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Keywords: The vitamin D receptor mediates the effect of vitamin D, which has received substantial attention in its
Gene expression involvement in reducing the risk of tuberculosis (TB). This study sought to see if VDR gene expression and VDR
IGRA SNP rs11574113 was linked to a person’s likelihood of developing tuberculosis. New Pulmonary Tuberculosis
gPCR (PTB) VDR gene expression and Household Contact (HC) samples VDR gene expressions were examined by the
f[‘s:;es::ﬁioﬁs quantitative real-time PCR (qPCR) method, while VDR SNP 1511574113 was identified by PCR followed by

VDR sequencing. Latent TB infection in household contacts was screened using an Interferon-Gamma Release Assay
(IGRA). Eighty-three PTB, 77 HCs (45 positive-IGRA and 28 negative-IGRA) were involved in this study. Among
the 45 positive-IGRA HC, 28 (62.2%) were spouses of index cases. IGRA results showed that 28 out of 37 (75.7%)
samples of all spouses recruited have positive IGRA results. VDR gene expression of PTB was 0.2 a 25
downregulated compared to negative-IGRA and positive-IGRA HC, respectively (p = 0.014 and p = 0.0lﬁ'DR
gene expression of positive-IGRA was also 0.788 downregulated compared to negative-IGRA HC but did not
reach statistical significance (p = 0.945). The high expression of the VDR gene may be influenced by variant of
VDR SNP rs11574113. G/G genotype and G/C genotype were associated with higher VDR gene expression

compared to C/C genotype (OR® = 9.754 95% CI 1.482-64.195, p = 8 and OR® = 9.723 95% CI
1.416-66.751, p = 0.021, respectively). However, rs11574113 was oL associated with TB incidence
and IGRA positivity. Approximately 20% of the people with PTB sher of VDR gene expression than

those who were not (OR® = 0.736 95% CI0.542-0.998, p = 0.049). VDR gene expression may be associated with
the susceptibility of tuberculosis. This study also shows an immense rate of TB infection among spouses of PTB
patients based on IGRA.

Abbreviations: Mtb, Mycobacterium tuberculosis; VDR, Vitamin D Receptor; TB, tuberculosis; PTB, pulmonary tuberculosis; IGRA, Interferon-Gamma Release Assay:
HC, household contact; GAPD, mralddwde-?. phosphate dehydrogenase; gPCR, quantitative real-time PCR; Ct, cycle threshold; TNF, tumor necrosis factor;
CYP27B1, cytochrome p450 2& UTR, untranslated region; SNP, single nucleotide polymorphism.
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1. Introduction
12

fm about 10 million infections and 1.4 million deaths, tuberculosis

major global public health concemn. Indonesia is among the{@iizht
countries that contribute to two-thirds of TB cases worldwide and ranks
second in the highest TB incidence (8.5%), with case notifications
increasing by about 69% from 2015 to 2019 (World Health Organiza-
tion, 2020). TB elimination can be achieved not only by effective active
TB therapy but also by early case detection to stop transmission through
various strategies for preventing new infections and neutralizing the
existing dormant infections. Without tackling reservoirs of latent
infection, the WHO's “End TB" strategy is difficult to be accomplished
(Dye et al., 2013). Around one-fourth of the population worldwide has
been infected by Mycobacterium tuberculosis (Mtb), the tuberculosis-
provoking bacteria. Around 5-10% of these latent cases show symp-
toms of active TB (Sterling et al., 2020).

In TB contact investigations, household contacts are most likely
infected by people with active TB (index case) (Lee, 2016; Fox et al.,
2013). Several studies of tuberculosis househald contact showed that
some contacts remained negative based on TB infection tests, even after
prolonged exposure (Fox et al., 2013; Reichler et al., 2018). These ob-
servations raise the question of whether some people might be able to
withstand the Mtb infection or quickly clear the infection. Learning more
about who these people are and what immunological or genetic factors
allow them to fight infection may help develop better biomedical pre-
vention and treatment tools, including a TB vaccine.

Some studies have suggested a link between the genetic make-up of
the host and the prevalence of culosis (Qidwai et al., 2012; van
Tong etal., 2017), olawhich is the Vitamin D Receptor (VDR) gene ( *u
and Shen, 2019; Caoet al., 2016; Huang et al., 2015). The VDR gene is of
great interest since it mediates the effects of vitamin D, which has been
known to modulate the activity of monocytes-macrophages in the body,
which are important in regulati nnate defense against infectious
pathogens such as Mth (Henrique et al., 2017; Ashenafi et al., 2018). In
numerous studi itamin D shortage is associated with TB suscepti-
bility (Tessema et al., m; Huang et al., 2017; Junaid et al., 2016).
However, some reports did not find a significant disc cy in vitamin
D quantity in TB and non-TB individuals (Ashenafi et al., 2018; Koo
et al., 2012; Yuvaraj et al., 2016; Sarin et al.,, 2016). In addition, ran-
domized controlled trials have not found a significant effect on vitamin
D3 supplementation t¢&Z¢rease the rate of acid-fast bacilli conversion in
TB patients (Ganmaa et al., 2017; Tukvadze et al., 2015; Bekele et al.,
2018) or reduce the risk of TB infection (Ganmaa et al., 2020). Inter-
vention with vitamin D3 appears to be m ed by genetic variants in
VDR (Ganmaa et al., 2017). Consequently, the action of vitamin D may
be contingent on the genotype and activity of the VDR (Sutaria et al.,
2014).

The binding of VDR with calcitrigl, vitamin D active form, induces
the synthesis of cathelicidin [LLS?G_LS? plays an essential role in
mycobactericidal activity (Coussens et al., 2015; Belyaeva et al., 2017;
Sonawane et al., 2011) and is involved in the autophagy process by
enhanc e fusion of mycobacterial phagosomes with lysosomes
(Chung et al., 2020; Choi et al., 2012; Paik et al., 2019). The binding of
the calcitriol to the intracellular VDR also modulates approximately 900
genes involved in several physiological processes in both natural and
adaptive immunity (Bizzaro et al., 2017). VDR helps to regulate the
adaptive immune system by preventing over-response by suppressing
lymphocyte proliferation and inhibiting the generation of proin-
flammatory cytokines. (Sutaria et al., 2014). The researchers identified
genetic variants of the VDR gene as being linked to a risk of TB based on
the idea that genetic v ns may cause anomalies and influence the
immunological function of the VDR gene mcl al., 2013).

Research so far has been investigating the association between VDR
polymo ms with the development of active TB with varied results
(Junaid etal., 2016; Medapati etal., 2017; Salimi et al., 201 5; Mahmoud
and Ali, 2014; Silva-Ramirez et al., 2019). There is still a lack of studies
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about VDR gene expression in those infected with Mitb. The purpose of
this study was to investigate the iation between gene expression of
VDR and vulnerability to TB. In this study, we analyze the gene
expression of VDR in TB patients compared to controls who were known
to be exposed to the Mtb bacilli, in this case, household contataHC).
This study also aimed to compare VDR gene expression between positive
and negative IGRA (Interferon-Gamma Release Assay) HC. IGRA was
performed ousehold contacts to determine the response of cellular
immunity (T cells) to TB infection (Trajman et al., 2013; Eom et al.,
2018). In addition, the 3' UTR. (untranslated region) VDR polymorphism,
rs11574113, was also identified to assess its association with VDR gene
expression as well as susceptibility to TB. The SNP (single nucleotide
polymorphism) rs11574113 G = C is located at intron 8 and has been
investigated in only a few studies regarding its association with tuber-
culosis (Andraos, 2011; Hu et al., 2016).

2. Material and methods
2.1. Research design and sample recruitment

The study design was cross-sectional, involving PTB patients and
their HC as participants. We ed the PTB patients from The Com-
munity Lung Health Center or Balai Besar Kesehatan Paru Masyarakat
(BBKPM) Makassar, South Sulawesi, Indonesia, which is one of the main
TB referral health center in South Sulawesi Province. PTB patients
included in thi dy were pulmonary TB patients aged more than 15
years old that diagnos ith active TB for the first time based on
clinical manifestations, chest X-ray, and positive microscopic smears,
which were further confirmed through TB culture. The exclusion criteria
were HIV-positive patients which were examined by using SD Bioline. In
this study, the household contacts were contacts aged 15 and above who
resided for at least six months in the same residence as TB patients
(Halliday et al., 2017), had no clinical symptoms of TB, and never had
anti-tuberculosis drug therapy. All participants have signed the consent
form.

We collected blood samples from PTB and HC. Before RNA extrac-
tion, the blood samples were ke —80°C. In order to test for latent TB
infection in HC, QuantiFERON Gold Plus TB Test (Qiagen, Germany)
was utilized, according to the manufacturer guide (Qiagen, 2016). The
positive sputum samples of PTB patients were decontaminated
culture process proceeded as a gold standard of TB diagnosis in the
Hasanuddin University Medical Research Center Laboratory in Makas-
sar, Indonesia.

Thi arch has been approved by The Committee of Research
Ethics, Faculty of Medicine, Universitas Hasanuddin, Makassar, South
Sulawesi, Indonesia (No. 583/ H4.8.4.5.31/ PP36-KOMETIK,/ 2018). All
study participants gave their written consent.

2.2. VDR gene expression by real-time PCR
2.2.1. RNA extraction and complementary DNA synthesis

Total RNA was extracted from whole blood samples, using Tiangen
RNAprep Pure Blood Kit for purification of total RNA from human whole
blood Cat. No. 4992238 (Tiangen, Biotech, Beijing, China). Concen-
trated RNA was rinsed with 50 pl RNAse free H2O and utilized to com-
plementary DNA (cDNA).

cDNA has been synthesized by using the iScript™ c¢DNA Synthesis Kit
Master Cat. No. 178890 (BioHeHl] Califomnia, USA). The reaction
mixture co of 5 pg of the total RNA, 1 pl iScript Reverse Tran-
scriptase, 4 pl 5 the iScript reaction mixture, and nuclease-free water
up to 25 pl. The reaction mixture was subsequently incubated in a
thermal cycler (Bio-Rad, USA), with 5-minute priming at 25 “C, 20 min
of reverse transcription (RT), and 95 “C for a minute of RT inactivation.
Until utilized for real-time PCR, cDNA was kept at —20 °C.




N. Hidayah et h

2.2.2. VDR gene expression by real-time quantitative polymerase chain
reaction

The determination of the strength of gene expression (upregulation
or downregulation) of VDR used SsoFastTM EvaGreen® Supermix Cat.
No. 172-5200 (Bio-Rad, California, USA), and glyceraldehyde-3 phos-
phate dehydrogenase (GAPDH) as the housekeeping gene with quantita-
tive real-time PCR (qPCR) od. Prior to amplification, the master
mix was prepared by mixing 5 pl of SsoFastTM EvaGreen® Supermix, 1
pl of forward primer, 1 pl of reverse primer (each 10 nM primary con-
centration), the volume of cDNA corresponds to the cDNA concentration
of 150 ng/ul_and the volume of nuclease-free water adjusted to reach 3
plof the cDﬂnd nuclease-free water mixture. The primers used in this
study were F: 5'-CGC ATC ATT GCC ATA CTG CTG G-3' and R: 5'-CCA
CCATCATTC ACACGAACT GG-3' (Salehi-tabar et al., 2018) to amplify
the VDR gene (NCBI (The National Center fi otechnology Informa-
tion) Reference sequence: NM_000376) and F: 5'-CCT GCA CCA CCA
ACT GCC TTA-3' and R: 5-GGC CAT CCA CAG TCT TCT| B\GS’ to
amplify GAPDH gene. The real-time PCR engine used was the CFX96
Touch Real-time PCR Detection System (Bio-Rad, California, USA)
which is connected to the anager ™ Software # 1845000 for
Windows, with gPCR cycles: initial denaturation at 95 °C for 30 s, fol-
lowed by 45 cycles of di tion at 95 “C for 5 s, annealing at 57 °C for
30 s, and plate reading. Melt-curve was generated by increasing the
temperature from 65.0 to 95.0 “C with increment 0.5 *C/5 s, followed by
plate reading.

All analyses were performed by a real-time PCR method using Bio-
Rad CFX™ Manager Software (version 3.1, Bio-Rad Lab. Inc., CA,
USA). The level of gene expression was determined by the appearance of
the amplicon signal on the graph. The signal detected in the small
number of cycles indicates a higher level of gene expression. After the
amplification process, a dissociation curve was obtained, which then
analyzed for its relative expression using a method that compares the Ct
(cycle threshold) value of the VDR gene (Ctirger genes) With the selected
reference value, ie. the expression level of the GAPDH (Ct.), by
calculating:

ACt = c'-kzraek genes c'-ref-

Remarks:

ACt: The distinction between the VDR Ct and the GAPDH Ct value.

Cligrger genest Ct value of VDR gene.

Ctyet Ct value of GAPDH gene.

Then a comparison was obtained with the formula of the gene
expression:

Relative VDR gene expression = (-84l

Remarks:

Relative VDR gene expression: VDR gene expression of the target to
control group ratio.

AACt: The difference between ACt of control and target group (Livak
and Schmittgen, 2001).

2.3. VDR polymorphism (SNP rs11574113)

2.3.1. DNA extraction

A total of |.1l of blood samples (plasma and buffy coat) were put
into a sterile 1.5 ml microcentrifuge tube. 20 pl of Proteinase K was
added and subsequently homogenized by pipetting, then incubated at
60" C for 5 min. DNA extraction was performed using the gSYNC™ DNA
Extraction Kit (Geneaid, Taiwan) according to the kit protocol. Extrac-
tion results were stored at -80° C until used as a PCR template.

2.3.2. DNA amplification and sequencing

Primers used plify a 500 bp of the 3' UTR of VDR (SNP
1511 13) were F 5'-CAG AGC ATG GAC AGG GAG CAA-3 and R 5'-
ACT TCG AGC ACA AGG GGC GTT AG-3'. The PCR reaction mixture
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consisted of 20 pl of the Tag Polymerase Kapa Biosystem Enzyme
{Roche, USA), 1 pl of forward and reverse primers with a concentration
of 10 M, 7-10 pl DNA samples, and nuclease-free water until the total
reaction mixture reached 50 pl. Amplification was carried out a
thermal cycler machine (Bio-Rad, USA) with the PCR condition: initial
denaturation at 94 °C for 5 min, followed by 35 cycles of denaturation at
94 “C for 30 s, annealing at 50 °C for 30 s, extension at 72 °C for a
minute, and final extension at 72 °C for 5 min. The PCR product was then
electrophoresed on GelRed® (Biotium, Inc., Fremont, U.S)-stained 2%
arose gel with an electrophoresis machine (Bio-Rad, USA) then
lized under UV light using the Gel Doc™ XR machine (Bio-Rad,
USA) and Quantity One software version 4.5 (Bio-Rad, USA).

The PCR. product was then sent to the 1st Base Laboratory, Malaysia
for direct sequencing (Sanger Sequencing). The sequencing results ob-
tained were subsequently analyzed using Bioedit for Windows so
version 7.2 (Tom Hall) with NCBI RefSequence: NG_008731.1 (Homo
sapiens vitamin D receptor (VDR), RefSeqGene on chromosome 12) as
reference gene.

2.4, Statistical analysis

22

Statistical analyses were performed using the IBM SPSS S@G for
Windows, Version 25.0 (IBM Corp. Armonk, NY, USA). The chi-square
test was used to determine differences in nominal data between
Eroups. compare parametric data between two groups and three
groa, t-test and One-way ANOVA were used, respectively. Meanwhile,
the Mann-Whitney test and Kruskal-Wallis test were used to compare
non-parametric data between three groups, ESpectively. gPCR data
were evaluated in real-time with the software Bio-Rad CFX™ Manager
(version 3.1, Bio-Rad Lab. Inc., Hercules, CA, USA). Visualizat f
sequencing chromatogram and alignment to reference sequence {Homo
sapiens vitamin D receptor (VDR), RefSeqGene on chromosome 12 NCBI
RefSequence: NG_008731.1:2.64915G > C) was performed by using
Bioedit 7.2.5 (Alzohairy, 2011; Hall, 1999). SNPStats web-based soft-
ware (https://www.snpstats.net) was used to analyze the Hardy-
Weinberg equilibrium and association with active TB and positivity of
IGRA, which was performed using a logistic regression model corrected
for age, sex, and smoking status (Sole et al., 2006). A generalized linear
model was used to examine the impact of factors to contribute to the
incidence of PTB and IGRA positivity. Besides, it was also used to esti-
mate the relationship between VDR po rphism (SNP rs11574113)
and VDR gene expression. In all studies, p-value < 0.05 was statistically
significant.

3. Result

3.1. Participants characterization

1

The characterization of the study participants is described in Table 1.
In this study, positive IGRA was found in 61.64% (45,/73) of household
contacts. The age category across the groups did not differ (p = 0.281).
Male was significantly dominant in TB group [53ﬂ13n in HC group,
both positive (31.1%) and negative (17.9%) IGRA (p = 0.001). However,
there was no substantial difference in gender between positive and
negative IGRA HC (p = 0.21). In addition, the acid fast-bacilli of index
cases was not significantly different in positive IGRA HC compared to
negative IGRA HC. There were significant differences in BMI between all
three groups (p < 0.0001), as well as between positive and negative
IGRA HC (p = 0.0018). Underweight participants were more common in
the TB group (48.1%), and obese participants were more in the negative
IGRA HC group (59.3%). Spouses were found more in positive IGRA HC
than other relationships (62.2%).
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Table 1 Table 2
Samples characterization. Comparison of relative quantitative VDR gene expression between active pul-
PTB ) [ pvalue’ b monary TB, positive IGRA, and negative IGRA household contacts.
N =83 IGRAHC  IGRAHC Value Biological Group Expression (95% CI) p- pValue
N =45 N =28 Value ANOVA'
Gender 0.001* 0.21 (~)IGRA HC 5.067 0.014*  0.013*
44 14 5 (1.149-22,339)"
* Male (539%) (31.1%)  (17.9%) {+) IGRA HC 3.994 0.011*%
» Female 39 31 23 (1.443-11.051)"
(47%) (68.9%)  (82.1%) PTB 1 _
Age (years) 0.281 0.325 (-)IGRAHC / (+)IGRA 1260 (0.219-7.339)°  0.945
36 22 17 HC
. 1539 (43.4%)  (48.9%)  (60.7%) — —
. =40 47 23 11 Remarks:' the significance between three groups. * significant p-value: p < 0.05
(56.6%)  (51.1%)  (39.3%) (bold).
Bl\BasLﬁcat[on <0.0001*  0.018*% PTB: new-active pulmonary tuberculosis patient; HC: household contact; (+)
(kg/m?) 39 6 2 (7.4%) IGRA: positive IGRA; (—) IGRA: negative IGRA.
: (48.1%)  (13.3%) 6 * PTB as reference.
» Underweight 35 19 (22.2%) b (+) IGRA HC as the reference.
(<18.5) (43.2%)  (42.2%) 3
o Normal weight 3(37%) 10 (11.1%)
(18.5-22.9) 4(49%) (22.2%) 16 least in this study and was detected in only two samples of participants.
* Overweight 10 (59.3%) In addition, it was found in the PTB group only (2/83 [2.4%]), thus the
g;f;‘ﬁ’z 5 (22.2%) value of OR of this genotype was unable to determine. The distribution
Smoker = 43 1 4 <0.0001%  0.296 of the genotype of the VDR SNP rs11574113 and its relationship to the
(51.8%)  (24.4%)  (14.3%) incidence of active pulmonary tuberculosis and IGRA positivity are
Smear microscopic shown in Table 3 and Table 4.
B only) 37 The VDR gene expon of each genotype can be seen in Fig. 1. The
. EEaEm (3‘;46%) VDR gene expression of the G/G genotype group was gnificantly
o AFB 24 (42.29%) different from that of G/C (p = 0.782). Howeveben compared with
» AFB 34 11 the C/C genotype group, the expression of the VD. e was signifi-
(13.3%) cantly higher in the G/G and G/C genotype groups (p = 0.022 and p =
Smear microscopic . : : P 4
S the o o 25 13 046 0.03, respectively). By using mllzed‘ linear ‘mod?l analysis, G/G
only) (55.60%)  (46.4%) genotype and G/C genotype were associated with higher VDR gene
ﬁ 12 12 expression compared to C/C genotype (OR® = 0.754 95% CI
» AFB 14 (28.9%) (42.9%) 1.482-64.195, p = 0.018 and OR® = 9.723 95% CI 1.416-66.751, p =
ﬁg 2+ 7 3 0.021, respectively). The differences in the expression of the VDR gene
B ofs — (15.6%)  (10.7%) 0,025+ by clustering the genotype DR SNP rs11574113 in each sample
index mi; (HC 1 g ' group are ted in Fig. 2. Inthe PTB group, the VDR gene expression
only) (24.4%)  (32.1%) was lower in the C/C genotype group (p = 0.037), while in the IGRA
28 9 negative HC gr e VDR gene expression was significantly higher in
» Parent/son/ (62.2%) (32.1%) =
daughter 6 0 the G/C group (p = 0.042).
« Spouse (13.3%)  (35.7%)
= Others

Remarks: | Chi-square test (among three groups); { Chi-square test between (+)
IGRA HC and (—) IGRA HC; * significant p-value: p < 0.05 (bold).
PTB: new-active pulmonary tuberculosis patient; HC: household contact; (+)
IGRA: positive IGRA; (—) IGRA: negative IGRA; BML: body mass index.

26
3.2. VDR gene expression in pulmonary wberculosis patients and
household contacts

Based on the gPCR results (Table 2), VDR gene expression in negative
IGRA HC was around five times higher than in PTB (p = 0.014), and VDR
gene expression in positive IGRA HC was approximately four times
higher than in PTB (p = 0.011). These results indicated that VDR gene
expression of PTBwas 0.2 (1:5) and 0.25 (1:4) downregulated compared
to negative IGRA and positive IGRA HC, respectively. VDR gene
expression in negative IGRA HC was higher than those in positive IGRA
HC, but not significant (p = 0.945).

3.3. VDR SNP rs11574113 analysis

The sequencing results of the VDR SNP rs11574113 are shown in
Supplementary files: Fig. 1. The results obtained conform to the Hardy-
Weinberg equilibrium. The G/G genotype dominated the samples in this
study, both in the PTB group (66/83 [79.5%]) and household contacts
(59/73 [80.8%]). Meanwhile, the proportion of genotype C/C was the

3.4. Association of VDR gene expression with active pulmonary
wberculosis and IGRA positivity

The VDR genes expression was found to be associated with active
pulmonary tuberculosis after adjustments to other variables (OR* =

Table 3
Genotype distribution of VDR SNP rs11574113 and its association to active
pulmonary tuberculosis.

Maodel Genotype  PTB Household OR 95% CI P
N =83 contact Value
N=73
Codominant  G/G 66 59 (B0.8%) 1 0.z
(79.5%)
G/C 15 14 (19.2%) 076
(18.1%) (0.29-2.02)
c/c 2(2.4%) 0 (0%) NA (0.00-
NA)
Dominant G/G 66 59 (B0.8%) 1 X3
(79.5%)
G/C-C/C 17 14 (19.2%) 0.89
(20.5%) (0.34-2.31)
Recessive G/G-G/C B1 73 (100%) 1 0.09
(97.6%)
c/c 2(2.4%) 0 (0%) NA (0.00-
NA)

Remarks: PTB: new-active pulmonary tuberculosis patient. OR: odds ratio.
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Table 4

Genotype distribution of VDR SNP rs11574113 and its association to active
pulmonary tuberculosis.

Model — Genotype  (+) IGRA {~) IGRA OR 95% CI p-
HC HC Value
N =45 N=28
- G/G 35(77.68%) 24 (85.7%) 1 0.53
G/C 10(22.2%) 4 (14.3%) 1.56
(0.39-6.19)

Remarks: B household contact; (+) IGRA: positive IGRA; (—) IGRA: negative
IGRA; OR: odds ratio.

0.736 95% CI 0.542-0.998, p = 0.049), as sho in Table 5. However,
the association between VDR gene expression a RA positivity was
not found significant in this study (OR* = 0.783 95% CI 0.539-1.137, p
= 0.198), as shown in Table 6.

4. Discussion

Early case detection and prevention of new infections are crucial in
TB eradication efforts. Household contacts of tuberculosis patients are
one group that has a high risk of suffering from tuberculosis (Fox et al.,
2013). Household contact tracing of tuberculosis patients proved to be a
better tool in detecting new tuberculosis cases than passive-case finding
alone (Fox et al., 2018). Previous studies have revealed that some of
these household contacts who had been exposed to Mth for a long time
did not experience infection, and the tuberculosis infection test results
were still negative (Fox et al., 2013; Reichler et al., 2018). Several fac-
tors including genetic and immunological factors were investigated
concerning an individual's resistance to tuberculosis infection (Allen
et al., 2015; BoseDasgupta and Pieters, 2014; Wu et al.,, 2019; Har-
ishankar et al., 2018).

In this study, VDR gene expression of PTB patients was significantly
lower when compared to positive and negative IGRA HC, as shown in
Fig. 1. This finding was similar to Panda's study, which also demon-
strated the lower VDR expression in the active TB patient group than in
household contacts with a negative tuberculin skin test. This result was
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presumably due to 's efforts to decrease VDR gene expression for its
benetit, to prevent the host's immune system and finally remain in the
host (Mangin et al., 2014). Supporting this hypothesis, a study by Padhi
et al. demonstrated that one of the Mib lipoproteins, LprE, may inhibit
CYP27B1 and VDR molecules to support intracellular Mih survival
(Padhi et al., 2019). When bacterial ligands downregulate VDR, the
receptor is unable to express the enzymes essential to keep calcitriol in
the normal range, and high calcitriol levels may occur (Miao and
Goltzman, 2021). Increased calcitriol lowers VDR competency, sup-
presses macrophage activity, and may block the nuclear factor kappa-g
pal y (Mangin et al., 2014).

In line with the results of this study, a previous microarray-based
study demonstrated that VDR expression in Mtb-stimulated macro-
phages (U937) was downregulated (¥Xu et al., 2003). Contrary, a sub-
sequent study that examined VDR mRNA expression in macrophages of
TB patients stimulated with Mib, showed an increase in VDR mBRNA
expression (Sclvaraj et al., 2009; Fiske et al., 2019). This contrasting
result may be due to the differences in the macrophage used. Xu
et al. used the U937 macrophage model (cell line) (¥u et al, 2003},
while Selvaraj et al. and Fiske et al. used macrophages from TB patients,
which demonstrated “trained” immunity from previous Mib exposure,
whereas macrophages from these patients remained ° e” and
responded quickly after re-stimulation with Mtb (Selvaraj et al., 2009;
Fiske et al., 2019). b

In addition to the efforts of Mth itself, the low expression of the VDR
gene experienced by TB patients themselves may lead to disruption of
their igefhunity to be susceptible to tuberculosis. A decrease ﬂle
mRNA level of the VDR gene in TB cases indicates a disturbance in the
activation process of inflammatory cytokines and innate immune cells,

thereb: ucing immunity to TB disease (Maruthai et al., 2020). Thus,
the low expression of the VDR gene in TB patients may be a risk factor for
TB infi or as a result of Mtb infection, as some experts believe

(Mangin et al., 2014).

The expression of the VDR gene for positive IGRA HC was found to be
lower than that of glzative IGRA HC but did not reach statistical sig-
nificance (Table 2). To the best of our knowledge, this was the first study
conducted to investigate the difference of the VDR expression gene
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Fig. 1. VDR gene expression in each genotype of VDR SNP 151154713, Sign* indicates a significant difference (p < 0.05) of VDR gene expression between two groups

caleulated by the Mann-Whitney test.
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Fig. 2. VDR gene expression in each genotype of VDR SNP 151154713 (clustered by the group). Sign* indicates a significant difference (p < 0.05) of VDR gene
expression between two groups and three groups caleulated by Mann-Whitney and Kruskal-Wallis test.

Table 5
Association of variables and active pulmonary tuberculosis in multivariate
analysis.

Table 6
Association of variables and IGRA positivity of household contacts in multi-
variate analysis.

Variable OR" (95% CI) p-Value” Variable OR" (95% CD) p-Value®
Age 1.022 (0.993-1.051) 0142 Age 1.001 (0.955-1.049) 0.97
Gender Gender
Male 0.97 (0.342-2.749) 0.954 Male 1.336 (0.272-6.571) 0.772
Female 1 Female 1
BMI 0.745 (0.664-0.837) <0.0001 BMI 0.831 (0.733-0.942) 0.004
Smoker Smoker
No 0.323 (0.112-0.933) 0.037 No 0.466 (0.084-3.106) 0.466
Yes 1 Yes 1
Relative VDR gene expression (Log) 0.736 (0.542-0.998) 0.049 Smear microscopic of the index case
VDR SNP rs11574113 AFBE 14 0.538 (0.0B7-3.348) 0.507
G/G 1.155 (0.437-3.051) 0772 AFB 24 0.399 (0.061-2.593) 0.336
chc,fca 1 AFB 3+ 1
N N Relation to the index case
Rffmarks: BMLI: body mass index; VDR: Vitumin D Receptor; OR: odds ratio. Parent/son/daughter 2157 (0.451-10.322) 0.336
Significant p-value : p < 0.05 (bold). Spouse 9.201 (1.757-48.192) 0.009
* Analysis was adjusted to age, sex, BMI, smoking history, relative VDR gene Others 1
expression (Log) and VDR SNP rs11574113 by using household contacts as a Relative VDR gene expression (Log) 0.783 (0.539-1.137) 0.198
reference category. VDR SNP 1511574113
G/G 0.564 (0.122-2.62) 0.465
G/C-C/C 1

between positive and negative IGRA people. IGRA-positive results in
household contacts indicated that they might have Mtb infections, which
could be the reason for lower VDR gene expression than negative IGRA
household contacts, which may result in low levels of cathelicidin that
are not sufficient to eliminate TB completely but may still be able to
reduce excessive multiplication. Thus, its expression may be relatively
higher when compared to active TB patients but lower when compared
to IGRA-positive household contacts.

In this study, positive IGRA was found in 61.64% (45/73) of
household contacts. This prevalence was almost similar to the study in
Uganda (68.42%), also included in the list of 30 highly endemic nations
with TB/HIV (Jones-Lopez et al., 2013). In comparison to previous
research in South Koreas and Mongolia, however, the prevalence of

aarks: BMI: Body mass index; AFB: acid-fast bacilli; VDR: Vitamin D Receptor;
OR: odds ratio.

" Significant p-value : p < 0.05 (bold).

* Analysis was adjusted to age, sex, BML smoking history, AFB of the index
case, relation to the index case, relative VDR gene expression (Log) and VDR SNP
r511574113 by using negative IGRA household contacts as a reference category.

positive IGRA in our study was relatively high (42.6% and 48.2%,
respectively) (Eom et al., 2018; Gurjav et al., 2019). The difference in
the prevalence of positive IGRA among household contacts may be due
to several things, including differences in the character of the recruited
contact sample, such as how close the contacts are to the index case, the
immunity status of the contact, and other factors such as the infectious
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rate of the index case (Eom et al., 2018). In this study, most of the
household contacts recruited were spouses (50.69% (37/73)) of positive
AFB-index cases, and 75.67% (28/37) of them have positive IGRA re-
sults. Among the 45 positive IGRA HC, 28 (62.2%) were spouses. This
study represented an immense rate of TB infection in the spouse of index
cases. This was consistent with the investigation by Crampin et al,
which revealed that the couples are in close contact having significant
TB risks (Crampin et al., 2011).

A positive IGRA sug the synthesis in the region of the Differ-
encel segment (RD1) in response to two Mtb-specific antigens, namely
early secretive target-6 (ESAT-6), and culture filtrate protein 10 (CFP-
10) (Zellweger et al., 2020). Currently, it is used to detect TB infection
and is included in the diagnostic pathway for latent TB infection
(Chapman and Lauzardo, 2014; Kementerian Kesehatan Republik
Indonesia, 2020). IGRA is not recommended as a diagnostic tool to
differentiate active and latent TB (Zellweger et al., 2020). Therefore, in
this stud e IGRA was carried out on household contacts who did not
have any clinical symptoms of TB and without a previous history of TB,
so the IGRA here aims to determine whether the household contacts
have been latently infected with TB or not. The immunological response
in latent TB hosts can control the infection but is not sufficient to
eradicate the mycobacterium (Gideon et al., 2011). The prevalent
assumption is that the bacilli in latent TB stop growing and enter an
immobile phase because of the “strong” immune response created by the
host, eventually becoming non-replicable while maintaining the ca-
pacity to develop further under advantageous conditions in granulomas
(Gideon et al., 2011; Ehlers and Schaible, 2013; Rao et al., 2019).

Several studies suggest that VDR expression is also influenced by the
VDR polymorphism (Ogunkolade et al., 2002; Decker and Parker, 1995;
Jurutka et al., 2000; Panda et al., 2019), thus possibly ¢ uting to
the development of TB disease (Xu and Shen, 2019; Cao et al., 2016;
Panda et al., 2019; Lee and Song, 2015). Current research show varying
results in various populations and several meta-analy f common
reported VDR polymorphism have attempted to conclude the association
of lymorphisms with the incidence of TB (Xu and Shen, 2019;
Cao etal., 2016; Huang et al., 2015; Gao et al., 2010; Chen etal., 2013).
In this study, we tried to analyze the polymorphisms in the 3' UTR VDR,
SNPrs1157413 G = C, which has not been investigated much, especially
in tuberculosis patients. Since it was located in intron 8, rs11574113 do
not e sequence of VDR protein. The rs11574113 G/C variant has
been reported to be associated with a reduced risk of colorectal cancer
only in those with high plasma vitamin D concentrations. (Budhathoki
etal., 2016). Meanwhile, in this study, the rs11574113 G/C variant had
a significantly higher VDR gene expression than G/G only in the IGRA
HC negative group (Fig. 2). Overall, this study observed significantly
higher VDR gene expression in the G/G and G/C when compared to C/C
genotype groups (Fiz. 1). Besides, our study attempted to estimate the
impact of SNP rs11574113 G/C variant on VDR gene expression by
controlling for several variables and found that G/G genotype and G/C
genotype were associated with higher VDR gene expression compared to
C/C genotype. However, this needs to be investigated further consid-
ering that the C/C genotype in this study was only found in two samples
and was limited to the PTB group. Furthermore, it is necessary to
conduct in a larger size to confimm this finding, whether this SNP
have a direct effect on VDR expression or transcripts stability, or are in
disequilibrium with other functional polymorphisms that regulate VDR
activity, such as single(A) repeat in exon 9 (Whitfield et al., 2001) or
affect transcript stability, such as the VDR Tagl, also located on exon 9
(Hussain et al., 2019). In another study of TB, it was found that the A
allele of rs11574113 had a protective effect against TB (Hu et al., 2016),
but in our study, we did not observe the presence of the A allele in any of
the participants.

Several previous studies have studied the correlation of VDR gene
expression with_vitamin D levels in the blood. A recent randomized
controlled trian'l monozygotic twins studied increased VDR gene
expression and 25-hydroxyvitamin D levels after 60 days of vitamin D
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(cholecalciferol) supplementation. In addition, the study observed that
increasing levels of 25-hydroxyvitamin to levels greater than 50 ng/mL
contributed to increased expression of the VDR gene (Med et al.,
2020). A US cohort involving patients with sickle cell anemia found that
decreased vitamin D levels were associated with decreased expression of
the VDR gene (Han et al., 2018). Contrary to these findings, a study of
patients with oral neoplasms in India revealed an increase in VDR
expression but not significantly d to controls, while 25-hydrox-
yvitamin D levels expressed in vitamin D scores were found to be
significantly lower in the case group of oral neoplasms than controls
{Anand et al., 2017). Although this study did not measure the correlation
of VDR gene expression with 25-hydroxyvitamin D levels, it can be seen
that there was an opposite effect between VDR gene expression and 25-
hydroxyvitamin D levels. Meanwhile, there were also studies showing
that there was no correlation between VDR gene expression with 25-
hydroxyvitamin D levels but with CYP24A1/CYP27B1 expression in
epilepsy patients (Mazdeh et al., 2018 is study indicates that there
may be a different correlation between 25-hydroxyvitamin D levels and
VDR gene expression in various diseases and tions, or indeed
there may not be a simple correlation between 25-hydroxyvitamin D
levels and VDR gene expression as with 1,25 dihydroxyvitamin D levels
described previously (@unkolade et al., 2002).

As for tuberculosis, do ation of VDR gene expression has been
associated with changes in 1,25-dihydroxyvitamin D levels in a number
of studies. Selvaraj et al. revealed that in TB patients, VDR n'le
expression was downregulated whi thought to be caused by high
levels of 1, hydroxyvitamin D (Selvaraj et al., 2009). On the other
hand, other studies have shown that levels of 1,25-dihydroxyvitamin D
increase VDR mRNA production, stabilize VDR mBENA or protect VDR

degradation thereby in@ing overall VDR counts (Kongsbak
et al., 2013; Liu et al.BJOEu). 1,25-dihydroxyvitamin D plays a role in
converting the VDR to a functionally active protein that can bind to RXR
and to specific gene sequences and coregulators required for modulation
of gene expression (Pike and Meyer, 2011;ggke and Meyer, 2012;
Haussler and Whitfield, 2013). Therefore, the availability of 1,25-dihy-
droxyvitamin D is a prerequisite for VDR activity. During immune re-
actions, the most likely source of 1,25-dihydroxyvitamin D is primarily
the encaenous production of its precursor molecule, 25-dihydroxyvita-
min D. Several studies on im cells have revealed that 25-hydroxy-
vitamin D can be utilized and subsequently converted to 1,25-
dihydroxyvitamin D via ction of the enzyme CYP27B1 (Jeffery
etal., 201 2). The increased synthesis of 1,25-dihydroxyvitamin D under
these circumstances may lead to the use of available 25-hyd itamin
D (Selvaraj et al., 2009). Because 1,25-dihydroxyvitamin D has a lower
half-life and is used for various metabolic processes, active pulmonary
TB patients may suffer from a lack of substrate for the synthesis of the
active metabolite, including 25-hydroxyvitamin D (Selvaraj et al,
2009).

We tried to assess the association of VDR gene expression with active
pulmonary tuberculosis and the outcome of positive IGRA. After ad-
justments to other variables, the multivariate analysis indicated an as-

tion between VDR gene expression and active TB susceptibility
(Table 5). However, there was no association between the VDR gene
expression and the IGRA positivity result in household contact even after
adjusted with other variables (Table 6). The factors that showed an as-
sociation with the positivity of IGRA were BMI and the relationship to
the index case (Table 6). BMI also appears to be significantly associated
with active TB susceptibility (Table 5). This result may suggest two
possibilities. First, the greater the BML the lower the chance of con-
tracting TB, which is consistent with prior findings (Kim et al, 2018;
Kumaratne et al., 2017). A high BMI would seem to protect the immune
system. Adiposive tissue is known to secrete leptin and TNF, an in-
flammatory mediator that helps defend the host from TB infection
(Dorhoi and Kaufmann, 2014). Second, TB infection itself may cause
weight loss, thus decreasing nutritional status (Cegielski and McMurray,
2004).
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There were several limitations in this study. We realize that the
sample used in this study is not large, but we hope that the picture ob-
tained in this study can be developed with a larger number of samples in
the future to obtain more adequate conclusions. In our study, we tried to
involve variables such as smoker status, the relationship of household
contacts with index cases, and the intensity of AFB which has been
associated with the spread of Mtb germs at home (Crampin et al., 2011;
Guwatudde et al, 2003; Sepkowitz, 1996). However, we did not
examine other factors such as blood vitamin D levels, dietary factors or
vitamin D supplementation that might influence VDR gene expression. A
more comprehensive study including other components involved in the
vitamin D metabolic pathway would certainly provide more adequate
results in assessing the role of VDR in TB susceptibility. Likewise, ana-
lyses involving interactions between genes or even genes and the envi-
ronment will certainly provide a better understanding of genetic
influences dividual susceptibility to TB.

To date, there is still a lack of studies investigating the expression of
the VDR gene in people who are latently infected with TB. The literature
has explained how the role of VDR in eliminating Mib through the
vitamin D-dependent pathway (Chung et al., . Several previous
studies have also reported lower vitamin D (25-hydroxyvitamin D)
concentrations in LTBI individuals tlmn active TB patients ([ong
et al., 2019; Esteve Palau et al., 2015). The present study found that the
expression of the VDR gene in IGRA-positive household contacts was
higher than in active TB, and it may reflect the VDR protective efforts
against TB in household contacts at the time of the examination.
Whether with adequate VDR, cathelicidin as a mycobactericidal is
continuously produced in sufficient quantities, or VDR may be involved
in maintaining Mtb in the non-replicative phase is still not clearly un-
derstood. The specific role of VDR involved in the latency phase needs
further investigation.

5. Conclusion

To conclude, VDR gene expression may be associated with active
pulmonary tuberculosis (PTB) but not with IGRA positivity in this study.
The VDR gene expression was downregulated in PTB rather than positive
and negative IGRA HC. The high expression of the VDR gene may be
influenced by VDR SNP rs11574113. This result may suggest a protec-
tive role of VDR in the progression of PTB. This study also found that
among spouses of IGRA-based PTB patients, in comparison with other
family members spouses are at greater risk of PTB infection. Spouses of
PTB patients need adequate protection so that existing Mtb infections

progress to the active phase.

Supplementary data to this article can be found online at https://doi.
orz/10.1016/j.genrep.2022.101581.

diT authorship contribution statement

Najdah Hidayah: Methodology, Software, Investigation, Writing-
original draft preparation Irawaty Djaharuddin: Conceptualization,
Writing - Reviewing and Editing, Supervision Ahyar Ahmad: Concep-
tualization, Validation, Writing - Reviewing and Editing, Supervision
Agussalim Bukhari: Methodology, Supervision, Validation [lhamjaya
Patellongi: Methodology, Software, Validation Nur Ahmad Tabri:
Investigation, Validation, Writing- Reviewing and Editingmsana
Agus: Investigation, Validation, Subair Subair: Investigation, Writing -
Reviewing and Editing Irda Handayani: Investigation, Writing -
Reviewing and Editing Andi Tenriola: Investigation, Methodology,
Software Handayani Halik: Methodology, So , Validation and
Muhammad Nasrum Massi: Conceptualization, Validation, Writing -
Reviewing and Editing, Supervision.

Declaration of competing interest

None.

Gene Reports 27 (2022) 101581

The_authors thank Integrated Master-Doctor Program (PMDSU) by
the Iny sian Ministry of Research and Technology for funding this
study (Grant No. 4514/UN4.21,/PL.00.00/2018). A great appreciation
was also expressed to Community Lung Health Center (BBKPM)
Makassar officials for their support and assistance in the sample
compilation. The authors also thank all of the study participants.

Acknowledgement

References

2020. Global Tuberculosis Report 2020, World Health

Dye, C., Glaziou, P. Flo)'d K., Raviglione, M., 2013. Prospects for tuberculosis
elimination. A.nnu Rev, Publlc Health 34, 271-286. hitps://doiorg/ 10,1146/

E: ev-publ Ith-031912-114431.

Slerlmg, T.R., Njie, G., Zenner, D, et al., 2020. Guidelines for the treatment of latent
tuberculosis infection: recommendations from the National Tuberculosis Controllers
Association and CDC, 2020. Am. J. Transplant. 20, 1196-1206. hitps: !
10.1111/ajt.15841.

Lee, S.H., 2016. Tuberculosis infection and latent tuben:ulos'ls Tubere. Respir. Dis.
(Seoul) 79, 201-206. htps: /10.4046,/trd 2016.79.4.201.

Fox, G.J., Barry, S.E., Britton, W.J., Marks G.B., 2013. Contact investigation for
tuben:ulosls a systematlc review and meta- analysts Eur. Respir. J. 41, 140-156.
https://d 2/10.1183, 031936.00070812,

Reichler, M.R., Khan, A, Sterling, T.R., et al., 2018, Risk and timing of tuberculosis
among close contacts of persons wlﬂ’l mfectlous tuberculosis. J. Infect. Dis. 218,
1000-10008. hitps: '

Qidwai, T., Jamal, F., Khan, MY 2012, DNA sequence variation and regulation of genes
involved in paﬂ'logenests ofpulmorlar;.r tuberculosis. Scand. J. Immunol. 75,
568-587. hitps: /. .org/10.1111,j.1365-3083.2012.02696. X

van Tong, H., Velavan, T.P., Thye, T., Meyer, C.G., 2017. Human genetic f; ctors in
tuberculosis: an update. Trop. Med. Int. Health 22, 1063-1071. hips:
10.1111/tmi 12923

Xu, X., Shen, M., 2019. Assocl.atlom between vitamin D receptor genetn: variants and
tuberculosis: a meta- analysis. Innate Immun. 25, 305-313. hitps// )
175342591984 2643,

Cao, Y., Wang, X., Cao, Z,, Cheng, X., 2016. Vitamin D receptor gene Fokl polymorphisms
and tuberculosis susceptibility: a meta-analysis. Arch. Med. Sci. 12, 1118-1134,
https: /10.5114/ao0ms. 201 6.60092,

Huang, L., Liu, C., Liao, G, et al, 2015. Vitamin D receptor gene foki polymorphism
contributes to increasing the risk of tuberculosis: an update meta-analysis. Med.
(United States) 94, e2256. hitps:/ 2/10.1097,/MD.0000000 0000022 56.

Henrique, P., Gois, F., Ferreira, D., etal., 2017, Vitamin D and infectious diseases: simple
bystander or contributing factor? Nutrients 9, 651, hiips: 1/10.33090,
nud070651.

Ashenafi, S, Mazurek, J., Rehn, A., et al, 2018, Vitamin D2 status and the association
with human cathelicidin expression in tients with different clinical forms of active
tuberculosis. Nutrients 10, 721, hitps: /10.2390,/nu100607 21,

Tessema, B., Moges, F., Habte, D., et al., 2017, Vitamin D deficiency among smear
positive pulmonary tuberculosis patients and their tuberculosis negative household
contacts in Northwest Ethiopia: a case-control study. Ann. Clin. Microbiol.
Antimicrob. 16, 36. hirps 2/10.1186,/512941-017-0211-3.

Huang, S.-J., Wang, X.-H., Liw, Z.-D., et al., 2017. Vitamin D deficiency and the risk of
tuben:ulosls a meta- analysts Drug Des Devel. Ther. 11, 91-102. hrtps:/
10.2217/14796676.5. 1.15.

Junaid, K., Rehman, A., Jolliffe, D.A., et al., 2016. Vitamin D deficiency associates with
susceptibility to tuberculosis in Pakistan, but pob 'morphlsms in VDR, DBP and
CYP2R1 do not. BMC Pulm. Med. 16, 73. hitps/ .org/10.1186,/512890-016
0240-2,

Koo, HLK, Lee, 1.8, Jeong, Y.J., et al, 2012, Vitamin D deficiency and changes in serum
vitamin I levels with reatment among tuberculosis patients in South Korea.
Respirology 17, 808-813. hitps:// 10.1111/j.1440-1843.2012.02172.x.

Yuvaraj, B., Sridhar, M.G., Kumar, S.V., Kadh avan, T., 2016, Association of serum
vitamin D levels with bacterial load in pulmonary tuben:ulosls patients. Tuben:
Respir. Dis. (Seoul) 79, 153-157. hitps:/ rg/10. 4046 /trd. 2016, 3

Sarin, P., Duffy, J., Mughal, Z., et al, 2016. Vitamin D and tuberculosis:
associat[on in ﬂ'lree rural pro\f[nces of Afghanistan. Int. J. Tubere. Lung Dis. 20,
3B3-38B. hitps:.. 2/10.5588/ijtld.15.0303

Ganmaa, D., Munkhzul B., Fawzi, W., et al., 2017. IIlgh dose vitamin D3 dunng

Crit. Care Med. 196, 628-637. hitps 2/10.1164,/reem. ‘l‘J 05
Tukvadze, N., Sanikidze, E., Kipiani, M., et al, 2015, Ihghdose\'lmmm D3 madulmwnh
pulmonar)' tuberculosis: a double-blind randormzed controlled trial. Am. J. Clin.

Nutr. 102, 1059-1069. hitps: ‘ajen. 115.1 13886,

Bekele, A., Gebresel.aasle N., Ashenafi, S., et al, 2018, Daily adjunctive therapy with
vitamin D 3 and phen}'lbutyrate supports clinical recovery from pulmonary
tuberculosis: a randomized controlled trial in Ethiopia. J. Intern. Med. 284,
292-306. hitps:/. 2/10.1111 fjoim. 12767,

Ganmaa, D., Uyanga, B., Zhow, X., et al., 2020. Vitamin D supplements for pre\'entlon ol‘
tuben:ulosls infection and dlsease N Engl. J. Med. 383, 359-368. hiips:
10.1056/nejmoal 915176,




N. Hidayah et al.

Sutaria, N., Liu, C.T., Chen, T.C., 2014, Vitamin D status, receptor gene polymorphisms,
and supplementation on wberculosis: a systematic review of case-control studies and
randomized controlled trials. J. Clin. Transl. Endocrinol. 1, 151-160. hitps i
org/10.1016/],jcte.2014.08.001,

Coussens, AK., Wilkinson, B.J., Martineau, A.R., 2015. Phenylbutyrate is bacteriostatic
against Mycobacterium tuberculosis and regulates the macrophage response to
infection, synergistically with 25-hydroxy-vitamin Da. PLoS Pathog. 11, 1005007

10,137 1/iourn

Ms, M., 2017. Vitamin D,

diff it forms of pulmor
versus sarcoidosis. Isr. M Assoc. I 19, 499-505.

Solé, X., Guing, E., Valls, J., et al., 2006. SNPStats: A web tool for the analysis of
association studies. Bioinformatics 22, 19281929, hitps://doiorg/ 10,1093,/
bioinformatics/btl268,

Sonawane, A, Santos, J.C., Mishra, B.B., et al., 2011, Cathelicidin is involved in the
intracellular killing of mycobacteria in macrophages. Cell. Microbiol. 13,
1601-1617. hitps://doi.org/10.1111/j.1462. 11101644 x.

Chung, C., Silwal, P., Kim, L, et al., 2020. Vitamin D-cathelicidin axis: at the crossroads
between protective immunity and paﬂnlaglcal inflammation during infection.
Immune Netw. 20, el2 hitp ' /10.4110,/in. 202020 2.

Choi, K.Y., Chow, LN.Y,, Mmkher_pee‘ N., 2012, Cationic host defence peptides:
multifaceted role in immune modulation and inflammation. J. Innate Immun. 4,
361-370. https://doi.c 10.1159/0003 36630,

Paik, S., Kim, J.K., Chung, C., Jo, EK., 2019, Autophagy: a new strategy for host-directed
therapy of tuberculosis. Virulence 10, 448-459. hips://dolorg/ 101080,
21505594.2018. 1536598,

Fortu

is vitamin D r
19, 438443,

Liu, J., Jiang, T., Wei, L., etal., 2013, The discovery and identification of a candidate

o, A, Bizzaro, N., 2017. Vit
ptor (VDR) polymorphism the

nin D utoimmur
culprit? Ir. Med. Assoc. J.

Medapatl, B.V., Suvvari, 8., Godi, S., Gangisetti, P., 2017. NRAMP1 and VDR gene
polymorpl’usms in susceptibility to pulmonary tuberculosts among Andhra Pradesh
population in India: a case-control study. BMC Pulm. Med. 17, 89. hitps,//do
10.1186,512890-017-0431-5.

Salimi, S., Farajian-masshadi, F., Alavi-Naini, R, et al, 2015, Association between
vitamin D receptor polymorphisms and haplotypes with pulmonary tuberculosis.
Biomed. Rep. 3, 189-194. htips://dolorg/10.3892/br.2014.402,

Mahmoud, A A, All, AHEK., 2014, Vitamin D receptor gene polymorphism and 25
hydroxy vitamin D lever in Egyptian patients with pulmonary tuberculosis. l:gypt I
Chest Dis. Tuberc. 63, 651-655. hitps://doi.o 20

Silva-Ramirez, B., Saenz-Saenz, C.A., Bradm—\'da ].A etal., 2019 Amoctatmn between
vitamin D receptor gene polymorphisms and puJ.monary tuberculosis in a Mexican
population. Indian J. Tubere. 66, 70-75. hitps://dolorg/ 10,1016/
ijth.2018.04.005.

Trajman, A., Steffen, R.E., Menzies, D., 2013, Interferon-gamma release assays versus
tuberculin skin testing for the diagnosis of latent mberculosis infection: an overview
of the evidence. Pulm. Med. 601737 hitps://doi.org/10.1155,/2013/6017 37,

Eom, J.5., Kim, L, Kim, W., et al., 201 8. Household mberculosis contact investigation in a
tuben:uhms prevalent country. Medicine (Baltimore) 97, e9681. hitps://do
10,1057 /MD. 000000000000968 1.

11. CpG L of the Vitamin D Rece al Methylation
and Tuberculosis Predisposition. University of Johannesburg, South Africa.

Hu, Q., Chen, Z, Liang, G., et al., 2016. Vitamin D receptor gene associations with
pulmonary tuberculasls ina leetan Chinese population. BMC Infect. Dis. 1-7.
https 0.1186/512879-016-1699-4,

Halliday, A., Wl'utworﬂl‘ H., Kottoor, S.H., et al., 2017, Stratification of latent
mycobacterium tuben:uhms infection by oeJ.luJar immune profiling. J. Infect. Dis.
215, 14B0-1487. hiips:, i.org/10.1093infdisfix107.

Qiagen, 2016. QuantiFERON & - TB Gold Plus (QFT ® -Plus) ELISA Package Insert 2.
www .quantiferon.com/irm/content,/PL/%0AQF T/PLUS, 2PK-Elisa, UK. pdf.
(Accessed 20 September 2018).

Salehi-tabar, R., Memari, B., Wong, H., et al., 2018, The tumor suppressor FEW7 and the
vitamin D receptor are mutual cofactors. Mol. Cancer Res. 17, 709-719. hitps://dol
org/10.1 ]5%']54] -7786.MCR- 18- [‘99]

tlme quanutatwe PCR and the 2 AACT method. Methods 25, 402-408. hitps

10.1006/meth. 2001.1262.

AML, 2011, BioEdit: an i

60-61.

Hall, T., 1999. Bi iment editor and
program for B/NT. N > Acids Symp. 95-G8.

Fox, G.J., Nhung, N.V,, Sy, DN et al 2018. Household-contact investigation for
detection aftuben:ulasm in Vietnam. N. Engl. J. Med. 378, 221-229. htrps://
org/10.1056/ nejmoal 700205,

Allen, M., Bailey, C., Cahatol, L, et al, 2015. Mechanisms of control of mycobacterium
tuberculosis by NK cells: role of glutathione. Front. Immunol. 6, 508. https:/ /dol.
org/10.3389/fimmu.2015.00508,

BoseDasgupta, S., Pieters, J., 2014, Striking the right balance determines TB or not TB.
Front. Immunol. 5, 455. https://dol org/10.3389,/ fimmu.2014. 00455,

Wu, 5., Wang, M.G., Wang, Y., He, 1.Q., 2019. Polymorphisms of cytokine genes and
tuberculosis in two independent studies. Sci. Rep. 9, 2507, hitps://do 0.1038/
541598-019-39249-4,

e for molecular biology. GERF Bull.

1alysis

Gene Reports 27 (2022) 101581

Harishankar, M., Selvaraj, P., Bethunaickan, R., 2018. Influence of genetic polymorphism
towards pulmonary tuberculosis susceptibility. Front. Med. 5, 213. https:/ /dol.org/
10.3389/fmed 2018.0021 3.

Mangin, M., Sinha, R., Fincher, K., 2014. Inflammation and vitamin D: the infection
connection. Inflamm. Res. 63, 803819, hiips:/ .org /10.1007,/500011-014-07 55-
Z

Padhi, A., Pattnaik, K., Biswas, M., et al., 2019. Mycobacterium tuberculosis LprE
SUppresses '[LR241ependent cali’leJ.u:LdLn and autophagy expression to enhanoe
bacterial survival in macrophages. J. Immunol. 203, 2665-2678. hip
104049/ jimmuncl.1801301.

Miao, D., Goltzman, D., 2021. Probing the scope and mechanisms of calcitriol actmns
using genetically modLﬁed mouse models. JBMR Flus 5, 10434, hitps:/ /dolorg/
10,1002/ jbmd. 10434,

Xu, Y. LLL Y. L, 2003. Using a cDNA microarray to study cellular

expression z by Mycobacterium tuberculosis. Chin. Med. J. 116, 1070

Selvaraj, P., Prabhu Anand, S., Harishankar, M., Alagarasu, K., 2009. Plasma 1,25
dihydroxy vitamin D2 level and expression of vitamin D receptor and cathelicidin in
pulmonary tuberculosis. J. Clin. Immunol. 29, 470478, hips//doLorg/ 10,1007/
51087 5-009-9277-9,

Fiske, C.T., Blackman, A., Maruri, F., etal., 2019, Increased vitamin D receptor
expression from macrophages after stimulation with M. tuberculosis among persons
who have remvered from extrapulmonary tuberculosis. BMC Infect Dis. 19, 266.
http iorg/10.1186,/51 2879-019-3958-7.

Maruthai, K., Sankar, ., Subramanian, M., 2020, Meli’lylat[on status of VDR gene and its
association with vitamin D status and VDR gene expression in pediatric tuberculosis
disease D stams and VDR gene expression in pediatric tuberculosis. Immunol.
Investig. 00, 1-16. hitps: i 10.1080,/08820139.2020.1810702.

Jones-Lopez, E.C., Namugga, 0., Mumbawa F., et al., 2013. Cough aerosols of
mycobacterium tuberculosis predict new Lnfecuon a household contact study. Am.
J. Respir. Crit. Care Med. 187, 1007-1015. hiips i.org/10.1164,/recm. 201 208-
14220C.

Gurjav, U, Ankhbat, M., Ganbaatar, G., et al., 2019. Vitamin D deficiency is associated
with tuberculosis infection among | hold contacts in Ulaanbaatar, Mongolia. Int.
J. Tubere. Lung Dis. 23, 919-923, hitps i, org/10.5588,/jtd. 19.0047.

Crampin, A.C., Kasimba, 5., Mwaungulu, N.J., et al., 2011. Married to M. tuberculosis:
risk of infection and disease in spouses of smear positive tuberculosis patients. Trop.
Med. Int. Health 16, 811-818. hrtps:/ /doi.org/10.1111/].12365-3156.201 1.02763 x.
Married.

Zellweger, 1LP., Sotgiu, G., Corradi, M., Durando, P., 2020. The diagnosis of latent
tuberculosis infection (Ltbi): currently available tests, future developments, and
perspectives to eliminate tuberculosis (tb). Med. Lav. 111, 170-183. 10.22749 /mdl.
v111i3.9983.

Chapman, H.J., Lauzardo, M., 2014, Advances in diagnosis and treatment aflatent
tuben:ulos[s infection. J. Am. Board Fam. Med. 27, 704-712. https:/,
10.3122/jabin.2014.05. 140062,

i Republik Ir

en Tuberkulosis (ILTE).

GLdean H.P., Flynn, J.L., Flynn, J.L, 2011 Latent tuberculosis: what the host * sees ™7
]mmunol Rees 50, 202-212. https://doi.org,/10.1007/51 2026-011-8229-7

Ehlers, S., Schaible, U.E., 2013. The granuloma in tuberculosis: dynamics afa
hast—paﬂmgen coJ.leon. Front. Immunol. 3, 411. https://dolorg/ 10,3389/
fimmu.2012.00411.

Rao, M., Ippolito, G., Mfinanga, S., et al, 2019, Latent TB infection (LTBI) —
mycobacterium tuberculosis pathogenesis and the d ics of the gr
battleground. Int. J. Infect. Dis. 80, $58-561. hitps: /doi.org/10. 10167
ijid.2019.02.035.

Ogunkolade, B., Boucher, B., Prahl, 1., et al,, 2002 Vitamin D receptor gene
polymorphisms influence insulin secretion in Bangladeshi Asians. Diabetes 51,
2291-2300. https://dolorg/10.2337 /diabetes. 47 4. 688,

Decker, CL, Parker, R., 1995, Diversity of cytoplasmic functions for the 3’ untranslated
region afeukaryatlc transcripts. Curr. Opin. Cell Biol. 7, 386-392, hitps !
10.1016/0955-067 4(95)80094-8.

Jurutka, P.W., Remus, L.S., Whitfield, G.K., et al, 2000. The polymorphic N terminus in
human vitamin D receptor isoforms influences transeriptional activity by modulating
interaction with transcription factor IB. Mol. Endocrinol. 14, 401-420. hitps://doi
org/10.1210/mend.14.3.04 35,

Panda, S., Tiwari, A., Luthra, K., et al., 2019. Association of Fokl VDR polymorphism
with vitamin D and its aasoctated molecules in pulmonary tuberculosis patients and
their household contacts. Sci. Rep. 9, 15251, hitps,//do 10.1038/541598-019-
51803-8.

Lee, Y.H., Song, G.G., 2015. Vitamin D receptor gene FokL Taql, Bsml and Apal
polymorphlsms and susceptibility to puJ.monary tuberculosis: a meta-analysis. Genet.
Mol Res. 14, 9118-9129. hiips 10.4238/2015. August.7. 21

Gao, L., Tao, Y., Zhang, L., Jin, Q., 2010. Vitamin D receptor genetic polymorphisms and
tuberculosis: updated systematic review and meta-analysis. Int. J. Tuberc. Lung Dis.
14 15-23. hitp. .

. Liu, Q., ZI polymorphi
rL'.I\ of tuberculos lysis of 29 ¢ ™ FLoS One 8, ¢

Budhathoki, 8., Yamaji, T., Iwasaki, M., et al., 2016. Vitamin D receptor gene
polymorphlsm and ﬂ'le risk of mlorectal cancer: a nested casecontrol study. PLoS
One 11, 1-13. hitp 0164648,

Whitfield, G.K., Remu ionally rel
polymorphisms in

ocrinol. 177, 145 ]59

Hussain, T., Naushad, SM., Ahmed, A., et al, 2019, Association of vitamin D receptor
Taql and Apal genetic polymorphisms with nephrolithiasis and end stage renal

sia, 2020. Petunjuk Teknis Pes

SmSs o

3843

Er




N. Hidayah et al.
disease: a meta-analysis. BMC Med. Genet. 20, 1-9. hips: /10,1186
s12881-019-0932-6.

Medeiros, J.F.P., de Oliveira Borges, M.V., Soares, A.A., et al., 2020, The impact of
vitamin D supplementation on VDR gene expression and body composition in
monozygotic twins: randomized controlled trial. Sci. Rep. 10, 1-10. hitps:
10.1038,/541 598-020-69128-2.

Han, J., Zhang, X., Saraf, S.L., et al,, 2018, Risk factors for vitamin D deficiency in sickle
cell disease. Br. J. Haematol. 181, B28-835, hitps: rg/10.1111/bjh 15270,

Anand, A, Singh, S., Sonkar, A.A., et al,, 2017, Expression of vitamin D receptor and
vitamin D status in patients with oral neoplasms and effect of vitamin D
supplementation on quality of life in advanced cancer treatment. Wspolczesna
Onkol. 21, 145-151. hitps /10.5114/wo.2017.68623.

Mazdeh, M., Ghafouri-Fard, S., Hatami, M., et al,, 201 8. Expression analysis of vitamin D
signaling pathway genes in epileptic patients. J. Mol. Neurosci. 64, 551-558.
https: rg/10.1007,/512031-01 8-1059-5.

Kongsbalk, M., Levring, T.B., Geisler, C., Von, Essen M.R., 2013. The vitamin D receptor
andT cell function. Front. Immunol. 4, 1-10. hitps: ) -
fimmu.2013.00148,

Liu, P.T., Stenger, S., Li, H., et al, 2006. Toll-like receptor wiggering of a vitamin D-
mediated human antimicrobial response toll-like receptor triggering of a vitamin D-
mediated human antimicrobial response. Science 1770-1773. hitps /
10,1126 1123933,

Pike, J.W., Meyer, M.B., 2011. The vitamin D receptor: new paradigms for the regulation
of gene expression b 1,25- dlhydroxy\rlmmm D3. I:ndocnnol Metab. Clin. N. Am.
39, 255_269, hitps: ;

Pik i i 1 ¥ e ns fi ttion

Gene Reports 27 (2022) 101581

Haussler, M.R., Whitfield, G.K., 2013. Molecular mechamsrrs of vitamin D action. Caleif,

23-012-9619-0.
bility of 25-1
d inflammatory T

Kim, SJ Ye S Ha E. Chun, I:M 2018 Amocl.atlonol‘bodymaas index with incident
tuben:ulosts in Korea PLoS One 13, e0195104. hitp 1/10.137 1/journal,
pone. 0195104,

Kumaratne, M., Early, G., Cisneros, J., 2017, Vitamin D deficiency and association with
body mass index and lipid levels in Hispanic American adolescents. Glob. Pediatr.
Health 4, 1-6. hrtp A 1794x177 44141,

Dorhol, A, Kaufmann, S.H.E., 2014. Tumor necrosis factor alpha in mycobacterial
mfectlon Semin, lmmunol 26, 203-209. hitps./ o/ 10,1016/,

malnutrition 2
nimals. Int. J

Guwatudde, D Nakakﬁeto M Maganda, A., Chiunda, A., 2003, Tuberculosis in
household contacts of infectious cases in Kampala Uganda Am. J. Epidemiol. 158,
BE7_B9E. hitps: ey

Sepkowitz, KA., 1996. How mntaglous is tuberculosls? Clin. Infect. Dis. 23, 954-962.
https: clin 3

Hong, Y., KLm Y., l.ee . J et al 2019 Levels of vitamin D-associated cytokines
dlstmgulsh between actwe and Iatent tuberculosis following a tuberculosis outbreak.
BMC Infect. Dis. 19, 151. hips rg/10.1186,/51 26879-019-3798-5.

Esteve Palau, E., Sanchez Martinez, F., Knobel Freud, H., et al., 2015, Tuberculosis:
plasma levels of vitamin D and its relation with infection and disease. Med. Clin.
{Engl. Ed.) 144, 111-114. htips:/ /10,101 6/j.m 2015.05.003,

10




Gene reports 2022

ORIGINALITY REPORT

19, . 184 6

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Najdah Hidayah, Irawaty Djaharuddin, Ahyar 20/
Ahmad, Rosdiana Natzir et al. "Association of ’
Vitamin D Receptor Polymorphism
(rs2228570, rs1544410, rs7975232, and
rs731236) and Macrophage Migration
Inhibitory Factor -173 G/C (rs755622) with the
Susceptibility of Active Pulmonary
Tuberculosis in Makassar, Indonesia", Open
Access Macedonian Journal of Medical
Sciences, 2021

Publication

Najdah -Hidayah, Irawaty -Djaharuddin, Ahyar 1 o
-Ahmad, Sabar -Pambudi et al. "Plasma ’
Macrophage Migration Inhibitory Factor
Concentration at Each Spectrum of
Tuberculosis", Journal of Interferon &

Cytokine Research, 2022

Publication

Kathirvel Maruthai, Saranya Sankar, 1
: . %
Mahadevan Subramanian. "Methylation
Status of VDR Gene and its Association with
Vitamin D Status and VDR Gene Expression in



Pediatric Tuberculosis Disease",
Immunological Investigations, 2020

Publication

-~

Vitamin D, 2010.

Publication

(K

Submitted to University of Stellenbosch,
South Africa

Student Paper

T

Handayani Irda, Djaharuddin Irawaty, Natzir
Rosdiana, Arief Mansyur et al. "Contribution
of NRAMP1 gene expression and protein level
in pulmonary and latent TB infection in
Indonesia", Journal of Applied Pharmaceutical
Science, 2021

Publication

(K

Irda Handayani, Muhammad Nasrum Massi,
Yanti Leman, Rosdiana Natzir et al.
"Composite Bacterial Infection Index and
Serum Amyloid A Protein in Pulmonary
Tuberculosis Patients and their Household
Contacts in Makassar", Open Access
Macedonian Journal of Medical Sciences, 2021

Publication

T

Kongsbak, Martin, Trine B. Levring, Carsten
Geisler, and Marina Rode von Essen. "The
Vitamin D Receptor and T Cell Function",
Frontiers in Immunology, 2013.

Publication

T




Qinghua Yang, Yang Liu, Yewen Guan, Xinli
Zhan, Zengming Xiao, Hua Jiang, Qingjun Wei.
"Vitamin D Receptor gene polymorphisms and
plasma levels are associated with lumbar disc
degeneration", Scientific Reports, 2019

Publication

(K

Submitted to Universitas Hasanuddin
Student Paper <1 %
Omer Erdag, Mahfuz Turan, Rifki Ucler, <'I y
Mehmet Berkoz, Mehmet Fatih Garca, Nazim ’
Bozan, Ahmet Faruk Kiroglu, Hakan Cankaya.
"Is Nasal Polyposis Related to Levels of Serum
Vitamin D and Vitamin D Receptor Gene
Expression?”, Medical Science Monitor, 2016
Publication
"Understanding the Host Immune Response <1 o
Against Mycobacterium tuberculosis ’
Infection"”, Springer Science and Business
Media LLC, 2018
Publication
"Handbook of vitamin D in human health", <'] o
Wageningen Academic Publishers, 2013 ’
Publication
"Abstracts of the Asian Congress of Nutrition <1 o

2019", Annals of Nutrition and Metabolism,
2019

Publication




15 Minuk, G.Y.. "Rebound hepatitis following <1 )
: : : : %
withdrawal of immunosuppressive therapy in
patients with chronic Hepatitis B viral
infections", Hepatology Research, 200409
Publication
Shabroza Bashir, Ajaz A. Shah, Jahangir I. Dar, <1 o
Irshad A. Misgar et al. "Association of VDR ’
gene Bsml polymorphism with
temporomandibular joint disorders: A case
control study in Kashmiri population”, Gene
Reports, 2022
Publication
iili)nrtrgizred to A'Shargiyah University, Oman <1 o
A UITTERLINDEN. "Genetic Vitamin D <1 y
Receptor Polymorphisms and Risk of ’
Disease", Vitamin D, 2005
Publication
Jun Kyu Song. "Novel Compound <1 o
Heterozygous Mutations in the Vitamin D °
Receptor Gene in a Korean Girl with
Hereditary Vitamin D Resistant Rickets",
Journal of Korean Medical Science, 2011
Publication
"ASBMR 22nd annual meeting", Journal of <1 o

Bone and Mineral Research, 09/2000

Publication




SS'ELEiEnET;;EEred to Korea University <1 o
Mariko Fukui, Norihiro Harada, Kazuya <1 o
Takamochi, Takuo Hayashi et al. "The balance
between lung regulatory T cells and Th17 cells
is a risk indicator for the acute exacerbation
of interstitial lung disease after surgery: a
case control study", Research Square Platform
LLC, 2022
Publication
Tizaoui, Kalthoum, Wajih Kaabachi, Agnes <1 o
Hamzaoui, and Kamel Hamzaoui. "Association ’
between vitamin D receptor polymorphisms
and multiple sclerosis: systematic review and
meta-analysis of case-control studies",
Cellular and Molecular Immunology, 2014.
Publication
Abeer Ramadan, Sara F. Sallam, Mai S. <1 o
Elsheikh, Sally R. Ishak et al. "VDR gene ’
expression in asthmatic children patients in
relation to vitamin D status and
supplementation”, Gene Reports, 2019
Publication
Assel G. Zhumina, Konstantin Li, Anna A. <1 o

Konovalova, Yelena A. Li et al. "Plasma 25-
Hydroxyvitamin D Levels and VDR Gene
Expression in Peripheral Blood Mononuclear
Cells of Leukemia Patients and Healthy



Subjects in Central Kazakhstan", Nutrients,
2020

Publication

Francisca Dayse Martins de Sousa, lury de <1 o
Paula Souza, Ednelza da Silva Graca Amoras,
Sandra Souza Lima et al. "Low levels of TNFA
gene expression seem to favor the
development of pulmonary tuberculosis in a
population from the Brazilian Amazon",
Immunobiology, 2023
Publication

Submitted to Queen Mary and Westfield <1 o
College
Student Paper

Rasoul Abdollahzadeh, Mohammad Hossein <1 o
Shushizadeh, Mina Barazandehrokh, Sepideh ’
Choopani et al. "Association of Vitamin D
receptor gene polymorphisms and
clinical/severe outcomes of COVID-19
patients", Infection, Genetics and Evolution,
2021
Publication

"Integrated Physiology/Obesity", Diabetes, <1 o
2013
Publication

Fernando Lecanda, Pamela M. Warlow, Linda <1 o

R. Halstead, Thomas H. Steinberg, Roberto
Civitelli. "Impaired intramembranous bone



formation in connexin43 null mice", Bone,
1998

Publication

Ingebjerg S. Juel, Erik Solligard, Kare E. Tvedt, <1 o
Eirik Skogvoll et al. "Post - ischaemic
restituted intestinal mucosa is more resistant
to further ischaemia than normal mucosa in
the pig", Scandinavian Journal of Clinical and
Laboratory Investigation, 2009
Publication

Ghazal Ebadzad, Clara Medeira, Isabel Maia, <1 o
Jorge Martins, Alfredo Cravador. "Induction of ’
defence responses by cinnamomins against
Phytophthora cinnamomi in Quercus suber
and Quercus ilex subs. rotundifolia",
European Journal of Plant Pathology, 2015
Publication

Guangyuan Chen, Cong Hu, Yuxuan Song, <1 %

Mengxi Xiu, Wanfeng Liang, Ningjing Ou,
Xiaogiang Liu, Peng Huang. "Relationship
Between the Apal (rs7975232), Bsml
(rs1544410), Fokl (rs2228570), and Taq|l
(rs731236) Variants in the Vitamin D Receptor
Gene and Urolithiasis Susceptibility: An
Updated Meta-Analysis and Trial Sequential
Analysis", Frontiers in Genetics, 2020

Publication

Submitted to Universiti Putra Malaysia
Student Paper



<1%

Submitted to University of Anbar
Student Paper y <1 %
Faheem Shahzad, Noman Bashir, Atia Ali,
36 . <Il%
Ayesha Nadeem et al. "SLC11A1 genetic
variation and low expression may cause
Immune response impairment in TB patients”,
Genes & Immunity, 2022
Publication
Submitted to Lebanese American Universit
Student Paper y <1 %
Submitted to King's College
Student Paper g g <1 %
Upendra Yadav, Pradeep Kumar, Vandana Rai. <1 o
"Fokl polymorphism of the vitamin D receptor ’
(VDR) gene and susceptibility to tuberculosis:
Evidence through a meta-analysis", Infection,
Genetics and Evolution, 2021
Publication
Ya-Ping Ho, Ying-Chu Lin, Yi-Hsin Yang, Yu- <'I %

Hsiang Chou, Kun-Yen Ho, Yi-Min Wu, Chi-
Cheng Tsai. "Association of vitamin D receptor
gene polymorphisms and periodontitis in a
Taiwanese Han population", Journal of Dental
Sciences, 2017

Publication




Submitted to Lincoln Universit
Student Paper y <1 %
Sut.)mitt.ed to Sefako Makgatho Health Science <'I o
University
Student Paper
Kali Prasad Pattanaik, Srabasti Sengupta,
. B . <Il%
Bimal Prasad Jit, Riddhi Kotak, Avinash
Sonawane. "Host-mycobacteriaconflict:
Immune responses of the host vs. the
mycobacteria TLR2 and TLR4 ligands and
concomitant host-directed therapy",
Microbiological Research, 2022
Publication
S. Takano. "TGF- type | receptor kin.ase <1 o
inhibitor down-regulates rheumatoid
synoviocytes and prevents the arthritis
induced by type Il collagen antibody",
International Immunology, 11/29/2006
Publication
Souzana E. Xyda, Kalliopi Kotsa, Argyrios <1 o

Doumas, Emmanouil Papanastasiou,
Alexandros A. Garyfallos, George Samoutis.
"Could the Majority of the Greek and Cypriot
Population Be Vitamin D Deficient?",
Nutrients, 2022

Publication




Dinelma Martins, Gyselly Matos, Rosane
Loiola, Vivian Lucia Aslan D’Annibale, Tereza
Corvelo. "Relationship of vitamin D receptor
gene polymorphisms in Helicobacter pylori
gastric patients", Clinical and Experimental
Gastroenterology, 2018

Publication

<1%

Fatimah, Muhammad Nasrum Massi, A. Dwi
Bahagia Febriani, Mochammad Hatta et al.
"Effect of breastfeeding on children's health
and its relationship to NRAMP1 expression: A
cross-sectional study", Annals of Medicine and
Surgery, 2021

Publication

<1%

Jeane Franco Pires Medeiros, Michelle
Vasconcelos de Oliveira Borges, Aline Alves
Soares, Jessica Cavalcante dos Santos et al.
"The impact of vitamin D supplementation on
VDR gene expression and body composition
in monozygotic twins: randomized controlled
trial", Scientific Reports, 2020

Publication

<1%

Ji Hae Kim, Jong-Sun Park, Young-Jae Cho, Ho-
Il Yoon, Jung Han Song, Choon-Tack Lee, Jae
Ho Lee. "Low serum 25-hydroxyvitamin D
level: An independent risk factor for
tuberculosis?", Clinical Nutrition, 2014

Publication

<1%




Margaret K. Guerriero, Mary W. Redman,
Kelsey K. Baker, Renato G. Martins et al.
"Racial disparity in oncologic and quality-of-
life outcomes in patients with locally
advanced head and neck squamous cell
carcinomas enrolled in a randomized phase 2
trial", Cancer, 2018

Publication

<1%

Mayu Ohuchi, Shigehiro Yagishita, Hitomi Jo,
Kazumasa Akagi et al. "Early change in the
clearance of pembrolizumab reflects the
survival and therapeutic response: A
population pharmacokinetic analysis in real-
world non-small cell lung cancer patients",
Lung Cancer, 2022

Publication

<1%

Mengjiao Li, Lin Jiao, Mengyuan Lyu, Jiajia
Song, Hao Bai, Chunying Zhang, Tao Wu,
Xuerong Chen, Binwu Ying. "Association of
IL27 and STAT3 genetic polymorphism on the
susceptibility of tuberculosis in Western
Chinese Han population”, Infection, Genetics
and Evolution, 2020

Publication

<1%

P. Selvaraj. "Plasma 1,25 Dihydroxy Vitamin
D3 Level and Expression of Vitamin D
Receptor and Cathelicidin in Pulmonary

<1%



Tuberculosis", Journal of Clinical Immunology,
02/14/2009

Publication

"Extraskeletal Effects of Vitamin D", Springer <1 o
Science and Business Media LLC, 2018
Publication

"Metabolic Interaction in Infection", Springer <1 o
Science and Business Media LLC, 2018
Publication

"Oral Presentation - Respiratory Infections <1 o
(Non-Tuberculosis) : Oral Presentation - °
Respiratory Infections (Non-Tuberculosis)",
Respirology, 2014.
Publication

Andi Rizky Arbaim Hasyar, Haerani Rasyid, <1 o
Irfan Idris, Irawan Yusuf. "Effect of Artificial
Carbon Dioxide-Rich Water Immersion on
Peripheral Blood Flow in Healthy Volunteers:
Preliminary Study about Artificial Carbon
Dioxide-Rich Water", Open Access
Macedonian Journal of Medical Sciences, 2021
Publication

Bao, B.. "Catfish hepcidin gene is expressed in <1 o

a wide range of tissues and exhibits tissue-
specific upregulation after bacterial infection",
Developmental and Comparative
Immunology, 2005

Publication




Ester Lilian Acen, Irene Andia Biraro,
Mudarshiru Bbuye, David Patrick Kateete,
Moses L. Joloba, William Worodria.
"Hypovitaminosis D among newly diagnosed
pulmonary TB patients and their household
contacts in Uganda", Scientific Reports, 2022

Publication

<1%

Jian Zhao, Cen Wen, Ming Li. "Association
Analysis of Interleukin-17 Gene
Polymorphisms with the Risk Susceptibility to
Tuberculosis", Lung, 2016

Publication

<1%

Joaquin Miguel Pellegrini, Nancy Liliana
Tateosian, Maria Paula Morelli, Veronica Edith
Garcia. "Shedding Light on Autophagy During
Human Tuberculosis. A Long Way to Go",
Frontiers in Cellular and Infection
Microbiology, 2022

Publication

<1%

Li-Ching Lee, Ying-Chun Cho, Pei-Jung Lin,
Ting-Chi Yeh, Chun-Yen Chang, Ting-Kuang
Yeh. "Influence of Genetic Variants of the N-
Methyl-D-Aspartate Receptor on Emotion and
Social Behavior in Adolescents", Neural
Plasticity, 2016

Publication

<1%

Qunying Hu, Zhengshuai Chen, Guinian Liang,
Fangping Mo, Hengxun Zhang, Shilin Xu, Yuhe

<1%



Wang, Longli Kang, Tianbo Jin. "Vitamin D
receptor gene associations with pulmonary
tuberculosis in a Tibetan Chinese population”,
BMC Infectious Diseases, 2016

Publication

Sudhasini Panda, Ambrish Tiwari, Kalpana
Luthra, S. K. Sharma, Archana Singh.
"Association of Fok1 VDR polymorphism with
Vitamin D and its associated molecules in
pulmonary tuberculosis patients and their
household contacts", Scientific Reports, 2019

Publication

<1%

Submitted to Syiah Kuala University

Student Paper

<1%

Victoria Naranjo, Ursula HAffle, JoaquAn
Vicente, Ma Paz MartAn et al. " Genes
differentially expressed in oropharyngeal
tonsils and mandibular lymph nodes of
tuberculous and nontuberculous European
wild boars naturally exposed to ", FEMS
Immunology & Medical Microbiology, 2006

Publication

<1%

Wen-Feng Li. "Genetics of osteoporosis:
accelerating pace in gene identification and
validation", Human Genetics, 12/12/2009

Publication

<1%

Wenping Gong, Xuegiong Wu. "Differential
Diagnosis of Latent Tuberculosis Infection and

<1%



Active Tuberculosis: A Key to a Successful
Tuberculosis Control Strategy", Frontiers in
Microbiology, 2021

Publication

E Zhu, Andy Z.X., Qian Zhou, Lisa Sanderson
Cox, Sean P. David, Jasjit S. Ahluwalia, Neal L.
Benowitz, and Rachel F. Tyndale. "Association
of CHRNA5-A3-B4 SNP rs2036527 with
smoking cessation therapy response in
African American smokers", Clinical
Pharmacology & Therapeutics, 2014.

Publication

<1%

Exclude quotes On Exclude matches <9 words

Exclude bibliography On



