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Abstract: MIF, TGF-β1, IFN-γ and NRAMP1 gene polymorphisms play an important role in pathogenesis of immune 
diseases. However, the relationship between the MIF, TGF-β1, IFN-γ and NRAMP1 gene polymorphism and their 
correlation with the clinicopathological profile in spinal tuberculosis are still unknown. We undertook this present 
study to investigate these gene polymorphisms and their relationships between the clinicopathological profile and 
spinal tuberculosis in Chinese Han population. The genotypes of MIF (rs755622 G/C), TGF-β1 (rs1800469 T/C, 
rs4803455 A/C), IFN-γ (rs2069718 C/T) and NRAMP1 (rs17235416 del/TGTG) genes were determined by poly-
merase chain reaction-restriction fragment length polymorphism (PCR-RFLP) in 110 spinal tuberculosis patients 
and 110 healthy controls. The C allele in rs755622 and rs4803455 were both significantly more common in spinal 
TB patients than healthy controls. The C allele and CC, CT genotype in rs1800469, as well as the C allele and AC, CC 
genotype in rs4803455 were both significantly higher in patients with CRP level exceeding 10 mg/L and ESR level 
exceeding 20 mm/h group. The other parameters were not significantly different. The present study suggests that 
MIF, TGF-β1 genes may affect susceptibility to spinal TB and increase the risk of developing the disease and shows 
that TGF-β1 polymorphism at rs1800469 and rs4803455 may be associated with the degree of inflammation in 
spinal TB.
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Introduction

In developing countries, tuberculosis remains 
one of the most common diseases, and it is 
considered that Mycobacterium tuberculosis 
has infected about one third of the world’s pop-
ulation [1]. However about 20% of the infected 
people will develop extra pulmonary tubercu- 
losis, and spinal tuberculosis is the most seri-
ous form of extra pulmonary tuberculosis [2]. 
According to the World Health Organization 
(WHO), spinal tuberculosis is associated wi- 
th great disability and high morbidity rate [3]. 
The reason why some patients infected with 
Mycobacterium tuberculosis has a higher risk 
of developing spinal tuberculosis and others 
limit the disease is still unknown, but the host 
susceptibility genes may play an important role 
[4, 5].

Cytokines produced by infected macrophages 
and T lymphocytes may play an important role 

in the development and incidence of tuberculo-
sis [6]. The Mycobacterium tuberculosis infec-
tion consists of two distinct T cell factor model. 
T helper 1 (Th1) cytokines are associated with 
resistance to infection, such as IFN-γ, and Th2 
cytokines are associated with progressive dis-
ease [7]. TGF-β is another T cell regulatory cyto-
kine which are mainly produced by the Th3 cells 
that may lead to fibrosis or cavity formation in 
the pathogenesis of tuberculosis [8]. The cyto-
kines MIF play an important role in the regula-
tion of the Th1/Th2 balance in host’s inflamma-
tory reaction and immune responses [9], which 
can inhibit the migration of macrophage and 
promote aggregation of inflammation or infec-
tion [10]. Animal experiments revealed that rats 
Nramp1 gene has a certain effect in initiation 
and progression of murine tuberculosis. The 
NRAMP1 is the human homologue of the mouse 
Nramp1 gene, and according to some studies 
the polymorphism may be associated with the 
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Table 1. Primer sequences, restriction enzymes used and restriction digestion patterns for genotyping of MIF, TGF-β1, IFN-γ and NRAMP1 poly-
morphisms

Polymorphisms Primer sequence (5’-3’) PCR Product 
size

Restriction 
enzymes used Recognition sites Genotype Product size 

After restriction
MIF rs755622 (G/C) F: CTGACTTCTCGGACACCACT 352 bp AluI GGCGCACCGCTCCAAGCTGTTCTCCACTTGG GG 352 bp

R: AAGGGTAAGGGGCCATCTTC GC 198+154/352 bp
CC 198+154 bp

TGF-β1 rs1800469 (C/T) F: TGGAGTGCTGAGGGACTCTG 489 bp Bsu36I CTGACCCTTCCATCCCTCAGGTGTCCTGTTG CC 360+129 bp
R: AGGCGGAGAAGGCTTAATCC CT 360+129/48 bp9

TT 489 bp
TGF-β1 rs4803455 (A/C) F: GCTGCAAACATTCTGGGGTT 98 bp Bse3DI CAGTAACTTAGAAGTCATTGCTAATGATTCC AA 98 bp

R: CCAGCCGGAATCATTAGCAA AC 74+24/98 bp
CC 74+24 bp

IFN-γ rs2069718 (C/T) F: CAAGAGGAAGGTAAATGATC 274 bp Bse8I GTAAATGATCCACATCTTATGAAGCATCATC CC 253+21 bp
R: ACACCAAATCCAAAACGAGTG CT 253+21/274 bp

TT 274 bp
NRAMP1 rs17235416 (Del/TGTG) F: GCATCTCCCCAATTCATGGT 240/244 bp FokI GCCTGCTGGA(TGTG)GAGGGGGCGC Del/Del 240 bp

R: AACTGTCCCACTCTATCCTG TGTG/Del 33+211/240 bp
TGTG/TGTG 33+211 bp

F: Forward; R: Reverse; bp: base pairs. Primer sequences were designed by Sangon Biotech.; Del: Del is missing the TGTG; rs17235416: When TGTG exists, the product is 244 bp, can be enzyme digestion, 
when TGTG is missing, product cannot be enzyme digestion, and the product is 240 bp.
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susceptibility to human tuberculosis [11]. Thus, 
MIF, IFN γ, TGF-β1 and NRAMP1 play a crucial 
role in the pathogenesis of tuberculosis.

Previous studies have reported some associa-
tion between MIF, IFN-γ, TGF-β1, NRAMP1 gene 
polymorphisms and the pulmonary TB [12-15]. 
However, there are no research data on the cor-
relation between MIF, IFN-γ, TGF-β1, NRAMP1 
gene polymorphisms and spinal TB in Chinese 
population, and more precisely its relation to 
the clinicopathological profile of spinal tuber- 
culosis.

Therefore, the aim of this work was to elucidate 
whether there is any association between the 
MIF, IFN-γ, TGF-β1, NRAMP1 gene polymor-
phisms and their susceptibility to spinal tuber-
culosis. In addition, this study also analyzed the 
relationship between the MIF, IFN-γ, TGF-β1 
and NRAMP1 gene polymorphisms with the 
clinicopathological profiles of spinal tuberculo-
sis in Chinese population.

Materials and methods

Study population

The written informed consent was obtained 
from patients or their relatives. This study was 
approved by the ethics committee of Guangxi 
province (China). This study included 110 Han 
patients who are living in Guangxi Province, 
China. They were diagnosed with spinal TB  
and underwent surgery in the First Affiliated 
Hospital of Guangxi Medical University from 1st 
Jan 2010 to 30th December 2014. These spi-
nal TB patients were presented with the typical 
symptoms such as moderate fever, weakness, 
back pain and paraparesis, and all of them 
were assigned into the spinal TB group. Diag- 
nosis of spinal TB was made by performing a 
hematological examination, histopathological 
investigation, imaging methods such as radiog-
raphy, computed tomography (CT) or magnetic 
resonance imaging (MRI), and exclusion of 
other diseases such as acquired immune defi-
ciency syndrome (AIDS), tumors, pulmonary TB 
and ankylosing spondylitis. The control group 
included 110 Han healthy subjects and sub-
jects with pulmonary TB, spinal TB, and other 
extrapulmonary tuberculosis were excluded by 
imaging. The following data were collected for 
the two groups: gender, age, duration of symp-
toms, pain intensity (visual analog scale score, 

VAS), C-reactive protein (CRP), and erythrocyte 
sedimentation rate (ESR).

Genotyping assay

Genomic DNA was isolated from blood sam- 
ples by using TRIzol® (Life Technologies, USA) 
according to the manufacturers’ instructions 
and the extracted genomic DNA was stored at 
-20°C until further use. DNA concentrations 
and qualities were measured by Nanodrop2000 
micro-volume spectrophotometer (Thermo Sci- 
entific, USA) using absorbance measurements. 
The primer sequences and results are shown  
in Table 1, and they were designed by using  
the UPL Assay Design Centre web service. 
Restriction enzymes (New England Biolabs, Inc, 
Ipswich, USA) used and the restriction diges-
tion patterns for different alleles are given in 
Table 1. DNA was amplified in the PCR machine 
through the PCR thermal cycling with the follow-
ing conditions: initial denaturation at 95°C for 
10 min, followed by 30 amplification cycles of 
95°C for 30 s, annealing temperature (given 
separately) and extension at 60°C for 30 s, and 
72°C for 1 min, in the end a final extension at 
72°C for 10 min, annealing at 4°C. PCR prod-
ucts were digested with the respective restric-
tion enzymes of optimum temperature and 
time, and then the fragments were separated 
in 2% agarose gel containing 0.5 mg/ml ethid-
ium bromide by electrophoresis at 120 V and 
visualized under UV light.

Statistical analysis

Statistical analysis was performed by SPSS 
16.0 (SPSS, Inc., Chicago, IL, USA). The general 
conditions of the two groups were compared by 
t tests and Chi-square test. The deviation of 
polymorphism from Hardy-Weinberg equilibri-
um was examined by Chi-square test through 
comparing with observed and expected geno-
type frequencies in the two groups. Chi-square 
test was used to compare the difference be- 
tween the genotype and allele frequencies of 
MIF, TGF-β1, IFN γ and NRAMP1 in two groups. 
Odds ratio (OR) and corresponding 95% confi-
dence intervals (95% CI) were calculated by 
multiple logistic regression using case/control 
status as the dependent variable. P<0.05 (two-
tailed) was considered statistically significant. 
Also, significant probability values obtained 
were corrected for multiple testing (Bonferroni 
correction).
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Results

MIF, TGF-β1, IFN-γ and NRAMP1 polymor-
phisms in spinal TB patients and healthy con-
trols

We evaluated the frequencies of MIF, TGF-β1, 
IFN-γ and NRAMP1 polymorphisms in Spinal TB 
group and Control group (Table 2). All the geno-
type frequency distributions were in agreeme- 
nt with Hardy-Weinberg equilibrium (P<0.05). 
The CC genotype in rs755622 (OR=2.37, 95% 
CI=1.02-7.90, P=0.04) and CC genotype in 
rs4803455 (OR=3.36, 95% CI=1.02-7.98, P= 
0.02) were both significantly higher in spinal  
TB than in controls. The TGTGdel allele carrier 

tion analysis of MIF, TGF-β1, IFN γ and NRAMP1 
polymorphisms with clinicopathological factors 
in spinal TB group. The results of stratification 
analysis with parameters of age, gender, level 
of ID herniation, pain intensity (VAS), duration 
of symptoms, CRP, ESR, smoking habits are 
shown in Table 3. The CT, CC genotype 
(OR=16.54, 95% CI=5.46-87.29, P<0.01 and 
OR=6.88, 95% CI=2.14-26.76, P<0.01) and C 
allele carrier (OR=4.89, 95% CI=1.64-9.28, 
P<0.01) in rs1800469 frequency were both 
significantly higher in patients with CRP level 
exceeding 10 mg/L. The CT, CC genotype 
(OR=13.14, 95% CI=2.98-59.60, p<0.01 and 
OR=24.26, 95% CI=5.28-78.12, P<0.01) and C 
allele carrier (OR=7.35, 95% CI=4.05-27.64, 

Table 2. MIF, TGF-β1, IFN-γ and NRAMP1 polymorphisms distribution 
in Spinal TB group and Control group

Allele genotype Spinal TB (%)
(n=110)

Control (%)
(n=110)

P 
value

Odds ratio 
(95% CI)

rs755622 (G/C)
    C 66 (30.0) 44 (20.0) 1
    G 154 (70.0) 176 (80.0) <0.01 1.47 (1.22-3.89)
    CC 13 (11.8) 6 (5.5) 1
    GG 57 (51.8) 72 (65.5) 0.04 2.37 (1.02-7.90)
    GC 40 (36.4) 32 (29.0) 0.52 1.87 (0.87-6.73)
rs1800469 (T/C)
    T 116 (52.7) 107 (48.6) 1
    C 104 (47.3) 113 (51.4) 0.44 1.78 (1.35-2.72)
    TC 48 (43.6) 47 (42.7) 1
    TT 34 (30.9) 30 (27.3) 0.48 1.32 (0.89-4.03)
    CC 28 (25.5) 33 (30) 0.76 0.44 (0.15-2.49)
rs4803455 (A/C)
    C 156 (70.9) 131 (59.5) 1
    A 64 (29.1) 89 (40.5) <0.01 1.35 (1.08-2.86)
    CC 54 (49.1) 39 (35.5) 1
    AA 8 (7.3) 18 (16.4) 0.02 3.36 (1.02-7.98)
    AC 48 (43.6) 53 (48.1) 0.12 1.33 (0.64-2.64)
rs2069718 (C/T)
    C 32 (14.5) 22 (10.0) 1
    T 188 (85.5) 198 (90.0) 0.25 1.21 (0.78-4.32)
    CT 32 (29.1) 20 (18.2) 1
    CC 0 (0) 1 (0.9) 0.21 0.55 (0.13-1.58)
    TT 78 (70.9) 89 (80.9) 0.09 1.26 (0.98-2.44)
rs17235416 (del/TGTG)
    TGTGdel 38 (17.3) 19 (8.6) 1
    TGTG 182 (82.7) 201 (91.4) 0.02 2.39 (1.65-4.21)
    TGTG/del 30 (27.3) 17 (15.5) 1
    TGTGdel/del 4 (3.6) 1 (0.9) 0.82 0.44 (0.08-4.53)
    TGTG/TGTG 76 (69.1) 92 (83.6) 0.04 2.34 (1.22-6.85)

(OR=2.39, 95% CI=1.65-
4.21, P=0.02) and TGTG/
del genotype (OR=2.34, 
95% CI=1.22-6.85, P= 
0.04) in rs17235416 we- 
re significantly more com-
mon in spinal TB patients 
than those of healthy co- 
ntrols. Statistical signific- 
ant differences for both 
polymorphisms, however, 
were lost after Bonferroni 
correction of the p values. 
The frequency of rs75- 
5622 C allele (OR=1.47, 
95% CI=1.22-3.89, P< 
0.01) and rs4803455 C 
allele (OR=1.35, 95% CI= 
1.08-2.86, P<0.01) were 
significantly higher in spi-
nal TB patients when com-
pared with those of healthy 
controls. Statistical signifi-
cant difference was still 
kept after Bonferroni co- 
rrection of the p values. 
The allele and genotype 
frequencies of rs1800469 
and rs2069718 polymor-
phisms did not differ sig- 
nificantly.

Association between MIF, 
TGF-β1, IFN-γ and NRAMP1 
polymorphisms and clini-
cal parameters in spinal 
TB patients.

We further evaluated the 
associations of stratifica-
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Table 3. Stratification analysis of MIF, TGF-β1, IFN-γ and NRAMP1polymorphisms in spinal TB group
Clinical characteristics Odds ratio (95% CI)/p value
rs755622 (G/C) G C GG GC CC G vs. C GG vs. GC GG vs. CC
    Sex
        Male 96 40 36 24 8 1.26 (0.49-1.57) 1.65 (0.80-3.26) 1.29 (0.48-4.35)
        Female 58 26 21 16 5 0.63 0.85 0.87
    Age (year)
        ≤30 19 9 7 5 2 0.68 (0.32-2.65) 0.75 (0.16-3.75) 0.69 (0.33-4.48)
        >30 135 57 50 35 11 0.73 0.89 0.71
    Level of ID herniation
        C2-T8 48 20 18 12 4 1.01 (0.18-2.75) 1.35 (0.643.24) 1.31 (0.68-4.78)
        T9-S1 106 46 39 28 9 0.79 0.71 0.82
    Pain intensity (VAS)
        0-5 60 26 22 16 5 0.74 (0.61-1.97) 0.89 (0.37-3.97) 0.97 (0.17-2.98)
        6-10 94 40 35 24 8 0.74 0.67 0.82
    Duration of symptoms
        ≤3 Months 68 30 25 18 6 1.02 (0.27-2.31) 1.01 (0.68-2.87) 0.99 (0.49-4.16)
        >3 Months 84 36 32 22 7 0.91 0.88 0.81
    CRP (mg/L)
        ≤10 51 19 20 11 4 1.37 (0.91-2.14) 1.71 (0.42-3.69) 1.04 (0.55-4.79)
        >10 103 47 37 29 9 0.47 0.35 0.81
    ESR (mm/h)
        ≤20 30 12 11 8 2 1.24 (0.68-2.56) 0.91 (0.25-2.98) 1.02 (0.37-6.99)
        >20 124 54 46 32 11 0.91 0.98 0.84
    Smoking habits
        Smokers 67 29 25 17 6 1.02 (0.67-2.46) 1.24 (0.31-3.51) 0.97 (0.48-3.75)
        Non-smokers 87 37 32 23 7 0.89 0.71 0.69
rs1800469 (T/C) T C TT TC CC T vs. C TT vs. TC TT vs. CC
    Sex
        Male 72 64 21 30 17 1.04 (0.37-2.77) 0.82 (0.31-2.74) 1.135 (0.12-4.56)
        Female 34 40 13 18 11 0.17 0.76 0.86
    Age (year)
        ≤30 14 14 4 6 4 0.78 (0.31-1.27) 0.81 (0.47-4.32) 0.690 (0.43-3.89)
        >30 102 90 30 42 24 0.61 0.89 0.64
    Level of location
        C2-T8 37 31 11 15 8 1.42 (0.45-3.68) 1.34 (0.19-3.12) 1.37 (0.23-3.98)
        T9-S1 79 73 23 33 20 0.57 0.79 0.68
    Pain intensity(VAS)
        0-5 45 41 13 19 11 0.91 (0.32-1.89) 0.83 (0.17-2.86) 0.81 (0.26-3.27)
        6-10 71 63 21 29 17 0.91 0.88 0.96
    Duration of symptoms
        ≤3 Months 51 47 15 21 13 0.91 (0.25-1.98) 1.14 (0.61-2.77) 0.88 (0.47-2.96)
        >3 Months 65 57 19 27 15 0.75 0.89 0.80
    CRP (mg/L)
        ≤10 52 16 24 4 6 4.89 (1.64-9.28) 16.54 (5.46-87.29) 6.88 (2.14-26.76)
        >10 64 88 10 44 22 <0.01 <0.01 <0.01
    ESR (mm/h)
        ≤20 37 5 17 3 1 7.35 (4.05-27.64) 13.14 (2.98-59.60) 24.26 (5.28-78.12)
        >20 79 99 17 45 27 <0.01 <0.01 <0.01
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    Smoking habits
        Smokers 51 45 15 21 12 1.08 (0.57-1.93) 1.21 (0.21-2.98) 1.14 (0.39-3.64)
        Non-smokers 65 59 19 27 16  0.87 0.86 0.79
rs4803455 (A/C) A C AA AC CC A vs. C AA vs. AC AA vs. CC
    Sex
        Male 40 96 5 30 33 1.11 (0.35-1.97) 1.02 (0.11-4.79) 1.27 (0.36-5.89)
        Female 24 60 3 18 21 0.82 0.97 0.99
    Age (year)
        ≤30 8 20 1 6 7 0.82 (0.49-2.78) 1.08 (0.34-9.97) 0.81 (0.19-9.87)
        >30 56 136 7 42 47 0.87 0.95 0.91
    Level of ID herniation
        C2-T8 25 47 3 19 14 1.21 (0.56-3.24) 0.84 (0.17-4.68) 1.29 (0.95-8.67)
        T9-S1 39 109 5 29 40 0.28 0.97 0.37
    Pain intensity (VAS)
        0-5 24 58 3 18 20 1.31 (0.24-2.97) 1.60 (0.87-5.64) 1.22 (0.44-4.97)
        6-10 40 98 5 30 34 0.85 0.97 0.91
    Duration of symptoms
        ≤3 Months 28 70 4 20 25 0.84 (0.35-1.97) 1.30 (0.91-8.64) 1.41 (0.32-6.12)
        >3 Months 36 86 4 28 29 0.66 0.88 0.92
    CRP (mg/L)
        ≤10 31 37 7 17 10 3.51 (1.92-7.88) 11.64 (3.77-67.850) 13.60 (2.34-78.82)
        >10 33 119 1 31 44 <0.01 <0.01 <0.01
    ESR (mm/h)
        ≤20 20 22 6 8 7 3.44 (1.08-6.87) 14.23 (2.67-77.17) 16.45 (6.68-78.34)
        >20 44 134 2 40 47 <0.01 <0.01 <0.01
    Smoking habits
        Smokers 28 68 4 20 24 1.08 (0.76-2.64) 1.67 (0.43-68.97) 2.01 (0.94-6.79)
        Non-smokers 36 88 4 28 30 0.87 0.54 0.72
rs2069718 (C/T) C T CC CT TT C vs. T TT vs. TC TT vs. CC
    Sex
        Male 20 116 0 20 48 1.45 (0.97-2.82) 1.12 (0.65-2.76) NS
        Female 12 72 0 12 30 0.84 0.87 NS
    Age (year)
        ≤30 4 24 0 4 10 0.72 (0.61-3.74) 1.44 (0.71-2.45) NS
        >30 28 164 0 28 68 0.91 0.90 NS
    Level of ID herniation
        C2-T8 10 58 0 10 24 1.64 (0.47-3.39) 1.28 (0.34-2.89) NS
        T9-S1 22 130 0 22 54 0.94 0.91 NS
    Pain intensity (VAS)
        0-5 13 73 0 13 30 1.33 (0.27-2.71) 0.97 (0.17-2.74) NS
        6-10 19 115 0 19 48 0.76 0.81 NS
    Duration of symptoms
        ≤3 Months 14 84 0 14 35 0.81 (0.34-2.79) 1.34 (0.41-3.71) NS
        >3 Months 18 104 0 18 43 0.90 0.94 NS
    CRP (mg/L)
        ≤10 10 60 0 10 25 0.95 (0.21-2.97) 1.27 (0.36-2.95) NS
        >10 22 128 0 22 53 0.95 0.94 NS
    ESR (mm/h)
        ≤20 6 36 0 6 15 1.35 (0.47-2.74) 1.01 (0.43-2.28) NS
        >20 26 152 0 26 63 0.94 0.95 NS
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P<0.01) in rs1800469 frequency were both 
significantly higher in patients with ESR level 
exceeding 20 mm/h. The frequency of AC, CC 
genotype (OR=11.64, 95% CI=3.77-67.85, 
P<0.01 and OR=13.60, 95% CI=2.34-78.82, 
P<0.01) and C allele (OR=3.51, 95% CI=7.92-
7.88, P<0.01) in rs4803455 were both signifi-
cantly higher in patients with CRP level exceed-
ing 10 mg/L. The AC, CC genotype in rs4803455 
(OR=14.23, 95% CI=2.67-77.17, P<0.01 and 
OR=16.45, 95% CI=6.68-78.34, P<0.01) and 
the C allele carrier in rs4803455 frequency 
(OR=3.44, 95% CI=1.08-6.87, P<0.01) were 
significantly higher in patients with ESR level 
exceeding 20 mm/h. Other parameters were 
not significantly different.

Discussion 

In this study, we investigated the significance of 
the relationship between MIF, IFN-γ, TGF-β1, 
NRAMP1 gene polymorphisms and their sus-

ceptibility to TB and evaluated the associations 
of stratification analysis of their polymorphisms 
with clinical pathological factors in spinal TB 
group.

The degree of ESR was associated with TB ill-
ness and progressive weight loss, so the deter-
mination of ESR can be correlated with the 
progress of the disease and its prognosis after 
therapy.CRP is an inflammatory marker in acute 
trauma and infection, and the level of CRP 
increased dramatically. Liu et al. have reported 
that the Kawasaki disease patients with CC 
genotype in rs223895 had a significantly high-
er ESR than other genotypes [16]. Other re-
searchers have reported that the ESR and CRP 
had no significant difference regarding geno-
types or allelic frequency between patients 
with rheumatoid arthritis and healthy controls 
[17]. However, Liu et al. reported that the CRP 
levels, and the ESR exhibited multiple correla-
tions with the transcript levels of several inter-

    Smoking habits
        Smokers 14 82 0 14 34 1.11 (0.24-2.87) 0.89 (0.13-2.97) NS
        Non-smokers 18 106 0 18 44 0.97 0.96 NS
rs17235416 (-/TGTG) + - ++ +- -- + versus - ++ versus +- ++ versus --
    Sex
        Male 113 23 47 19 2 1.12 (0.52-2.41) 0.98 (0.41-2.32) 1.39 (0.14-14.01)
        Female 69 15 29 11 2 0.75 0.91 0.62
    Age (year)
        ≤30 22 6 9 4 1 0.86 (0.36-2.05) 0.90 (0.31-2.62) 0.68 (0.07-7.01)
        >30 160 32 67 26 3 0.76 0.85 0.64
    Level of ID herniation
        C2-T8 57 11 24 9 1 1.12 (0.55-2.31) 1.06 (0.45-2.48) 1.21 (0.29-17.22)
        T9-S1 125 27 52 21 3 0.76 0.84 0.74
    Pain intensity (VAS)
        0-5 72 14 30 12 1 1.02 (0.61-2.82) 0.82 (0.36-2.27) 1.46 (0.25-17.61)
        6-10 110 24 46 18 3 0.70 0.92 0.59
    Duration of symptoms
        ≤3 Months 81 17 34 13 2 0.89 (0.24-2.63) 1.02 (0.36-2.79) 0.92 (0.33-6.51)
        >3 Months 101 21 42 17 2 0.91 0.87 0.79
    CRP (mg/L)
        ≤10 58 12 24 10 1 1.03 (0.24-3.29) 0.89 (0.45-2.94) 1.28 (0.23-12.61)
        >10 124 26 52 20 3 0.90 0.89 0.70
    ESR (mm/h)
        ≤20 34 8 14 6 1 0.81 (0.26-2.71) 0.87 (0.13-2.94) 0.59 (0.17-7.21)
        >20 148 30 62 24 3 0.70 0.80 0.71
    Smoking habits
        Smokers 79 17 33 13 2 0.91 (0.31-1.82) 1.04 (0.23-2.67) 0.69 (0.21-6.32)
        Non-smokers 103 21 43 17 2 0.81 0.98 0.86
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leukins (IL’s) in spinal tuberculosis patients 
[18]. So we speculated that the association of 
single nucleotide polymorphisms in several 
candidate genes under study with the ESR and 
CRP levels may be associated with the degree 
of inflammation in spinal TB.

MIF is known as a T-cell-derived cytokine pri-
marily appearing in the inflammatory response 
against pathogens [19]. It can inhibit the ran-
dom migration of macrophages and the growth 
of pathogenic Mycobacterium tuberculosis in 
vitro study [20]. In fact, the C allele and (GC+CC) 
genotype of rs755622 were reported to be 
associated with TB susceptibility in the Cam- 
bodian population and Chinese population [21, 
22]. Similarly, according to our data, increase in 
the frequency of MIF rs755622 allele C sug-
gested is association with the progression of 
spinal TB.

TGF-β1 is a potent immunosuppressive cyto-
kine which can regulate growth and differentia-
tion of many cell types and is mainly produced 
by activated macrophages in response to tis-
sue damage [23, 24]. It can modulate T cell 
function and also can inhibit macrophage acti-
vation and lymphocyte proliferation [25]. Mo- 
reover, TGF-β can reduce the ability of macro-
phage to contain the tubercle bacilli and deacti-
vate macrophages [26, 27]. It was reported 
that, rs1800469 allele have no association 
with susceptibility to spinal TB in Chinese iron 
miners and Chinese people [28, 29], which was 
consistent with our findings. But our study 
showed that the C allele and CT, CC genotype 
may be associated with the degree of inflam-
matory action in spinal TB. To date, there are no 
report on association between rs4803455 and 
TB. In our study, we noticed that the C allele of 
rs4803455 was associated with the suscepti-
bility to spinal TB and our study also showed 
that the C allele and AC, CC genotype may be 
associated with the degree of inflammation in 
spinal TB.

Interferon gamma (IFN-γ) is mainly produced by 
T helper 1 cells and plays an important role dur-
ing the early non-specific phase of host defense 
through the cell-mediated immune response. 
The IFN-γ can control M. tuberculosis infection 
by activated macrophages [30]. Previous stud-
ies have shown that the rs2069718 C allele 
was found to be associated with tuberculosis in 
the female subgroup in the Chinese pediatric 
population of North China [14] and genotype TT 

was associated with an increased risk of TB in 
Han Taiwanese population [31]. Contrarily, in 
our study no difference was shown in the 
rs2069718 polymorphism between spinal TB 
and healthy controls.

NRAMP1 protein has the characteristics of 
membrane transporters and is located in late 
resting macrophage cell, after the pathogen of 
macrophage cell is transferred to the phago-
some membrane [32]. NRAMP1 protein plays 
an important role in the macrophage cell mem-
brane cation channels through inhibiting the 
uptake of Fe2+ and Mn2+, and eventually be 
digested [33, 34]. Nugraha et al. reported that 
the rs17235416 was found to be associated 
with tuberculosis in Indonesia population [35], 
but another studies had shown that there was 
no association with the risk of TB in the Thais 
and the Greek population [13, 36]. However, in 
our study on rs17235416 polymorphism, no 
difference was shown in the rs17235416 poly-
morphism between spinal TB and healthy 
controls.  

There were many limitations in this study. First 
of all, due to the rare incidence of tuberculosis 
of the spine, this study is relatively limited with 
a small number of patients. As we carried out 
the analysis with a small patient group, the 
data may not represent a patient’s actual sus-
ceptibility and may have a lower or higher sus-
ceptibility. Second, the cases were collected 
from the same hospital, which may reduce the 
validity of the results. A further study with a 
large patient sample may be necessary in 
Chinese population to provide more justifica- 
tion. 

Our results demonstrated for the first time that 
the polymorphisms in MIF, TGF-β1 and NRAMP1 
gene may affect susceptibility to spinal TB and 
increased risk of developing the disease in the 
Chinese population and further investigations 
showed that the polymorphism in rs1800469 
and rs4803455may be associated with the 
degree of inflammation in spinal TB. Advances 
in our understanding of spinal TB genetics in 
Chinese population may be valuable markers  
to predict the risk for the development of spin- 
al TB and to enhance efforts to control this 
disease.

Disclosure of conflict of interest

None.



MIF, TGF-β1, IFN-γ and NRAMP1 polymorphisms and spinal TB

4446	 Int J Clin Exp Pathol 2016;9(4):4438-4447

Address correspondence to: Dr. Xin-Li Zhan, Spine 
and Osteopathy Ward, The First Affiliated Hospital of 
Guangxi Medical University, 6 Shuang Yong Road, 
Nanning 530021, Guangxi, People’s Republic of 
China. Tel: +86 771 5350001; Fax: +86 771 535- 
0001; E-mail: 3cstar@163.com

References

[1]	 Raviglione MC, Snider DE Jr and Kochi A. 
Global epidemiology of tuberculosis. Morbidity 
and mortality of a worldwide epidemic. JAMA 
1995; 273: 220-226.

[2]	 Schirmer P, Renault CA and Holodniy M. Is spi-
nal tuberculosis contagious? Int J Infect Dis 
2010; 14: e659-666.

[3]	 Gao Q, Du Q, Zhang H, Guo C, Lu S, Deng A, 
Tang M, Liu S, Wang Y, Huang J and Guo Q. 
Monocyte chemotactic protein-1 -2518 gene 
polymorphism and susceptibility to spinal tu-
berculosis. Arch Med Res 2014; 45: 183-187.

[4]	 Allen AR, Minozzi G, Glass EJ, Skuce RA, 
McDowell SW, Woolliams JA and Bishop SC. 
Bovine tuberculosis: the genetic basis of host 
susceptibility. Proc Biol Sci 2010; 277: 2737-
2745.

[5]	 Vannberg FO, Chapman SJ and Hill AV. Human 
genetic susceptibility to intracellular patho-
gens. Immunol Rev 2011; 240: 105-116.

[6]	 Sher A and Coffman RL. Regulation of immu-
nity to parasites by T cells and T cell-derived 
cytokines. Annu Rev Immunol 1992; 10: 385-
409.

[7]	 Wallis RS and Ellner JJ. Cytokines and tubercu-
losis. J Leukoc Biol 1994; 55: 676-681.

[8]	 Orme IM. The immunopathogenesis of tuber-
culosis: a new working hypothesis. Trends 
Microbiol 1998; 6: 94-97.

[9]	 Bacher M, Metz CN, Calandra T, Mayer K, 
Chesney J, Lohoff M, Gemsa D, Donnelly T and 
Bucala R. An essential regulatory role for mac-
rophage migration inhibitory factor in T-cell ac-
tivation. Proc Natl Acad Sci U S A 1996; 93: 
7849-7854.

[10]	 Martinez A, Orozco G, Varade J, Sanchez Lopez 
M, Pascual D, Balsa A, Garcia A, de la Concha 
EG, Fernandez-Gutierrez B, Martin J and 
Urcelay E. Macrophage migration inhibitory 
factor gene: influence on rheumatoid arthritis 
susceptibility. Hum Immunol 2007; 68: 744-
747.

[11]	 Bellamy R, Ruwende C, Corrah T, McAdam KP, 
Whittle HC and Hill AV. Variations in the 
NRAMP1 gene and susceptibility to tuberculo-
sis in West Africans. N Engl J Med 1998; 338: 
640-644.

[12]	 Niimi T, Sato S, Sugiura Y, Yoshinouchi T, Akita 
K, Maeda H, Achiwa H, Ninomiya S, Akita Y, 
Suzuki M, Nishio M, Yoshikawa K, Morishita M, 

Shimizu S and Ueda R. Transforming growth 
factor-beta gene polymorphism in sarcoidosis 
and tuberculosis patients. Int J Tuberc Lung 
Dis 2002; 6: 510-515.

[13]	 Stagas MK, Papaetis GS, Orphanidou D, 
Kostopoulos C, Syriou S, Reczko M and 
Drakoulis N. Polymorphisms of the NRAMP1 
gene: distribution and susceptibility to the de-
velopment of pulmonary tuberculosis in the 
Greek population. Med Sci Monit 2011; 17: 
PH1-6.

[14]	 Shen C, Jiao WW, Feng WX, Wu XR, Xiao J, Miao 
Q, Sun L, Wang BB, Wang J, Liu F, Shen D and 
Shen AD. IFNG polymorphisms are associated 
with tuberculosis in Han Chinese pediatric fe-
male population. Mol Biol Rep 2013; 40: 
5477-5482.

[15]	 Sadki K, Lamsyah H, Rueda B, Akil E, Sadak A, 
Martin J and El Aouad R. Analysis of MIF, 
FCGR2A and FCGR3A gene polymorphisms 
with susceptibility to pulmonary tuberculosis  
in Moroccan population. J Genet Genomics 
2010; 37: 257-264.

[16]	 Liu F, Ding Y and Yin W. [Association of sing- 
le nucleotide polymorphisms in TARC/CCL17 
gene with Kawasaki disease and its clinical 
characteristics]. Zhongguo Dang Dai Er Ke Za 
Zhi 2015; 17: 668-671.

[17]	 Erkol Inal E, Gorukmez O, Dundar U, Gorukmez 
O, Yener M, Ozemri Sag S and Yakut T. The 
Influence of Polymorphisms of Interleukin-17A 
and -17F Genes on Susceptibility and Activity 
of Rheumatoid Arthritis. Genet Test Mol Bio- 
markers 2015; 19: 461-464.

[18]	 Liu C, Zhan X, Xiao Z, Fan Q, Deng L, Cui M, 
Xiong C, Xue J and Xie X. Transcript levels of 
major interleukins in relation to the clinico-
pathological profile of patients with tubercu-
lous intervertebral discs and healthy controls. 
PLoS One 2014; 9: e101324.

[19]	 Nishihira J. Macrophage migration inhibitory 
factor (MIF): its essential role in the immune 
system and cell growth. J Interferon Cytokine 
Res 2000; 20: 751-762.

[20]	 Oddo M, Calandra T, Bucala R and Meylan PR. 
Macrophage migration inhibitory factor reduc-
es the growth of virulent Mycobacterium tuber-
culosis in human macrophages. Infect Immun 
2005; 73: 3783-3786.

[21]	 Gomez LM, Sanchez E, Ruiz-Narvaez EA, 
Lopez-Nevot MA, Anaya JM and Martin J. 
Macrophage migration inhibitory factor gene 
influences the risk of developing tuberculosis 
in northwestern Colombian population. Tissue 
Antigens 2007; 70: 28-33.

[22]	 Li Y, Yuan T, Lu W, Chen M, Cheng X and Deng 
S. Association of tuberculosis and polymor-
phisms in the promoter region of macrophage 
migration inhibitory factor (MIF) in a South- 

mailto:3cstar@163.com


MIF, TGF-β1, IFN-γ and NRAMP1 polymorphisms and spinal TB

4447	 Int J Clin Exp Pathol 2016;9(4):4438-4447

western China Han population. Cytokine 2012; 
60: 64-67.

[23]	 Wahl SM, McCartney-Francis N and Mergen- 
hagen SE. Inflammatory and immunomodula-
tory roles of TGF-beta. Immunol Today 1989; 
10: 258-261.

[24]	 Toossi Z and Ellner JJ. The role of TGF beta in 
the pathogenesis of human tuberculosis. Clin 
Immunol Immunopathol 1998; 87: 107-114.

[25]	 Espevik T, Figari IS, Shalaby MR, Lackides GA, 
Lewis GD, Shepard HM and Palladino MA Jr. 
Inhibition of cytokine production by cyclosporin 
A and transforming growth factor beta. J Exp 
Med 1987; 166: 571-576.

[26]	 Assoian RK, Fleurdelys BE, Stevenson HC, 
Miller PJ, Madtes DK, Raines EW, Ross R and 
Sporn MB. Expression and secretion of type 
beta transforming growth factor by activated 
human macrophages. Proc Natl Acad Sci U S A 
1987; 84: 6020-6024.

[27]	 Hirsch CS, Yoneda T, Averill L, Ellner JJ and 
Toossi Z. Enhancement of intracellular grow- 
th of Mycobacterium tuberculosis in human 
monocytes by transforming growth factor-beta 
1. J Infect Dis 1994; 170: 1229-1237.

[28]	 Mak JC, Leung HC, Sham AS, Mok TY, Poon YN, 
Ling SO, Wong KC and Chan-Yeung M. Genetic 
polymorphisms and plasma levels of trans-
forming growth factor-beta(1) in Chinese pa-
tients with tuberculosis in Hong Kong. Cytokine 
2007; 40: 177-182.

[29]	 Wu F, Qu Y, Tang Y, Cao D, Sun P and Xia Z. 
Lack of association between cytokine gene 
polymorphisms and silicosis and pulmonary 
tuberculosis in Chinese iron miners. J Occup 
Health 2008; 50: 445-454.

[30]	 Collins HL and Kaufmann SH. The many faces 
of host responses to tuberculosis. Immunology 
2001; 103: 1-9.

[31]	 Lee SW, Chuang TY, Huang HH, Lee KF, Chen 
TT, Kao YH and Wu LS. Interferon gamma poly-
morphisms associated with susceptibility to 
tuberculosis in a Han Taiwanese population. J 
Microbiol Immunol Infect 2015; 48: 376-380.

[32]	 Gruenheid S, Pinner E, Desjardins M and Gros 
P. Natural resistance to infection with intracel-
lular pathogens: the Nramp1 protein is recruit-
ed to the membrane of the phagosome. J Exp 
Med 1997; 185: 717-730.

[33]	 Jabado N, Jankowski A, Dougaparsad S, Picard 
V, Grinstein S and Gros P. Natural resistance to 
intracellular infections: natural resistance-as-
sociated macrophage protein 1 (Nramp1) fun- 
ctions as a pH-dependent manganese trans-
porter at the phagosomal membrane. J Exp 
Med 2000; 192: 1237-1248.

[34]	 Kehres DG, Zaharik ML, Finlay BB and Maguire 
ME. The NRAMP proteins of Salmonella ty-
phimurium and Escherichia coli are selective 
manganese transporters involved in the re-
sponse to reactive oxygen. Mol Microbiol 
2000; 36: 1085-1100.

[35]	 Nugraha J and Anggraini R. NRAMP1 polymor-
phism and susceptibility to lung tuberculosis in 
Surabaya, Indonesia. Southeast Asian J Trop 
Med Public Health 2011; 42: 338-341.

[36]	 Vejbaesya S, Chierakul N, Luangtrakool P and 
Sermduangprateep C. NRAMP1 and TNF-alpha 
polymorphisms and susceptibility to tuberculo-
sis in Thais. Respirology 2007; 12: 202-206.


