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Abstract
Introduction: The vitamin D metabolic pathway has been shown to play
a pivotal role in the pathogenesis of pulmonary tuberculosis (PTB), and vita
min D receptor (VDR) and CYP2R1 gene variation are known to affect vitamin D status. Hence, this study aimed to evaluate VDR and CYP2R1 mRNA
expression in peripheral blood mononuclear cells (PBMCs) in PTB patients.
Material and methods: We measured VDR and CYP2R1 mRNA levels in 75
PTB patients and 63 healthy controls by quantitative real-time reverse trans
cription polymerase chain reaction (qRT-PCR). The associations of VDR and
CYP2R1 mRNA levels with clinical characteristics and laboratory indexes of
PTB patients were also examined in this study.
Results: Compared to healthy controls, the VDR mRNA level was significantly
higher, and the CYP2R1 mRNA level was significantly lower in PBMCs from
PTB patients (p = 0.047, p = 0.008, respectively). The CYP2R1 mRNA level
in PTB patients with drug-resistant, unilateral tuberculosis foci was significantly higher than that in PTB patients without these clinical characteristics
(p = 0.005, p = 0.048, respectively). In addition, our results demonstrated
that the VDR mRNA expression level was positively correlated with erythrocyte sedimentation rate (ESR) (p = 0.045), while the CYP2R1 mRNA level was
negatively correlated with ESR in PTB patients (p = 0.020).
Conclusions: Altered VDR and CYP2R1 mRNA expression levels among PTB
patients suggest their involvement in this disease.
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Introduction
Tuberculosis (TB) is still one of the most important deadly infectious
diseases worldwide and is also an ongoing and major health problem.
The latest World Health Organization (WHO) figures show that there
were approximately 10.0 million new incident TB patients globally
in 2018. Of them, 0.87 million cases were from China [1]. The main
pathogen of TB is Mycobacterium tuberculosis (MTB), an intracellular
Gram-positive bacterium, and this intracellular bacterium can escape
the host immune system and remain dormant in macrophages until
the immune system is suppressed. Cell-mediated immunity is essential for inhibiting MTB infection, regulating the first defense against
MTB, and has an important role in the development of TB [2, 3]. Previous evidence has shown that only 10% of MTB infections eventually
progress to active TB, suggesting that genetic factors, immune status,
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and environmental factors are closely related to
the pathophysiology of TB [4–6].
Vitamin D deficiency is caused by multiple
environmental factors, including reduced access to dietary calciferol and decreased synthesis of cholecalciferol in skin, and is characterized
by decreased serum 25-hydroxyvitamin D levels,
the main circulating metabolite of vitamin D [7].
Recently, increasing research has investigated
the roles of the vitamin D metabolic pathway in TB.
In vitro studies showed that 1,25-dihydroxyvitamin D3 (1,25(OH)2D3), the active form of vitamin D,
could enhance innate immunity by increasing
antimicrobial peptide expression and inducing autophagy in infected cells, thereby limiting
the intracellular growth of MTB in macrophages
[8]. Moreover, vitamin D deficiency is much more
prevalent among TB patients, and serum vitamin
D levels are negatively correlated with TB severity
[9–11]. Vitamin D is well known to exert its biological functions through binding to the vitamin D receptor (VDR). Panda et al. reported that after binding with vitamin D, VDR formed a heterodimer
with the retinoid X receptor, and the heterodimer
bound to vitamin D response elements in the promoter region of vitamin D3-regulated genes to
mediate the interaction of regulatory proteins,
hence regulating transcription [12]. Genome-wide
association studies have suggested that 25(OH)D
levels are related to genetic factors [13, 14]. One
of the few genes associated with serum 25(OH)D
levels was CYP2R1, which is a member of the cytochrome P450 superfamily of monooxygenases
[15]. CYP2R1 encodes the main liver vitamin D
25-hydroxylase, which might convert vitamin D
into 25(OH)D.
Therefore, it seems that VDR and CYP2R1 might
be involved in TB development. In addition, the
potential associations between mutations in the
VDR and CYP2R1 genes and TB have been assessed in many studies [16–18]. To our knowledge,
no studies have been conducted to assess VDR
or CYP2R1 mRNA expression levels in peripheral
blood mononuclear cells (PBMCs) in pulmonary
TB (PTB) patients. Therefore, our study aimed to
analyze the differences in VDR and CYP2R1 mRNA
expression levels between PTB patients and
healthy controls and to assess the relationship between VDR and CYP2R1 mRNA levels and the main
clinical features of PTB patients in a Chinese population.

Material and methods
Study object
A total of 75 diagnosed TB patients and 63
healthy controls were included in the study. Patients with PTB were recruited from the Depart-
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ment of Tuberculosis at Anhui Chest Hospital (Anhui Provincial TB Institute) from June to October
2019. All PTB patients were diagnosed by specialist physicians according to the following criteria:
suspicious clinical symptoms, chest radiography,
sputum and/or bronchoalveolar lavage fluid MTB
culture, microscopy for acid fast bacilli (AFB), and
effect of anti-TB treatment. Among these PTB patients, individuals with a history of cancer, hepatitis, immune-compromised conditions, and HIV
were excluded. Healthy controls who had normal
chest radiographic results and no history of TB,
diabetes, malignant tumor, or HIV were enrolled
in the same area. After receiving the study consent forms, we began to collect peripheral blood
samples and information from each participant.
We collected the main clinical and laboratory
parameters of PTB patients from their medical
records, including sputum smear, chest radiography, complications, total bilirubin (TBIL), aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), and erythrocyte sedimentation rate (ESR).
This study was approved by the Ethics Committee
of Anhui Chest Hospital (K2020-005).

Measurement of vitamin D receptor
and CYP2R1 mRNA expression levels
We measured the VDR and CYP2R1 mRNA expression levels in PBMCs using quantitative realtime reverse transcription polymerase chain reaction (qRT-PCR) with SYBR Green (SYBR Premix Ex
Taq II, Takara Bio Inc., Japan). We extracted 5 ml
of anticoagulated peripheral blood through the
EDTA anticoagulant tube from each subject and
isolated PBMCs from peripheral blood through
Ficoll-Hypaque density gradient centrifugation.
To ensure the purity and identification of PBMCs,
the following measures were taken in the experimental process. First, all collected peripheral
blood was sent to the laboratory within 4 hours
for PBMC extraction. Second, an equal volume
of peripheral blood sample and lymphocyte separation fluid were added to each centrifuge tube.
Third, the PBMC layer was washed twice with PBS.
Finally, the extracted PBMCs were stored in enzyme-free EP tubes. Then, the total RNA in PBMCs
was extracted using TRIzol reagent, and the purity
and concentrations of total RNA were measured
using a NanoDrop 2000 spectrophotometer. Total
RNA was reverse-transcribed into cDNA, which
was used for PCR experiments with the PrimeScript RT reagent Kit.
The PCR experiment in this study was conducted on a QuantStudio 12K Flex Real-Time
PCR System (Applied Biosystems, Foster City, CA,
USA). The relative expression levels of VDR and
CYP2R1 were estimated using 2–ΔΔCt normalized
to the housekeeping gene β-actin in the same
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A

p = 0.047

6

4
VDR level

sample. The primer sequences were as follows:
5′-CACGAAACTACCTTCAACTCC-3′ (sense primer)
and 5′-CATACTCCTGCTTGCTGATC-3′ (antisense pri
mer) for β-actin, 5′-ATCTGCATCGTCTCCCCAGAT-3′
(sense primer) and 5′-AGCGGATGTACGTCTGCAGTG-3’
(antisense primer) for VDR, and 5′-GACAGACCATGCCTTCCTTTA-3′ (sense primer) and 5′-ATCGTCTGTGATCAACC CATC-3′ (antisense primer) for CYP2R1.
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Statistical analysis

Results
The average age of PTB patients was 44.73
±17.16 years, including 50 males and 25 females,
while the healthy controls consisted of 45 males
and 18 females, with a mean age of 44.68 ±10.28
years. There were no significant differences regarding age and gender distribution between PTB
patients and healthy controls (both p > 0.05).

Vitamin D receptor and CYP2R1 mRNA
levels in peripheral blood mononuclear
cells from pulmonary tuberculosis
patients and controls
The VDR and CYP2R1 mRNA expression levels
in PBMCs from PTB patients and healthy controls
are presented in Figure 1. The results suggested that, compared to healthy controls, the VDR
mRNA expression level was significantly higher
in PBMCs from PTB patients (p = 0.047). In addition, the CYP2R1 mRNA level in PTB patients was
significantly lower than that in healthy controls
(p = 0.008).

Relationship of vitamin D receptor
and CYP2R1 mRNA levels with clinical
characteristics and laboratory indexes
in pulmonary tuberculosis patients
Among PTB patients, 31 (41.33%), 49 (65.33%)
and 17 (22.67%) patients were diagnosed with
active PTB patients, treatment-naive PTB patients,
and drug-resistant PTB patients at the same

0

B

CYP2R1 level

The VDR and CYP2R1 mRNA levels were expressed as the median value and interquartile
range. The nonparametric Mann-Whitney U test
was used to analyze differences between VDR and
CYP2R1 mRNA levels of PTB patients and healthy
controls, as well as the VDR and CYP2R1 mRNA levels of PTB patients with and without multiple clinical characteristics. Spearman’s rank correlation
coefficient test was used to test for the correlations between VDR and CYP2R1 mRNA levels and
the laboratory indexes in PTB patients. A p-value
of < 0.05 was considered statistically significant.
SPSS 23.0 software was used for the statistical
analysis.

PTB
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p = 0.008
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Figure 1. Comparison of vitamin D receptor (VDR) (A),
CYP2R1 (B) mRNA level in peripheral blood mononuclear cells between pulmonary tuberculosis
(PTB) patients and healthy controls (HC)

time, respectively. In addition, other complications and clinical characteristics of PTB patients
were sputum smear-positive (41.33%), pulmonary cavity (36.00%), unilateral tuberculosis foci
(25.33%), diabetes (20.00%), extrapulmonary tuberculosis (13.33%), and liver injury (9.33%). We
also explored the associations between VDR and
CYP2R1 mRNA levels and the above clinical data
in PTB (Table I). The CYP2R1 level was significantly higher in PTB patients with drug resistance
compared with PTB patients without drug resistance (p = 0.005). In comparison to PTB patients
with unilateral tuberculosis foci, the CYP2R1
mRNA level was significantly lower in those patients with bilateral tuberculosis foci (p = 0.048).
However, no statistical association between VDR
level and these clinical characteristics was found
(Table I).
The correlations of VDR and CYP2R1 mRNA
levels with laboratory indicators, including ESR,
TBIL, ALT, and AST, of PTB patients were also analyzed (Table II). Our results demonstrated that
the VDR mRNA expression level was positively
correlated with ESR (p = 0.045), while the CYP2R1
mRNA level was negatively correlated with ESR in
PTB patients (p = 0.020).
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Table I. Correlation between vitamin D receptor (VDR) and CYP2R1 expression levels and some clinical features in
pulmonary tuberculosis patients
Group
Treatment-naïve patients

Drug-resistant patients

Liver injury

Diabetes

Sputum smear-positive

a

Unilateral tuberculosis foci

Pulmonary cavity

Extrapulmonary tuberculosis

Active PTB

+/–

Number

VDR level

P-value

CYP2R1 level

P-value

+

49

0.760(0.611,0.933)

0.764

0.477(0.321,0.664)

0.124

–

26

0.657(0.505,0.965)

+
–

17

0.683(0.523,0.941)

58

0.824(0.553,0.942)

+

7

0.623(0.564,0.876)

–

68

0.740(0.514,0.950)

+

15

0.818(0.560,0.937)

–

60

0.683(0.514,0.965)

+

31

0.775(0.560,0.955)

–

41

0.682(0.518,0.958)

+

19

0.682(0.387,1.063)

–

56

0.753(0.566,0.936)

+

27

0.728(0.560,0.932)

–

48

0.730(0.502,0.966)

+

10

0.744(0.562,0.946)

–

65

0.602(0.444,0.943)

+

31

0.731(0.560,0.940)

–

44

0.703(0.514,0.961)

0.618(0.392,0.810)
0.552

0.599(0.420,0.810)

0.005

0.369(0.313,0.534)
0.636

0.709(0.537,0.840)

0.308

0.507(0.359,0.732)
0.791

0.452(0.308,0.692)

0.289

0.538(0.378,0.758)
0.491

0.467(0.308,0.726)

0.217

0.557(0.394,0.834)
0.401

0.742(0.418,0.874)

0.048

0.484(0.359,0.685)
0.825

0.554(0.322,0.742)

0.921

0.520(0.369,0.776)
0.334

0.539(0.368,0.752)

0.427

0.506(0.298,0.711)
0.796

0.467(0.322,0.714)

0.282

0.548(0.389,0.819)

+/–: with/without; median (interquartile range); asome of the study subjects’ data are missing.

Table II. Correlation between vitamin D receptor
(VDR) and CYP2R1 mRNA levels and erythrocyte
sedimentation rate (ESR), total bilirubin (TBIL), alanine transaminase (ALT), aspartate aminotransfe
rase (AST) of pulmonary tuberculosis patients
Clinical
parameters

VDR level

CYP2R1 level

rs

P-value

rs

P-value

ESR

0.244

0.045

–0.281

0.020

TBIL

–0.036

0.761

–0.016

0.895

ALT

–0.198

0.089

0.104

0.375

AST

0.099

0.396

–0.182

0.117

rs – Spearman’s rank correlation coefficient.

Discussion
Because of the modulatory impact of vitamin D
on the innate immune system, such as the response to the MTB pathogen, many researchers
have tried to explore the specific role of genetic
variations in the vitamin D pathway, including
VDR, CYP2R1, and vitamin D expression levels, in
the pathophysiology of PTB [19–21]. Several studies showed that low vitamin D levels could lead
to the relapse of PTB patients and might mediate
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an adverse effect on clinical improvement [22].
Here, we first found increased VDR mRNA levels
and decreased CYP2R1 mRNA levels in PBMCs
from PTB patients, and CYP2R1 mRNA levels were
significantly related to several clinical characteristics of PTB patients.
Previous studies have verified the role of vitamin D in regulating the host immune response
through VDR activity in activated human monocytes, the ability of 1,25(OH)2D3 to inhibit T cell
proliferation, and the ability of pathogen-activated macrophages to produce 1,25(OH)2D3 [23, 24].
As one of the nuclear receptors of transcription
factors, VDR can bind to the response elements
of DNA and form heterodimers with the retinoic
acid receptor (RXR), thereby affecting downstream
gene expression [25]. One of the downstream
target genes encoded cathelicidin, known as
a cationic antimicrobial peptide, which can penetrate cellular membranes to result in the direct
lysis of mycobacterium. In addition, 1,25(OH)2D3
has been reported to be associated with IFN-γ to
control the proliferation of MTB by human monocytes [23, 26]. VDR variants were also found to
lead to diminished function of vitamin D and
were involved in PTB development. Hu et al. ob-
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served that the A alleles of VDR rs11574143
and rs11168287 increased the risk of PTB, and
the VDR rs11574079 A allele provided a protective
effect against PTB [27]. A meta-analysis showed
that the VDR 1544410 polymorphism might be related to an increased risk of PTB in Asians [28]. In
addition, a previous study found that VDR mRNA
expression in MTB-stimulated macrophage culture
was significantly higher than that in unstimulated
cultures [29]. Similarly, our results demonstrated
that the expression level of VDR mRNA was significantly increased in PBMCs from PTB patients.
This result was also in accordance with another
study in which upregulated expression of VDR was
observed in patients with asthma [30]. Based on
the findings of this study, we speculated that MTB
might evade the host immune system by altering
the expression of genes such as VDR, but further
functional studies are needed to verify this hypothesis. Our results also suggested that the VDR
mRNA expression level was positively correlated
with ESR in PTB patients.
Vitamin D is activated through two enzymatic steps. Vitamin D3 is converted in the liver by
hepatic 25-hydroxylases (CYP2R1) to 25-hydroxycholecalciferol (25-hydroxyvitamin D3, [25(OH)D3]).
Then, 25(OH)D3 is metabolized to 1,25-dihydroxycholecaciferol (1,25[OH]2D3) in the kidney by
1a-hydroxylase (CYP27B1) [31]. Because of the role
of CYP2R1 in the metabolism of vitamin D, CYP2R1
might also be associated with the pathogenesis
of PTB. CYP2R1 gene variation is known to affect
vitamin D status, and several studies have investigated the association between CYP2R1 SNPs and
PTB susceptibility. Junaid et al. explored the main
effects of SNPs (rs2060793, rs10500804 and
rs10766197) in CYP2R1 on susceptibility to PTB in
the Pakistan population; however, no significant
result was found [21]. Similarly, Sadykov et al.
also found that there was no significant relationship between CYP2R1 rs10741657 and PTB risk in
the Kazakhstan population [18]. In the present
study, we directly detected the expression level
of CYP2R1 mRNA in PBMCs of PTB patients. We
assumed that lower CYP2R1 levels might contri
bute to vitamin D deficiency in PTB patients,
which could provide a potential treatment strategy for PTB patients. In addition, we also found that
CYP2R1 mRNA levels were significantly increased
in PTB patients with drug-resistant and unilateral
tuberculosis foci.
At present, the diagnosis of PTB remains a great
challenge, although Murdaca et al. found that
multiple miRNAs played crucial roles in the pathologic mechanisms of PTB and had been proposed
as diagnostic biomarkers and therapeutic targets
for future treatments [32]. In our study, the results
suggested that VDR and CYP2R1 were involved in

the pathogenesis of PTB and might be used for
PTB diagnosis. Moreover, we also explored the potential relationship between VDR and CYP2R1 levels and a variety of clinical characteristics of PTB
patients. However, there were some limitations
in our study. First, the sample size of the study
might be insufficient, which could affect the power of the study. Second, due to the lack of information, this study did not analyze the potential
influence of clinical medication, disease activity,
and other factors on VDR and CYP2R1 mRNA expression. Hence, further large, functional studies
will be needed to further explore the immune-regulating effect of the vitamin D pathway in PTB.
In conclusion, our results provide evidence that
VDR and CYP2R1 mRNA levels are associated with
the development of PTB. In addition, VDR and
CYP2R1 mRNA levels were related to some clinical characteristics, including drug resistance, tuberculosis foci, and ESR, in PTB patients. VDR and
CYP2R1 should be studied further for consideration of potential biomarkers for PTB diagnosis.
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