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Background: The IRF5 and TYK2 gene polymorphisms are associated with autoimmune diseases. However, the relationship
between the IRF5 and TYK2 gene polymorphisms and RA risk in the Chinese Han population was inconsistent.
Material/Methods: A total of 578 RA patients (case group) and 578 healthy controls (control group) were assessed in a case-con-
trol study. Genotyping of IRF5 (Exon 6 insertion/deletion (in/de), rs2004640, rs2070197, rs10954213) and TYK2
(rs280500, rs280519, rs280521, rs8108236, rs12720253) was performed by direct sequencing method. Data

analysis was performed by SHEsis.

Results: The rs2004640T allele (P=0.0003) and the dominant (P=0.001) and recessive (P=0.01) models of rs2004640
were associated with RA risk after stringent Bonferroni correction (0.05/4). The IRF5 exon 6 (in), rs2070197 and
rs10954213 were not associated with RA (P>0.05). Two haplotypes of /IRF5 (DTAT and DTGG) were associated
with RA susceptibility (P<0.05). In addition, the frequencies of TYK2 rs280500A, rs280521A, and rs8108236A
were significantly higher in the RA group compared with the control group (P<0.05). TYK2 rs280500, rs280521,
and rs8108236 were associated with RA susceptibility in the dominant model, but the same was not observed
for rs280519 and rs12720253 (P<0.05). Furthermore, 3 risk haplotypes (AAAGT, AGGAT, and GAAAT) and a pro-
tective haplotype (GAGGT) of TYK2 gene were associated with RA susceptibility (P<0.05).

Conclusions: Our results suggest that IRF5 rs2004640, TYK2 rs280500, rs280521, rs8108236, and haplotypes /RF5 (DTAT and
DTGG) and TYK2 (AAAGT, AGGAT, GAAAT, and GAGGT) are susceptible factors for RA in a Chinese Han population.
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Background

Rheumatoid arthritis (RA) is a kind of multisystem inflamma-
tory disease that mainly affects synovium and surrounding tis-
sues [1,2]. The prevalence rate of RA is 0.8-1.0% in Europeans
and Americans, and around 0.5% in Chinese [3]. The incidence
is highest in adults aged 20-50 years, and the incidence rate
in women is 2-3 times higher than that in men [4]. The etiol-
ogy of RA is unknown and is thought to be related to genet-
ic factors and environmental factors such as infection, smok-
ing, and pregnancy [5-7].

Recent studies have confirmed that the interferon family and
its immunomodulatory pathways, especially type I interfer-
on (IFNs) pathway, play an important role in the pathogene-
sis of RA [8]. IFNs are cytokines produced, among others, by
plasmacytoid dendritic cells during infection [9]. Studies have
found that IFNs gene expression is abnormal in whole blood
of patients with autoimmune diseases, especially systemic lu-
pus erythematosus (SLE) [10] and RA [11]. Genetic association
analysis has confirmed that interferon regulator 5 (/RF5) and
tyrosine kinase 2 (TYK2) in the type | interferon pathway are
risk genes for SLE [12]. RA and SLE have similar autoimmune
abnormalities, and the polymorphisms of IRF5 and TYK2 genes
may also affect susceptibility to RA.

IRF-5 is @ member of the IRF family of transcription factors and
plays an important role in inflammation and autoimmune re-
sponse [13]. The gene encoding IRF5 maps to chromosome
7q32 [14]. Overexpression of IRF5 gene leads to increased lev-
els of IFN and IL6 proteins and promotes the occurrence and
development of inflammation in autoimmune diseases [15].
rs2004640 is located in the cleavage region of exon 1 at the 5’
end of the IRF5 gene, and different bases can form a variety of
IRF5 mRNA splices, affecting the stability of the IRF5 gene [16].
In addition, rs10954213 was previously reported to change the
polyadenylate site of IRF5 and is associated with /RF5 mRNA over-
expression [17]. Multiple case-control association studies have
reported the genetic association of IRF5 gene polymorphisms
with RA in white and Asian populations [18-20]. However, the
susceptibility loci of the IRF5 gene were inconsistent in differ-
ent races, and there was racial heterogeneity. Moreover, the ge-
netic association between the IRF5 gene polymorphisms and RA
risk in Chinese Han populations were controversial.

TYK2 is a member of the non-receptor tyrosine kinase-linked
Janus kinase (JAK) family and is part of the Janus kinase/signal
transduction and transcriptional activator 4(JAK-STAT) path-
way [21]. Several studies have confirmed the important role
of TYK2 in the type | interferon signaling pathway [22,23], and
in SLE [12], systemic sclerosis (SS) [24], multiple sclerosis [25],
and other immunological diseases. Zheng et al reported that
expression of the TYK2 gene is closely related to RA disease
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progression and may be involved in the development of RA
by regulating the levels of IL-2, IL-17, and IL-21 [26]. The asso-
ciation between variants in the TYK2 gene and increased ex-
pression of type 1 IFN gene has been identified in a previous
study [27]. Graham et al indicated that TYK2 rs280500 was a
susceptibility locus for SLE [28]. Subsequently, Tang et al re-
vealed that TYK2 rs280500, rs8108236, and rs280519 poly-
morphisms were significantly associated with SLE risk [12].
However, no study has investigated the polymorphisms of the
TYK2 gene and RA risk in a Chinese Han population.

Therefore, the present study sought to investigate the genetic

association between /RF5 and TYK2 gene polymorphisms and
RA susceptibility in a Chinese Han population.

Material and Methods

Samples

The Ethics Committee of Changshu Hospital Affiliated to
Soochow University (CSHEC-190922) approved the study pro-
tocol. Written informed consent for genetics analysis was ob-
tained from all subjects. The case group was composed of 578
unrelated patients (51 men and 527 women) from Jiangsu prov-
ince who fulfilled the American College of Rheumatology 1982
criteria for RA [29]. The control group was composed of 578
healthy controls (55 men and 523 women) matched for sex,
ethnicity, and age. Clinical features of RA patients and con-
trols are shown in Table 1. All the individuals were of Chinese
Han ethnicity.

Single-Nucleotide Polymorphisms (SNPs) Selection and
Genotyping

Genomic DNA was extracted from peripheral leukocytes us-
ing the standard phenol-chloroform method. The SNP selec-
tion of the IRF5 gene was performed using the methods de-
scribed by Tang et al [12]. Four SNPs in the IRF5 gene were
selected: exon 6 (de/in), rs2004640 (G/T), rs2070197 (C/T),
and rs10954213 (G/A). The SNP selection of the TYK2 gene
was performed using Haploview Software with minor al-
lele frequency (MAF) higher than 0.05 and r2 >0.8 based
on the HapMap database (CHB, Chinese Han population)
(http://www.hapmap.org/index.-html.ja). After screening, 5
tag SNPs (rs280500, rs280519, rs280521, rs8108236, and
rs12720253) were selected. All the SNPs were genotyped by
direct sequencing with the ABI 3730XL DNA Sequencer.

Statistical analysis

SHEsis software was used in statistical analysis
(http://analysis.bio-x.cn/myAnalysis.php). The x? test was
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Table 1. Clinical Characteristics of patients with rheumatoid arthritis and healthy controls (n=578).

Clinical features Case
Male/Female 51/527
""""" Ageyears) 447123
""""" ESR (mm/b)  351:142
""""" cRP(mghH 265112

224/578 (387%)

Control p

55/523 >0.05
""""""""" ssee128 005
"""""""" 121:85 <005
o ame2s w0os
o 09 005
o 9 w0os
 oss 09 005

ANA - antinuclear antibodies; ESR — erythrocyte sedimentation rate; CRP — C-reactive protein; RF — rheumatoid factor. ‘+’ — positive.

Table 2. Distributions of the genotypes of IRF5 and TYK2 polymorphisms in cases and controls.

Genotype frequencies (%)

Genotype 2P, OR (95% Cl) 5B OR (95% Cl)
GRres SNl ) (AA/AB/BB) S RO (AB+BB vs AA) (BB vs AA+AB)
0.20, 1.19 0.05, 1.30
Exon 6 (D/1) DD/DI/Il 138/278/162 157/288/133 (091, 155] [1.00, 1.70]
022,235
rs2070197(T/C)  TT/CT/CC 571/7/0 575/3/0 1060, 9.13] NA
R
0.48, 0.92 0.22,1.26
10954213(A AA/GA 277/231 265/2 g 0
rs10954213(A/G) /GA/GG  277/231/70  265/256/57 T e
0.001, 1.49 0.01, 2.30
1s2004640(G/T)  GG/GT/TT  317/232/29 371/193/14 S g
0.0001, 1.63 0.14, 1.45
rs280500(G/A) GG/AG/AA  277/260/41 347/202/29 (129, 2.06] 1039, 2.32] 95.6
0.11,1.23 0.07,1.28
rs280519(A/G) AA/GA/GG  157/269/152 182/270/126 1096, 1.59] [0.95, 1.68]
1.35€-008, 2.14 0.11,1.70
280521(G/A AG/AA  324/229/25 423/140/1 g 0
TYK2  rs280521(G/A) GG/AG/. 324/229/25 423/140/15 ot T
0.0003, 1.55 0.08, 1.53
rs8108236(G/A)  GG/AG/AA  311/221/46 372/175/31 o e ST
rs12720253(T/G)  TT/GT/GG  499/77/2  475/101/2 0.05,0.73 1.00, 1.00

[0.53, 1.00] [0.14, 7.12]

2 P_dominant model; ® P —recessive model; SNP — single nucleotide polymorphism; OR — odds ratio, 95% Cl — 95% confidence intervals,
NA — not available; de(D)/in(l) — deletion/insertion; A — allele with major frequency; B — allele with minor frequency.

used to analyze the significance of Hardy-Weinberg equilibri-
um (HWE), genotype, and allele frequency of single-nucleotide
polymorphisms. Stringent Bonferroni correction was applied to
correct the P values obtained by logistic regression, in multiple
comparisons, for associations with RA (P=0.05/N). Haploview
4.2 software was used for linkage disequilibrium (LD) analy-
sis and haplotype analysis. P<0.05 was considered statistical-
ly significant. Calculation power was obtained at the 0.05 lev-
el of significance, assuming an OR of 1.5 (small effect size) by
using G*Power software (www.gpower.hhu.de).

Results

The genotype distributions of all the included polymorphisms
were in HWE (P>0.05) (Supplementary Table 1). Moreover,
the statistical power was 95.6%, which indicated that the
results were not be influenced by the sample size in this
study (Table 2). LD analysis showed that IRF5 rs2070197 and
rs10954213, as well as rs2070197 and rs2004640, were in
strong LD (D’>0.85) (Figure 1A), while TYK2 rs8108236 and
rs12720253 were in weak LD (D’=0.56) (Figure 1B).
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Figure 1. Pairwise linkage disequilibrium of IRF5 and TYK2 single-nucleotide polymorphisms in relation to rheumatoid arthritis. The
numbers in the squares refer to the pairwise linkage disequilibrium measured as D’. Haplotype blocks were defined using a
setting pairwise D’. (A) Linkage disequilibrium of IRF5 gene. (B) Linkage disequilibrium of TYK2 gene.

Table 3. The association between the alleles of IRF5 and TYK2 gene polymorphisms and RA risk.

Control P OR

SNP (A/B) Position (N‘ia;;s)

Exon 6 (D/I) Exon 6 602
2070197070 FUR 7
L

rs10954213(A/G) 3’-UTR 371
| 152004640G/T)  EBxonl 20
© rs280500G/A)  SUR 42
 15280519(M/G)  Inton 573
VK2 1s280521G/A)  Inton 79
© 1s8108236G/A)  Inton 3
 s12720253(1/G)  Inton 81

(N=578) (B vs A+B) (95% CI)

554 0.05 0.85 [0.72-0.99]

R 021 234[060907]
"""""" 370 09  100[(084120]
"""""" 21 00003  143[117-174]
""""" 260 00001 145 [120,175]
""""" 522 003 084[071098]
""""" 170 106e-008  185[1.49-228]
""""" 237 00002 144[119-175]
""""" 105 007  075[056-1.02]

SNP — single nucleotide polymorphism; OR — odds ratio, 95% Cl — 95% confidence intervals; de(D)/in(l) — deletion/insertion;
UTR — untranslated region; A — allele with major frequency; B — allele with minor frequency.

Association of IRF5 Polymorphisms and RA

The frequency of rs2004640T was significantly higher in cas-
es than in controls (P=0.0003) after stringent Bonferroni cor-
rection (0.05/4) (Table 3). Genotype analysis ascertained that
rs2004640 was associated with RA according to the dominant
and recessive models (dominant model: P=0.001; recessive
model: P=0.01) after stringent Bonferroni correction (0.05/4)
(Table 3). No significant difference in the other 3 variants —
exon 6 (de/in), rs2070197, and rs10954213 — were detected
between the cases and healthy controls (P>0.05) (Tables 2, 3).

As shown in Table 4, 8 major haplotypes were identified by 3
SNPs and the exon 6 insertion/deletion with the lowest fre-
quency threshold (LFT)>0.01). Significant associations were
observed between the haplotype (1,,,) involving exon 6 (de),
rs2070197T, rs10954213A, and rs2004640T and RA (P=0.0009,
OR (95%Cl): 1.54 [1.191~1.976]) after stringent Bonferroni cor-
rection (0.05/8) (Table 2). Additionally, a protective haplotype
(I,,) carrying the exon 6 deletion, rs2070197T, rs10954213G,
and rs2004640G, was identified (P=4.45e-005, OR (95%Cl):
0.48 [0.337~0.688]) after stringent Bonferroni correction
(0.05/8) (Table 2).
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Table 4. Haplotypes structure and frequencies of IRF5 and TYK2 gene polymorphism.

Genes Number Haplotypes Case Control P OR [95%ClI]
I DTAT 167 (0.144) 115 (0.099) 0.0009 1.54 [1.191~1.976]
""""" \, DG 317 (0274 370 (03200 002 081[0.673-0962]
""""" \,  DIGT 18 (0016 22 (0019) 061 085[0455-1591]
"""""" . DIGG 48 (0041) 95 (0082)  445e-005 048[0337-0.688]
wee e AT 61 (0052) 37 (0032) o001 169[1114~2572]
""""" . ITAG 259 (0224) 261 (0226) 095  099[0817~1208]
""""" ,  TGT 44 (0038 46 (0039) 087  097[0632-1472]
""""" . GG 236 (0204 207 (0179) 012 118[0957~1449]
T, maGT 43 (0037) 14 (0012)  988e005 | 318[1723-5878]
ST, AaGAT 35 (0030) 24 (o021 015 146 [0866~2472]
T, AAGGG 12 0011) | 10 (0009 066 120[0524~2753]
T, AAGGT i 83 (0072) 80 (0069) 079 104[0758~1434]
T, AGAGT 2% (002) 13 (0o01) 005 196(1005-3838]
T.  AGGAT o 67 (0058 29 (0025  982e005 | 235[1513-3667]
T, AGGGT 73 (0063) 80 (0.069) 055 090[0.651-1255]
e o T, GAMAT 42 (0036) 17 (0015 0001 | 252[1427-4460]
T, GAAGT 58 (0050) 48 (0042 034 121[0819~1789]
""""" T..  GAGAT 71 (0061) 87 (0075 018  080[0578~1108]
""""" T..  GAGGT 220 (0190) 304 (0263)  260e:005 065[0.538~0799]
""""" T.  GGAAT 12 (o11) 9 (0008 055  129[0552-3032]
""""" T.,  GGAGT 56 (0049) 54 (0046) 082 104[0713-1535]
""""" T.  GGGAT 58 (0050) 59 (0051) 087  097[0668~1408]
""""" T..  GGGGG 23 (0020) 33 (0.029) 041 092[0745-1126]

D — deletion; | — insertion; OR — odds ratio; 95% Cl — 95% confidence intervals, ‘= — not calculated. a The program, Plink, was used to
estimate common (frequency[0.01) haplotypes constructed by the SNPs of IRF5 (exon 6 (in/de), rs2070197, rs10954213, rs2004640)
and five SNPs of TYK2 genotyped (rs280500, rs280519, rs280521, rs8108236, rs12720253). b Each haplotype was compared with the
other haplotypes combined. ¢ The Bonfferoni correction was applied to correct the p value.

Association of TYK2 Polymorphisms and RA

Significant association between rs280500A, rs280521A,
and rs8108236A and RA were observed after the stringent
Bonferroni correction (0.05/5) (rs280500: P=0.0001; rs280521:
P=1.06e-008; rs8108236: P=0.0002) (Table 3). Similar results
were obtained for the association between the dominant mod-
el of rs280500, rs280521, and rs8108236 and RA (rs280500:
P=0.0001; rs280521: P=1.35e-008; rs8108236: P=0.0003) after
stringent Bonferroni correction (0.05/5) (Table 2). No correla-
tion was detected between the TYK2 rs280519 and rs12720253
polymorphisms and RA risk (P>0.05) (Tables 2, 3).

As shown in Table 4, 15 major haplotypes containing rs280500,
rs280519, rs280521, rs8108236, and rs12720253 alleles with
the lowest frequency threshold (LFT)>0.01) were identified.
Haplotypes containing rs280500A- rs280519A- rs280521A-
rs8108236G- r512720253T(TH1) (P=9.88e-005, OR (95% Cl): 3.18
[1.723~5.878]), rs280500A- rs280519G- rs280521G- rs8108236A-
r512720253T(TH6) (P=9.82e-005, OR (95% Cl): 2.35[1.513~3.667]),
and rs280500G- rs280519A- rs280521A- rs8108236A-
rs12720253T (THS) (P=0.001, OR (95% Cl): 2.52 [1.427~4.460])
were shown to be significantly associated with RA after strin-
gent Bonferroni correction (0.05/15). A protective haplotype —
rs280500G- rs280519A-rs280521G- rs8108236G- rs12720253T
(T,,,) —was also identified in our study (P=2.60e-005, OR (95% Cl):
0.65[0.538~0.799]) after stringent Bonferroni correction (0.05/15).
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Discussion

Our results confirmed significant associations between
rs2004640 and RA in a Chinese Han population according to
allele, dominant, and recessive models. The frequencies of
rs2004640 T allele and TT genotype were lower in controls
than in the RA cases, which is consistent with previous stud-
ies conducted in Chinese Han populations with RA [30,31].
Kozyrev et al found that /RF5 gene rs2004640 had significant
ethnic heterogeneity [32]. Maalej et al reported a close asso-
ciation between rs2004640 and RA in Tunisians, but not in
Spanish, Swiss, or Argentine populations [19]. In the present
study, we verified that rs2004640 was associated with RA in
a Han population in Jiangsu, China. Although the frequency
of rs2004640 T allele in Chinese Han RA patients in this study
was much lower than that in white RA patients, the correla-
tion of rs2004640T allele with RA risk remained. Therefore, the
IRF5 rs2004640T allele is a risk factor of RA in both the white
and Asian populations.

NoO, no association was found between the IRF 5 exon 6
(de/in), rs2070197 (C/T), and rs10954213 (G/A) and RA sus-
ceptibility in the Chinese Han population. No association be-
tween rs10954213 and RA was identified in the present study,
which agrees with the results reported by Li et al [30]. Moreover,
rs2070197 was not found to be polymorphic in our sample.
This polymorphism has been shown to be strongly correlat-
ed with SLE in Argentina, Spain, and Germany [32], although
no genetic association was identified for IRF 5 exon 6 (de/in),
rs2070197, and rs10954213 and RA risk in this study. The dif-
ference between white and Chinese cohorts may explain this
inconsistency. In addition, there could be other variants in link-
age disequilibrium in this gene conferring RA susceptibility.

Significant associations were detected between the rs280500A,
rs280521A, and rs8108236A alleles in TYK2, as well as the dom-
inant model of TYK2 rs280500, rs280521, and rs8108236 and
RA risk. As for the variants in non-coding regions of TYK2, most
of the variants were reported in SLE. The TYK2 polymorphisms
were reported to be significantly associated with SLE risk in
Scandinavian and Finnish populations [33]. The rs280500 poly-
morphism, located upstream of the 5’ UTR of the TYK2 gene,
has been investigated in patients with SLE in white and Asian
populations. Only 1 study has reported a significant associa-
tion between TYK2 rs280500 polymorphism and SLE risk in a
Chinese Han population [12]. The TYK2 rs280500 polymorphism
was not related to SLE risk in other populations in Chinese
Han [34] and whites [33]. Although we found that rs280500
polymorphism was significantly associated with RA risk in a
Chinese Han population, the function of this polymorphism in
the pathogenesis of RA needs further investigation.
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Few studies have been conducted on the association between
TYK2 rs280521 and rs8108236 polymorphisms and autoim-
mune diseases susceptibility. Our study has shown a signif-
icant association between TYK2 rs280521 and RA risk for
the first time, which was different from the results reported
by Sigurdsson et al [33] in patients with SLE. We also found
that TYK2 rs8108236 polymorphism was significantly associ-
ated with RA risk, which was different from that reported by
Tang et al [12] and Li et al [30] in patients with SLE in Chinese
Han populations. These conflicting results suggest there is a
difference in the pathogenesis of SLE and RA. Although the
function of TYK2rs280521 and rs8108236 polymorphisms in
RA is unclear, we may hypothesize that these variants are in
moderate to high LD with other functional variants. Thus, fur-
ther investigation with a larger sample size and multiple eth-
nicities is necessary.

Furthermore, research in a white population confirmed a sig-
nificant association between TYK2 rs280519 and SLE [35].
However, no association was found between TYK2 rs280519
and SLE in a Chinese Han population [12] or in a Japanese pop-
ulation [36]. In the present study, we found that TYK2 rs280519
was not associated with RA risk in a Chinese Han population
in Jiangsu province, which may indicate TYK2 rs280519 is a
susceptible factor for autoimmune diseases including SLE and
RA in whites but not in Asians. To confirm this result, larger
studies with multiple ethnicities are necessary in the future.

Haplotype analysis has shown that the haplotype (I,,,) involv-
ing exon 6 (de), rs2070197T, rs10954213A, and rs2004640T
and haplotype (I,,) carrying the exon 6 deletion, rs2070197T,
rs10954213G, and rs2004640G were associated with the RA
susceptibility. This is the first time that haplotypes defined
by exon 6, rs2070197, rs10954213, and rs2004640 polymor-
phisms were found to be associated with RA in a Chinese Han
population. However, comparison of /RF5 haplotypes among
Japanese [37], whites [28], and Han Chinese [12] indicated
differences between Whites and Han Chinese. The white risk
haplotype was not present in Japanese and Han Chinese for
the absence of rs2070197C allele. Instead, a risk haplotype
[(exon 6 (de)- rs2070197T- rs10954213A- rs2004640T)] was
identified in Han Chinese. Furthermore, neither of these 2 sus-
ceptible haplotypes [exon 6 (in)- rs10954213A- rs2004640T
and exon 6 (de)- rs10954213A- rs2004640G] that were identi-
fied in patients with SLE [12] have been found in patients with
RA in a Chinese Han population, which may indicate the dif-
ferent pathogenesis RA and SLE. Regarding the haplotypes of
TYK2 gene polymorphisms in RA, we found 2 risk haplotypes
and 1 protective haplotype defined by rs280500, rs280519,
rs280521, rs8108236, and rs12720253 polymorphisms in pa-
tients with RA in a Chinese Han population for the first time.
Notably, the SNPs included in the haplotypes in our research
were a little different from those in Tang et al [12]. Therefore,
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to confirm these results, larger case-control studies are nec-
essary in the future.

There are limitations in the present study. First, although
the calculation power indicated that the sample size is large
enough to detect an association at an odds ratio of 1.5, the
sample size included in the study was relatively small. Our re-
sults need to be confirmed in studies with larger sample siz-
es. Second, both genetic and environmental factors were de-
termined to play a role in the development of RA, but we did
not assess the influence of environmental factors and RA risk
due to insufficient data.

Supplementary Data

CLINICAL RESEARCH

Conclusions

Our results suggest that IRF5 rs2004640, TYK2 rs280500,
rs280521, and rs8108236 are risk factors for RA in a Chinese
Han population, and haplotypes of /RF5 DTAT and DTGG, and
TYK2 AAAGT, AGGAT, GAAAT, and GAGGT may be risk factors
for RA susceptibility in a Chinese Han population.
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Supplementary Table 1. The Hardy-Weinberg equilibrium of /RF5 and TYK2 gene polymorphisms in case and control groups.

Genes SNP ID Position Case (p) Control (p)
Exon 6 Exon 6 0.38 0.96
rs2070197 7: 128948946 0.88 0.95

R B S
rs10954213 7: 128949373 0.05 0.67
rs2004640 7: 128938247 0.10 0.06
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