RESEARCH ARTICLE/KLINIKCALISMA

FLORA 2021;26(3):477-487 « doi: 10.5578/flora.20219716

Association of Vitamin D Receptor Polymorphisms
to Pulmonary Tuberculosis in Turkish Patients: An
Up-to-date Meta-Analysis and A Case-Control Study

Tark Hastalarda Vitamin D Reseptori Polimorfizmleri ve Pulmoner
Tuberkiloz lliskisi: GiUncel Meta Analizi ve Vaka-Kontrol Calismasi

Ceren ACARY(ID), Harika GOZUKARA BAGZ(ID), Refika Dilara VAIZOGLU3

! Department of Moleculer Biology and Genetics, Inéni University Faculty of Science and Literature, Malatya, Turkey
2 Department of Biostatistics and Medical Informatics, inénu University Faculty of Medicine, Malatya, Turkey
3 Department of Biology, Hacettepe University Faculty of Science and Literature, Ankara, Turkey

Cite this article as: Acar C, Goziikara Bag H, Vaizoglu RD. Association of vitamin D receptor polymorphisms to pulmonary tuberculosis in Turkish
patients: An up-to-date meta-analysis and a case-control study. FLORA 2021,26(3):477-87.

ABSTRACT

Introduction: Tuberculosis is a major global health issue, threatening millions of lives every year. To understand the interactions
between host and the pathogenic factors, many association studies are being held in different populations and most of the time results
are controversial. Vitamin D receptor is one of the immunomodulatory molecules that may have an effect on susceptibility to tuber-
culosis. Up to now, there was no positive association reported with the tuberculosis and Fok | or Taq | polymorphisms of VDR gene in
tuberculosis patients of Turkish origin. The aim of this study was to make an updated meta-analysis and a case-control study in our
group of patients for figuring out the association between Fok | and Taq | polymorphisms of VDR and TB.

Materials and Methods: In the present study, association of pulmonary tuberculosis and VDR gene’s Fok | (rs 2228570) and Taq |
(rs20731236) polymorphisms were investigated in our patient group from Malatya, and a comparison was made by a meta-analysis
with the mentioned polymorphisms. Ninety-four healthy controls and 80 patients are subjects of case control study. The samples are
genotyped for Taq | and Fok | polymorphisms by using TagMan SNP genotyping kits. The allelic and genotypic distributions were
analyzed by exact significance of the Pearson’s test or Fisher’s exact tests. Meta-analyses for each SNP were conducted under four
different genetic models. The statistical significance of the pooled ORs was determined by a Z test and publication bias was evaluated
by Egger’s test.

Results: Our case control study Taq | polymorphism showed no significant association to TB which also matched with our meta-analysis.
On the other hand, for Fok | polymorphism, genotypes and allele frequencies were significantly different in our focus group (p 0.044).
Sex based analysis gave significantly different results in women with TB as well even though our meta-analysis showed no association
to that polymorphism.

Conclusion: The reasons underlying the susceptibility to TB is still not clear. The immune response process is so complex and many
molecules are taking part in these reactions. So, there are a lot of candidate molecules to be checked in the association studies. VDR
is still one of those molecules and may be other than by checking single SNPs, haplotypes could be under investigation with bigger
populations.
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Giris: Tiiberktiloz kiiresel bir halk saghgi problemidir ve her yil milyonlarca insanin hayatini tehdit etmektedir. Konak ve patojenik faktor-
ler arasindaki etkilesimlerin anlasilabilmesi icin farkl poptilasyonlarda bircok baglanti calismasi yiiriitiilmekte ancak bu ¢alismalar cogu
zaman tartismali bir sekilde sonuglanmaktadir. Vitamin D reseptérii (VDR) tiiberkiiloza yatkinlikta ya da direngte etkisi oldugu dtistinii-
len immdinmodiilatér faktdrlerden bir tanesidir. Tiirk popiilasyonunda VDR polimorfizmleri ile tiiberkiiloza yatkinlik arasinda baglanti
oldugunu rapor eden bir ¢alisma bulunmamaktadir. Bu nedenle hasta grubumuzda tiiberkiiloz ve VDR geninin Fok | ve Taq | polimor-
fizmleri arasindaki baglantiyr incelemek icin bir vaka-kontrol ¢alismasi ve meta -analizi yapmayr amagladik. Sundugumuz bu ¢alisma
tilkemiz poptilasyonunda Fok | polimorfizmi ile tiiberkiiloza yatkinlik arasinda istatistiksel olarak anlamli baglanti gdsteren ilk calismadir.

Materyal ve Metod: Sundugumuz bu ¢calismada Malatya ili ve cevresinden olusturulmus hasta grubumuzda VDR’nin Fok | (rs2228570)
ve Taq | (rs20731236) polimorfizmleri ile pulmoner tiiberkiiloz baglantisini taranmis ve s6zii edilen polimorfizmlere yénelik bir meta
analizi ile karsilastinimistir. Bu dogrultuda vaka kontrol calismasina 94 sadlikli birey ve 80 hasta dahil edilmistir. Ornekler TagMan SNP
genotipleme kitleri araciligi ile Taq | ve Fok I polimorfizmleri icin genotiplendirilmistir. Alelik ve genotipik dagilimlar, Pearson kesin ki-kare
ya da Fisher kesin ki-kare testleri ile incelenmistir. Meta analizleri her polimorfizm icin dort ayri genetik model altinda ydirtittilmdistiir.
Ortak odds oranlarinin anlamliligi Z testi ile degerlendirilmistir. Yayin yanhhiginin belirlenmesi icin Egger testi kullanilmistir.

Bulgular: Vaka-kontrol calismamiz Taq | polimorfizmi ile tiiberkiiloz arasinda anlamli bir iliskiye ulasamamustir ve bu bulgu meta analizi
calismast ile orttismektedir. Diger yandan Fok | polimorfizmi genotipleri ve alel frekanslarinin hedef hasta grubumuzda istatistiksel olarak

anlamli farklihiga sahip oldugu bulunmustur (p= 0.044). Cinsiyete bagl analizler de benzer sekilde istatistiksel olarak anlamli bir sonuca
ulasmisken meta analizinde cinsiyetle iliskili bir baglanti bulunamamistir.

Sonug: Tiiberkiiloza yatkinhgin altinda yatan nedenler hala acik degildir. infeksiyonlara karsi immiin yanit siireci karmasik bir siirectir ve
bu reaksiyonlarda bircok molekdil gorev almaktadir. Vitamin D reseptorii bu molekiillerden sadece bir tanesidir ve tiiberkiiloza yatkinlk
icin bu aday molekdillerin polimorfizmlerinin daha kapsamli ¢calismalarla incelenmesine ihtiyag duyulmaktadir.

Anahtar Kelimeler: Tiiberkiiloz; VDR polimorfizmleri; Genotipleme; D vitamini; Baglanti calismasi

INTRODUCTION improved by the immune system’s response. As
Tuberculosis (TB) is an important cause seen in many infectious diseases, the differences

of morbidity and mortality worldwide. 1/3 of between the numbers of infected and sick people
the population is infected with Mycobacterium are caused by differences in balance between host
tuberculosis (MTB). According to World Health defense and the virulence of the organism. The

Organization 2019 Global Tuberculosis Report, mechanisms  that prevent the disease phenotype
in some infected individuals cannot be understood

10 million people were infected with the disease
exactly. The susceptibility to active disease can be

and 1.2 milion lives were lost in 2018,

Tuberculosis accounts for 2.5% of all diseases related with genetic factors'®.

worldwide and 26% of preventable deaths?. 1t Evidence from epidemiological studies shows
can remain in the latent phase for a very long a link between vitamin-D deficiency and tubercu-
period of time after infecting the individuals. losis. In the UK and Indonesia, levels of serum
Although some of the infected individuals show 25(OH)D3 have been found to be lower in TB
symptoms, the disease never develops in some, patients, which is also related with disease sever-
even ~ 90% of these individual's situations are ity. 1.25(OH)D3 which is the active metabolite
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of vitamin D -an immunomodulatory molecule.
1,25(OH)D; is converted from 25 hydroxyvitamin
D3 by la-hydroxylase enzyme. When M. tuber-
culosis infection activates the receptors’ innate
immune system, the following signaling events
upregulates the expression of la-hydroxylase and
vitamin D receptor (VDR) in monocytes and
macrophages and this leads to increased potential
binding of 1,25(0OH)D5 to VDR. Antimicrobial
peptides like cathelicidins are involved in the first
line of defense against infections and LL-37 is
one of the members of cathelicidin family which
is the only member of this family identified in
humans, its production may be enhanced by
1,25(OH)D5. This peptide modulates the immune
system by attracting monocytes, T cells and neu-
trophils to the infection region. LL-37 production
is upregulated in neutrophils and macrophages
with the presence of 1,25(OH)D3[3].

The nuances found on VDR gene could affect
the cellular functions of 1,25(0OH)D4 and could
be link to disease susceptibility. In many popula-
tions, several association studies have been held
related with VDR polymorphisms and susceptibili-
ty to TB but the results are inconsistent.

We aimed to investigate the association of
Fok I (rs2228570) and Taq I (rs20731236) pol-
ymorphisms of VDR gene and susceptibility to
pulmonary tuberculosis (PTB) in a meta-analysis
and also in a case-control study with a group of
Turkish patients.

MATERIALS and METHODS
Subjects

Turkish pulmonary tuberculosis patients and
age and sex-matched healthy control individuals
were the subjects of this study. Patients were
recruited from the XXX Provincial Health Di-
rectorate and molecular study was performed
in Department of XXX. The study was perfor-
med in accordance with the guidelines of the
Declaration of Helsinki and was approved by
local ethics committee (Protocol #2016/150). All
subjects were informed about the procedures,
and consent was taken before the start of the
study. Ninety-four control subjects and 80 patient
subjects were included in the analysis for Fok I
(rs2228570) genotyping and 93 control subjects

and 78 patient subjects were included in the
analysis for Taq [ (rs20731236) genotyping de-
pending on the reaction quality.

Genotyping

Genomic DNA was extracted from periphe-
ral blood using a commercial kit (PureLink®
Genomic DNA Mini Kit; Invitrogen, Carlsbad,
CA, USA), according to the manufacturers’ pro-
tocol. All samples were coded to ensure anon-
ymity. The quantity of DNA was measured by
Qubit assays (Thermo Fisher Scientific Inc.,
USA). DNA samples were stored at -20°C un-
til analysis. All samples were genotyped using
the TagMan® Single-nucleotide polymorphism
(SNP) Assays (Applied Biosystems, Foster City,
CA, USA): C_12060045_20 for rs2228570 and
C_2404008_10 for rs20731236. All assays were
performed in total volume of 10 uL, using
TagMan Genotyping MasterMix on 96-well pla-
tes. Negative control and three samples with
known genotypes were included in each assay.
StepOnePlus™ Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) was used for
genotyping reactions.

Statistical Analysis for Case-Control Study

The data was summarized by count and per-
cent. Hardy-Weinberg equilibrium was tested by a
chi-square distribution with 1 degrees of freedom.
Differences between the groups due to allelic and
genotypic distributions were analyzed by exact
significance of the Pearson’s test or Fisher's exa-
ct tests where appropriate. In comparisons, the
significance level was considered as 0.05.

Meta-Analysis

To evaluate the association between PTB and
VDR polymorphisms, odds ratio (OR) was used
as the effect size. To decide the appropriate me-
ta-analytic method, heterogeneity among studies
were interpreted by 12 and Cochran’s Q test
statistics. The studies considered as heterogeneous
if 12>50% or p< 0.05 for Q statistic/*. Since
for all genetic models the heterogeneity was high,
the DerSimonian-Laird (DSL) random effects mo-
del was used to achieve the pooled effect size.
Meta-analyses were conducted under four different
genetic models for each SNP. For Taq 1: T
allele vs t allele, TT genotype vs t-allele carriers
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(Tt+tt), T-allele carriers (TT+Tt) vs tt genotype
and TT genotype vs tt genotype. For Fok 1; F
allele vs f allele, FF genotype vs f-allele carriers
(Ff+ff), F-allele carriers (FF+Ff) vs ff genotype
and FF genotype vs ff genotype. The statistical
significance of the pooled ORs was determined
by a z test and publication bias was evaluated
by Egger’s test. In all analyses, the significance
level was considered as 0.05 and statistical analy-
ses were done by STATA 14.0 software (Stata
Corporation, College Station, Texas, USA).

Literature Search

Search words VDR or vitamin D receptor and
PTB were used on databases (PubMed, Web of
Science, Google Scholar) date up to November
2019. To find other appropriate studies, we also
examined the references of the key studies. The
selection process of the studies included in the
meta-analysis is given by the flow diagram in
Figure 1.

Full-text articles excluded. with reasons
(n = 14) different diagnostic groups

=
._g Records identified through
_g database searching after
= duplicates removed
=
n=96
S ( )
) v
= Records excluded. with reasons
= (n=38) Titles and abstracts
@ .
@ (n=6) Meta-analysis
A (n=_8) Review
)
E Full-text articles assessed
S for eligibility >
oo .
= (n=44)
——
- Studies included in
3 meta-analysis
% Taql (n=20)
= FokI(n=19)

(n=6) control group not in HWE
(n=3) SNP did not match
(n=1) inconsistent data

Figure 1. Flow diagram of the selection process of the studies included in meta-analysis.
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Inclusion-Exclusion Criteria

Our hypothesis was to investigate the effect
of VDR Fok I and Taq I polymorphisms on sus-
ceptibility to PTB. To test that hypothesis, our
meta-analysis must have met the following crite-
ria: i) the studies which concern the association
between VDR SNPs and PTB and also healthy
individuals as controls in case-control studies were
included in meta-analysis; ii) the studies do not
have a genotype distribution of control population
in Hardy-Weinberg Equilibrium (HWE); iii) and in
which patients diagnosed with different type of
TB rather than PTB; iv) the subjects with mul-
tiple diseases; v) the publications not in English
were excluded. The characteristics of the studies
included in meta-analysis resulted from the selec-
tion process are given in Table 1 for Taq I and
in Table 2 for Fok I polymorphisms.

RESULTS

In the case-control study, we could not find
a significant association for Taq I genotype and
allele frequencies (In controls: TT-49.5%, Tt-39.8
%, tt-10.7 %, in patients: TT-52.6%, Tt-29.5%,
tt-17.9% for the allele frequencies T 69.4%
and t 30.6 % in controls and T 67.3% and
32,7% in patients). The sex-based analysis was
also performed, and the results were again not
significantly different. The results of the case
control study of Taq I is given in Table 3 and
the sex related analysis of Taq I is given in Table
4. On the contrary, for Fok I polymorphisms the
genotypes and allele frequencies were significantly
different in our focus group (In controls: FF-
63,8%, Ff-28.7%, ff-7.5% in patients: FF-45%,
Ff-45%, ff-10% p 0.044 and allele frequencies
in controls F-78,2%, {-21,8% and in patients

Table 1. Characteristics of the studies included in meta-analysis for Taq |

Genotype Distribution

Case Control
First author, year T Tt tt T Tt tt Ethnicity
Bellamy, 1999 204 177 27 188 177 49 African
Wilkinson, 2000 21 16 2 45 58 13 Asian in West London
Delgado, 2002 325 30 96 10 0 Cambodian
Bornman, 2004 174 132 37 331 253 50 West African
Lombard, 2006 50 29 5 47 34 1 Venda of South Africa
Olesen, 2007 150 145 25 161 150 34 West African
Banoei, 2010 8 33 19 33 24 5 Iranian
Ates, 2011 49 65 14 30 39 11 Turkish
Kang, 2011 134 14 1 85 8 1 Korean
Alexandra, 2013 16 52 0 43 48 19 Romanian
Rashedi, 2014 35 34 15 38 41 11 Iranian
Salimi, 2014 52 54 14 67 50 14 Iranian
Mestre, 2015 51 33 2 58 38 1 Venezuelan
Harishankar, 2016 36 39 15 42 39 8 Indian
Jafari, 2016 38 46 12 56 58 8 Iranian
Lee, 2016 186 12 0 149 20 1 Han Taiwanese
Panwar, 2016 66 28 12 90 14 2 Indian
Rizvi, 2016 92 27 11 104 22 4 Indian
Devi, 2018 86 73 10 116 86 25 Indian
Silva-Ramirez, 2019 132 110 15 228 199 30 Mexican
This study, 2019 41 23 14 46 37 10 Turkish

FLORA 2021;26(3):477-487
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Table 2. Characteristics of the studies included in meta-analysis for Fok |

Genotype Distribution

Case Control

First author, year FF Ff ff FF Ff Ethnicity
Wilkinson, 2000 24 14 1 74 39 2 Asian in West London
Bornman, 2004 258 138 20 444 242 32 West African
Liu, 2004 29 63 28 85 120 35 Han Chinese
Lombard, 2006 43 21 2 66 18 Venda of South Africa
Olesen, 2007 198 106 16 207 118 19 West African
Banoei, 2010 30 21 9 29 27 6 Iranian
Marashian, 2010 97 57 10 15 30 Iranian
Ates, 2011 58 60 10 35 37 Turkish
Kang, 2011 30 58 15 41 43 21 Korean
Singh, 2011 55 40 6 96 110 19 Indian
Wu, 2013 72 96 45 101 88 22 Chinese Kazakh
Rashedi, 2014 44 33 7 50 32 8 Iranian
Salimi, 2014 65 44 11 93 31 7 Iranian
Sinaga, 2014 27 42 7 30 34 12 Indonesian
Mestre, 2015 34 47 12 26 60 16 Venezuelan
Wu, 2015 57 70 24 226 181 46 Chinese
Lee, 2016 44 104 50 51 87 32 Han Taiwanese
Devi, 2018 59 106 4 119 920 18 Indian
Silva-Ramirez, 2019 76 119 62 80 218 159 Mexican
This study, 2019 36 36 8 60 27 7 Turkish

Table 3. Genotype and allele frequencies for Taq |

Genotype n(%) Allele n(%)

Group T Tt tt ] Hardy-Weinberg T t o]

Control 46 (49.5) 37(39.8) 10(10.7) 0.537 129 (69.4) 57 (30.6) .

Patient 41 (52.6) 23(29.5) 14(17.9) 0.003 105 (67.3) 51 (32.7)

Table 4. Sex related analysis for Taq |

Genotype n(%) Allele n(%)

Women TT Tt tt [ T t [

Control 5(31.3) 8 (50.0) 3(18.7) 18 (56.3) 14 (43.7)

Patient 20 (50.0) 11 (27.5) 9 (22.5) 0.262 51 (63.7) 29(36.3) 0.602

Men TT Tt tt o] T t [

Control 41 (53.2) 29 (37.7) 7 (9.1) e 111 (72.1) 43 (27.9) 655

Patient 21 (55.3) 12 (31.6) 5(@13.1) 54 (71.1) 22 (28.9)

asz|
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Table 5. Genotype and allele frequencies for Fok |

Genotype n(%) Allele n(%)
Group FF Ff ff p Hardy-Weinberg F f p
Control 60 (63.8) 27(28.7) 7(7.5 0.04 0.126 147 (78.2) 41 (21.8) 0.025
Patient 36 (45.0) 36 (45.0) 8(10.0) 0.818 108 (67.5) 52 (32.5)
Table 6. Sex related analysis for Fok I
Genotype n(%) Allele n(%)
Women FF Ff ff o] F f [
Control 11 (64.7) 3(17.6) 3(17.6) 25(73.5) 9 (26.5) 0358
Patient 14 (35.0) 22 (55.0) 4 (10.0) 50 (62.5) 30 (37.5)
Men FF Ff ff F f [
Control 49 (63.6) 24 (31.2) 4(5.2) 122 (79.2) 32 (20.8) 0320
Patient 22 (55.0) 14 (35.0) 4 (10.0) 58 (72.5) 22 (27.5)
Table 7. The results of the meta-analyses under different genetic models for Taq |
p
Genetic model OR (95% C.1.) 12 (%) Pq P, Pe
T s t121] 1.123 (0.960-1.313) 69.8 <0.001 0.147 0.155
TTvs (Tt+t)2 1.135 (0.950-1.355 60.8 <0.001 0.163 0.123
(TT+Tt) vs 211 1.219 (0.869-1.709) 59.0 <0.001 0.252 0.402
TT vs ttl21] 1.304 (0.892-1.905) 64.5 <0.001 0.170 0.294
Tthe superscript numbers in brackets represent the number of studies included in meta-analysis.
q‘_PQ: p for Q test; P: p for z test; P.: p for Egger’s bias test.
Table 8. The results of the meta-analyses under different genetic models for Fok 1
p
Genetic model OR (95% C.1.) 12 (%) Pq P, Pe
Fvs f[20] 1.090 (0.926-1.283) 76.4 <0.001 0.300 0.624
FF vs (Fi+)[20]  1.142 (0.914-1.426) 76.7 <0.001 0.243 0.771
(FF+Ff) vs 2] 1.030 (0.800-1.326) 52.3 0.003 0.818 0.939
FF vs £f120] 1.070 (0.768-1.491) 67.6 <0.001 0.691 0.980

‘Tthe superscript numbers in brackets represent the number of studies included in meta-analysis.

:l:PQ: p for Q test; P,: p for z test; P.: p for Egger’s bias test.

F-67.5% and f-32.5% p 0.025) and also sex
based analysis gave significantly different results
in women with TB. The results of genotyping
of Fok I polymorphism and sex related analysis
was given in Table 5 and Table 6 respectively.

Literature search resulted in 20 studies for
Tag I (rs20731237) and 19 studies for Fok I
(rs2228570) that met the inclusion criteria. We
also included case-control results of this study in
the meta-analysis. In tables 7 and 8, pooled OR

FLORA 2021;26(3):477-487
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Author, %
year OR (95% Cl)  Weight
.

Bellamy,1999 - 0.79 (0.64, 0.98) 6.77
Wilkinson, 2000 —e— 0.61(0.34, 1.08) 2.78
Deigado, 2002 —_— 1.07 (0.52, 2.19) 2.94
Bomman,2004 - 1.11(0.91, 1.36) 6.81
Lombard, 2006 _ 1.07 (0.64, 1.80) 4.20
Olesen, 2007 — 0.95 (0.75,1.20) 6.59
Banoei, 2010 ' ——%—3> 3.84(2.24,6.56) 4.04
Ates 2011 —— 0.93 (0.62, 1.39) 5.06
Kang,2011 —_— 1.01(0.45,2.27) 251
Alexandra, 2013 —_— 0.96 (0.62, 1.50) 4.80
Rashedi 2014 —r— 1.14(0.74,1.77) 4.82
Salimi, 2014 i 1.22(0.84,1.78) 533
Mestre, 2015 —_— 1.06 (064,1.75) 429
Harishankar,2016 - 1.39 (0.90, 2.15) 4.81
Jafari,2016 - 1.32(0.88, 1.97) 5.12
Lee. 2016 —_— 0.45 (0.22, 0.93) 2.93
Panwar,2016 | ——%—— 3.50(1.97,6.23) 3.77
Rizvi,2016 —— 1.78 (1.09, 2.91) 4.38
Devi 2018 — 0.89 (0.65, 1.21) 5.90
Silva-Ramirez,2019 — 0.95 (0.74,1.21) 651

This study,2019
Overall (-squared = 69.8%, p = 0.000)

NOTE: Weights are from random effects analysis
e T

1.10 (0.70, 1.74) 465
1.12 (0.96, 1.31) 100.00

Author, %
year OR (35% CI) Weight
'

Bellamy, 1998 — 083(063,109) 732
Wilkinson, 2000 — 0.54(0.26,1.13) 3.3
Delgado,2002 —_— 0.97(0.46,2.05) 347
Bomman, 2004 —— 1.06(0.82, 1.38)  7.42
Lombard,2006 — 0.91(049,169) 427
Olesen, 2007 —*-;— 0.99(0.73,135) 7.03
Banoei,2010 r —— 740(3.02,18.12) 272
Ates 2011 —— 097(054,172) 458
Kang,2011 _ 106(044,252) 283
Alexandra 2013 —— 209(1.06,4.11) 386
Rashedi 2014 — 1.02(0.56, 1.87) 4.38
Salimi, 2014 H— 1.37(0.83,225) 522
Mestre, 2015 — 102 (056, 184) 447
Harishankar,2016 T 134(074,242) 446
Jafani 2016 o 1.30(0.75,2.23) 485
Lee,2016 —_— 0.46(0.22,0.96) 348
Panwar,2016 ) —— 341(1.76,6.60) 397
Rizvi,2016 - 1.65(0.93,293) 461
Devi 2018 ——— 1.01(0.68,150) 613
Siva-Ramirez,2019 — 0.94 (0.69,1.28) 7.02
This study, 2019 — 0.88 (048, 161) 439
Overall (-squared = 60.8%. p = 0.000) @ 113(0.95, 1.36)  100.00
NOTE: Weights are from random effects analysis| ;

T T

152 1 6.56
a) Forest plot under the T vs t model for Taq 1
Author, %
year OR (35% CI) Weight
Bellamy, 1999 == 0.53(0.32,0.86)  8.33
Wilkinsen,2000 —_— 0.43(0.09,1.99) 3.28
Delgado,2002 — e 210(0.11,4092) 115
Bornman, 2004 ] 1.41(0.90, 2.21) 8.59
Lombard, 2006 —h—o— 513 (059, 44.87) 196
Olesen, 2007 _.-T 0.78 (0.45, 1.33) 8.03
Banoei 2010 || —— 5.28(182,15.31) 505
Ates,2011 —— 0.77(0.33,179)  6.20
Kang.2011 —_— 0.63(0.04, 10.17) 1.29
Alexandra 2013 [ 0.03(0.00,058) 1.25
Rashedi,2014 e 156 (0.67,363)  6.21
Salimi,2014 - 1.10(050,242) 654
Mestre 2015 —-:—-— 229(0.20, 25.66) 164
Harishankar,2016 --:-t— 2.03(0.81,5.05) 581
Jafari,2016 o 204(0.80,520) 568
Lee.2016 —e 0.28(0.01,7.03)  1.00
Panwar.2016 — 6.64 (145,30.43) 331
Rizvi, 2016 | 291(0.90,940) 456
Devi, 2018 - 051(024,109) 668
Siva-Ramirez,2019 —— 0.88(047,167) 742
This study, 2019 4+ — 182(0.76,4.35) 6.03
Overall (I-squared = 59.0%, p = 0.000) 0 122(087,171)  100.00
NOTE: Weights are from random effects analysis|!
T T

0552 1 181
b) Forest plot under the TT vs Tt+tt model for Taq 1

Author, %
year OR (95% C1) Weight
Bellamy, 1999 == 0.51(0.30,0.85)  7.90
Wilkinson,2000 —_—— 0.33(0.07.159) 356
Delgado,2002 —_——— 208(0.11,4053) 138
Bornman, 2004 = 141(089,224) 811
Lombard 2006 - 470(053,4173) 227
Olesen, 2007 — 079(045,138) 767
Banoei,2010 S 15.68 (4.48, 54.81)  4.60
Ates, 2011 —— 0.78(0.31,1.94)  6.02
Kang,2011 —_—f— 0.63(0.04,10.28) 154

I dra, 2013 € ]

0.07(0.00,1.18) 147
Rashedi 2014 —— 148 (0.60,3.65)  6.05
Salimi 2014 —_— 129(0.56,294) 642
Mestre,2015 —_— 227(020,2583) 193
Harishankar, 2016 = 219(0.83,575) 577
Jafari, 2016 i 2.21(0.83,5.92) 5.69
Lee,2016 _ 0.27 (0.01,661) 121
Panwar,2016 — 818 (1.77,37.80) 369
Rizvi, 2016 —— 3.11(0.96,10.10)  4.88
Devi, 2018 — 054(025,118) 661
Sika-Ramirez. 2019 —_— 0.86(045,166) 723

This study.2019
Overall (-squared = 64.5%, p = 0.000)

NOTE: Weights are fiom random effects analyﬁj '
T T

1.57 (0.63, 3.92) 6.00
1.30 (0.89, 1.90) 100.00

100203 1 492
c) Forest plot under the TT+Tt vs tt model for Taq 1

00386 1
d) Forest plot under the TT vs tt model for Taq 1

Figure 2. Forest graphs under different genetic models for the association between Taq | and PTB.

estimates and 95% confidence intervals (95% C.1.)
under different genetic models and p values; for
the Q heterogeneity test (PQ), for the significance
of the pooled estimate (PZ) and for the Egger’s
bias test (PE) are given respectively for Taq I
and Fok I polymorphisms. The number of studies
included in the meta-analysis under each genetic
model is indicated in parentheses by superscripts
in the tables. OR estimates, 95% C.I. and the
weights of independent studies are presented by
forest plots (Figure 2, Figure 3). No publication
bias was determined by the Egger’s test. We
could not find any association between Taq I or
Fok [ polymorphism and tuberculosis under any

genetic model that were analyzed in meta-analysis
and are given in Tables 7 and 8.

DISCUSSION

In many studies performed in different
populations of the world in different centers,
there were inconsistent results related with the
VDR polymorphisms and TB susceptibility. The
present study aimed to analyze this relation in
a meta-analysis and a case control study from
our population. We checked the Taq I and Fok
[ polymorphisms in our population and tried to
compare the results with other reports from other
regions of the world. In the meta analysis, we
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Author, %
year OR (95% CI) Weight
Wilkinson, 2000 _— 112(069,213) 336
Bomman 2004 — 1.01(0.82,1.24) 629
Liu, 2004 —_— 150 (1.10,2.05) 557
Lombard,2006 — s 159(085,297) 345
Olesen 2007 —_— 094(072,122) 598
Banoei, 2010 —_— 1.05(061,180) 397

2010 | 046(0.29,0.74) 439
Ates,2011 e 0.92(0.60, 1.40)  4.77
Kang,2011 . —— 110 (074, 162) 500
Singh, 2011 —_— 0.71(049,103) 513
Wu,2013 L —— 170 (1.29,2.26) 580
Rashedi 2014 R 107 (067,171) 441
Salimi 2014 L ——————  183(119,281) 472
Sinaga 2014 —_— 096 (069, 150) 446
Mestre,2015  ——— 0.75 (050, 1.13)  4.89
Wu 2015 —— 149(1.13,1.95) 587
Lee,2016 — 133(0.99,178) 573
Dexi, 2018 —— 132(0.98,180) 563
Silva-Ramirez,2019 —— T 063(051,079) 623
This study 2019 ———————  173(107,279) 436
Overall (l-squared = 76.4%. p = 0.000) <> 1.09(0.93, 1.28)  100.00
NOTE: Weights are from random effects analysis | |

T T
286 1 349

a) Forest plot under the F vs f model for Fok 1
Author, %
year OR (35% CI) Weight

Wilkinson,2000 149(0.13,16.86) 098

Bornman, 2004 —-‘-— 1.08(0.61,192) 7.05
Liu, 2004 ;—'— 178(1.02,310) 7.1
Lombard,2006 T 131(0.18,957) 141
Olesen,2007 ————— 0.90 (0.45, 1.78) 611
Banoei 2010 e 165 (055, 495) 356
Marashian 2010 _O—v:— 058(019,180) 346
Ates.2011 —_— 076 (0.29,2.02) 417
Kang.2011 —_— 068(033,141) 577
Singh,2011 —_— 068(026,177) 431
Wu,2013 | —— 230(133,3.99) 7.4
Rashedi 2014 —_— 093(0.32,269) 374
Salimi 2014 —_— 179(067,477) 413
Sinaga 2014 _ 054 (020, 146)  4.08
Mestre, 2015 —_— 0.80(0.36,1.79) 518
Wu 2015 f——— 167 (098, 285) 741
Lee 2016 -'1—-— 146(0.88,240) 7.70
Devi, 2018 -_—— 0.28 (0.09, 0.85) 355
Silva-Ramirez, 2019 —_— 060(042,0384) 917
This study.2019 —_— 138(048,399) 374
Overall (l-squared = 52.3%. p = 0.003) <> 1.03 (0.80, 1.33)  100.00
NOTE: Weights are from random effects analysis 3
T

Author. %
year OR (95% ClI) Weight
Wilkinson 2000 —_— 113(063,239) 388
Bornman, 2004 —— 0.99(0.77.127) 6.38
Liu, 2004 — 1.72(1.05,282) 5.1
Lombard, 2006 e s —— 1.77(0.87,3.60) 4.06
Olesen, 2007 —_— 0.93(068, 127) 610
Banoei, 2010 —_— 0.88(043,179) 406

2010 | 0.30(0.15,0.58) 4.21
Ates 2011 — 0.94 (0.53, 1.65) 4.81
Kang 2011 —_—— 156 (0.87,278) 472
Singh, 2011 —_— 062(0.39,1.00) 528
Wu,2013 —— 1.80(1.22,266) 5.71
Rashedi 2014 —-g— 1.14(0.63,2.06) 463
Salimi 2014 —_— 207(1.23,349) 502
Sinaga 2014 —_— 118(061,228) 432
Mestre,2015 —_— 0.59(0.32, 1.10)  4.54
Wu 2015 —_— 164(1.13,239) 578
Lee 2016 ‘—4— 1.50(0.94, 240) 530
Devi, 2018 L —— 205(1.36,3.00) 561
Silva-Ramirez, 2019 —_— i 0.51(0.35,0.72) 587
This study,2019 —_— 216(1.17,397) 456
Overall (I-squared = 76.7%, p = 0.000) <> 1.14(0.91,143)  100.00
NOTE: Waights are from random effects analysis | |

T

T
15 1 6.67

b) Forest plot under the FF vs Ff+ff model for Fok 1

Author, %
year OR (95% CI) Weight

‘Wilkinson,2000 T

1.54(0.13,17.76) 151

0593 %9
¢) Forest plot under the FF+Ff vs ff model for Fok 1

Bornman, 2004 —+— 1.08(0.60,1.92) 662
Liu, 2004 . 234(122,450) 628
Lombard,2006 - 1.63(0.21,11.31) 207
Olesen 2007 —_— 0.88(0.44, 1.76)  6.09
Banoei 2010 _— 145(046,458) 415
Marashian,2010 —.—3 0.31(0.08, 1.03) 397
Ates 2011 — 0.75(0.27,2.09) 465
Kang,2011 _ 0.98(043,220) 554
Singh 2011 —_— 0.56(0.21,1.46)  4.83
Wu,2013 L ——— 2.87(1.59,5.19) 6.6
Rashedi2014 R — 0.99(0.33,2.96) 437
Salimi, 2014 ——— 226(0.83,6.11) 473
Sinaga 2014 —_— 0.65(0.22, 1.88) 446
Mestre 2015 —_— 057(0.23,142) 512
Wu,2015 e — 2.07(1.17, 3.67) 6.65
Lee,2016 :—'— 1.81(0.99,3.30) 653
Desi 2018 — 045(0.15,1.38) 424
Silva-Ramirez, 2019 - 1 0.41(0.27, 0.63) 728
This study,2019 —F 1.90(0.64,5.70) 438
Overall (-squared = 67.6%, p = 0.000) <> 1.07 (0.77.1.49)  100.00
NOTE: Weights are from random effects analysis :
T

0563 1 178
d) Forest plot under the FF vs ff model for Fok 1

Figure 3. Forest graphs under different genetic models for the association between Fok | and PTB.

could not detect any association between the Fok
[ and Taq [ polymorphisms of VDR gene and
pulmonary tuberculosis. Although our case-control
study revealed a significant association to Fok I
(rs 2228570) polymorphism but on the other side
we could not reach a meaningful result with Taq
[ polymorphisms. According to our results F allele
carriers are protected (p 0.025), and also having
an FF genotype is a protective characteristic but
Ff genotype is susceptible to tuberculosis for Fok
[ polymorphism (p 0.044). When the analysis
run for the sex, we got the significant results
for the genotypes as well (p 0.043) just like in
all populations the FF genotypes are protective

against TB. These results do not match those of
the study of Ates et al., in which the percentages
of the genotypes of controls and normal subjects
were so close to each other which was another
study from Turkish population collected from
Istanbul region[5]. The study we present here
is the only report that was performed with
Turkish PTB patients, which resulted in positive
association to Fok I polymorphism.

In the meta-analysis for Taq I, it turned out
that having t allelel®7 and having TI8-101 i
some populations is a susceptibility factor for
tuberculosis, and on the other side, other studies,
including our analysis as well, could not find a
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significant association®® 1124 For other genetic

models, the results can be seen in Figure 2.

In several studies, researchers have reported
an association to increased risk of TB with
Fok I genotypes. On the other side, in many
populations, they have found no association
between VDR variants and TB patients. For Fok
[ polymorphism, the protective allele seems to be
f in different populations!?*2°! and F is protective
in other populations!!?-26-28.this study] * \yhereas
the other populations gave negative association
results!>7-8:11,13-16,18-20.23.29] ' The other models’
results are given in Figure 3.

The population that was included in this case-
control study was from the Anatolian region
which has a higher incidence rate compared to
the other3¥ and also compared to Ates et al’s
report[‘r’]. Although both groups are Turkish, our
group of patients came from a more homogenous
population in origin, which may explain the
inconsistency of the results of ours and theirs.

CONCLUSION

Many different factors play roles in developing
active diseases which includes complex molecular
interactions in the immune system. In those,
both acquired and inherited factors show their
effects. The inconsistency of the results of single
SNPs maybe explained by these factors, not only
one or two SNPs can be used as a biomarker
for developing active TB but maybe haplotypes
should be considered. It is also possible to think
the variations of many genes that take part in
the host immune response contribute to develop
an active form in the individuals. When the effect
of vitamin D is thought, we considered that VDR
was an important factor for developing a proper
immune response for infectious diseases, so we
focused on its polymorphisms, and even though
the meta-analysis found no association between
the SNPs we investigated and the PTB, we found
an association in our group of patients for Fok I
polymorphism in our case-control study and Taq
polymorphism results showed parallelism with the
meta-analysis.

The reason why some people develop active
TB but others not is still in question and in order

to be protected from M. tuberculosis, the puzzle
needs to be solved by investigating other genes’
polymorphisms with larger number of subjects.
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