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Abstract: Since TAP polymorphisms were associated with accelerated progression of post-infection tuberculosis 
(TB), and TB could account for development of spinal TB (STB), the present study was intended to investigate 
whether the mutations of TAP polymorphisms could predict risk and prognosis of pediatric patients suffering from 
STB. Altogether 85 pediatric STB (PSTB) patients and 97 healthy children were recruited, and their peripheral blood 
samples were gathered to extract genomic DNA for genotyping. According to previously published investigations, 
2SNPs located within TAP1 and 7SNPs situated within TAP2 were finally selected for this investigation. Genotyping 
of the SNPs were implemented utilizing method of polymerase chain reaction-restriction fragment length polymor-
phisms (PCR-RFLP), and potential haplotypes were obtained with application of SHESIS software. The odds ratios 
(ORs) and corresponding 95% confidence intervals (CIs) were calculated to assess correlations between SNPs/
haplotypes and prevalence of PSTB. The G allele of TAP1 rs1135216 and A allele of TAP2 rs4148871 were both 
closely linked with elevated susceptibility to PSTB when, respectively, compared with A allele and G allele (G vs. A, 
OR = 2.06, 95% CI: 1.28-3.30, P < 0.01; A vs. G, OR = 2.45, 95% CI: 1.48-4.04, P < 0.01), whereas A allele of TAP2 
rs2857103 was significantly associated with lessened PSTB risk in comparison to C allele (OR = 0.35, 95% CI: 0.23-
0.55, P < 0.01). Besides, mutations of rs241447 (G>A) and rs4148876 (G>A) could significantly modify PSTB risk 
(AA vs. GG+GA, OR = 2.44, 95% CI: 1.27-4.72, P < 0.01; AA+GA vs. GG, OR = 2.00, 95% CI: 1.08-3.70, P = 0.03). 
Haplotypes A-G-A-G-G and A-A-A-G-G were also demonstrated to decrease PSTB risk significantly (OR = 0.25, 95% CI: 
0.07-0.95, P = 0.03; OR = 0.35, 95% CI: 0.12-0.96, P = 0.03). SNPs within TAP1 (rs1135216) and TAP2 (rs241447, 
rs2857103, rs4148871 and rs4148876) appeared as potential targets for both prediction and treatment of PSTB, 
yet further studies were in demand.

Keywords: Pediatricspinal tuberculosis, TAP1, TAP2, SNP, haplotype

Introduction

With obviously increasing resistance of My- 
cobacterium tuberculosis (TB) to antituberculo-
sis drugs and growing number of immune-defi-
cient patients, the prevalence of TB exhibits a 
rising trend among developing countries within 
the nearest decade [1]. Around 1% of TB could 
stimulate succedent spinal TB (STB), and the 
proportion tops among osteoarticular TB. 
Notably, pediatric spinal was vulnerable to TB 
focus for its differentiating anatomic structure 
and physiological characteristics, which were 
mainly displayed as smaller vertebral ossifica-
tion centers and principal composition of carti-
lage [2]. Besides, pediatric spinal TB (PSTB) 
appeared to worsen more rapidly than adult 

STB, and the disorder was more easily accom-
panied with major complications, such as 
kyphotic deformity and nerve dysfunction [2, 3]. 
Above all, the negative effects imposed by STB 
on children are all-around and profound, owing 
to that fateful TB posterior convexity could 
induce cardiac malfunction, dysfunctional lung 
and even paralysis due to compression of spi-
nal cord [4, 5].

Mounting genetic parameters have been docu-
mented to affect post-infection TB progression, 
including chemokine ligand 2 (CCL2), solute 
carrier family 11 member a1 protein (SLC11A1), 
P2X7, transporter associated with antigen pro-
cessing (TAP) and so on [6, 7]. TAP, the allodi-
mer composed of TAP1 and TAP2 subunits, is 
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Table 1. Primers of TAP1 and TAP2 genetic polymorphisms for PCR amplification

Gene SNPs
PCR amplification primer

F R
TAP1 Rs1057141 5’-TGGCTCATTGTTAGTTCG-3’ 5’-CACAGGGACAGGGTGTT-3’

Rs1135216 5’-GCTCCTATGGCTTCTTC-3’ 5’-GACTGCCTCACCTGTAA-3’
TAP2 Rs1800454 5’-GCCCTGGTGTTTGCTGG-3’ 5’-TCTTCCCTTGCCCTCCC-3’

Rs241448 5’-CTACTGCCCTTTCCTACC-3’ 5’-CAAATCTCCATCGTGCC-3’
Rs2228396 5’-GAGGAGGGAGAAGACAG-3’ 5’-TAGGAATGGAGGAAAGG-3’
Rs241447 5’-AGATGGTGCCCAGGTGGA-3’ 5’-AAACTCAAAGCAGGAACAG-3’

Rs2857103 5’-AGACTGAATCTATTTGCTG-3’ 5’-GAATGTGACCTCTGCTT-3’
Rs4148871 5’-CTTCCAGGAGACTAAGACA-3’ 5’-AGGACAGAGCAGGTGAG-3’
Rs4148876 5’-GCAGTACAGCCGGGAGA-3’ 5’-CACCAGGCGGGAATAGA-3’

SNP, single-nucleotide polymorphism; PCR, polymerase chain reaction; F, forward; R, reverse.

Table 2. Baseline characteristics of PSTB pa-
tients and controls

PTB  
patients  
(n = 85)

Healthy 
controls  
(n = 97)

P 
value

Age (years old) 6.14 ± 1.57 6.41 ± 1.29 0.20
Sex (n, %)
    Male 51 (60.00%) 57 (58.76%)

0.87
    Female 34 (40.00%) 40 (41.24%)
Location (n, %)
    Cervicalvertebra 4 (4.17%) —
    Thoracicvertebra 32 (33.33%) —

    Lumbarvertebra 49 (51.04%) —

    Sacral vertebrae 11 (11.46%) —

Frankle Classification (n, %)

    A-B 13 (15.29%) —

    C-D 42 (49.41%) —

    E 30 (35.30%) —
PSTB: pediatric spinal tuberculosis.

situated in the major histocompatibility com-
plex-II (MHC-II) region [8]. It contributed much 
to the cellular immuneresponse through affect-
ing the antigen-presenting process that was 
mediated byMHI-1 molecules [9]. Specifically, 
after  pathogens, misfolded proteins and defec-
tive ribosome products (DRiPs) in the cyto-
plasm are degraded by proteasomes through 
the ubiquitylation-dependent approach, TAP 
would transport degraded micro-molecular 
peptides to endocytoplasmic reticulum (ER), 
and enable the peptides to combine with MHC-I 
molecules to form stable MHC-antigen peptide 
compounds. Subsequently, the compounds are 
transported outside to cell surface via constitu-

tive secretory pathway, and are then identified 
by cytotoxic lymphocytes.

In view of the significance of TAP in TB develop-
ment, it is highly reasonable to suspect that 
mutations of TAP polymorphisms might, to 
some extent, modulate incidence of STB, since 
that polymorphisms of TAP coding region could 
alter its protein spatial structure and thus its 
biological functions. Up to date, seven TAP1 
alleles (TAP1*0101, *0102N, *020101, *02- 
0102, *0301, *0401 and *0501) and four TAP2 
alleles (TAP2*0101, *0102, *0103 and *0201) 
have been officially nominated by WHO human 
leucocyte antigen nomenclature committee 
[10]. In addition, multiple single nucleotide 
polymorphisms (SNPs) have been confirmed to 
be involved in TB, such as TAP1 (333), TAP1 
(637), TAP2 (565), TAP2 (665) and TAP (687) 
[11-15].

Hence, the current study was aimed to explore 
a potential correlation between SNPs within 
TAP and susceptibility to STB, attempting to 
seek out a candidate target for treating STB in 
the future.

Method

Subjects

Altogether 85 PSTB patients and 97 healthy 
children were recruited from the third affiliated 
hospital of Zhengzhou University from July 
2012 to May 2015, and they were all individu-
als of Han Chinese ethnicity without blood rela-
tionships. All the pediatric patients performed 
routine examinations (e.g. electrocardiogram 
and chest X-ray), and they were confirmed with 
STB after imaging examinations (e.g. CT three-
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Table 3. Association of TAP1 and TAP2 genes polymorphisms and susceptibility to pediatric spinal tuberculosis

Gene SNP
Genotype Allele frequency Allelic model Dominant model Recessive model

WW WM MM W M MAF (M) OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
TAP1 Rs1057141 (A>G) Case 44 38 3 126 44 0.26 1.26 (0.78,2.05) 0.34 1.45 (0.80, 2.61) 0.22 0.85 (0.18, 3.91) 0.84

Control 59 34 4 152 42 0.22
Rs1135216 (A>G) Case 36 40 9 112 58 0.34 2.06 (1.28, 3.30) < 0.01 2.41 (1.33, 4.38) < 0.01 2.75 (0.82, 9.29) 0.09

Control 62 31 4 155 39 0.20
TAP2 Rs1800454 (G>A) Case 69 11 5 149 21 0.12 1.08 (0.57, 2.04) 0.82 0.99 (0.47, 2.10) 0.98 1.42 (0.37, 5.48) 0.61

Control 77 14 4 168 22 0.12
Rs2228396 (G>A) Case 75 8 2 158 12 0.07 0.74 (0.35, 1.59) 0.44 0.73 (0.31, 1.72) 0.47 0.76 (0.12, 4.63) 0.76

Control 82 12 3 176 18 0.09
Rs241447 (G>A) Case 5 47 33 57 113 0.66 1.42 (0.93, 2.18) 0.11 0.69 (0.18, 2.65) 0.59 2.44 (1.27, 4.72) < 0.01

Control 4 73 20 81 113 0.58
Rs241448 (A>G) Case 57 13 15 127 43 0.25 1.27 (0.78, 2.07) 0.34 1.30 (0.69, 2.47) 0.42 1.24 (0.56, 2.75) 0.60

Control 69 12 14 150 40 0.21
Rs2857103 (C>A) Case 39 42 4 120 50 0.29 0.35 (0.23, 0.55) < 0.01 0.50 (0.27, 0.92) 0.03 0.08 (0.03, 0.24) < 0.01

Control 29 31 37 89 105 0.54
Rs4148871 (G>A) Case 47 22 16 116 54 0.32 2.45 (1.48, 4.04) < 0.01 2.46 (1.31, 4.61) < 0.01 2.98 (1.16, 7.65) 0.02

Control 73 17 7 163 31 0.16
Rs4148876 (G>A) Case 48 31 6 127 43 0.25 1.30 (0.80, 2.13) 0.29 2.00 (1.08, 3.70) 0.03 0.49 (0.18, 1.35) 0.16

Control 70 14 13 154 40 0.21
SNP, single-nucleotide polymorphism; W, wild allele; M, mutant allele; MAF, minor allele frequency; OR, odds ratio; CI, confidence interval.
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dimensional reconstruction and MRI) of lesion 
locations. The incorporated PSTB patients all 
satisfied the following requirements: (1) they all 
received surgery below 14 years old; (2) their 
STB were all in the active stage during surgical 
treatment; (3) at least 2 years have passed 
since completion of surgery. Moreover, sub-
jects with PSTB were excluded from this inves-
tigation if: (1) they accepted surgery due to 
other spinal infectious disorders; (2) they 
underwent correction of kyphosis because of 
TB kyphosis in the stationary phase; (3) their 
post-surgery period lasted for less than 2 years. 
The guardians of participants all signed 
informed consents. The series of experiments 
have been approved by the third affiliated hos-
pital of Zhengzhou University and ethics  
committee of the third affiliated hospital of 
Zhengzhou University.

SNP genotyping

Peripheral blood samples (2 mL for each indi-
vidual) were withdrawn to extract genomic DNA 
after their anti-coagulation with 2% EDTA and 
frozen reservation in -20°C. The full extraction 
procedures were in compliance with the guid-
ance of DNA blood kit (Watson Biotechnologies, 
Inc). The SNPs located in TAP1 and TAP2 were 
determined with assistance of polymerase 
chain reaction-restriction fragment length poly-
morphisms (PCR-RFLP), and primers for these 
SNPs (Table 1) were designed with application 
of MassARRAY Assay Design Version 3.1 
(SpectroREADER, Squenom). The PCR reaction 
reagent (50 μL) included DNA template (4 μL), 
20 μM sense primer (1 μL), 20 μM antisense 
primer (1 μL), 2.5 U Taq DNA polymerase. Then 
thereaction circumstances were managed as: 
(1) pre-denaturation at 94°C for 2 min; (2) 30 
cycles of denaturation at 94°C for 40 s, anneal-
ing at 57°C for 40 s, and extension at 72°C for 
40 s; (3) extension at 72°C for 10 min. About 1 
μg PCR products were drawn with addition of 
restriction enzymes, namely, Bcl I and Acc I 
(BIOLABS Corporation, New England). After 
treating enzyme-digested products with aga-
rose gel electrophoreses, the electrophoretic 
bands were observed under the ultra-violet 
lamp with ethidium bromide (EB) as the colour-
ing agent. Then genotyping consequences were 
further validated by Beijing Tiangen Biotech- 
nology corporation.

Surgery

All patients were pre-operatively given anti-TB 
drugs (i.e. isonicid, rifampicin, pyrazinamide 

and ethambutol) for at least 2 weeks, and their 
TB-caused symptoms, such as low-grade fever 
and weakness, were thus alleviated. The PSTB 
patients were all operated with anterior 
approach, which were initiated through extra-
peritoneal or extrapleural approaches. Dis- 
eased vertebral body was fully exposed, and 
fester or necrotic tissues were removed as 
much as possible. Allograft bones of proper 
sizes were transplanted, and internal fixation 
materials would be inserted if necessary. 
Anterior cervical titanium alloy plate could be 
selected for children who were below 3 years 
old, for that their vertebral bodies were too 
small. Patients whose pleura or peritoneum 
were broken would be sewed up. After lesions 
were cleaned up with large amounts of normal 
saline, 1.0 g streptomycin would be placed in 
the focal zone. 

Grading of spinal injury

According to Frankle grading, STB was classi-
fied as Grade A when sensory and motor func-
tions below the damaged plane were totally 
lost. Then subjects were categorized into: (1) 
Grade B when they possessed certain sensory 
functions, yet no motor functions below the 
damaged plane; (2) Grade C when only several 
useless movement functions were maintained 
below the damaged plane; (3) Grade D when 
available, yet not complete motor functions 
were present below the damaged plane; (4) 
Grade E when sensory, motor and sphin- 
cter functions all worked.

Evaluation of treatment efficacy

Patients were considered to be cured when: (1) 
no recurrence of TB focus was present within 
half a year; (2) erythrocyte sedimentation rate 
(ESR) was normal; (3) X-ray examination showed 
that bony fusion appeared in lesion focus; (4) 
patients could engage in light manual work. 
Besides, the recurrent criteria was specified as 
that patients post-operatively recovered well 
for a period, but lesions aggravated or appeared 
in other locations.

Statistical analysis

Direct counting was performed to calculate 
gene frequencies, and Chi-square test was 
applied to explore whether genotypes were 
associated with prediction of treatment effica-
cies for PTSB. The dominant model (WM+MM 
vs. WW), recessive model (MM vs. WW+WM) 
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types, alleles and haplo-
types between PSTB pati- 
ents and healthy controls 
were assessed with odds 
ratios (ORs) and corre-
sponding 95% confidence 
intervals (95% CIs). It would 
be considered statistically 
significant when P value 
was less than 0.05. All the 
statistical analyses were 
achieved with usage of 
SPSS 17.0 software.

Result

Baseline characteristics of 
PSTB patients and controls

The STB patients and heal- 
thy controls showed approx-
imate mean age and sex 
ratio without statistical sig-
nificance (P > 0.05) (Table 
2). Additionally, the PSTB 

Table 4. Stratified analyses of SNPs in PSTB patients classified by Frankle classification and controls

Gene Subgroup N
Allelic model Dominant model Recessive model

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
TAP1 Control 75 1.00 - 1.00 - 1.00 -
Rs1135216 (A>G) Case

A-B 13 1.77 (0.72, 4.37) 0.21 1.52 (0.47, 4.88) 0.48 4.23 (0.69, 25.82) 0.09
C-D 42 1.68 (0.94, 3.01) 0.08 1.95 (0.94, 4.06) 0.07 1.79 (0.38, 8.37) 0.45
E 30 2.84 (1.53, 5.29) < 0.01 4.13 (1.71, 10.00) < 0.01 3.58 (0.84, 15.30) 0.07

TAP2 Control 75 1.00 - 1.00 - 1.00 -
Rs241447 (G>A) Case

A-B 13 1.51 (0.65, 3.51) 0.33 0.56 (0.06, 5.41) 0.61 2.89 (0.9, 9.29) 0.07
C-D 42 1.29 (0.76, 2.19) 0.35 0.86 (0.15, 4.88) 0.86 1.93 (0.86, 4.33) 0.11
E 30 1.59 (0.85, 2.97) 0.14 0.58 (0.10, 3.34) 0.54 3.13 (1.30, 7.56) 0.01

Rs2857103 (C>A) Control 75 1.00 - 1.00 - 1.00 -
Case
A-B 13 0.53 (0.23, 1.23) 0.13 0.96 (0.27, 3.37) 1.00 0.14 (0.02, 1.12) 0.03
C-D 42 0.55 (0.33, 0.93) 0.02 1.20 (0.53, 2.71) 0.65 0.08 (0.02, 0.35) < 0.01
E 30 0.11 (0.05, 0.25) < 0.01 0.11 (0.04, 0.30) < 0.01 0.06 (0.01, 0.46) < 0.01

Rs4148871 (G>A) Control 75 1.00 - 1.00 - 1.00 -
Case
A-B 13 2.34 (0.94, 5.86) 0.06 2.61 (0.80, 8.53) 0.1 2.34 (0.43, 12.7) 0.31 
C-D 42 1.64 (0.87, 3.09) 0.12 1.69 (0.77, 3.69) 0.19 1.74 (0.52, 5.83) 0.37 
E 30 4.02 (2.12, 7.62) < 0.01 3.98 (1.69, 9.37) < 0.01 5.51 (1.84, 16.48) < 0.01

Rs4148876 (G>A) Control 75 1.00 - 1.00 - 1.00 -
Case
A-B 13 0.92 (0.33, 2.59) 0.86 1.15 (0.33, 4.05) 0.82 0.54 (0.06, 4.51) 0.56
C-D 42 0.98 (0.52, 1.85) 0.92 1.16 (0.53, 2.56) 0.71 0.68 (0.21, 2.22) 0.52
E 30 2.07 (1.10, 3.91) 0.02 5.19 (2.15, 12.51) < 0.01 0.22 (0.03, 1.76) 0.12

SNP, single-nucleotide polymorphism; PSTB: pediatric spinal tuberculosis; OR, odds ratio; CI, confidence interval.

Table 5. Haplotype structure and frequency analysis of TAP1 and 
TAP2 genetic polymorphisms between PSTB patients andcontrols

Haplotype
Frequency

x2-Test OR (95% CI) P-value
PSTB Control

A-G-C-G-G 7 (0.0813) 10 (0.1026) 0.245 0.77 (0.28, 2.14) 0.6207
A-G-C-G-A 2 (0.0271) 3 (0.0273) 0.000 0.99 (0.17, 5.96) 0.9941
A-G-A-G-G 3 (0.0332) 12 (0.1204) 4.700 0.25 (0.07, 0.95) 0.0302
A-G-A-G-A 1 (0.0111) 3 (0.032) 0.914 0.34 (0.03, 3.46) 0.3390
A-A-C-G-G 13 (0.1577) 14 (0.1416) 0.092 1.13 (0.50, 2.57) 0.7611
A-A-C-G-A 4 (0.0526) 4 (0.0377) 0.237 1.42 (0.34, 5.84) 0.6266
A-A-C-A-G 6 (0.0742) 3 (0.027) 2.168 2.89 (0.66, 12.60) 0.1409
A-A-A-G-G 5 (0.0644) 16 (0.1663) 4.492 0.35 (0.12, 0.96) 0.0341
A-A-A-G-A 2 (0.0215) 4 (0.0442) 0.721 0.47 (0.08, 2.75) 0.3959
A-A-A-A-G 3 (0.0303) 3 (0.0317) 0.003 0.96 (0.18, 5.14) 0.9581
G-G-C-G-G 4 (0.0419) 2 (0.0256) 0.371 1.66 (0.32, 8.62) 0.5424
G-G-A-G-G 1 (0.0171) 3 (0.0301) 0.327 0.56 (0.07, 4.19) 0.5676
G-A-C-G-G 7 (0.0813) 3 (0.0354) 1.777 2.41 (0.64, 9.10) 0.1826
G-A-A-G-G 3 (0.0332) 4 (0.0416) 0.088 0.79 (0.17, 3.73) 0.7670
PSTB: pediatric spinal tuberculosis; OR, odds ratio; CI, confidence interval.

and allelic model (W vs. M) were established to evaluate the genotyp-
ing distribution of TAP polymorphisms. Different frequencies of geno-
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patients investigated were correlated with spi-
nal lesions within diverse locations, among 
which the proportion of lumbar (51.04%) and 
thoracic vertebrates (33.33%) topped, where-
as that of sacral (11.46%) and cervical (4.17%) 
vertebrates lagged behind. Moreover, the 
severity of PSTB subjects also varied, with 13 
(22.35%), 42 (49.41%) and 30 (28.24%) 
patients, respectively, classified into A-B grade, 
C-D grade and E grade.

Association of TAP genetic polymorphisms 
with PSTB risk

Regarding rs1135216 of TAP1, the incidence 
of G allele was significantly higher than A allele 
among PSTB patients when compared with 
healthy controls (OR = 2.06, 95% CI: 1.28-
3.30, P < 0.01) (Table 3). The close linkage of 
rs1135216 with PSTB development was also 
manifested in the form of dominant model 
(GG+GA vs. AA: OR = 2.41, 95% CI: 1.33-4.48, 
P < 0.01). In contrast, rs1057141 displayed no 
associations with PSTB development regard-
less of the models (all P > 0.05).

TAP2 seemed to affect susceptibility to PSTB 
more intensely than TAP1, for that four in seven 
SNPs altered PSTB risk as indicated in Table 3. 
To be specific, subjects carrying homozygote 
AA of rs241447 were more subject to PSTB 

than those carrying genotypes 
GG and GA (OR = 2.44, 95% CI: 
1.27-4.72, P < 0.01). Inter- 
estingly, mutations of rs285- 
7103 exhibited close tights with 
decreased occurrence of PSTB 
in the allelic model (A vs. C: OR = 
0.35, 95% CI: 0.23-0.55), domi-
nant model (AA+AC vs. CC: OR = 
0.50, 95% CI: 0.27-0.92) and 
recessive model (AA vs. AC+CC: 
OR = 0.08; 95% CI: 0.03-0.24), 
whereas mutant rs4148871 
was significantly correlated with 
elevated PSTB risk (A vs. G: OR = 
2.45, 95% CI: 1.48-4.04; AA+AG 
vs. GG: OR = 2.46, 95% CI:1.31-
4.61; AA vs. GG+GA: OR = 2.98, 
95% CI:1.16-7.65). Finally, geno-
types GA/AA appeared to make 
children more vulnerable to STB 
than homozygote GG (OR = 
2.00; 95% CI: 1.08-3.70).

Table 6. Association of TAP1 and TAP2 genetic polymorphisms 
and response to surgery

Gene SNP Endpoints
Genotype

X2 P-
valueWW WM MM

TAP1 Rs1135216 (A>G) Cure 28 31 7 0.033 0.983
Recurrence 8 9 2

Total 36 40 9
TAP2 Rs241447 (G>A) Cure 4 37 26 0.004 0.998

Recurrence 1 10 7
Total 5 47 33

Rs2857103 (C>A) Cure 32 31 3 0.808 0.668
Recurrence 7 11 1

Total 39 42 4
Rs4148871 (G>A) Cure 37 17 8 7.026 0.030

Recurrence 10 5 8
Total 47 22 16

Rs4148876 (G>A) Cure 37 23 5 0.256 0.880
Recurrence 11 8 1

Total 48 31 6
SNP, single-nucleotide polymorphism; W, wild allele; M, mutant allele.

Association of TAP genetic polymorphisms with 
PSTB risk stratified by Frankle grading

After classification of the PSTB patients into 
A-B, C-D and E levels in light of the Frankle 
grading system (Table 4), carriers of rs1135216 
G allele were estimated to suffer from E level of 
PTSB more readily than those of allele A (OR = 
2.84, 95% CI: 1.53-5.29, P < 0.05). With regard 
to rs241447, carriers of homozygote AA were 
largely more inclined to be attacked by E grad-
ing than ones of genotypes GG/AG (OR = 3.13, 
95% CI: 1.30-7.56, P < 0.05). The stratified 
analysis of rs2857103 also confirmed higher 
prevalence of PTSB risk among populations 
carrying C allele than those carrying A allele, 
considering both C-D (A vs. G, OR = 0.55, 95% 
CI: 0.33-0.93, P = 0.02) and E levels (A vs. G, 
OR = 0.11, 95% CI: 0.05-0.25, P < 0.05). Finally, 
under the allelic model, mutations of rs- 
4148871 (G>A) and rs4148876 (G>A) were 
both associated with incremental susceptibility 
to the highest level of PTSB (OR = 4.02, 95% CI: 
2.12-7.62, P < 0.05; OR = 2.07, 95% CI: 1.10-
3.91, P < 0.05).

Correlation between combined SNPs of TAP 
and susceptibility to PSTB

On the whole, 32 haplotypes were acquired 
after random assortment of the 5 SNPs, none-
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theless, merely 14 haplotypes were ultimately 
incorporated considering their relatively high 
frequency among the studied confluence (each 
≥ 3%). After screening potential SNP combina-
tions, two haplotypes of A-G-A-G-G and A-A-A-
G-G could confer lower PTSB risk than other 
haplotypes, implying their significance in pre-
vention of PTSB risk (OR = 0.25, 95% CI = 0.07-
0.95, P = 0.03; OR = 0.35, 95% CI = 0.12-0.96, 
P = 0.03) (Table 5).

Association of TAP SNPs with treatment ef-
ficacy of PSTB

As was tabulated (Table 6), a higher recurrence 
probability of STB was among AA carriers than 
that among GG carriers with respect to 
rs4148871 (P = 0.03). Furthermore, none of 
rs1135216, rs241447, rs2857103 and rs- 
4148876 acted as predictive factors of PTSB 
(all P > 0.05).

Discussion

Undeniably, TAP played critical roles in initiation 
of acquired immunity process partly through 
regulating selection and transportation of anti-
gen peptides, and accumulating evidence dem-
onstrated that TAP mutations were associated 
with elevated incidence of autoimmune diseas-
es (e.g. BLS) [16]. Besides, carriers with TAP 
mutants probably died of persistent pulmonary 
necrosis after they grew up, since that any 
mutation of either TAP1 or TAP2 could enable 
premature termination of specific protein trans-
lations, thereby down-regulating MHC-I mole-
cules on the cell surface [16]. Later a Canadian 
investigation related to 889 children who suf-
fered from type-I diabetes proved that SNPs of 
TAP2 were highly associated with susceptibility 
to type-I diabetes, which could be possibly 
attributed to that spice variants formed by TAP 
SNPs served as indirect determiners in selec-
tion of antigen peptides [17]. Furthermore, TAP 
genotypes also acted as biomarkers for con-
genital bronchiectasis (TAP-665), multiple scle-
rosis (TAP-386) and Alzheimer’s disease 
[18-20]. 

Of note, a former investigation suggested TAP 
genetic polymorphisms as potential risk param-
eters for TB targeting a Li population (i.e. one 
minority of Lingnan mainly living in Hainan prov-
ince, China), including rs1057141 and 
rs1135216 of TAP1 [15]. Nonetheless, the cur-
rent study only confirmed a marked association 
of rs1135216 with pediatric STB. Although the 
two crowds included were both of Chinese eth-

nicities, the Li population harbored nearly 1.3 
folds the rate of smear-positive TB when com-
pared with Han population [21]. Furthermore, 
other extraneous factors, such as delayed 
treatment and poor living environment owing to 
undesirable socio-economic conditions, also 
accounted for the differed TB prevalences [8]. 
Certainly, TB and spinal TB, though intercon-
nected, appeared as two disorders with distinct 
underlying mechanisms, providing hints that 
their predisposing causes may be dis- 
similar. Besides, a Korean study considered 
TAP2*Bky2/C/E to be enriched in the advanced 
pulmonary TB population, and they could be 
reflective of the extent to which TB has reached 
[12]. Later, three SNPs (e.g. rs4148871, 
s4148876 and rs2857103) of TAP2 were docu-
mented to regulate TB development in a 
Japanese population after establishment of a 
dominant model [14].

Anyway, TAP gene was inter-related with modu-
lation of TB risk, which could be ascribed to the 
peculiarities of its encoded proteins [13]. TAP 
was situated within the genomic area of MHC-II, 
and it was responsible for selection and sub-
mission of various antigens, including autoanti-
gen, bacteria and virus, thus counting much in 
the process of adaptive immune response [17, 
22]. Within endoplasmic reticulum (ER), the 
joint efforts of human leukocyte antigen (HLA) 
system and TAP would transport them onto cell 
surfaces and make them recognized by CD8+ T 
cells, which contributed a great amount to pro-
tection against TB [23]. 

In spite of the aforementioned accomplish-
ments concerned with association of TAP with 
PSTB, our study results were still limited by vari-
ous parameters, including the small sample 
size. That was to say, these significant associa-
tions might not be appropriately generalized to 
a larger population. In addition, the frequencies 
of specific TAP SNPs appeared distinct among 
diverse ethnicities, and the rule derived from 
this Chinese Han population may not be appli-
cable to children of other ethnicities. For 
instance, TAP1*0401 was rare in the Chinese 
Han population, but it was commonly found 
among African populations who were habituat-
ed in Zimbabwe, Zambia and Rwanda [24]. The 
polymorphism distribution of TAP1 among 
Chinese was relatively close to that of Japanese, 
Europeans and Americans, yet different from 
populations of Kaingang, Anatolian and Guarani 
ethnicities [20]. More than the aforementioned 
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elements, the detection method of this study 
differed from that of additional studies, which 
also rendered the results distinct. 

Above all, the current study indicated a tight 
linkage between TAP polymorphisms and sus-
ceptibility to PSTB, however, whether this rela-
tionship could be applicable to a larger popula-
tion remained a puzzle and more investigations 
were in demand. 
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