and Finnish (27). But some
studies with Italian (12) and Mexican Mestizo patients (28), and
a study of Norway case/control found an association with Fok-I
genotypes (7). According to the findings of our studies, the in-
dividuals who have the genotype Ff and ff are associated with
a worse prognosis than the individuals having the genotype FF.

The results of VDR Fok-I polymorphism in Italian athletes
showed that f allele carrying was associated with LBP (29).
However, it has been shown in the Italian population that the
F allele is associated with a two-fold increase in risk for lumbar
spine pathologies. In addition, the protective effect of f allele
was emphasized (12). In our results, f allele carriage and Ff gen-
otype carriage were associated with lumbar disc hernia. At the
same time, the f allele was found to be associated with pain
scores (VAS). This may be due to allele frequency differences
between populations. In terms of VDR Tag-I polymorphism,
SLR-Left was found to be higher in TT genotype than tt geno-
type in our study. The fact that this data have not been report-
ed in different populations and similar spectrum of diseases is
unique in terms of its contribution to the literature.

We observed a positive correlation between the levels of Vita-
min D in lumbar disk degeneration patients. But these genetic
polymorphisms play two important roles in regional disparities
of race and ethnicity. Some polymorphisms tend to be more
potent or less effective in some races, and there are two im-
portant genetic polymorphism aspects that occur in variations
originating from race and ethnic origin. Fok-1 SNP, for example,
has been associated with more intervertebral disk degenera-
tion risk in Hispanics than in Asian populations, but no associ-
ation with intervertebral disk degeneration has been found in
Caucasians (3, 30).

Our limitation is small size of the sample. A stronger statistical
result and our findings are needed to verify the number of pa-
tients with more advanced studies.
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