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ABSTRACT. We aimed to explore the association between the onset 
of ankylosing spondylitis (AS) and nt587 polymorphisms of the tumor 
necrosis factor receptor II (TNFRII) gene in the Han population of Hunan 
Province, China. Correlation analysis was performed in a case-control 
study involving 100 AS cases and 100 healthy controls. The nt587 
single nucleotide polymorphism of the TNFRII gene was examined by 
polymerase chain reaction-restriction fragment length polymorphism. 
The relationship between AS and the frequencies of genotypes and 
alleles in TNFRII nt587 were analyzed using the SPSS software. There 
were 43 cases with the TNFRII nt587 T/T genotype, 32 cases with the 
TNFRII nt587 T/G genotype, and 25 cases with the TNFRII nt587 G/G 
genotype. In the 100 healthy controls, 56 subjects had the TNFRII nt587 
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T/T genotype, 34 had the TNFRII nt587 T/G genotype, and 10 had the 
TNFRII nt587 G/G genotype. The G allele frequency of the AS group 
was significantly higher (χ2 = 8.734, P = 0.003) than that in the control 
group (41.0 vs 27.0%). The odds ratio (OR) in AS cases with the TNFRII 
nt587 G/G genotype was 3.256, which was obviously higher than in those 
with T/G (OR = 1.226) and T/T (OR = 1.0) genotype. The polymorphism 
at position nt587 of the TNFRII gene was found to be associated with 
AS, and the TNFRII nt587 G allele may play an important role in AS 
susceptibility. The TNFRII nt587 G/G genotype may increase the risk of 
developing AS in the Hunan population.
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INTRODUCTION

Ankylosing spondylitis (AS) is considered a chronic inflammatory disorder of the 
axial skeleton involving mainly the sacroiliac joint and lumbar spine (Khan, 1998; Brown, 
2009). AS is a form of arthritis that primarily affects the spine, although other joints can also 
be involved. It causes inflammation of the spinal column (vertebrae) that can lead to severe 
chronic pain and discomfort. In the most advanced cases (but not in all cases), the inflamma-
tion can lead to new bone formation on the spine, causing the spine to fuse in a fixed, immobile 
position, which sometimes creates a forward-stooped posture. 

Currently, gene polymorphism studies on the candidate genes of AS have been consid-
ered as promising molecular genetic methods to treat the disease (Boulos et al., 2005; Davis, 
2005). The results of genome scan, linkage, and association analyses have suggested that the hu-
man leukocyte antigen (HLA) gene is the major genetic susceptibility locus of AS, among which 
the HLA-B27 gene shows the strongest association. However, increasing evidence has indicat-
ed that other genetic factors are also involved in AS susceptibility. Tumor necrosis factor-alpha 
(TNF-α) is currently recognized as playing a central role in the pathogenesis of AS (Kanbe et 
al., 2008). Single nucleotide polymorphisms (SNPs) in TNF-α have been reported at many sites 
of this region, most of which involve changes between G and A at several positions including 
-308, -238, -850, and -863 (Mease, 2007; Qidwai and Khan, 2011). Furthermore, the function of 
TNF-α was associated with the cellular surface TNF receptors (TNFRs), TNFRI and TNFRII, 
which are widely expressed at the cell surface and in body fluids. The higher expression of TNF 
and TNFRs in AS patients (Haroon et al. 2010), and the therapeutic use of TNF blockers and TN-
FR-antibody fusion proteins in the treatment of AS (Henderson and Davis, 2006; Pan et al., 2008) 
have indicated that the TNFR genes are probably involved in the pathogenesis of the disease.

Polymorphisms of the TNFRII gene have previously been found in many diseases 
(Glossop et al., 2005; Horiuchi et al., 2007; McTiernan et al., 2012; Vasilopoulos et al., 2012). 
Although allele variations at nucleotide 587 (nt587) of the TNFRII gene have been associated 
with the incidence of AS (Tung et al., 2009), no study has yet evaluated the association be-
tween the TNFRII nt587 polymorphism and AS in the Chinese Han population. In this study, 
we investigated the association in the allele and genotype frequencies of the TNFRII nt587 
polymorphism between Chinese Han patients with AS and controls of the same ethnic origin.
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MATERIAL AND METHODS

Study subjects 

All outpatient and hospitalized patients diagnosed with AS in the Second Xiangya 
Hospital of Central South University (Changsha, China) from May 2008 to January 2009 
were included in the study. One hundred patients, including 83 males (with an average age 
of 27.68 ± 9.98 years) and 17 females (with an average age of 27.12 ± 9.69 years), who met 
the 1984-modified New York criteria for AS (van der Linden et al., 1984) were enrolled in 
this study. In addition, 100 age- and sex-matched healthy controls, including 85 males (30.00 
± 4.52 years of age) and 15 females (32.00 ± 5.45 years of age), were selected from the 
healthy outpatients in the second Xiangya Hospital of Central South University. Each con-
trol was from a different family, and the families had no blood relationships with the cases. 
The exclusion criteria of this study included: those who were not of Chinese Han nationality, 
those with a family history of AS, those who received hormones or other immune-suppress-
ing drugs for treatment within three months, those who were diagnosed with cardiovascu-
lar or cerebrovascular diseases, those with thrombosis or thromboembolic disease, diabetes, 
viral hepatitis, cirrhosis, severe hepatic and renal function insufficiency, severe malnutrition, 
thyroid disease, or pregnancy, those who underwent organ transplants, and patients with active 
tuberculosis. 

Clinical and laboratory assessments were performed on the same day. Furthermore, 
acute-phase reactants, including erythrocyte sedimentation rates (ESR), C-reactive protein 
(CRP), and HLA B27, were also measured in these AS patients. The Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI) and the Bath Ankylosing Spondylitis Functional 
Index (BASFI) were determined at the same time.

The basic clinical characteristics of the AS patients and the controls are shown in Table 1.

  Characteristics AS patients Control

Number of subjects 100 100
Male/female 83/17 82/15
Age (27.68 ± 9.98)/(27.12 ± 9.69) (30.00 ± 4.52)/(32.00 ± 5.45)
Disease duration (months) 53.08 ± 42.67 -
CRP (mg/dL) 54.76 ± 52.38 5.32 ± 3.46
ESR (mm/h) 47.13 ± 31.50 4.17 ± 3.22
Plt (x109/L) 286.47 ± 124.27 203.35 ± 53.22
HLA-B27 (+) (%) 98% -
BASDAI 57.12 ± 18.47 -
BASFI 55.58 ± 27.43 -

Table 1. Baseline clinical characteristic of the ankylosing spondylitis (AS) patients and the control group.

Values are reported as means ± standard deviation; CRP = C-reactive protein; ESR = erythrocyte sedimentation 
rates; BASDAI = bath AS disease activity index; BASFI = bath AS functional index; HLA-B27 = human leukocyte 
antigen B27.

DNA extraction

Three milliliters peripheral venous blood were extracted in tubes containing edetic 
acid-sodium (EDTA-Na2). Genomic DNA was isolated from peripheral blood leukocytes of 
whole blood with a commercial DNA extraction kit (Beijing TianGen Biotech; Beijing, China) 
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following manufacturer recommendations. The purity of the DNA products was detected by 
ultraviolet spectrophotometry.

Polymerase chain reaction (PCR)

Primers (forward primer 5ꞌ-ACTCTCCTATCCTGCCTGCT-3ꞌ; reverse primer 
5ꞌ-TTCTGGAGTTGGCTGCGTGT-3ꞌ) specified to the TNFRII gene were designed accord-
ing to previous reports (Kammoun-Krichen et al., 2008; Machado et al., 2009). For each sam-
ple, PCR was performed in 20 μL total volume containing 1 μL genomic DNA as template, 10 
μL 2X Taq PCR Master Mix (Beijing TianGen Biotech), and 1 μL 10 μM of each primer. The 
reaction conditions were as follows: pre-denaturation at 95°C for 5 min followed by 35 cycles 
at 95°C for 1 min, 60°C for 30 s, and 72°C for 1 min. A final extension step was carried out at 
72°C for 5 min. All PCR cycles were performed in the Applied Biosystem Cycler (ABI-2720). 
Five microliters product was loaded on 2% agarose gel, electrophoresis was carried out, and 
the gel was visualized under ultraviolet light after staining with ethidium bromide.

Analysis of the TNFRII gene nt587 polymorphism

The nt587 (T > G) polymorphism of the TNFRII gene was analyzed by PCR-restric-
tion fragment length polymorphism (RFLP) analysis.

The primer created a restriction site for the restriction enzyme Hin1II/N1aIII (#ER1831, 
Lot: 00052826 Fermentas, MBI) (5ꞌ-CATG^-3ꞌ). Ten microliters amplified and purified PCR 
products were digested by 10 U Hin1II at 37°C for 14 h. The digestion products were identi-
fied by 6% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis, 
and stained with silver nitrate.

Statistical analysis

The Cox proportional hazard model was applied to multivariate analysis of the associa-
tion between the nt587 position polymorphisms of the TNFRII gene and AS susceptibility. All 
probability values were two-sided. The comparisons of genotypes and alleles between groups 
were investigated using the χ2 test. Statistical analysis was performed using the SPSS 17.0 
software (SPSS Inc.; Chicago, IL, USA). P < 0.05 was considered to be statistically different.

RESULTS

Analysis of the PCR products

The autoradiographs of nt587 of the TNFRII gene are shown in Figure 1. A band with 
242-base pairs (bp) was identified. 

PCR-RFLP analysis and the accuracy of genotyping 

The results of the PCR-RFLP analysis for amplification fragments of TNFRII nt587 
are shown in Figure 2.
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For nt587 of the TNFRII gene, the G/G homozygous fragment could not be digested 
by Hin1II, and therefore, only one band (242 bp) was observed. For the T/T homozygous 
product, the presence of a Hin1II site was indicated by the cleavage of the amplified product 
into two fragments of 109 and 133 bp, respectively. The TNFRII nt587 T/G heterozygous 
genotype was digested into three fragments (109, 133, and 242 bp).

The sequences of the amplified products and the partial sequence of the TNFRII nt587 
are shown in Figure 3. Compared with the standard sequence (AY342040), the sequence re-
sults were consistent with the genotyping by PCR-RFLP.

TNFRII nt587 polymorphism 

Table 2 shows the allele and genotype frequencies of the TNFRII gene nt587 poly-
morphism in AS patients and the control group. A higher frequency of the G/G homozygous 
fragments was observed in the AS group compared with the control group (25 vs 10%). Us-
ing T/T as a risk factor versus other genotypes, the estimated odds ratio (OR) for G/G in AS 

Figure 1. Agarose gel electrophoresis analysis of PCR amplification fragments for TNFR II nt587. Lane M = DNA 
Marker; lanes 1-6 = PCR amplification fragments of TNFR II nt587; lane 7 = blank control.

Figure 2. Electrophoresis result  of PCR-RFLP for TNFR II nt587 polymorphism. Lane M = DNA Marker 1; lanes 
1-2 = T/G genotypes; lanes 3-4 = T/T genotype; lanes 5-6 = G/G genotypes.
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patients was 3.256 [95% confidence interval (CI): 1.417-7.497], whereas the estimated OR 
for T/G in AS patients was only 1.226 (95%CI = 0.656-2.221), and the difference was statisti-
cally significant (χ2 = 8.196, P = 0.017). Furthermore, the G allele frequency was significantly 
higher in the AS group compared with controls (41.0 % vs 27.0%, P = 0.003). This was due to 
the increased frequency of homozygotes for the G allele in AS patients. Moreover, the G allele 
was associated with a higher risk of AS (OR = 1.879, 95%CI = 1.214-2.861).

Figure 3. Sequencing map of TNFR II nt587. A. T/T genotypes; B. G/G genotypes; C. T/G genotypes.

DISCUSSION 

TNF-α, an inflammatory cytokine that plays a key role in the pathogenesis of in-
flammatory diseases, mediates its diverse biological effects by binding to distinct receptors 

TNFRαnt587                                           Alleles (%)    Genotypes (%)

 G T G/G   T/G T/T

AS 82 (41.0) 118 (59.0) 25 (25.0) 32 (32.0) 43 (43.0) 
Control 54 (27.0)  146 (73.0) 10 (10.0) 34 (34.0) 56 (56.0)
                                         χ2 = 8.734 P = 0.003   χ2 = 8.196 P = 0.017
OR 1.879   3.256 1.226
95%CI 1.234-2.861   1.414-7.497 0.656-2.291

Table 2. Distribution of alleles and genotypes in TNFRα nt587.

AS = ankylosing spondylitis.
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known as TNFRI and TNFRII. TNFRII is specifically involved in the stimulation of T and B 
lymphocytes (Vandenabeele et al., 1995), and the exon 6 variation located at nt587 is a T to G 
SNP that results in the substitution of methionine by arginine at codon 196. Polymorphisms 
of the TNF-α gene have been intensively studied (Li et al., 2010; Chung et al., 2011), among 
which, the TNFRII nt587 polymorphism has been frequently reported in chronic autoimmune 
disease such as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), and alcoholic 
liver disease. Komata et al. (1999) demonstrated an association between SLE and the G allele 
of TNFRII nt587 in a Japanese population. Nevertheless, Khoa et al. (2005) reported that there 
was no statistical difference in the frequency of 196 TNFRII genotypes between SLE patients 
and healthy controls. As the results were controversial, Song et al. (2014) performed a meta-
analysis to clarify the association of the TNFRII nt587 polymorphism with RA. The results 
showed there was no association between the TNFR2 196 R (TNFRII nt587 G) allele and RA. 
Furthermore, this association showed no statistical difference in European and East Asian 
populations. However, a significant association between the TNFR2 196 RR (TNFRII nt587 
GG) genotype and RA was found in European populations. Therefore, the results indicated the 
association between the functional TNFR2 196 M/R polymorphism and the susceptibility to 
RA might be caused by ethnicity. Machado et al. (2009) showed that no association existed 
between the TNFRII polymorphism and the pathogenesis of alcoholic liver disease.

To the best of our knowledge, only two association studies have been conducted be-
tween TNFR gene polymorphisms and AS to date (Tung et al., 2009; Corona-Sanchez et al., 
2012). According to Corona-Sanchez et al. (2012), a higher frequency of the AA genotype was 
observed in the AS group in a Mexican population compared with controls (92% vs 79%). In 
addition, the A allele was increased in AS and was associated with increased genetic suscepti-
bility for AS (OR = 3.48). Another study (Tung et al., 2009) performed in a Taiwanese popula-
tion found no significant differences between patients and controls in TNFRI exon I +36 (A/G) 
polymorphisms and in the frequencies of the G allele. However, the frequency of the G allele 
of TNFRII nt587 was significantly higher in AS patients compared to controls, suggesting that 
there was a significant association between AS and the nt587 polymorphism.

In our study, we focused on the nt587 polymorphism of the TNFRII gene in AS pa-
tients. The T/T genotype was identified in 43 cases, the T/G genotype was identified in 32 
cases, and the G/G genotype was identified in 25 cases. Accordingly, the frequencies of the 
G and T alleles were 41.0% and 59.0%, respectively. In 2009, to clarify the role of TNFR 
polymorphisms in AS in Taiwanese patients, TNFRI exon I + 36 and TNFRII exon 6 196R 
allele (T/G) polymorphisms were examined, which indicated that the frequencies of the 196 
G/G, 196 T/G, 196 T/T genotype, 196 G allele, and 196 T allele were 0, 43.6, 56.4, 21.8, and 
78.2%, respectively (Tung et al., 2009). In addition, in the control group, the frequencies of 
genotype and allele were also inconsistent with those observed in the Taiwanese population, 
which demonstrated that the nt587 polymorphism of the TNFRII gene varies among different 
regions and populations. Our results showed a significant difference in the genotype distribu-
tion in patients with AS, in which the frequencies of the G/G genotype and the G allele were 
higher in the AS group compared with controls (25.0% vs 10.0% and 41% vs 27%, respective-
ly). The OR of the G/G genotype (3.256) was also much higher than that of the T/T (1.0) and 
T/G (1.226) genotypes. Collectively, these results showed that the G/G genotype of TNFRII 
nt587 was associated with a higher risk of AS. 

Previous studies have shown that an amino acid substitution (methionine to arginine) is 
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caused by the T to G SNP at TNFRII nt587, and that the amino acid substitution is responsible 
for its proteolytic cleavage, which produces the soluble form of TNFRII (sTNFR) (Beltinger 
et al., 1996; Oregon-Romero et al., 2006; Kuwahara et al., 2010). STNFR and mTNFR can 
compete to combine with TNF, which might affect the biological functions of TNF. Receptor 
shedding caused by a T to G SNP in TNFRII nt587 provided a mechanism for the downregula-
tion of the receptor and the reduction of the protective effect of sTNFR in vivo (Aderka et al., 
1992; Hooper et al., 1997). Furthermore, the mutated form was reported to diminish the ability 
to recruit TRAF2 (the anti-apoptotic pathway). Nevertheless, it caused no alteration of the c-
Jun N-terminal kinase activation (the apoptotic pathway), and pre-stimulation of this mutated 
TNFRII gene resulted in greater activation of TNFRII-mediated apoptosis compared to the 
wild-type form (Till et al., 2005; Qin et al., 2012).

In conclusion, the results of this study showed a higher prevalence of the TNFRII 
nt587 G allele and GG genotype in patients with AS compared with matched controls. This 
increased prevalence might indicate an increased susceptibility to the development of AS in 
Chinese Han patients carrying this polymorphism. Furthermore, the substitution of T to G at 
nt587 of the TNFRII gene might contribute to a high risk of AS by affecting the content of 
sTNFR and the TNF signaling pathway. Further studies performed in other geographic regions 
are required to confirm the association between the TNFRII nt587 polymorphism and AS sus-
ceptibility in Chinese Han patients.
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