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Abstract The MRC1 gene, encoding the human mannose

receptor (MR), is a member of the C-type lectin receptors

family. MR can recognize and bind to Mycobacterium

tuberculosis by the extracellular structure, and play a role

in antigen-presenting and maintaining a stable internal

environment. This study aimed to investigate potential

associations of SNPs in exon 7 of the MRC1 gene with

pulmonary tuberculosis (TB). G1186A, G1195A, T1212C,

C1221G, C1303T and C1323T were genotyped using PCR

and DNA sequencing in 595 Chinese Uygur and 513 Kazak

subjects. In the Uygur, the frequency of allele G

(P = 0.031, OR = 1.29, 95 % CI = 1.02–1.62) and AA

genotype (P = 0.033, OR = 1.64, 95 % CI = 1.04–2.60)

for G1186A was lower in the pulmonary TB than healthy

control and were significantly correlated with pulmonary

TB. After adjustment for age and gender, G1186A was

found to be additive models in association with pulmonary

TB (P = 0.04, OR = 1.27, 95 % CI = 1.01–1.60). By

calculating linkage disequilibrium, the frequency of hap-

lotype GGTCCT (P = 0.032, OR = 0.75, 95 %

CI = 0.57–0.97) and GGTCCC (P = 0.044, OR = 0.57,

95 % CI = 0.33–0.99) was significantly associated with

pulmonary TB. No association was found between other

SNPs and pulmonary TB. In the Kazak, all SNPs were not

associated with pulmonary TB. Our results suggest that

genetic factors play an important role in susceptibility to

pulmonary TB at the individual level, and provide an

experimental basis to clarify the pathogenesis of pulmon-

ary TB.
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Introduction

According to the latest World Health Organization statis-

tics, there were an estimated 12.0 million prevalent cases of

tuberculosis (TB) in 2011 (178 per 100,000 population)

and TB kills approximately 1.45 million people each year

(15 deaths per 100,000 population) [1]. In China, there

were an estimated 0.45 million prevalent cases of TB (300

per 100,000 population), which accounts for one-fourth of

the world’s population, and is much higher than the

international average [2]. Xinjiang is one of the regions in

China most seriously affected by TB. The prevalence of

active TB, sputum smear-positive TB and culture-positive

TB in the Uygur and Kazak populations of the Xinjiang

Uygur Autonomous Region (Northwest China) have been

found to be 12.4, 16.9 and 18.4 % higher than the Chinese

Han population, respectively [3]. Therefore, studies to

identify genes associated with pulmonary TB susceptibility

in the Xinjiang Uygur and Kazak populations, and
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revealing the differences in susceptibility to TB among

various ethnic groups will play an important role in con-

trolling and preventing the incidence of pulmonary TB.

TB is an infectious disease caused by Mycobacterium

tuberculosis (Mtb). Although about one-third of the

world’s population is thought to be infected with Mtb, only

5–15 % of people develop clinically active TB during their

lifetime [4]. This suggests that certain genetic factors may

play important roles in susceptibility to pulmonary TB at

the individual level. The genetic and environmental factors

have been reported to influence human susceptibility to

infectious diseases [5]. In the present study, we have

confirmed that genetic mutations caused by single nucle-

otide polymorphisms (SNPs) are associated with increased

susceptibility to pulmonary TB. Genetic polymorphisms of

many candidate genes, such as, human natural resistance-

associated macrophage protein gene 1 (NRAMP1) [6],

Vitamin D receptor (VDR) [7], Toll-like receptors (TLR2,

TLR4 and TLR8) [8–12], NOD-like receptors (NOD2) [13,

14] and cytokines (IL-10) [15, 16] have been shown to be

related to pulmonary TB. To date, the predisposition of

genetic variants in the mannose receptor gene (MRC1)

conferring susceptibility to pulmonary TB has not yet been

reported.

The MRC1 gene, encoding the human mannose receptor

(MR), is a member of the pattern recognition C-type lectin

receptors (CLR) family, which contributes to the activation

and production of cytokines and may play an important

role in TB infection[17, 18]. The MRC1 gene is located on

chromosome 10p12 and comprises 30 exons. Studies have

shown that the MRC1 gene has been associated with sus-

ceptibility to some diseases, such as asthma [19], sarcoid-

osis [20] and leprosy [21]. We speculated that the MRC1

gene may be an excellent candidate for susceptibility to

pulmonary TB. This study is the first to report that genetic

variants in exon 7 of the MRC1 gene can be associated with

susceptibility to pulmonary TB in a Chinese Uygur popu-

lation, but not in a Chinese Kazak population. The study

also provides a strong experimental basis to clarify sus-

ceptibility to pulmonary TB in different ethnic groups.

Materials and methods

Patients and control subjects

Patients were diagnosed according to the diagnostic criteria

for pulmonary tuberculosis of Ministry of Health, China

[22]. All patients meet one of the following pulmonary

tuberculosis diagnostic criteria: (1) positive sputum

examination (smear or culture), (2) negative sputum

examination, chest X-ray and computed tomography (CT)

revealing evidence of typical active tuberculosis, (3)

pathological diagnosis of tuberculosis in lung specimens,

(4) suspected of having pulmonary TB after clinical fol-

low-up and X-ray observations, and excluding other lung

diseases, (5) clinically ruling out other causes of pleural

effusion, and diagnosis of tuberculous pleurisy.

A total of 252 Chinese Uygur patients diagnosed with

pulmonary TB (138 men and 144 women), aged

20–70 years (mean age 28.8 ± 10.1 years) were recruited

from the Second People’s Hospital of Aksu, Xinjiang and

Wensu County People’s Hospital between January 2008

and June 2011. For the Chinese Kazak population, a total

of 188 patients diagnosed with pulmonary TB (85 men and

103 women), aged 20–70 years (mean age

37.1 ± 10.9 years) were recruited from the Tacheng Dis-

trict Hospital, Xinjiang between December 2007 and June

2011.

The healthy controls were recruited from the same area

(Uygur and Kazak people living in the Xinjiang autono-

mous region). The inclusion criteria for healthy controls

were: (1) no active TB lesions, pathological calcification

and pathological lung shadows on chest X-ray, (2) no

history of TB in the family, (3) the serum anti-body neg-

ative pulmonary TB, (4) no history of chronic obstructive

pulmonary disease, asthma, lung cancer, diabetes and high

blood pressure, (5) no mixed descendants within three

generations, (6) no history of chronic diseases, hormone

therapy and autoimmune disease.

A total of 343 Chinese Uygur healthy control individ-

uals (185 men and 158 women), aged 20–70 years (mean

age 30.1 ± 8.9 years), and 325 Chinese Kazak control

individuals (147 men and 178 women), aged 20–72 years

(mean age 37.5 ± 9.6 years), were included in the study

(Table 1).

An early morning, fasting blood samples from the

patients and controls were collected in 3.0 mL EDTA tubes

and stored at -70 �C. For each gene polymorphisms, it

was ensured that the final selected samples of TB patients

were similar to controls in the ratio of gender, age, history

of exposure to TB, vaccination and PPD skin test. The

study was approved by the Ethics Committee of the Faculty

of Medicine (Zhejiang University, China), and informed

consents were obtained from all subjects before blood

sampling.

SNP selection

We acquired the MRC1 gene sequence by using the NCBI

Gene database (http://www.ncbi.nlm.nih.gov/gene) and the

Ensemble Genome Browser Database (http://asia.ensembl.

org). We also obtained the information of SNPs in this gene

by using dbSNP database (http://www.ncbi.nlm.nih.gov/

snp/), and screened the frequency of SNPs by using Hap-

Map database (http://www.hapmap.org). Finally, we
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selected six SNPs in exon 7 of the MRC1 gene, G1186A

(rs34039386, Gly396Ser), G1195A (rs71497223, Gly396-

Ser), T1212C (rs71497224, Ile404Ile), C1221G

(rs34284571, Leu407Phe), C1303T (Leu435 Phe) and

C1323T (Asn441Asn).

Genotyping by PCR and DNA sequencing methods

SNPs in the MRC1 gene were analyzed by polymerase

chain reaction (PCR) and direct sequencing. Genomic

DNAs were extracted from the peripheral blood leukocytes

with DNA extraction kit (QIAamp� DNA Blood Mini Kit,

Germany) according to the manufacturer’s instruction. The

PCR primer included forward: 50-TTGAGGCTGCAAT

GAGACAT-30 and reverse: 50-AGTGTAAGGTAGACTG

CTCT-30. The PCR was performed following an amplifi-

cation protocol as previously described [23]. The amplified

products were purified with PCR cleaning kit (AxyPrep

PCR cleaning kit, USA) and then identified by scanning

with the ABI 3100 sequencer (Applied Biosystems,

Carlsbad, CA, USA).

Statistical analysis

The v2 test was used to compare allele and genotype dis-

tribution in the TB patients and control subjects by the two-

tailed Fisher exact method with the GraphPad Prism ver-

sion 5.01 software. The odd ratio (OR) and 95 % confi-

dence interval (CI) were calculated by Miettinen’s method.

The value of OR is used to estimate the relative risk. If the

OR is equal to 1, it indicates that the factor has no effect on

the incidence of disease. If the OR is greater than 1, it

indicates that the factor is a risk to the incidence of disease.

If the OR is less than 1, then this indicates that the factor is

protective.

Pairwise linkage disequilibrium (LD) was calculated by

using SNPstats (http://bioinfo.iconcologia.net/SNPstats),

and estimated based on D0 (D0 value is the relative size of

the LD, which is on behalf of the differences between the

expected haplotype frequency and the observed haplotype

frequency and scaled in [-1,1] range) and R (R is the

correlation coefficient between alleles) that are on behalf of

the degree of LD between each pair of SNPs [24]. Values

of D0[ 0.75 were considered to be strong pairwise LD.

We constructed haplotypes between each pair of SNPs.

Haplotype frequencies and associations were calculated

using an expectation–maximization algorithm. Using

logistic regression method, we calculated the allele com-

binations of OR values and 95 % CI referring to the highest

frequency of haplotype allele and the additive genetic

model. P value was calculated to estimate haplotype

association with pulmonary TB.

Results

We investigated 6 SNPs in exon 7 of the MRC1 gene using

252 pulmonary TB cases and 343 healthy controls in the

Chinese Uygur population (Fig. 1). All MRC1 SNPs were

in Hardy–Weinberg equilibrium in the control group and

the pulmonary TB group (P [ 0.05) (Table 2). The fre-

quencies of the G/G, A/G and A/A genotypes for the

G1186A site in the control group were 0.286, 0.496 and

0.219, respectively, while, the frequencies of the three

genotypes in the pulmonary TB group were 0.230, 0.480

and 0.290, respectively. The frequency of A/A genotype

Table 1 Characteristics of 595 Uygur and 513 Kazak subjects with pulmonary TB

Characteristics Uygur population (n = 595) Kazak population (n = 513)

Patients (n = 252) Controls

(n = 343)

P value Patients (n = 188) Controls

(n = 325)

P value

Age, years range (mean ± SD) 20–70

(28.8 ± 10.1)

20–70

(30.1 ± 8.9)

0.732a 20–70

(37.1 ± 10.9)

20–72

(37.5 ± 9.6)

0.423a

Gender (female:male) 114:138 158:185 – 103:85 178:147 –

Sputum culture-proven 129 (51.2 %) ND – 73 (38.8 %) ND –

Chest X-ray and CT-proven 122 (48.8 %) ND – 115 (61.2 %) ND –

Pulmonary TB 252 (100 %) ND – 188 (100 %) ND –

Tuberculin skin test ([10 mm), no. (%) 171 (67.9 %) ND – 149 (79.3 %) ND –

Presence of TB history of relatives, no.

(%)

41 (16.3 %) 41 (11.9 %) 0.131b 28 (14.9 %) 36 (11.1 %) 0.208b

BCG vaccination, no. (%) 88 (34.9 %) 127 (37.0 %) 0.182b 56 (29.8 %) 113 (34.8 %) 0.247b

Data are reported as number with percent in parentheses, unless otherwise stated

TB tuberculosis, ND not determined
a P value between total patients and controls, for t test
b P value between total patients and controls, for v2 test
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was lower in the control group than the pulmonary TB

group and there was a significant difference between the

two groups (P = 0.033, OR = 1.64, 95 % CI = 1.04–

2.60). But, the frequency of A/G genotype was not sig-

nificantly different between the two groups (P [ 0.05). No

significant differences between patients and controls were

observed in the genotype distribution of G1195A, T1212C,

C1221G, C1303T and C1323T (P [ 0.05) (Table 3).

The allele frequency of G for the G1186A was lower in

the pulmonary TB group (0.470) than the control group

(0.534) and there was a significant difference between the

two groups (P = 0.031, OR = 1.29, 95 % CI = 1.02–

1.62) (Table 2). However, the allele frequencies of

G1195A, T1212C, C1221G, C1303T and C1323T were not

significantly different between patients and controls

(P [ 0.05) (Table 2).

We performed logistic repression analysis with all SNPs

using a recessive model adjusted for age and sex and

found that G1186A SNP was associated with pulmonary

TB in additive model (P = 0.04, OR = 1.27, 95 %

CI = 1.01–1.60) (Table 4). However, the genetic model of

other SNPs did not correlate with pulmonary TB

(P [ 0.05).

Pairwise LD between the 6 SNPs of the MRC1 gene was

calculated for the cases and controls (Fig. 2). We found

strong LD (D0[ 0.75, P \ 0.0001) between some pairs of

markers in the MRC1 gene including G1186A and

G1195A, G1186A and T1212C, G1186A and C1221G,

G1186A and C1303T, G1186A and C1323T, G1195A and

T1212C, G1195A and G1221C, G1195A and C1303T,

T1212C and C1221G, T1212C and C1303T, C1221G and

C1303T. Therefore, based on logistic regression, we found

that the haplotype with each pair of SNPs was associated

with pulmonary TB. The frequency of the haplotype

GGTCCT in the pulmonary TB group was lower than the

control group and was significantly associated with pul-

monary TB (P = 0.032, OR = 0.75, 95 % CI = 0.57–

0.97). The frequency of the haplotype GGTCCC in the

pulmonary TB group was lower than the control group and

was also significantly associated with pulmonary TB

(P = 0.044, OR = 0.57, 95 % CI = 0.33–0.99). Whereas,

the frequency of the haplotype AGTCCT and GACGTT in

the pulmonary TB group was higher than the control group,

and the frequency of haplotype GGCCCT in the pulmonary

TB group was lower than the control group. However, the

three haplotypes with the MRC1 gene polymorphisms

Fig. 1 The DNA sequences with 6 SNPs in exon 7 of the MRC1 gene

in the Chinese Uygur and Kazak population. a G1186A, a the

genotype of G/G, b the genotype of G/A, c the genotype of A/A.

b G1195A, a the genotype of G/G, b the genotype of G/A, c the

genotype of A/A. c T1212C, a the genotype of T/T, b the genotype of

C/T, c the genotype of C/C. d C1221G, a the genotype of C/C, b the

genotype of C/G, c the genotype of G/G. e C1303T, a the genotype of

C/C, b the genotype of C/T, c the genotype of T/T. f C1323T, a the

genotype of T/T, b the genotype of C/T, c the genotype of C/C
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Table 2 Distribution of the MRC1 SNP allele frequencies in the pulmonary TB group (n = 252) and the control group (n = 343) in the Chinese

Uygur population

SNP sites Allele Controls N (Freq) Patients N (Freq) P value OR (95 % CI)

G1186A G 366 (0.534) 237 (0.470) 0.031 1

A 320 (0.466) 267 (0.530) 1.29 (1.02–1.62)

HWE(P) 0.94 0.56

G1195A G 630 (0.918) 452 (0.897) 0.201 1

A 56 (0.082) 52 (0.103) 1.29 (0.87–1.92)

HWE(P) 0.53 0.50

T1212C T 597 (0.870) 429 (0.851) 0.346 1

C 89 (0.130) 75 (0.149) 1.17 (0.84–1.63)

HWE(P) 0.18 0.77

C1221G C 626 (0.913) 452 (0.897) 0.359 1

G 60 (0.087) 52 (0.103) 1.20 (0.81–1.77)

HWE(P) 0.35 0.25

C1303T C 628 (0.915) 452 (0.897) 0.273 1

T 58 (0.085) 52 (0.103) 1.25 (0.84–1.85)

HWE(P) 0.28 0.25

C1323T T 638 (0.930) 477 (0.946) 0.250 1

C 48 (0.070) 27 (0.054) 0.75 (0.46–1.22)

HWE(P) 0.79 0.37

P value and odd ratio were obtained by v2 test. Two-tailed Fisher’s exact test was used because of small sample numbers. All of the MRC1 SNPs

were in Hardy–Weinberg equilibrium

SNP single nucleotide polymorphism, HWE Hardy–Weinberg equilibrium, OR odds ratios, CI confidence intervals, N number of alleles, Freq

frequency

Table 3 Distribution of the MRC1 SNP genotype frequencies in the pulmonary TB group (n = 252) and the control group (n = 343) in the

Chinese Uygur population

SNP sites Genotype Controls N (Freq) Patients N (Freq) P value OR (95 % CI)

G1186A GG 98 (0.286) 58 (0.230) 1

AG 170 (0.496) 121 (0.480) 0.365 1.20 (0.81–1.79)

AA 75 (0.219) 73 (0.290) 0.033 1.64 (1.04–2.60)

G1195A GG 290 (0.845) 201 (0.798) 1

AG 50 (0.146) 50 (0.198) 0.095 1.44 (0.94–2.22)

AA 3 (0.009) 1 (0.004) 0.518 0.48 (0.05–4.66)

T1212C TT 257 (0.749) 182 (0.722) 1

CT 83 (0.242) 65 (0.258) 0.600 1.12 (0.76–1.61)

CC 3 (0.009) 5 (0.020) 0.232 2.35 (0.56–9.98)

C1221G CC 287 (0.837) 201 (0.798) 1

CG 52 (0.152) 50 (0.198) 0.146 1.37 (0.89–2.11)

GG 4 (0.012) 1 (0.004) 0.338 0.36 (0.04–3.22)

C1303T CC 289 (0.843) 201 (0.798) 1

CT 50 (0.146) 50 (0.198) 0.098 1.44 (0.93–2.21)

TT 4 (0.012) 1 (0.004) 0.341 0.36 (0.04–3.24)

C1323T TT 297 (0.866) 225 (0.893) 1

CT 44 (0.128) 27 (0.107) 0.417 0.81 (0.49–1.35)

CC 2 (0.006) 0 (0.000) 0.219 0.26 (0.01–5.53)

P value and OR were obtained by v2 test. Two-tailed Fisher’s exact test was used because of small sample numbers

SNP single nucleotide polymorphism, OR odds ratios, CI confidence intervals, N number of alleles, Freq frequency
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showed no significant association with pulmonary TB

(P [ 0.05) (Table 5).

We investigated 6 SNPs in exon 7 of the MRC1 gene in

the Chinese Kazak population using 188 pulmonary TB

cases and 325 healthy controls (Fig. 1). The MRC1 SNPs

were in Hardy–Weinberg equilibrium in the control group

and the pulmonary TB group except for the C1323T site

(P [ 0.05) (Table 6). No significant differences between

patients and controls were observed in the genotype dis-

tribution of G1186A, G1195A, T1212C, C1221G, C1303T

and C1323T (P [ 0.05) (Table 7).

The allele frequencies of G1186A, G1195A, T1212C,

C1221G, C1303T and C1323T were not significantly dif-

ferent between patients and controls (P [ 0.05) (Table 6).

We performed logistic repression analysis with all SNPs

using a recessive model adjusted for age and sex. The

genetic model of 6 SNPs did not correlate with pulmonary

TB (P [ 0.05) (Tables 8, 9).

Pairwise LD between the 6 SNPs of the MRC1 gene was

calculated for the cases and controls (Fig. 2). We found

strong LD (D0[ 0.75, P \ 0.0001) between some pairs of

markers in the MRC1 gene including G1186A and

Table 4 Association of G1186A with pulmonary TB in the Chinese Uygur population using logistic regression

Modela Genotype Controls Patients OR (95 % CI) P value AIC BIC

Codominant G/G 98 (28.6 %) 58 (23 %) 1.00 0.11 809.8 831.7

G/A 170 (49.6 %) 121 (48 %) 1.19 (0.80–1.78)

A/A 75 (21.9 %) 73 (29 %) 1.62 (1.02–2.56)

Dominant G/G 98 (28.6 %) 58 (23 %) 1.00 0.15 810.1 827.6

G/A–A/A 245 (71.4 %) 194 (77 %) 1.32 (0.91–1.93)

Recessive G/G–G/A 268 (78.1 %) 179 (71 %) 1.00 0.056 808.5 826.1

A/A 75 (21.9 %) 73 (29 %) 1.44 (0.99–2.10)

Overdominant G/G–A/A 173 (50.4 %) 131 (52 %) 1.00 0.7 812 829.6

G/A 170 (49.6 %) 121 (48 %) 0.94 (0.68–1.30)

Log-additive – – – 1.27 (1.01–1.60) 0.04 808 825.5

OR odds ratios, CI confidence intervals, AIC Akaike’s Information Criterion, BIC Bayesian Information Criterion
a Adjusted for age and sex

Fig. 2 Linkage disequilibrium analysis of single-nucleotide poly-

morphism (SNPs) in the MRC1 gene. The number at the intersection

of each pair of SNPs represents the pairwise D, D0, r2 and P values

between two SNPs. Values of D0[ 0.75 were considered to be strong

pairwise linkage disequilibrium. a Kazak population, b Uygur

population
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G1195A, G1186A and T1212C, G1186A and C1221G,

G1186A and C1303T, G1186A and C1323T, G1195A and

T1212C, G1195A and G1221C, G1195A and C1303T,

T1212C and C1221G, T1212C and C1303T, C1221G and

C1303T. Therefore, based on logistic regression, we found

that the haplotype with each pair of SNPs was associated

with pulmonary TB. The frequency of the haplotype

GACGTT and GGTCCC in the pulmonary TB group was

lower than the control group. The frequency of the hap-

lotype GGCCCT in the pulmonary TB group was higher

than the control group. The frequency of the haplotype

AGTCCT and GGTCCT in the pulmonary TB group was

as much as that of the control group. However, all haplo-

types with the MRC1 gene polymorphisms showed no

significant association with pulmonary TB (P [ 0.05)

(Table 10).

Discussion

Both innate and adaptive immunity play an important role

in susceptibility to pulmonary TB [17]. Therefore, genetic

variability may influence host susceptibility to develop

pulmonary TB. MR is predominantly present on alveolar

macrophages and dendritic cells and recognizes glycan

structures containing mannose, fucose and N-acetylgluco-

samine, which are commonly found on the cell walls of

pathogenic micro-organism such as mycobacteria, fungus,

parasites, and yeast [25].

MR has been shown to be an important mediator

between Mtb and the host immune system [26]. Compo-

nents of pathogens are recognized by MR, and then they

induce cytokine production and macrophage activation to

kill pathogens [26, 27]. However, polymorphisms in the

Table 5 Haplotype frequencies of polymorphisms variants of the MRC1 gene in patients with pulmonary TB (n = 252) and healthy controls

(n = 343) in the Chinese Uygur population

Haplotype Allele at marker Controls

N (Freq)

Patients

N (Freq)

Total

N (Freq)

OR (95 % CI) P valuea

G1186A G1195A T1212C C1221G C1303T C1323T

1 A G T C C T 0.4606 0.521 0.486 1.00 –

2 G G T C C T 0.3309 0.2807 0.3093 0.75 (0.57–0.97) 0.032

3 G A C G T T 0.0816 0.1032 0.0908 1.15 (0.75–1.75) 0.52

4 G G T C C C 0.07 0.0433 0.059 0.57 (0.33–0.99) 0.044

5 G G C C C T 0.0481 0.0389 0.0445 0.81 (0.44–1.49) 0.5

Global haplotype association P value: 0.085

Freq frequency of haplotype, OR odds ratios, CI confidence intervals
a Adjusted for age and sex

Table 6 Distribution of the

MRC1 SNP allele frequencies in

the pulmonary TB group

(n = 188) and the control group

(n = 325) in the Chinese Kazak

population

P value and OR were obtained

by v2 test. Two-tailed Fisher’s

exact test was used because of

small sample numbers

SNP single nucleotide

polymorphism, HWE Hardy–

Weinberg equilibrium, OR odds

ratios, CI confidence intervals,

N number of alleles, Freq

frequency

SNPsites Allele Controls N (Freq) Patients N (Freq) P value OR (95 % CI)

G1186A G 356 (0.548) 200 (0.532) 0.625 1

A 294 (0.452) 176 (0.468) 0.94 (0.73–1.21)

HWE(P) 0.74 0.35

G1195A G 597 (0.918) 356 (0.947) 0.089 1

A 53 (0.082) 20 (0.053) 1.58 (0.93–2.69)

HWE(P) 0.53 0.50

T1212C T 568 (0.874) 331 (0.880) 0.762 1

C 82 (0.126) 45 (0.120) 1.06 (0.72–1.57)

HWE(P) 0.27 0.11

C1221G C 599 (0.922) 357 (0.949) 0.087 1

G 51 (0.078) 19 (0.051) 1.60 (0.93–2.75)

HWE(P) 1.00 0.47

C1303T C 596 (0.923) 354 (0.947) 0.145 1

T 50 (0.077) 20 (0.053) 1.49 (0.87–2.54)

HWE(P) 0.96 0.50

C1323T T 614 (0.950) 355 (0.949) 0.929 1

C 32 (0.050) 19 (0.051) 0.97 (0.54–1.74)

HWE(P) 0.01 0.46
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MRC1 gene encoding MR have not been reported to be

associated with pulmonary TB. We postulated that MRC1

polymorphisms may be associated with the development of

pulmonary TB in Chinese Uygur and Kazak populations.

Six SNPs in exon 7 of the MRC1 gene were analyzed in the

Chinese Uygur and Kazak populations. The results showed

that both the frequency of genotype (P = 0.033,

OR = 1.64, 95 % CI = 1.04–2.60) and allele (P = 0.031,

OR = 1.29, 95 % CI = 1.02–1.62) for the G1186A

(rs34039386) site were significantly different between the

Table 7 Distribution of the MRC1 SNP genotype frequencies in the pulmonary TB group (n = 188) and the control group (n = 325) in the

Chinese Kazak population

SNPsites Genotype Controls N (Freq) Patients N (Freq) P value OR (95 % CI)

G1186A GG 99 (0.305) 50 (0.266) 1

AG 158 (0.486) 100 (0.532) 0.295 0.80 (0.52–1.22)

AA 68 (0.209) 38 (0.202) 0.704 0.90 (0.54–0.52)

G1195A GG 275 (0.846) 169 (0.899) 1

AG 47 (0.145) 18 (0.096) 0.105 1.61 (0.92–2.86)

AA 3 (0.009) 1 (0.005) 0.592 1.84 (0.19–17.88)

T1212C TT 246 (0.757) 148 (0.787) 1

CT 76 (0.234) 35 (0.186) 0.243 1.31 (0.84–2.05)

CC 3 (0.009) 5 (0.027) 0.150 0.36 (0.09–1.53)

C1221G CC 276 (0.849) 169 (0.899) 1

CG 47 (0.145) 19 (0.101) 0.149 1.52 (0.86–2.67)

GG 2 (0.006) 0 (0.000) 0.269 3.07 (0.15–64.28)

C1303T CC 275 (0.851) 168 (0.898) 1

CT 46 (0.142) 18 (0.096) 0.128 1.56 (0.88–2.78)

TT 2 (0.006) 1 (0.005) 0.870 1.22 (0.11–13.59)

C1323T TT 294 (0.910) 168 (0.898) 1

CT 26 (0.080) 19 (0.102) 0.437 0.78 (0.42–1.46)

CC 3 (0.009) 0 (0.000) 0.191 4.01 (0.21–78.06)

P value and OR were obtained by v2 test. Two-tailed Fisher’s exact test was used because of small sample numbers

SNP single nucleotide polymorphism, OR odds ratios, CI confidence intervals, N number of alleles, Freq frequency

Table 8 Association of MRC1 polymorphisms with pulmonary TB in Chinese Kazak and Uygur populations with logistic regression

SNPsites Dominant modela Recessive modela Overdominant modela Log-additive modela

OR (95 % CI) P value OR (95 % CI) P value OR (95 % CI) P value OR (95 % CI) P value

Kazak population

G1186A 1.20 (0.80–1.79) 0.37 0.93 (0.60–1.46) 0.76 1.21 (0.85–1.74) 0.29 1.05 (0.82–1.36) 0.69

G1195A 0.62 (0.35–1.08) 0.083 0.57 (0.06–5.54) 0.62 0.62 (0.35–1.11) 0.1 0.64 (0.38–1.08) 0.086

T1212C 0.84 (0.54–1.29) 0.42 2.92 (0.69–12.37) 0.14 0.75 (0.48–1.17) 0.2 0.94 (0.64–1.38) 0.75

C1221G 0.64 (0.36–1.12) 0.11 0.34 (0.01–7.17) 0.18 0.67 (0.38–1.18) 0.16 0.62 (0.36–1.08) 0.083

C1303T 0.60 (0.34–1.08) 0.079 0.87 (0.08–9.68) 0.91 0.59 (0.33–1.08) 0.078 0.64 (0.37–1.10) 0.096

C1323T 1.14 (0.62–2.10) 0.67 0.24 (0.12–4.74) 0.19 1.29 (0.69–2.40) 0.43 1.02 (0.58–1.79) 0.94

Uygur population

G1186A 1.34 (0.92–1.96) 0.12 1.48 (1.02–2.15) 0.042 0.93 (0.67–1.29) 0.68 1.29 (1.03–1.62) 0.028

G1195A 1.38 (0.90–2.12) 0.13 0.45 (0.05–4.35) 0.47 1.45 (0.94–2.22) 0.094 1.30 (0.87–1.94) 0.2

T1212C 1.16 (0.80–1.67) 0.44 2.30 (0.55–9.73) 0.25 1.09 (0.75–1.59) 0.64 1.19 (0.85–1.67) 0.32

C1221G 1.31 (0.86–1.99) 0.21 0.34 (0.04–3.05) 0.29 1.39 (0.91–2.14) 0.13 1.21 (0.82–1.79) 0.35

C1303T 1.36 (0.89–2.08) 0.15 0.34 (0.04–3.05) 0.29 1.46 (0.95–2.24) 0.087 1.25 (0.84–1.86) 0.26

C1323T 0.78 (0.47–1.29) 0.33 0.27 (0.01–5.69) 0.23 0.82 (0.49–1.36) 0.44 0.75 (0.46–1.23) 0.25

Freq frequency, OR odds ratios, CI confidence intervals
a Adjusted for age and sex
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pulmonary TB group and the control group in the Chinese

Uygur population. The OR values of genotype and allele

for G1186A were more than 1, which indicated that

G1186A site in exon 7 of the MRC1 gene can be associated

with susceptibility to pulmonary TB in the Chinese Uygur

population and may increase the risk of being infected with

pulmonary TB. No association was found between the

other 5 SNPs (G1195A, T1212C, C1221G, C1303T and

C1323T) and pulmonary TB (P [ 0.05) in the Chinese

Uygur population. We found that both the frequency of

genotype and allele for the 6 SNPs (G1186A, G1195A,

T1212C, C1221G, C1303T and C1323T) were not signif-

icantly different between the pulmonary TB group and the

control group in the Chinese Kazak population (P [ 0.05),

suggesting that MRC1 polymorphisms have no effects on

the development of pulmonary TB. This study is the first to

report that genetic variants in exon 7 of the MRC1 gene can

be associated with susceptibility to pulmonary TB in a

Chinese Uygur population, but not in a Chinese Kazak

population.

The G1186A site in exon 7 of the MRC1 gene is non-

synonymous mutation that changes Gly to Ser. Exon 7

polymorphisms in MRC1 map to the second C-type lectin

domain (CTLD2) of the MR protein. CTLD2 has been

structurally assigned to a hinge domain linking the C-type

lectin region to the fibronectin type II and cysteine-rich

domains [28]. While CTLD2 is homologous to C-type

lectins, it does not bind to ligands [29]. So, it is possible

that changes at CTLD2 indirectly impact on MR ligand

affinities and the mutation of this site change the function

of MR and affect the binding of MR protein to polysac-

charide structure on the Mtb surface, thus, contributing to

the secretion of anti-inflammatory factors. However, Alter

et al. [19] have studied HEK293 cells over-expressing MR

constructs (293-MR) with three exon 7 haplotypes of

MRC1 (G1186A, G1195A and C1221G) for their ability to

Table 9 Association of G1186A with pulmonary TB in the Chinese Kazak population using logistic regression

Modela Genotype Controls Patients OR (95 % CI) P value AIC BIC

Codominant G/G 99 (30.5 %) 50 (26.6 %) 1.00 0.57 682.9 704.1

G/A 158 (48.6 %) 100 (53.2 %) 1.25 (0.82–1.91)

A/A 68 (20.9 %) 38 (20.2 %) 1.11 (0.66–1.87)

Dominant G/G 99 (30.5 %) 50 (26.6 %) 1.00 0.35 681.2 698.1

G/A–A/A 226 (69.5 %) 138 (73.4 %) 1.21 (0.81–1.81)

Recessive G/G–G/A 257 (79.1 %) 150 (79.8 %) 1.00 0.86 682 699

A/A 68 (20.9 %) 38 (20.2 %) 0.96 (0.61–1.50)

Overdominant G/G–A/A 167 (51.4 %) 88 (46.8 %) 1.00 0.32 681.1 698

G/A 158 (48.6 %) 100 (53.2 %) 1.20 (0.84–1.72)

Log-additive – – – 1.07 (0.83–1.38) 0.62 681.8 698.7

a Adjusted for age and sex

OR odds ratios, CI confidence intervals, AIC Akaike’s Information Criterion, BIC Bayesian Information Criterion

Table 10 Haplotype frequencies of polymorphisms variants of the MRC1 gene in patients with pulmonary TB (n = 188) and healthy controls

(n = 325) in the Chinese Kazak population

Haplotype Allele at marker Controls

N (Freq)

Patients

N (Freq)

Total

N (Freq)

OR

(95 % CI)

P valuea

G1186A G1195A T1212C C1221G C1303T C1323T

1 A G T C C T 0.4487 0.4586 0.4528 1.00 –

2 G G T C C T 0.3728 0.3719 0.3707 0.96 (0.72–1.29) 0.8

3 G A C G T T 0.0753 0.0444 0.0653 0.62 (0.34–1.11) 0.11

4 G G C C C T 0.0477 0.0665 0.0546 1.31 (0.76–2.25) 0.34

5 G G T C C C 0.0457 0.0377 0.0445 0.92 (0.50–1.71) 0.8

Global haplotype association P value: 0.44

Freq frequency of haplotype, OR odds ratios, CI confidence intervals
a Adjusted for age and sex
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bind and internalize ovalbumin and zymosan, two classical

MR ligands. No difference in uptake was measured

between the variants, and 293-MR failed to bind and

internalize viable Mycobacterium leprae and BCG. The

authors proposed that the MR–M. leprae interaction was

modulated by an accessory host molecule of unknown

identity. For instance, MR delivers an intracellular signal

that affects the immune status of cells as well as endo-

some–lysosome fusion [30–32]. However, this signaling is

mediated by the cytoplasmic domain of MR and would not

be expected to be affected by a remote extracellular site. It

was suggested that exon 7 variants have an indirect effect

on overall structure and/or stability of the CTLD2 domain,

likely by modulating the interaction with an additional host

molecule(s). Whether the impact of the pulmonary TB-

associated MRC1 alleles is via the alteration of MR ligand

interactions or by changed receptor signaling or trafficking

is not known. In the future, we will clarify the relationship

between the changed protein (mutant protein) in the MRC1

gene and M. tuberculosis, and provide an experimental

basis to clarify the pathogenesis of pulmonary TB.

In the Chinese Uygur population, the C1200T site was

only found in the pulmonary TB group with the rate of

occurrence being 0.39 % and minor allele frequencies

(MAF) \1 %. So, this site did not belong to polymor-

phisms. Meanwhile, we also analyzed association between

haplotypes of MRC1 gene and the incidence of pulmonary

TB in the Chinese Uygur population. We found that the

frequency of the haplotype GGTCCT (P = 0.032,

OR = 0.75, 95 % CI = 0.57–0.97) and haplotype

GGTCCC (P = 0.044, OR = 0.57, 95 % CI = 0.33–0.99)

was significantly associated with pulmonary TB and may

increase the risk of pulmonary TB infection. In the Chinese

Kazak population, the T1191C site was only found in the

pulmonary TB group with the rate of occurrence being

0.30 % and MAF \ 1 %. So, this site also did not belong

to polymorphisms. All haplotypes of the MRC1 gene

polymorphisms showed no significant association with

pulmonary TB (P [ 0.05). The results suggested that the

MRC1 gene polymorphisms have no effects on suscepti-

bility to pulmonary TB and MRC1 may not be a major gene

contributing to pulmonary TB infection in the Chinese

Kazak population. Therefore, we proposed that the differ-

ence in genetic polymorphisms in various ethnic groups

may affect susceptibility to pulmonary TB. Meanwhile,

racial differences often combine with genetic and envi-

ronmental factors, and make the observed difference even

more complicated between different ethnic groups.

Alter et al. [19] found that the allele frequency of

G1186A site in the exon 7 of MRC1 gene had significant

disparity between leprosy per se cases and healthy controls

in the Brazilian population (P = 0.016, OR = 1.34, 95 %

CI = 1.06–1.70). The OR value was more than 1, and

suggested that this polymorphism was associated with sus-

ceptibility to leprosy. Hattori et al. [20] found that G1186A

site in the exon 7 of MRC1 gene was not significantly asso-

ciated with asthma in both Japanese and African-American

populations, suggesting that this polymorphism was not

associated with susceptibility to asthma. Hattori et al. [21]

also reported that the allele frequency of G1186A site in the

exon 7 of MRC1 gene had no significant association with

sarcoidosis in the Japanese population. According to Hap-

Map Organization statistics, different ethnic groups have

significant differences in the distribution frequency of SNPs.

Zhang et al. [23] found that the frequency of allele G

(P = 0.037; OR = 0.76; 95 % CI, 0.58–0.98) and AG

genotypes (P \ 0.01; OR = 0.57; 95 % CI, 0.37–0.87) for

G1186A of the MRC1 gene in a Chinese population were

significantly differences between the pulmonary TB group

and the healthy control group, and may reduce the risk of

infecting pulmonary TB. However, in our study, the G1186A

in the Chinese Uygur population was associated with the

susceptibility to pulmonary TB, and G1186A had no sig-

nificant association with pulmonary TB in the Chinese Ka-

zak population. We speculated that this is the main reason for

differences in genetic background in different ethnic groups,

and provides a theoretical basis for genetic epidemiology

research in different ethnic groups [33].

In the present study, we analyzed alleles, genotypes and

haplotypes, and concluded that the G1186A polymorphism

of MRC1 gene was associated with pulmonary TB in the

Chinese Uygur population, and may increase the risk of

being infected with pulmonary TB. However, G1186A site

in the exon 7 of MRC1 gene had no significant association

with pulmonary TB in the Chinese Kazak population. In

this study, our results suggest that genetic factors play an

important role in susceptibility to pulmonary TB at the

individual level, and provide an experimental basis to

clarify the pathogenesis of pulmonary TB.
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