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Abstract
Introduction Vitamin D3, which exerts its effect through
vitamin D receptor (VDR), is known for its potent
immunomodulatory activities. Associations between low
serum vitamin D3 levels and increased risk of tuberculosis
have been reported.
Study Subjects and Methods Plasma 1,25 dihydroxy vita-
min D3 levels (1,25(OH)2 D3) and ex vivo levels of VDR
protein from peripheral blood mononuclear cells were
studied in 65 pulmonary tuberculosis (PTB) patients and
60 normal healthy subjects (NHS) using enzyme-linked
immunosorbent assay-based methods. Using real-time
polymerase chain reaction (PCR), induction of VDR,
cathelicidin, and CYP27B1 mRNA were studied in live
Mycobacterium tuberculosis-stimulated macrophage cul-
tures treated with or without 1,25 dihydroxy vitamin D3.
VDR and CYP27B1 (-1077 A/T) gene polymorphisms
were studied using PCR-based methods.
Results 1,25(OH)2 D3 were significantly increased (p=
0.0004), while ex vivo levels of VDR protein were signif-
icantly decreased in PTB patients (p=0.017) as compared
to NHS. 1,25(OH)2 D3 levels were not different between
variant genotypes of CYP27B1. A trend towards decreased
levels of VDR protein was observed among NHS with
BsmI BB and TaqI tt genotypes compared to NHS with
other genotypes. Relative quantification of mRNA using
real-time PCR revealed increased VDR mRNA expression
in live M. tuberculosis-stimulated culture in PTB patients

(p<0.01) than normal healthy subjects. Cathelicidin mRNA
expression was significantly increased in vitamin D3-treated
cultures compared to unstimulated and M. tuberculosis-
stimulated culture in both patients (p<0.001) and NHS
(p<0.05).
Conclusions The present study suggests that PTB patients
may have increased 1,25(OH)2 D3 levels, and this might
lead to downregulation of VDR expression. Decreased
VDR levels could result in defective VDR signaling. More-
over, addition of 1,25(OH)2 D3 might lead to increased
expression of cathelicidin which could enhance the immu-
nity against tuberculosis.
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Introduction

Tuberculosis is a global emergency, and one third of the world
population is estimated to be latently infected with Mycobac-
terium tuberculosis, the causative agent of tuberculosis. High
rates of M. tuberculosis (MTB) infection and vitamin D
deficiency have been reported in African immigrants in
Australia [1], the USA [2], and Europe [3]. An association
between 25 hydroxy vitamin D3 levels and tuberculosis (TB)
has been described in several case-control studies [4–6].

1,25 Dihydroxyvitamin D3 (1,25(OH)2D3) is synthesized
from 7-dehydrocholesterol in the skin by exposure to
ultraviolet rays (200–300 nm) from the sun. Biological
activation of vitamin D involves firstly 25-hydroxylation,
followed by 1α-hydroxylation to synthesize 1,25(OH)2 D3.
In humans, a hepatic mitochondrial hydroxylase enzyme
named CYP27A is involved in the 25 hydroxylation.
25-Hydroxyvitamin D3 is the major circulating vitamin D
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metabolite and is modified by 1α-hydroxylation catalyzed by
1α hydroxylase coded by CYP27B1 gene to produce
hormonal 1,25(OH)2 D3. While kidneys represent a major
site of 1α-hydroxylation of 25-hydroxyvitamin D3, activated
macrophages and dendritic cells also express CYP27B1 [7].
Studies have shown that Toll-like receptor (TLR) stimulation
of human macrophages induces expressions of CYP27B1,
vitamin D receptor (VDR), and relevant downstream targets
of VDR (including cathelicidin, antimicrobial peptide gene)
[8]. Polymorphisms in the CYP27B1 gene have been shown
to be associated with susceptibility to autoimmune diseases
[9, 10] and might also influence endogenous levels of 1,25
(OH)2 D3.

1,25(OH)2 D3, the active metabolite of vitamin D,
traditionally known for the maintenance of mineral homeo-
stasis, is being increasingly recognized for its potent
antiproliferative, prodifferentiative, and immunomodulatory
activities [11]. Recent studies have shown that 1,25(OH)2 D3

induces the expression of antimicrobial peptide cathelicidin
which restricts the growth of M. tuberculosis in monocytes
under in vitro culture conditions [12]. Our studies on 1,25
(OH)2 D3 have shown that vitamin D3 could enhance macro-
phage phagocytosis of live M. tuberculosis and spontaneous
lymphocyte proliferation, while it might suppress M.
tuberculosis culture filtrate antigen-induced lymphocyte
proliferation in normal healthy subjects [13]. Moreover, our
study also revealed that 1,25(OH)2 D3 differentially modu-
lates production of cytokines in response to M. tuberculosis
antigens by predominantly suppressing IL-12p40 and IFN-γ
production in a dose-dependent manner [14]. A more recent
trial of vitamin D supplementation in Indonesian pulmonary
TB patients has reported more rapid sputum clearance of
acid-fast bacilli and radiological improvement [15].

Vitamin D3 exerts its effect through vitamin D receptor. A
polymorphism in the 5′ regulatory region (Cdx2) is known to
influence the transcriptional activity of VDR gene while
polymorphisms in the 3′ untranslated region (UTR; BsmI,
ApaI, and TaqI) have been shown to be associated with
stability of VDR mRNA. A polymorphism located in the
translation initiation codon (FokI) gives rise to three amino
acid differences in the VDR length and is known to affect the
protein function [16]. Our studies have shown that variant
genotypes of 5′ regulatory and 3′ UTR polymorphisms of
VDR gene differentially regulate vitamin D3-modulated
immune functions in pulmonary tuberculosis [17, 18]. In
the present study, we have investigated the levels of 1,25
(OH)2 D3, VDR protein from the peripheral blood mono-
nuclear cell lysates of pulmonary tuberculosis patients and
normal healthy subjects. Moreover, relative expression of
VDR, cathelicidin, and CYP27B1 mRNA in M. tuberculosis-
stimulated macrophage cultures treated with or without 1,25
(OH)2 D3 were also studied. Further analysis were also done
to find out whether CYP27B1 promoter and VDR gene

polymorphisms influence the plasma 1,25(OH)2 D3 levels
and ex vivo levels of VDR protein.

Study Subjects and Methods

Study Subjects

The study subjects consist of 65 pulmonary tuberculosis
patients (mean age±SE, 36.0±8.06) attending Institute of
Thoracic Medicine and Government Thiruvotteeswarar
hospital of Thoracic Medicine, Chennai and 60 normal
healthy subjects (mean age±SE, 29.9±7.74). Patients
included were clinically and radiologically diagnosed for
pulmonary tuberculosis (PTB) and confirmed by sputum
positivity for M. tuberculosis by smear and culture. All the
PTB patients were HIV negative and recruited for the study
before the commencement of antituberculosis treatment.
The normal healthy subjects (NHS) comprising staffs and
trainees of Tuberculosis Research Centre, Chennai who
were clinically normal and volunteered to give blood for the
study. Among the PTB patients, 52 were men, and 13 were
women. Similarly, in NHS, 40 were men and 20 were
women. An informed consent was obtained from all the
patients before blood collection, and this study was
approved by Ethical Committee of the Institute.

Isolation of Peripheral Blood Mononuclear Cells

Peripheral blood mononuclear cells (PBMCs) were separated
from heparinized blood of healthy donors and pulmonary
tuberculosis patients by standard Ficoll-Hypaque density
gradient centrifugation. The separated cells were resuspended
in Roswell Park Memorial Institute (RPMI) 1640 tissue
culture medium (Sigma Chemical Co., St. Louis, USA)
supplemented with 2 mM glutamine. Plasma samples were
stored at −80°C.

Estimation of Plasma 1,25 Dihydroxy Vitamin D3 Levels

Plasma 1,25 dihydroxy vitamin D3 levels were estimated
using a competitive enzyme-immuno assay technique with
a selected monoclonal antibody recognizing 1,25 dihydroxy
vitamin D3. Enzyme-linked immunosorbent assay (ELISA)
was performed using a kit (Immuno diagnostic, Bensheim,
Germany) according to the manufacturer’s instruction. The
detection limit was 4.8 pg/ml.

Estimation of Ex Vivo Levels of Vitamin D Receptor
Protein from Peripheral Blood Mononuclear Cells

Ex vivo levels of VDR protein from peripheral blood
mononuclear cells were estimated using an ELISA kit
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(Diagnostic System Laboratories Inc, Webster, TX, USA)
according to the manufacturer’s instruction. PBMCs
(5×106) were used for extraction of total protein. Total
protein levels were estimated using Bicinchonic acid
protein assay kit (Sigma Chemical). VDR protein levels
were expressed as femtomoles per milligram of total
protein.

Monocyte-Derived Macrophage Culture

About 100μl of the cell suspension containing 3×106 PBMCs
was layered in a 24-well culture plate (Costar, Cambridge,
MA, USA). The plate was incubated at 37°C and 5% CO2 in
an incubator (Heraeus, Kendro Laboratories, Germany) for
40 min. After incubation, the non-adherent cells were
aspirated gently and washed thrice in warm RPMI. The
remaining adherent cells, i.e., monocytes, were cultured in
RPMI containing 10% autologous serum at 37°C and 5%
CO2. After 48 h, the monocyte-derived macrophages were
infected with 3×106 live M. tuberculosis H37Rv. The
infecting dose of M. tuberculosis H37Rv was normalized to
average monocyte count (10% of total PBMC) so that the
multiplicity of infection was one macrophage to ten bacilli).
The cultures were incubated for 3 h at 37°C. After
incubation, the uningested bacilli were removed by gentle
washing three times with warm medium. Then, the mono-
cytes were cultured in RPMI containing 10% autologous
serum with or without 1,25(OH)2 D3 (10

−7 M) at 37°C and
5% CO2 for 3 days. 1,25 Dihydroxyvitamin D3 (Sigma
Chemical) was dissolved in 95% ethanol, and the final
concentration of the ethanol did not exceed 0.5% in the
cultures.

Total RNA Extraction and complementary DNA Synthesis

Total RNA was extracted from M. tuberculosis infected
macrophages as per the manufacturer’s protocol using TRI
Reagent (Ambion, Austin, TX, USA). Briefly, 200 μl of
TRI Reagent was added to each well and incubated for
10 min. Then, the contents of the well were transferred to a
1.5-ml vial and centrifuged at 12,000×g for 10 min at 4°C.
To the supernatant, 40 μl of chloroform was added and
incubated at room temperature for 15 min and centrifuged
at 12,000×g for 15 min at 4°C. The aqueous phase was
separated, and equal volume of isopropanol was added,
vortexed, and incubated at room temperature for 15 min.
Centrifugation was done at 12,000×g for 10 min at 4°C,
and the supernatant was discarded. Two hundred microliters
of 70% ethanol was added to the pellet and centrifuged at
7,500×g for 10 min at 4°C. The above step was repeated
once again. The pellet was air dried and suspended in 10 μl
of nuclease-free water and used for complementary DNA
(cDNA) synthesis.

cDNA was synthesized from 10 μl of total RNA using
high-capacity cDNA reverse transcription kit (Applied
Biosystems, CA, USA). Twenty-microliter reaction mixture
was prepared using 10× reverse transcription buffer, 25×
dNTPs, 10× random primers, RNaseInhibitor (20 U/μl),
and MultiScribeTM Reverse Transcriptase (50 U/ μl). The
cycling condition used for cDNA conversion was 25°C for
10 min followed by 37°C for 2 h.

Relative Quantification of mRNA by Real-Time Polymerase
Chain Reaction

The relative quantification for the target genes was done using
2 μl cDNA template per reaction in a total volume of 20 μl.
Validated TaqMan assay primers and probes (Applied Bio-
systems) and TaqMan Universal polymerase chain reaction
(PCR) master mix were used for the analyses of the expression
of target genes—VDR (Hs01045840_A1), cathelicidin
(Hs00189038_m1), and CYP27B1 (Hs00168017_A1) and
house keeping gene, glyceraldehyde-3 phosphate dehydroge-
nase (GAPDH). All analyses were performed in triplicates in
an ABI Prism® 7500 Sequence detection system. Data were
normalized to GAPDH content, and fold induction relative to
the unstimulated cultures was calculated using the 2 �ΔΔCtð Þ

method, where ΔCt is ΔCt(stimulated)−ΔCt(unstimulated), ΔCt is
Ct(target)−Ct(GAPDH), and Ct is the cycle at which an arbitrary
detection threshold is crossed.

Genotyping of VDR and CYP27B1 Gene Polymorphisms

Genomic DNA was isolated from peripheral blood white
cells obtained from the blood of patients and controls using
salting out procedure. Cdx2 polymorphism of VDR gene
was studied by polymerase chain reaction with allele
specific primers [19]. FokI, BsmI, ApaI, and TaqI poly-
morphisms of VDR gene and CYP27B1 gene promoter
region polymorphism (−1077) were studied using PCR-
based restriction fragment length polymorphism methods as
described earlier [20, 10].

Statistical Analysis

Plasma 1,25 dihydroxy vitamin D3, ex vivo VDR protein
levels, and fold change of VDR, cathelicidin, and
CYP27B1 mRNA were represented as mean±standard
error. One-way analysis of variance with Bonferroni
correction and Student’s t test were used to compare the
1,25 dihydroxy vitamin D3 and ex vivo VDR protein levels
between the different genotypes. For single comparisons
between PTB patients and NHS, Student’s t test was used.
All computations were done using Graph pad prism
software (version 4). p value less than 0.05 was considered
statistically significant.
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Results

Plasma 1,25 Dihydroxy Vitamin D3 Levels

Plasma vitamin D3 levels (1,25(OH)2 D3) were estimated in
60 PTB patients and 65 NHS. Plasma 1,25(OH)2 D3 levels
were found to be significantly increased among PTB patients
compared to NHS (p=0.0004). When the PTB patients and
NHS were stratified as men and women, male patients had
significantly increased 1,25(OH)2 D3 levels as compared to
male NHS (p=0.0043), while a trend towards increased 1,25
(OH)2 D3 levels were noticed among female PTB patients
than in female NHS (p=0.0642; Fig. 1). However, no
difference in the levels of 1,25(OH)2 D3 was observed be-
tween men and women within PTB patient group and NHS.

Seasonal Pattern of Plasma 1,25(OH)2 D3 Levels

Both PTB patients and NHS were recruited throughout the
year, and hence, we analyzed whether the study subjects
displayed a predictable seasonal pattern of plasma 1,25
(OH)2 D3 levels depending on the month the subjects were
recruited. When both PTB patients and NHS were
separated into four groups based on seasons, temperature
and rainfall, among NHS, 1,25(OH)2 D3 levels were
significantly lower in the months of September, October,
and November compared to June, July, and August months
(p<0.001) and December, January, and February months
(p<0.001). Although 1,25(OH)2 D3 levels were lower in
the months of September, October, and November com-
pared to March, April, and May months, it was not
statistically significant. Among the PTB patients, no such
seasonal pattern of 1,25(OH)2 D3 levels were observed.
Except for December, January, and February months, 1,25
(OH)2 D3 levels differed significantly between PTB patients
and NHS (p<0.05) for all the other three seasons (Fig. 2).

CYP27B1 Gene Polymorphism and Plasma 1,25(OH)2
D3 Levels

1α Hydroxylase coded by CYP27B1 gene is the enzyme
involved in converting 25-hydroxyvitamin D3 to 1,25(OH)2
D3. We studied a promoter polymorphism (−1077 A/T) in
CYP27B1 gene and analyzed whether variant genotypes
of −1077 A/T polymorphism are associated with differential
levels of 1,25(OH)2 D3. Allele and genotype frequencies
of −1077 A/T polymorphism were not different between
patients and NHS (Table 1). Moreover, 1,25(OH)2 D3 did not
differ among individuals with variant genotypes of −1,077 A/T
polymorphism in both PTB patients and NHS (Fig. 3)

Ex Vivo Levels of Vitamin D Receptor Protein
from Peripheral Blood Mononuclear Cells

Ex vivo levels of VDR protein from PBMCs were studied
in 17 PTB patients and 36 NHS. PTB patients had sig-
nificantly low levels of VDR protein compared to NHS (p=
0.0172). Stratification of PTB patients and NHS into men
and women revealed a trend towards decreased levels of
VDR protein in men and women of PTB patients as com-
pared to men (p=0.0598) and women (0.0834) of NHS,
respectively. However, no difference in the levels of VDR
protein was observed between men and women of both
PTB patients and NHS (Fig. 4).

Vitamin D Receptor Gene Polymorphisms and Ex Vivo
Levels of VDR Protein

Vitamin D receptor gene polymorphisms in the 5′ regula-
tory (Cdx2), coding (FokI), and 3′ untranslated regions

Fig. 1 Plasma 1,25 dihydroxy vitamin D3 levels in pulmonary
tuberculosis (PTB) patients and normal healthy subjects (NHS). Numbers
in parentheses represent the subjects studied in each group. Results are
expressed as mean±standard error. PTB vs. NHS *p=0.0004; PTB men
vs. NHS men **p=0.0043

Fig. 2 Plasma 1,25 dihydroxy vitamin D3 levels in pulmonary
tuberculosis (PTB) patients and normal healthy subjects (NHS) based on
seasons. Numbers in the parentheses represent the subjects studied in
each group. June, July, and August vs. Sep, Oct, and Nov * p<0.001;
Dec, Jan, and Feb vs. Sep, Oct, and Nov **p<0.001; PTB vs. NHS @, #,
*** p<0.05
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(BsmI, ApaI, and TaqI) were genotyped in PTB patients and
NHS, and the polymorphisms were analyzed for their
influence on ex vivo levels of VDR protein. With regard
to the 5′ regulatory region polymorphism Cdx2, patients
with GG genotype had significantly increased levels of
VDR protein compared to patients with AA genotype
(p=0.0221). However, no such difference was observed
among NHS. The levels of VDR protein were not different
among the variant genotypes of coding region polymorphism
FokI in both PTB patients and NHS (data not shown).

Among the 3′ UTR polymorphisms, a trend towards
decreased levels of VDR protein was observed in NHS
with BB genotype compared to bb genotype of BsmI
polymorphism (p=0.135). NHS with variant genotypes of
ApaI polymorphism did not differ in the levels of VDR
protein. A trend towards higher levels of VDR protein was
seen among NHS with TT genotype compared to NHS with
tt genotype of TaqI polymorphism (p=0.1106). Among
PTB patients, levels of VDR protein were not different
between the variant genotypes of 3′ UTR polymorphisms
(Fig. 5).

Since haplotypes of VDR gene polymorphisms might
collectively influence VDR levels, influence of 3′ UTR
extended genotypes (combination of haplotypes) on VDR
protein levels were analyzed collectively. A trend towards
increased levels of VDR protein was observed among
NHS with bbaaTT extended genotype compared to NHS
with BBAAtt extended genotype. However, no such
difference was observed among PTB patients (data not
shown).

Relative Quantification of VDR mRNA Expression
in Macrophage Cultures Using Real-Time PCR

Relative quantification of VDRmRNAexpression was studied
in macrophage cultures stimulated with M. tuberculosis,

treated with or without 1,25(OH)2 D3 using real-time
PCR. Among PTB patients, expression of VDR mRNA
was significantly higher in M. tuberculosis-stimulated
macrophage cultures compared to unstimulated cultures
(p<0.01). Moreover, expression of VDR mRNA was also
significantly higher in M. tuberculosis-stimulated macro-
phage cultures compared to cultures with 1,25(OH)2 D3

(p<0.05) alone or with 1,25(OH)2 D3 and M. tuberculosis
(p<0.01). In NHS, VDR mRNA expression was not signif-
icantly different in the presence of 1,25(OH)2 D3 or M.
tuberculosis compared to unstimulated cultures. When the
fold induction levels were compared between PTB patients
and NHS, PTB patients had relatively increased expression
of VDR mRNA in 1,25(OH)2 D3-treated cultures (p<0.05)
or in cultures stimulated with M. tuberculosis (p<0.05;
Fig. 6).

Table 1 Percent Genotype Frequencies of Vitamin D Receptor and
CYP27B1 Gene Polymorphisms in NHS and PTB Patients

Genotypes NHS n=60 PTB patients n=65

VDR gene polymorphisms

Cdx-2

GG 40.0 (24) 30.8 (20)

GA 48.3 (29) 52.3 (34)

AA 11.7 (7) 16.9 (11)

FokI

FF 55.0 (33) 50.8 (33)

Ff 43.3 (26) 44.6 (29)

ff 1.7 (1) 4.6 (3)

BsmI

BB 26.7 (16) 41.5 (27)

Bb 38.3 (23) 33.9 (22)

bb 35.0 (21) 24.6 (16)

ApaI

AA 38.3 (23) 38.5 (25)

Aa 41.7 (25) 44.6 (29)

aa 20.0 (12) 16.9 (11)

TaqI

TT 45.0 (27) 36.9 (24)

Tt 35.0 (21) 50.8 (33)

tt 20.0 (12) 12.3 (8)

CYP27B1 gene polymorphism

−1077
AA 28.3 (17) 24.6 (16)

AT 51.7 (31) 52.3 (34)

TT 20.0 (12) 23.1 (15)

Genotype frequencies are given in percentage; numbers in parentheses
represent individuals positive for the particular genotype.

n Number of individuals studied

Fig. 3 Influence of −1077 A/T promoter region polymorphism of
CYP27B1 gene on plasma 1,25 dihydroxy vitamin D3 levels. Numbers
in the parentheses represent the subjects studied in pulmonary
tuberculosis (PTB) patients and normal healthy subjects (NHS) groups
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Relative Quantification of Cathelicidin and CY27B1
mRNA Expression in Macrophage Cultures

Relative quantification of cathelicidin and CYP27B1
mRNA expression was studied in macrophage cultures
stimulated with M. tuberculosis, treated with or without
1,25(OH)2 D3 using real-time PCR. In both patients and
NHS, stimulation with M. tuberculosis has no effect on the
expression of cathelicidin mRNA. Cultures treated with
1,25(OH)2 D3 showed increased expression of cathelicidin
mRNA compared to unstimulated as well as M. tuberculo-
sis-stimulated cultures of both PTB patients (p<0.001) and
NHS (p<0.05). In PTB patients, cathelicidin mRNA
expression was higher in cultures with1,25(OH)2 D3 alone
compared to cultures with 1,25(OH)2 D3 and stimulated
with M. tuberculosis (p<0.05). However, in NHS, no such
difference was observed between cultures treated with 1,25
(OH)2 D3 and stimulated with or without M. tuberculosis
(Fig. 7). When cathelicidin mRNA expression was com-
pared between PTB patients and NHS, cathelicidin mRNA
expression was significantly higher in patients in cultures
with 1,25(OH)2 D3 alone (p=0.034). Although CYP27B1
mRNA expression was not significantly different under
different culture conditions compared to unstimulated
cultures, a tendency towards increased expression of
CYP27B1 was observed in cultures stimulated with M.
tuberculosis in PTB patients. Similarly, a tendency towards
increased expression of CYP27B1 was observed in cultures

Fig. 4 Ex vivo levels of VDR protein from peripheral blood
mononuclear cells of pulmonary tuberculosis (PTB) patients and normal
healthy subjects (NHS). Numbers in the parentheses represent the
subjects studied for that particular group. PTB vs. NHS *p=0.0172
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Fig. 5 Influence of BsmI, ApaI, and TaqI polymorphisms of 3′
untranslated region of vitamin D receptor gene on ex vivo levels of
VDR protein. Numbers in the parentheses represent the subjects
studied in each group

Fig. 6 Relative expression of vitamin D receptor mRNA in
macrophage cultures of pulmonary tuberculosis (PTB) patients and
normal healthy subjects (NHS). VDR mRNA expression was
quantified (relative quantification) by real-time PCR and normalized
to house-keeping gene, Glyceraldehyde-3 phosphate dehydrogenase
and fold induction over unstimulated cultures was calculated by
ΔΔCT method. Numbers in the parentheses represent the number of
subjects studied in each group. UNS unstimulated macrophage
cultures, MTB macrophage cultures stimulated with M. tuberculosis,
UNS+1,25 D3 unstimulated cultures with vitamin D3, MTB+1,25 D3

cultures stimulated with M. tuberculosis and treated with vitamin D3;
PTB vs. NHS * and @p<0.05
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stimulated with M. tuberculosis in PTB patients as
compared to NHS (data not shown).

Discussion

Studies on people migrating to Europe from countries with
high incidence of latent TB infection reported that the
immigrants experienced rates of TB that exceeded rates in
their country of origin. This increased rates of TB coincided
with development of vitamin D deficiency arising probably
due to decreased sunlight exposure. A meta-analysis on
association of low serum vitamin D levels and active
tuberculosis reported that low serum vitamin D levels are
associated with increased risk of active tuberculosis [21].
Previous studies associating increased risk of TB and
vitamin D deficiency have investigated 25 hydroxy vitamin
D3 levels only [4–6, 21]. In the present study, we
investigated plasma levels of 1,25 dihydroxyvitamin D3

(1,25(OH)2D3) in active PTB patients and NHS. Signifi-
cantly increased levels of 1,25(OH)2D3 were observed in
PTB patients than in NHS. Increased serum levels of 1,25
(OH)2D3 have also been observed in Taiwanese PTB
patients compared to NHS [22].

Increased levels of 1,25(OH)2D3 observed in the present
study might be due to the upregulation of CYP27B1
expression involved in the conversion of 25 hydroxy
vitamin D3 to 1,25(OH)2D3. Specific upregulation of
CYP27B1 by dendritic cells and monocytes stimulated by
a synthetic 19-kDa lipopeptide of M. tuberculosis has been
shown earlier [8]. Increased 1,25(OH)2D3 levels might lead
to hypercalcemia in tuberculosis patients [23]. Increased
synthesis of 1,25(OH)2D3 might lead to the utilization of
available 25 hydroxy vitamin D3. Since 1,25(OH)2D3 has a
lower half-life and is utilized for various metabolic process,
PTB patients might suffer from deficiency of substrate for
synthesis of active metabolite. However, whether the
increase in 1,25(OH)2D3 is associated with 25 hydroxy
vitamin D3 deficiency needs investigation. Increased 1,25

(OH)2D3 levels might also have a role in reducing the
disease severity through suppression of inflammatory
cytokines. Further studies with 1,25(OH)2D3 levels and
disease severity might throw more light on this aspect.

We also analyzed whether the study subjects displayed a
predictable seasonal pattern of plasma 1,25(OH)2 D3 levels
depending on the month the subjects were recruited.
Among PTB patients, 1,25(OH)2 D3 did not display any
seasonal pattern. However, a trend towards decreased levels
of plasma 1,25(OH)2 D3 was observed in the months of
September, October, and November. NHS displayed a
predictable seasonal pattern of 1,25(OH)2 D3 levels depend-
ing on the months with 1,25(OH)2 D3 being lower at
months of September, October, and November. Since the
study area receives most rainfall during the months of
September, October, and November (Northeast Monsoon),
exposure of subjects to sunlight might be low resulting in
reduced 1,25(OH)2 D3 levels. Exposure to UV-B rays
which trigger the synthesis of vitamin D might also be low
in these months compared to summer and other months.

Since 1α hydroxylase is the enzyme involved in
synthesis of 1,25(OH)2 D3, we hypothesized that poly-
morphisms in the gene CYP27B1 coding for 1α hydrox-
ylase might be associated with 1,25(OH)2 D3 levels and
investigated a polymorphism in the promoter region of
CYP27B1. Variant genotypes of −1077 A/T polymorphism
of CYP27B1 gene were not associated with the levels of
1,25(OH)2 D3. Additional functional polymorphisms in
CYP27B1 gene need to be studied.

Ex vivo levels of VDR protein was studied in PBMCs of
PTB patients and NHS. Significantly decreased levels of
VDR protein were observed in PTB patients compared to
NHS. Observed decrease of VDR protein in patients might
be due to downregulation of VDR expression by increased
synthesis of 1,25(OH)2 D3 [24]. Moreover, the decrease
might also lead to defective VDR signaling due to the
unavailability of receptors for 1,25(OH)2 D3. Since human
cathelicidin antimicrobial peptide gene is a direct target of
VDR [25], defective VDR signaling could lead to impaired

Fig. 7 Relative expression of
cathelicidin mRNA in unstimu-
lated macrophage cultures with
vitamin D3 and cultures stimulat-
ed with M. tuberculosis and trea-
ted with vitamin D3 of pulmonary
tuberculosis (PTB) patients and
normal healthy subjects (NHS).
Relative quantification of catheli-
cidin mRNA expression was car-
ried out by real-time PCR. Results
are expressed for each Individual
subjects under both conditions. In
PTB, UNS+1,25 D3 vs.
MTB+1,25 D3, p<0.05
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immunity against M. tuberculosis mediated through VDR.
Defective VDR signaling might also result in increased
inflammation due to the increased expression of inflamma-
tory cytokines.

VDR gene polymorphisms are known to influence the
expression of VDR. The 3′ UTR of the genes is known to be
involved in regulation of gene expression, especially through
regulation of mRNA stability [26]. Earlier studies have
provided evidence of differential luciferase activity for the
two 3′ UTR variants that are linked to the most frequent
haplotypes, i.e., “baT” and “BAt” [27]. Other studies have
analyzed differences in the expression levels according to the
3′ UTR polymorphisms, and they have revealed a tendency
for the BAt haplotype to display higher levels of mRNA
expression than the baT haplotype. However, the results are
not consistent [28–31]. In the present study, analysis on the
influence of VDR gene polymorphisms on ex vivo levels of
VDR protein revealed a trend towards decreased levels of
VDR in BB genotype of BsmI polymorphism and tt
genotype of TaqI polymorphism and BAt haplotype among
NHS, suggesting that these polymorphisms might regulate
the expression of VDR protein. However, no such trend was
observed among PTB patients, and this might be due to
downregulation of VDR protein irrespective of genotypes.

Relative expression of VDR, CYP27B1, and cathelicidin
mRNA was studied in macrophage cultures under different
culture conditions using real-time PCR. The results
revealed that, in PTB patients, stimulation with M.
tuberculosis resulted in increased VDR mRNA expression,
while addition of 1,25(OH)2 D3 has no effect on VDR
expression compared to cultures without 1,25(OH)2 D3.
Despite the increased expression of VDR, stimulation with
M. tuberculosis has no effect on cathelicidin expression.
This might be due to the deficiency of 25 hydroxy vitamin
D3 for 1,25(OH)2 D3 synthesis and utilization as well as
loss of available 1,25(OH)2 D3 due to its shorter half-life.
Further, addition of 1,25(OH)2 D3 resulted in increased
expression of cathelicidin. This suggests that VDR becomes
functional upon exogenous addition of 1,25(OH)2 D3 and
induces cathelicidin expression resulting in the enhance-
ment of immunity against tubercle bacilli. Among NHS, no
difference in the VDR mRNA expression was observed
between unstimulated and live M. tuberculosis-stimulated
culture conditions. This might be due to the downregulation
of VDR expression by increased synthesis of 1,25(OH)2 D3

from 25 hydroxy vitamin D3 reserves due to stimulation
with M. tuberculosis. Earlier studies have reported that
stimulation through TLR could result in increased expres-
sion of CYP27B1 mRNA by 24 h [8]. In the present study
also, stimulation with M. tuberculosis resulted in nonsig-
nificant increase of CYP27B1 expression in PTB patients.

The present study reports that PTB patients have
increased plasma 1,25(OH)2 D3 levels, while their ex vivo

levels of VDR protein are decreased. Increased 1,25(OH)2
D3 levels might lead to downregulation of VDR and could
cause defective VDR signaling. Addition of 1,25(OH)2 D3

or 25 hydroxy vitamin D3 might lead to increased
expression of cathelicidin antimicrobial peptide which
could supplement the immunity in pulmonary tuberculosis.
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