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Introduction
Single nucleotide polymorphisms (SNPs) describe the 

variation in DNA sequences at the single base-pair level 
that occurs among members of the same species. Single 
nucleotide polymorphisms account for many phenotypic 
differences among individuals and populations. Several 
gene variants have been identified which predispose indi-
viduals to rheumatoid arthritis (RA) [1, 2]. Among Cauca-
sians, the tumor necrosis factor (TNF)-α induced protein  
3 gene (TNFAIP3) has been identified as a genetic risk fac-
tor for RA [3, 4]. TNFAIP3 encodes the A20 protein, which 
functions in ubiquitin editing. A20 is necessary for the ter-

mination of TNF-induced signaling and negatively regu-
lates the nuclear factor (NF)-κB signaling pathway; both 
of these pathways are actively involved in the development 
of RA [5, 6]. Mice deficient in A20 may develop severe 
inflammation, including inflammation of the joints [7]. 
Therefore, mutations in TNFAIP3 may increase the risk of 
RA development. We previously examined three SNPs in 
TNFAIP3 and reported that two of these (rs10499194 and 
rs2230926) were related to the occurrence of RA in the 
Chinese Han population. However, few reports have iden-
tified correlations between all three SNP loci in TNFAIP3 
(rs10499194, rs2230926, and rs13207033) and severity of 
RA among the Chinese Han population.
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Abstract

Aim of the study: To identify TNFAIP3 SNP genotypes that confer a high risk of active rheumatoid 
arthritis (RA) through serological activity markers in the Han population of Chinese RA patients.

Material and methods: A hospital-based untreated case study of 344 RA patients was conducted. 
Three polymorphisms were determined by the TaqMan SNP genotyping method. Serological activity 
markers were tested by regular detection means.

Results: 1. ANOVA indicated a near significant difference in IgG between rs2230926 and 
rs13207033/rs10499194 (p = 0.062). A significant difference was identified in C3 between rs13207033 
and rs2230926/rs10499194 (p = 0.047). 2. According to pairwise comparisons, the IgG levels among 
the patients with TT or TG genotypes at rs2230926 were significantly higher than among the patients 
with GG (p = 0.019 or 0.023, respectively). The C3 levels among the GG or GA patients at rs13207033 
were significantly lower than among the patients with AA (p = 0.01 for both). 3. According to the Pear-
son χ2 test and ORs, the RF-positive rate among the patients with GG+TG at rs2230926 was lower than 
among the TT patients (OR = 0.36, 95% CI: 0.14-0.96; p = 0.034). The RF-positive rate for the TG 
patients was lower than for the TT patients (OR = 0.38, 95% CI: 0.14-1.00; p = 0.051). The anti-CCP 
antibody-positive rate among the AA+GA patients at rs13207033 was lower than among the GG pa-
tients (OR = 0.37, 95% CI: 0.13-1.04; p = 0.053). 

Conclusions: The TT or TG genotypes at rs2230926 and the AA or GG genotypes at rs13207033 may 
be high-risk genotypes for RA as indicated by serological activity indicators in the Chinese Han population.
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Rheumatoid arthritis is a systemic disease charac-
terized by chronic destructive joint lesions. The primary 
manifestation of RA is symmetric small joint polyarthritis, 
which may be accompanied by extra-articular manifesta-
tions such as fever, anemia, subcutaneous nodules, and 
enlarged lymph nodes. Active RA may be identified by 
its characteristic symptoms, serology, and imaging. Se-
rological indicators are direct, objective, and interrelated. 
We used serology in the Han population of Chinese RA 
patients to identify TNFAIP3 SNP genotypes that confer 
a high risk for active RA. This study lays the basis for 
future gene therapy against high-risk genes.

Material and methods

Study subjects and data collection

Data were collected from 344 patients (mean age 54.0 
years, 83.7% of the patients were women) with confirmed 
diagnosis of RA untreated who visited the Rheumatology 
and Immunology wards at the Shengjing Hospital of China 
Medical University between July 2010 and June 2011. All 
patients met the diagnostic criteria of the American Col-
lege of Rheumatology (ACR 1987) [8]. Patients with in-
fections, primary diabetes, primary hypertension, primary 
hyperlipidemia, primary cardio-cerebrovascular diseases, 
primary liver and renal diseases, primary thrombotic dis-
eases, primary platelet disorders, and acute and chronic 
hemorrhages caused by other factors were excluded from 
the study. This study was approved by the Ethics Commit-
tee of the Shengjing Hospital of China Medical Universi-
ty, all subjects provided written informed consent and the 
ethics committee approved this consent procedure. All par-
ticipants were of the Chinese Han nationality without kin-
ship. Each subject provided a fasting venous blood sample  
(2 ml) in the morning.

Selection of SNP loci

Previous reports have described the following RA sus-
ceptibility loci within and near TNFAIP3: rs10499194, 
rs2230926, and rs6920220 [9-11]. However, only SNPs 
with minor allele frequencies (MAF) ≥ 0.1 are regarded as 
appropriate for correlation or lineage studies [12]. HapMap 
data from the Chinese population indicated that the MAF 
of rs6920220 was < 0.001. A study investigating the Kore-
an population also suggested that the rs6920220 mutation 
was too rare (MAF < 0.01) to evaluate it for associations 
[13]. In addition, we reviewed the correlation between 
SNPs at various TNFAIP3 loci and RA in the Asian popu-
lation. Therefore, we selected rs10499194, rs2230926, and 
rs13207033 for the evaluation of SNPs.

DNA isolation and genotyping

Genomic DNA samples were isolated by the phenol- 
chloroform method. Single nucleotide polymorphisms 
were analyzed by TaqMan assays. For the selected SNPs, 
predesigned TaqMan SNP genotyping assays were used. 
Primers and probes were synthesized by Shanghai Gen-
eray Biotechnology Co, Ltd. (P.R. China) (Table 1). The 
sequences of probes and primers are listed in Table 1. Flu-
orescence was detected using an ABI Prism 7500 FAST 
Sequence Detection System (Applied Biosystems). Geno-
typing assessment was performed on > 98% of the samples 
for each of the polymorphisms genotyped. A 10% masked 
random sample of patients was tested twice by different 
persons, and the results were found to be in agreement for 
all of the duplicate sets.

Selection of serological activity indicators

White blood cell (WBC), hemoglobin (HB), plate-
let (PLT), immunoglobulin (Ig) M, IgG, IgA, fibrinogen 
(FIB), D-dimer (DD), complement (C) 3, C4, erythrocyte 

Table 1. Sequence of primers and probes of SNP

SNP Name Sequence

rs2230926 forward primer GATTTGAGAGACTCCAGTTGCCA

reverse primer GCGTTCAGGACACAGACTTGG

probe 1 FAM-AGCGTGCTGAACAGCGCCTTC-TAMRA

probe 2 HEX-AGCGTGCTGCACAGCGCCT-TAMRA

rs13207033 forward primer gCACAATgAAAgAgAgAgAAgTagAATAAT

reverse primer ATCAACATTTgTCTATTTTATgCTCCA

probe 1 FAM-TACAgATTTCACTTTCCCT-MgB

probe 2 HEX-CTACAgATTTTACTTTCC-MGB

rs10499194 forward primer gCTATCAgTTTCATTACCTAAgAAATAgAgAC

reverse primer CAA Cgg ATA AgC AAT CAg ACC A

probe 1 FAM-AATgTgTTCAACCCTTT-MGB

probe 2 HEX-CAAATgTgTTTAACCCTTT-MGB
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sedimentation rate (ESR), C-reactive protein (CRP), rheu-
matoid factor (RF), anticyclic citrullinated peptide (an-
ti-CCP) antibody, and anti-cardiolipin antibody (ACA) 
were selected to evaluate RA disease activity.

Testing of serological activity indicators

1. �The electrical impedance method was used to measure 
WBC, HB, and PLT.

2. �Immunoturbidimetry was used to examine IgM, IgG, 
IgA, C3, C4, CRP, RF, FIB, and DD.

3. �Enzyme-linked immunosorbent assay (ELISA) was used 
to test samples for anti-CCP antibody and ACA.

4. �Westergren’s method was used to measure the ESR.

Quality control

Based on the serological findings, investigators were 
divided into a routine group and an immunological group 
(3 investigators/group). Two members of each group si-
multaneously collected data from the same indicators, and 
the third member checked for data consistency.

In each experiment, negative controls and replicate 
samples were used for quality control. Ten percent of 
samples were randomly selected for blinded repeated 
testing.

Statistical analysis

All statistical analyses were performed with SPSS 
(v17.0), if not otherwise specified. Samples were grouped 
by SNP genotype. Then, SNP indicators were compared 
for differences between SNP genotypes, including pair-
wise differences. Analysis of variance (ANOVA) was 
used to evaluate measurements of WBC, HB, PLT, IgM, 
IgG, IgA, FIB, DD, C3, C4, and ESR. The Pearson χ2 
test was used for categorical data, including CRP, RF, 
anti-CCP antibody, and ACA. Clinical characteristics 
were compared across genotypes, and a corresponding 
odds ratio (OR) and 95% confidence interval (95% CI) 
were calculated. Statistical significance was defined as 
p < 0.05.

Results
1. �ANOVA (Table 2) indicated a near significant dif-

ference in IgG between rs2230926 and rs13207033/
rs10499194 (p = 0.062). The other indicators were not 
significantly different in this comparison. We identified 
a significant difference in C3 between rs13207033 and 
rs2230926/rs10499194 (p = 0.047). The other indicators 
were not significantly different in this comparison. No 
significant differences were detected among the indica-
tors when rs10499194 and rs2230926/rs13207033 were 
evaluated.

2. �According to pairwise comparisons (Table 3), the IgG 
levels among the patients with TT or TG genotypes at 
rs2230926 were significantly higher than among the pa-
tients with GG (p = 0.019 or 0.023, respectively). The 
C3 levels among the GG or GA patients at rs13207033 
were significantly lower than among the patients with 
AA (P = 0.01 for both).

3. �According to the Pearson χ2 test and Ors (Table 4), the 
RF-positive rate among the patients with GG+TG at 
rs2230926 was lower than among the TT patients (OR 
= 0.36, 95% CI: 0.14-0.96; p = 0.034). The RF-positive 
rate for the TG patients was lower than for the TT pa-
tients (OR = 0.38, 95% CI: 0.14-1.00; p = 0.051). No 
significant differences were detected regarding CRP, 
anti-CCP antibody, or ACA among various genotypes 
at rs2230926. The anti-CCP antibody-positive rate 
among the AA+GA patients at rs13207033 was lower 
than among the GG patients (OR = 0.37, 95% CI: 0.13-
1.04; p = 0.053). There were no significant differences 
regarding CRP, RF, or ACA among different genotypes 
at rs13207033.

Discussion
The correlation research between SNPs and disease ac-

tivity has emerged as an area of avid research. Rheumatoid 
arthritis is a common autoimmune disease for which genet-
ic factors can contribute highly deleterious or protective ef-

Table 2. The ANOVA results of the measurement data from different genotypes in RA patients

Genotype WBC HB PLT IgM IgG IgA

F value p value F value p value F value p value F value p value F value p value F value p value

rs2230926 2.017 0.135 0.735 0.48 1.377 0.254 0.47 0.626 2.808 0.062 0.985 0.375

rs13207033 0.329 0.72 1.509 0.223 0.988 0.373 0.063 0.939 0.461 0.631 0.428 0.652

rs10499194 2.825 0.094 0.748 0.388 0.243 0.623 0.857 0.356 0.105 0.746 0.526 0.469

FIB DD C3 C4 ESR

F value p value F value p value F value p value F value p value F value p value

rs2230926 1.459 0.235 0.187 0.83 0.328 0.721 1.24 0.291 1.105 0.332

rs13207033 0.208 0.812 0.067 0.935 3.086 0.047 1.768 0.173 0.353 0.703

rs10499194 0.381 0.537 0.565 0.453 0.156 0.693 0.445 0.505 0.259 0.611
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fects. For this reason, RA can exhibit a wide range of activ-
ities across patients with similar basic characteristics (e.g. 
lifestyle, gender, geographical region, and age of onset).

Because RA is a systemic vascular inflammatory dis-
ease, the numbers of WBCs can increase significantly in 
RA patients with severe inflammatory changes. Anemia is 
one of the most common extra-articular manifestations of 
RA. Other than the reported association between anemia 
and the use of non-steroidal anti-inflammatory drugs and 
immunosuppressants, anemia correlates with RA activity 
in most RA patients. Platelets are involved in systemic vas-
cular inflammatory changes [14]. We found no differences 
in WBC, HB, or PLT among various SNP genotypes at 
three TNFAIP3 loci.

Our study identified significantly elevated IgG levels 
among the patients with TT or TG at rs2230926 compared 
with the GG patients (p = 0.019 or 0.023, respectively). 
Therefore, harboring the TT or TG genotype may be a ge-

netic risk factor, whereas the GG genotype may be a pro-
tective factor.

Fibrinogen is a component of the acute-phase protein 
response [15] that contributes to inflammation mainly by 
interacting with WBCs via cell-surface receptors. Recent 
studies involving FIB have focused on coagulation and 
cardiovascular diseases, especially coronary atherosclero-
sis [16, 17]. We did not find any correlation between FIB 
and TNFAIP3 SNPs, possibly because of different disease 
activities at study enrollment. However, Arvidson et al. 
[18] suggested that FIB was related to RA activity, and 
Yildirim et al. [19] reported that FIB was more closely 
related to RA activity than the ESR. D-dimer is a specific 
marker of secondary fibrinolysis. This study identified no 
difference in DD among various TNFAIP3 SNPs. Recent-
ly, studies of autoimmune diseases have increased. This 
was especially true for RA-naÏve patients, suggesting an 
association with inflammatory changes.

Table 3. The pairwise comparison results of the measurement data from different genotypes at rs2230926 and rs13207033  
in RA patients

Dependent  
variable

(I) (J) Sig. 95% Confidence Interval (I) (J) Sig. 95% Confidence Interval

Lower Bound Upper Bound Lower Bound Upper Bound

rs2230926 rs13207033

Z-score (WBC) TT TG 0.05 –0.5667 0.00545 GG GA 0.599 –0.3595 0.20784

GG 0.63 –1.0475 1.73636 AA 0.551 –0.9746 1.82384

Z-score (HB) TT TG 0.502 –0.38532 0.189055 GG GA 0.1671 –0.48164 0.083693

GG 0.326 –0.69841 2.096428 AA 0.3193 –0.68728 2.10101

Z-score (PLT) TT TG 0.163 –0.49014 0.083098 GG GA 0.4472 –0.17359 0.392642

GG 0.399 –0.79552 1.993812 AA 0.2274 –0.53794 2.254803

Z-score (IgM) TT TG 0.911 –0.29048 0.325559 GG GA 0.9433 –0.32986 0.306833

GG 0.335 –0.71358 2.090098 AA 0.7299 –1.15746 1.650348

Z-score (IgG) TT TG 0.818 –0.26959 0.341008 GG GA 0.9368 –0.33066 0.305055

GG 0.019 0.280162 3.059054 AA 0.3382 –2.08476 0.718766

Z-score (IgA) TT TG 0.337 –0.15731 0.457524 GG GA 0.8124 –0.27955 0.356246

GG 0.289 –0.64412 2.154043 AA 0.3776 –2.03117 0.772706

Z-score (FIB) TT TG 0.5137 –0.7645 0.3831 GG GA 0.772 –0.38925 0.28936

GG 0.8416 –3.1122 2.5378 AA 0.5746 –1.00529 1.807635

Z-score (DD) TT TG 0.9788 –187.7864 182.7654 GG GA 0.7434 –0.396 0.283052

GG 0.535 –624.0112 1199.7488 AA 0.8818 –1.3011 1.513635

Z-score (C3) TT TG 0.536 –0.05545 0.10636 GG GA 0.7013 –0.06598 0.097948

GG 0.584 –0.26317 0.466083 AA 0.0142 0.091423 0.812883

Z-score (C4) TT TG 0.175 –0.00986 0.054002 GG GA 0.2501 –0.01353 0.051725

GG 0.396 –0.08165 0.205791 AA 0.1265 –0.03176 0.255065

Z-score (ESR) TT TG 0.676 –7.00318 4.548915 GG GA 0.6794 –4.57347 7.007772

GG 0.16 –7.67485 46.46587 AA 0.4748 –37.0064 17.27091



Central European Journal of Immunology 2013; 38(4) 413

The association between single nucleotide polymorphisms in TNFAIP3 and serological activity markers of rheumatoid arthritis  
in the Chinese Han population

The complement system may be abnormally increased 
and activated in RA [20]. We detected a lower C3 level 
among AA genotype individuals at rs13207033 compared 
with GG or GA patients (p = 0.01 for both). Therefore, GG 
and GA genotypes may be protective, whereas AA may pose 
a greater RA risk. A higher disease activity corresponds to 
suppression of the complement system, and vice versa. We 
found that C3 among ACA-positive patients was lower than 
among ACA-negative subjects. This may be due to an im-
mune reaction between ACA and PLT phospholipids lead-
ing to complement activation and C3 consumption/decrease.

Though the specificity and sensitivity of the ESR are 
not ideal for the diagnosis of RA, it is considered a rela-
tively reliable indicator of the acute phase reaction of in-
flammation. The CRP level is closely correlated with the 
degree of inflammation in RA. C-reactive protein is not 
only an inflammatory marker, but may also induce a proin-
flammatory effect by activating monocyte chemoattrac-
tant protein [21]. Yildirim et al. [19] and Zhang et al. [22] 
found that RA disease activity was positively correlated 
with the CRP level. Arvidson et al. [18] reported that FIB 
and CRP were tightly correlated to the activity of RA. This 
study found no difference in ESR or CRP across the TNF 
AIP3 SNPs examined.

Though the specificity of RF has little diagnostic sig-
nificance for RA, it is an effective indicator of RA activity. 
A high titer of RF suggests a poor prognosis of RA [23]. 
We found that the RF-positive rate among the GG+TG 
patients at rs2230926 was lower than among the TT pa-
tients (p = 0.034). The TT genotype may be a risk factor 
for RA, whereas the GG+TG genotype may have a pro-
tective effect. The RF-positive rate among the TG patients 
was lower than among the TT patients (p = 0.051). The 
RF-positive rate among the GG+TG patients was even 
lower than among the TT patients, suggesting that the GG 
genotype may be a protective factor.

At present, the detection of anti-CCP antibody is one of 
the most specific tests for diagnosing RA. Most RA patients 
(70-80%) harbor this antibody in their serum and synovial 
fluid during early stages of RA disease, even before the first 
symptoms appear [24-26]. Knoot et al. [27] reported that 
anti-CCP antibody was correlated with RA activity. Studies 
by Raptopoulou et al. [28] and Agrawal et al. [29] suggest 
that anti-CCP antibody can be used as a marker of RA ac-
tivity. Glasnovic et al. [30] found that anti-CCP antibody 
could predict RA condition and that its titer was related to 
radiological joint lesions. However, anti-CCP antibody is 
not related to the joint tenderness index, the joint swelling 

Table 4. The Pearson Chi square test results of the count data from different genotypes in RA patients

Genotype CRP(+) CRP(–) OR Lower Upper p value RF(+) RF(–) OR Lower Upper p value

rs2230926 TT 197 42 reference 174 50 reference

TG 47 8 0.8 0.35 1.81 0.591 46 5 0.38 0.14 1 0.051

GG 1 1 4.69 0.29 76.9 0.278 2 0 – – – –

GG+TG 48 9 0.88 0.4 1.96 0.749 48 5 0.36 0.14 0.96 0.034

rs13207033 GG 202 39 reference 179 50 reference

GA 41 12 1.52 0.73 3.14 0.263 41 5 0.44 0.16 1.16 0.097

AA 2 0 – – – – 2 0 – – – –

AA+GA 43 12 1.45 0.7 2.99 0.318 43 5 0.42 0.16 1.11 0.071

rs10499194 CC 229 47 reference 209 51 reference

CT 16 4 1.22 0.39 3.8 0.734 13 4 1.26 0.39 4.03 0.696

CCP(+) CCP(–) OR Lower Upper p-value ACA(+) ACA(–) OR Lower Upper p value

rs2230926 TT 86 30 reference 30 37 reference

TG 20 8 1.15 0.46 2.87 0.77 5 7 1.14 0.33 3.94 0.842

GG 1 0 – – – – 0 1 – – – –

GG+TG 21 8 1.08 0.44 2.73 0.85 5 8 1.3 0.38 4.38 0.674

rs13207033 GG 76 33 reference 30 33 reference

GA 30 5 0.38 0.13 1.08 0.069 5 12 2.18 0.69 6.92 0.185

AA 1 0 – – – – 0 0 – – – –

AA+GA 31 5 0.37 0.13 1.04 0.053 5 12 2.18 0.69 6.92 0.185

rs10499194 CC 94 37 reference 31 42 reference

CT 13 1 0.2 0.02 1.55 0.122 4 3 0.55 0.12 2.65 0.46
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index, morning stiffness, RF, CRP, or the ESR [31]. Al-
though we did not detect a correlation between SNPs in 
rs13207033 and the occurrence of RA in our previous study, 
the anti-CCP antibody-positive rate among the AA+GA pa-
tients was lower than among the GG patients (P = 0.053), 
suggesting that the AA+GA genotype may be RA-protec-
tive, whereas the GG genotype may be a risk factor. The 
above result was indirectly supported by Viatte S et al. in 
anti-CCP antibody negative patients [32]. Recent results in 
Caucasian RA patients have demonstrated that the TNFAIP3 
variant led to an increased risk of RA in a negative anti-CCP 
antibody and RF-positive patients compared with a positive 
anti-CCP antibody and RF negative patients [33, 34].

The presence of ACA can reflect the functionality of 
inflammatory endothelial cells and the tendency toward 
thrombosis, and some RA patients may harbor ACA. ACA 
cross-reacts with membrane phospholipids of endothelial 
cells and PLT as well as phospholipids in activated pro-
thrombin complexes in the coagulation system; this caus-
es increased phagocytosis and destruction of PLT by the 
reticuloendothelial system [35]. Though this study did not 
identify a correlation between TNFAIP3 SNPs and ACA.

In the Chinese Han population, TNFAIP3 SNPs are 
correlated with the following serological activity indicators 
of RA: the TT or TG genotypes at rs2230926 may be a risk 
factor indicated by IgG elevation, whereas GG may be 
a protective genotype; the TT genotype at rs2230926 may 
be a risk factor identifiable by RF positivity, whereas the 
GG+TG genotypes may be protective factors; GG or GA 
genotypes at rs13207033 may have protective effects and 
can be indicated by C3, whereas the AA genotype may be 
a risk factor; the AA+GA genotype at rs13207033 may be 
a protective factor and predicted by the level of anti-CCP 
antibody, whereas GG may be a risk factor.

In summary, the TT or TG genotypes at rs2230926 and 
the AA or GG genotypes at rs13207033 may be high-risk 
genotypes for RA as indicated by serological activity indi-
cators in the Chinese Han population.
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