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Abstract

Background: Single-nucleotide polymorphisms (SNPs) in the TNFAIP3, IFIH1, and IRF5 genes have been associated with
several auto-inflammation diseases, while the susceptibility between these genes and idiopathic inflammatory myopathies
(IIMs) were not reported. This study aimed to investigate whether TNFAIP3, IFIH1, and IRF5 gene polymorphisms confer
susceptibility for the 1IMs in Chinese Han population.

Methods: A large case-control study of Chinese subjects with polymyositis (PM) (n=298) and dermatomyositis (DM)
(n=530) was accomplished. 968 healthy and ethnically matched controls were available for comparison. Six SNPs in the
TNFAIP3 region (rs2230926 and rs5029939), the IFIHT gene (rs1990760 and rs3747517) and the IRF5 region (rs4728142 and
rs729302) were assessed and genotyped using the Sequenom MassArray iPLEX platform.

Results: Our study indicated a strong allele association was observed in PM/DM and PM patients for rs2230926 (OR: 1.61,
95%Cl: 1.20-2.16, P,.=7.5x10">; OR: 1.88, 95%Cl: 1.30-2.74, P.=4.0x103, respectively) and rs5029939 (OR: 1.64, 95%Cl:
1.21-2.21, P.=6.0x10" 3, OR: 1.88, 95%Cl: 1.28-2.76, P.=5.5x10 > respectively). And rs2230926 and rs5029939 were
significantly associated with interstitial lung disease (ILD) in PM/DM and PM patients (P.=0.04 and P.=0.016; P.=0.02 and
P.=0.03, respectively). In addition, rs4728142 allele and genotype had significant association with PM/DM patients
(P.=0.026 and P.=0.048, respectively). Further analysis with three logistic regression genetic models revealed statistically
significant difference in the genotypic distribution in the PM/DM, PM or DM patients when the additive and dominant
models were used.

Conclusions: This was the first study to reveal TNFAIP3 and IRF5 polymorphisms were associated with PM/DM patients or
these patients with ILD, indicating that TNFAIP3 and IRF5 might be the susceptibility gene for PM/DM patients in Chinese
Han population.
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Introduction Myositis patients may develop additional rheumatic diseases, and

. o ) the occurrence of autoimmune disorders in near relatives is higher
The idiopathic inflammatory myopathies (IIMs) are a hetero-

geneous group of rare systemic disease characterized by skeletal
muscle weakness and presented with extra-muscular manifesta-
tions such as skin rashes, interstitial lung disease (ILD) and
malignancy [1]. The primary subgroups of IIMs are polymyositis
(PM), dermatomyositis (DM) and inclusion-body myositis (IBM).
Although IIMs are generally considered as multi-factorial auto-
immune disease, the etiology of IIMs remains mostly unclear.

[2-3]. According to the understanding of other autoimmune
diseases, it is supposed that IIMs development may be a result of
both genetic and environmental factors or their interactions.
Therefore, it is possible to make use of the extensive knowledge of
other rheumatic diseases that share pathogenic traits with IIMs to
obtain insight into the probable genetic intricacy of IIMs.

To date, the abundant evidence demonstrated that substantial
genetic risk for IIMs existed within the major histocompatibility
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complex (MHC) gene region [4], whereas only a handful of non-
MHC loci were identified by genome-wide association study
(GWAS) and candidate gene association studies in Japanese and
European populations [5-15]. Tumor necrosis factor alpha (I'NF-
o) [5-8], interleukin (IL)-1a, IL-1f [7], interferon (IFN)-y [9],
interferon-induced helicase (/FFITHI) [10], mannose-binding lectin
2 (MBL2) [11], protein tyrosine phosphatase N22 (PTPN22) [12],
and signal transducer and activator of transcription 4 (STAT49)
[13], and other genes were indicated to associate with the risk of
IIMs development. Furthermore, recently GWAS [14] had been
undertaken on European DM patients. This study showed
phospholipase C-like 1 (PLCLI) gene, B lymphoid tyrosine kinase
(BLK) gene, and chemokine (C-C motif) ligand 21 (CCL21) gene
were associated with DM risk. This was the first GWAS with
regard to DM, and it confirmed the MHC as the major genetic
region associated with DM and revealed DM share enrichment of
genetic loci with other autoimmune diseases.

The TNF-o—induced protein 3 (TNFAIP3) gene, located on
chromosome 6q23, participates in nuclear factor kB (NF-xB)
signaling pathways. It is known that genetic variants of the
TNFAIP3 gene loci were associated with susceptibility to multiple
human autoimmune and inflammatory diseases including rheu-
matoid arthritis (RA), systemic lupus erythematous (SLE), sjogren’s
syndrome (SS), systemic sclerosis (SSc), psoriasis (PsA) and
inflammatory bowel diseases (IBDs) [15-17]. Of these gene
variants, two SNPs (rs2230926 and rs5029939) were mostly widely
investigated, and associated with diverse rheumatic diseases [15—
17]. Chinoy et al. [18] manifested NF-«B-related gene (IKBL62)
may confer susceptibility to IIMs. The interferon-induced helicase
(IFIH1I) gene, also known as melanoma differentiation-associated
5 (MDA>S), is located at the chromosome 2q24.3. So far, numerous
of case-control studies had been conducted to assess the
associations of the IFIHI rs1990760 and rs3747517 polymor-
phisms with many kinds of autoimmune diseases [19-22]. Gono
et al. [10] reported the IFIHI rs1990760 “AA” genotype might be
a risk factor for the onset of ILD with PM in the Japanese
population. The interferon regulatory factor 5 (IRF5) gene is
located on human chromosome 7q32 and contains nine exons.
IRF5 is fundamentally expressed in almost all lymphoid organs
(except thymus), especially in B cells, monocytes plasmacytoid
dendritic cells and monocyte-derived dendritic cells [23-24]. In
recent decades, a number of studies had indicated IRF5 gene
displayed a strong association with varied autoimmune diseases
[25-27]. The IFIH1 gene and IRF5 gene both participate in type
I interferon (IFN) signaling pathway. Previously, the microarray
studies revealed that IFN pathway was involved in the pathogen-
esis of DM and observed up-regulated in muscle tissue, skin tissue
and peripheral blood cells [28-30]. The up-regulation of IFN
pathway may be a more sensitive marker of disease activity in DM.

Considering the roles of TNFAIP3, IFIH1, and IRF5 in innate
and cell-mediated immunity and the reported associations with
several autoimmune diseases, we hypothesized that some of the
related polymorphisms of TNFAIP3, IFIHI, and IRF5 gene
might be part of the genetic background that results in the
development of IIMs in a Chinese Han population.

Methods

Subjects

This study was designed as a large cross-sectional study, and we
recruited 286 PM patients and 535 DM patients from two
different sources. Between February 2013 and May 2014, 143 PM
patients and 307 DM patients were enrolled from the Peking
Union Medical College Hospital. Supported by the Research
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Special Fund for Public Welfare Industry of Health, 155 PM
patients and 223 DM patients were recruited through the
cooperation of three centers in China. Finally, 828 PM/DM
patients were collected in our study. All patients were 18 years or
older at the onset of disease and had probable or definite myositis
assessed by at least two rheumatologists according to the criteria of
Bohan and Peter [31-32]. Patients with myositis—CTD overlap
syndrome were excluded if they met either the following published
criteria (American College of Rheumatology (ACR) criteria for
SLE [33], ACR criteria for RA [34], ACR criteria for SSc [35]
and American and European consensus criteria for SS [36]) or the
criteria for mixed C'TD by Sharp et al [37]. And we also excluded
amyopathic dermatomyositis (ADM), who could not meet the
traditional criteria of Sontheimer [38]. As IBM is much less
prevalent among non-Caucasian than Caucasian populations,
IBM patients were not enrolled. Patients with myasthenia gravis,
myasthenia syndrome, muscular dystrophy, inherited, metabolic,
or infectious myopathies or muscle diseases caused by other factors
were systematically excluded. 968 ethnically matched healthy
controls from the Peking Union Medical College Hospital were
recruited during their physical examinations according to the
following rules: 1) no significant history of rheumatologic disease;
2) no family history of rheumatologic diseases; 3) normal
biochemical and immunological profiles; and 4) negative serology
for anti-Jo-1 and anti-Mi-2 antibodies. This study was approved by
the Ethics Committee of the Peking Union Medical College
Hospital, and all participants signed a written informed consent.

Selection of SNPs

Given the dominant functions of TNFAIP3, IFIHI, and IRF5
in the autoimmune diseases, 6 SNPs (rs2230926, rs5029939,
rs1990760, rs3747517, rs4728142 and rs729302) of these genes,
which had previously illustrated in a positive association with other
immune-mediated diseases based on GWAS or candidate gene
studies, were used for further analysis. The information of each
SNP was described in Table S1 in the File SI.

Genotyping

DNA of all patients and controls were extracted from peripheral
white blood cells by using kits from Bioteke (Beijing, China) and
following the manufacturer’s instructions. The DNA of each
participant was genotyped using Sequenom MassArray system
(San Diego, CA, USA) according to the manufacturer’s protocol.
Primers for the multiplex polymerase chain reaction (PCR) and for
locus-specific single-base extension were designed by the MassAr-
ray Assay Design 4.0 software. The PCR was carried out in a 384
plate, and the products were used for locus-specific single-base
extension reactions. The final products were then desalted and
transferred to a 384-element SpectroCHIP array (Sequenom, CA).
Allele detection was performed by matrix-assisted laser desorption
ionization—time-of-flight mass spectrometry (MALDI-TOF MS).
The resultant mass spectrogram data were analyzed using
MassArray Typer software.

Statistical analysis

For the association analysis between TNFAIP3, IFIH1, and
IRF5 polymorphisms and the three clinical subgroups (all PM/
DM patients, PM patients and DM patients vs. control), statistical
analysis was accomplished by PLINK v1.07 software (Shaun
Purcell, Boston, USA) [39]. The Hardy-Weinberg equilibrium
(HWE) in healthy controls was evaluated by using the Chi-square
(%) test for these six SNPs. Any SNPs that deviated from the HWE
(P<0.05 in the control groups) would be excluded from
subsequent analysis. Genotype and allele distribution between
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patients and controls were analyzed by the % test, and P values
(corrected for multiple comparisons by the Bonferroni adjustment
test) less than 0.05 were regarded as statistically significant. The
odds ratio (OR) of associations was calculated with 95%
confidence interval (95% CI). For genetic model testing (additive
model, dominant model, and recessive model), genotype frequen-
cies were further analyzed using logistic regression models. Sub-
phenotype stratification analysis with regard to the association
study for these six SNPs and the presence of ILD was carried out
by the results of the following three comparisons: patients (all PM/
DM patients, PM patients and DM patients) with ILD vs. all
controls, patients without ILD vs. all controls, and patients with
ILD vs. without ILD. The genetic power for this case-control study
was calculated with the statistical program Genetic Power
Calculator [40]. Haplotype analysis was performed by Haploview
software v4.2 [41].

Results

Characterization of study subjects

The fundamental characteristics of all the participators were
summarized in Table 1. In present study, 298 PM patients (73.6%
women) and 530 DM patients (76.6% women) were enrolled. The
mean ages for PM patients and DM patients were 45.6=14.9 and
46.8*15.5 years, respectively. In a word, a total of 828 adult-onset
PM/DM patients (75.1% women; mean age 46.2%15.2 years)
were collected. For these patients, 166 of 298 PM patients (55.7%)
and 297 of 530 DM patients (56.0%) had ILD. Finally, 460 PM/
DM patients had complicated with ILD and 361 patients not. The
ethnically matched healthy controls included 968 subjects (83.7%
women; mean age 43.1212.6 years). The rs729302 SNP in the
IRF5 gene region deviated from HWE in the control group
(Pawe<<0.05) and was excluded from further analysis. The
remaining five SNPs (rs2230926, 1rs5029939, rs1990760,
rs3747517 and 1rs4728142) from the three genes (TNFAIP3,
IFIHI, and IRF5) were in HWE and produced an average
genotyping call rate of more than 96%. The accuracy was 100% as
60 samples were duplicated genotyped and the consequences were
consistent. The power analysis revealed that our sample size had
more than 80% power (o0 =0.05) for detecting association with an
OR of 1.10-1.60 for both heterozygotes and homozygotes.

Association of these SNPs with PM/DM in the Han
population

Table 2 summarized the genotype and allele frequencies for
these five SNPs (rs2230926, rs5029939, rs1990760, rs3747517 and
rs4728142). For the TNFAIP3 region, the rs2230926 allele and
genotype were associated with PM patients or PM/DM patients
(P,=4.0x10"% and P,=0.02; P,=75%x10"" and P,=0.04,
respectively). And rs5029939 showed a significant association with

Table 1. Clinical data for PM/DM patients and controls.

TNFAIP3 and IRF5 Polymorphisms with Polymyositis/Dermatomyositis

PM patients or PM/DM patients (P,=5.5x10"> and
P.=6.0x10"?, respectively) when allele frequencies were ana-
lyzed. For the IFIHI gene region, neither of the two SNPs
(rs1990760 and rs3747517) demonstrated significant differences in
allele or genotype frequencies between patients and controls (all,
P.>0.05). For the IRF5 gene, the genotype frequencies of
rs4728142 manifested associations with DM patients or PM/
DM patients (P, =0.042 and P, =0.048, respectively). Addition-
ally, the percentage of PM/DM patients with A allele of
rs4728142 was significantly higher than that in the healthy
controls (P, =0.026).

Further logistic regression analysis was performed based upon
three genetic models (additive, dominant, and recessive model).
The analysis outcomes of these three models were summarized in
Table 3. In the additive and the dominant model, significant
associations were observed in PM patients or PM/DM patients for
two SNPs (rs2230926 and rs5029939) in TNFAIP3 gene region
(all, P,<0.05). None of the three genetic models showed any
significant differences between cases and controls for two SNPs
(rs1990760 and rs3747517) of IFIHI gene (all, P.>0.05). For
rs4728142 in IRF5 gene region, associations were also observed
under the additive and the dominant model in PM/DM patients
(all, P,<<0.05). In additional, rs4728142 indicated weak association
with DM patients in the additive model.

Association between TNFAIP3, IFIH1, and IRF5
polymorphisms and the ILD phenotype of PM/DM

Then, it had also been performed that the association analysis
between TNFAIP3, IFIHI, and IRF5 polymorphisms and ILD
phenotype of PM/DM patients. The associations between these
five SNPs and PM/DM patients with/without ILD were
summarized in Table 4. Significantly, rs5029939 in TNFAIP3
gene was associated with PM patients or PM/DM patients with
ILD involvement (P, =0.03 and P, = 0.02, respectively). Similarly,
there was a statistically significant difference in rs2230926 between
PM patients or PM/DM patients with ILD and healthy controls
(P,=0.016 and P,=0.04, respectively). However, rs1990760,
rs3747517 in IFIH1 gene and rs4728142 in IRF5 gene region
were not statistically significant associated with PM/DM patients
with/without ILD in present study.

Haplotype analysis of TNFAIP3 SNPs and patients

We used Haploview software to further analyze the distributions
of the haplotypes in the TNFAIP3 SNPs between patients and
healthy controls. The results from the LD analysis of the SNPs
(rs2230926, rs5029939) in our study and the data from the
HapMap CHB population were shown in Table 5 and Fig. 1.
Data from HapMap CHB and the present study illustrated no
significant differences. And strong LD association existed between

PM with ILD, No/total (%)

Characteristic Patients Controls
Number of subjects (DM/PM) 828(530/298) 968
Female ratio (%) 83.7 751
Average age 46.2+15.2 43.1+12.6
DM with ILD, No/total (%) 297/530(56.0) -

166/298(55.7) =

PM: polymyositis; DM: dermatomyositis; ILD: interstitial lung disease.
doi:10.1371/journal.pone.0110044.t001

PLOS ONE | www.plosone.org

October 2014 | Volume 9 | Issue 10 | e110044



TNFAIP3 and IRF5 Polymorphisms with Polymyositis/Dermatomyositis

200¥+001 LO"3uod jewinol/| Z€1°0L:10p
“fouanbayy s1dA1ousb sy a1endjed 03 pajiey IM ‘0 sem syuaned d ul 2dA10usb DD 6£6670SSH 18yl PIIRIISUOWSP NS S,UDIeISDI SIYL 1y
‘sisA|eue uoissaifbal d13s160] ayy Japun pajejndjed sem siskjeue didAlousb Jo anjea 4 ayj i

‘3|qejleAe 10U (YN ‘POYISW luoudjuog Aq Paldaliod anjeA 4 P4 ‘1531 asenbs-1y) “Nx ‘|eAJISIUI DDUSPHUOD (D ‘Of1ed SPPO YO :‘SiHsoAworewssp :NQ ‘siisokwAjod :nd
(cvL)8LL (6'€2)LET (6°1)8L (2'98)£991 (8'€1)£9T s|oiuod
8¥0'0 ¢ 0LX96 0€'6 (£°£9)svS (Tog)ere (474} 9700 ¢ 0LXTS  (95°1-80°L)O€E’L (8'Z8)EEEL (TL1)LLT Wd+Wa
090 cLro 0€Y (9'89)s61 (z'82)08 ((43] (4} ¥0'0  (89'L-10'L)OE’L (£'T8)0LY (€'£1)86 Wd
00 - 0LXV'8 99’6 (T'£9)0s€ (€1€)e9l (S8 S00 100 (6S°1-SO'L)OE’L (8'Z8)€98 (TL1)6L1 [A[e] 18Ty FER]]
55 5V vv 5 v
(evv)6Ty [Ca7L:144 wioLt (5'99)98¢1 (S'€€)8Y9 s|os3uo0d
08¢ 950 SLL (Tev)sve (Sov)eLe (€'0L)z8 06'% 86'0 (SL'L-£8'0)00°L (5'99)7901 (§'€€)9€S Wd+wa
09'C 7s0 LeL (S'Lp)6LL (L'sp)8elL (r'oL)o€ og'e 990 (£T'1-98°0)SO'L (§'99)9L€ (SrE)86L Wd
0L'€ ¥/.0 190 (L'vv)oze (L'sy)veT (zol)es 06'€ 80 (SL'L-€8'0)86'0 (0°£9)989 (0'e€)8ee wa L1SLYLES)
v Vo 55 v 5
(z'29)209 (e'e€)eee (SY)vY (8'8£)9zSL (z1o0Ly S|osuo)
08’L 9€'0 S0C (€°19)s6v (9TE)W9T (L9)6r 06°L 8€0 (9T'1-T6'0)L0°L (9°20)vSTL (r'ze)eos Wd+Wa
Tard 540 89°L (r'6S)ELL (rve)oolL (z9)8L 0€'L 90 (er'L-160pL'L (9'92)91v (reg)oclL Wd
0z'e 0 oL (€'z9)eee (LewolL (09)L€ see £90 (STL-/80)V0'L (1'8£)808 (6'L2)9TT Wa 092066154 LHI4I
2D oL 11 2 1
(8'16).88 (z8)6L (00)0 (6'56)€S81 (L'v)6L s|os3uod
800 9100 VN (€'£8)€0L (€T1)66 (ro)e ¢ 0LX09 e 0LXZT'L  (1TT-LTLY9'L (S°€6)S0S L (S9)s0L Wd+Wa
#VYN #VN #VN (Te8)Lve 8vLEy (00)0 ¢ 0LXGS e OLXL'L  (9£T-8T1)88'L (9°T6)LES Woey Wd
oL'L o «VYN (5'88)95¥ (6°01)9S (90)¢ oL’o 200 (L1'Z-£0°1)0S°L (0'76)896 (09)29 wa 6€66705S!
2D 25 55 b 5
(S°16)S88 (r'8)L8 (Lo (£56)1581 (Ev)€8 s|oiuod
¥0'0 e-0LX/LL VN (€'£8)z0L (0zL)96 (09 ¢-0LXG'L ¢ 0LXSL  (9L'T-0T'LLY'L (€°€6)00S L (£9)801 Wd+Wa
00 ¢ 0LX0Y VN (L's8)orT vy (VA4 ¢ 0LX0¥ » 0LX0'8 (P T-0€'1)88'L (zz6)eEsS (8'2)sv Wd
0€’0 900 *VN (5'88)9S¥ (£'o1)ss (8'0)¥ SL0 €00 (€0T-v0'L)SP'L (6'€6)£96 (L'9)€9 wa 9C60€TTS! €dIVANL
°d d X 11 19 59 °d d (1>%S6) 4O 1 b} sdnoip SdNS ausn

(4

(%) @2dKyouan

(%) @RIY

'sjonuod pue syuaned WA/ Ul sioxiew ausb [H[4] 'S4l ‘€dIV4NL dY3 Jo uonnqguisip adKiousb pue 39|y *Z d|gel

October 2014 | Volume 9 | Issue 10 | e110044

PLOS ONE | www.plosone.org



TNFAIP3 and IRF5 Polymorphisms with Polymyositis/Dermatomyositis

€00¥¥¥001L L0"duod [euInof/L /€10 L:10P
siskjeue [9pow >133Ud6 dAISS3I1 INO A1Ied 0} MO| 00} UM 6£6670SSI JO saIduaNbaly adAioush oo ayl &y,
'3|qe|IBAR 10U YN ‘POYIdW [UOLIdJUOG AQ PR1D3UI0D BN|BA { 2 {|BAISIUI SDUSPLUOD |D ‘Ol1ed SPPO YO :‘SiisoAwolewssp :NQ ‘siisokwAjod :\d

(ZTT-8s0wl'L €5°€ (69'L-TL'L)8E'L 100 (85°L-60"L)LE'L 00 Wd+Wa
(88'€-£L'0)€L'L ¥6'0 (9£'1-66'0)2€"L LE0 (89°'L-10"1)0€"L Lzo Wd
(06'L-9€°0)Z8°0 vee 81—zl Lyl 00 (29'1-90'L)LEL 900 Wa rL8eLySd FER]]
(LZ'1-99'0)68'0 LT¢ (£T'1-£8'0)S0°L 60'€ (S1'L-£8'0)00°L L6V Wd+Wa
(6£'1-65°0)16'0 [4%3 (L¥'1-98'0)EL"L 'L (£T'1-98'0)S0°L 6C°€ Wd
(ST'1-79'0)88'0 8€'T (ST'L-18'0)L0°L L9V (S1'L-€8'0)86'0 6'€ wa LLSLYLES
(90'-68'0)9€"L LL°0 (9T°1-98'0)%0°L 1443 (9T'1-16'0)£0°L €6'L Wd+Wa
(¥'T-6£'0)6€ L 6C'L (L¥'1-98'0)ZL'L 00°C (L¥'L-16°0)EL’L L d
(SL'T-¥80vEL €Lt (¥Z'1-08'0)00'L 98y (STL-L8°0)¥0°L 9€'e wa 092066154 LHII
#VN #VN (¢zz-0T e’ L 100 wTz-tz1)99°L e 0LX/'S Wd+Wa
#VN #VN (L6T-LE1)00T e 0LX/Y (L6'T-LE'1)00T e OLX/LY Wd
#VN #VN (£0T-20 ST’ L 00 (crz-LoL)Ls’L oLo nwa 6€66C055/
(509-£8'0)9T £ €€°0 (ELT-sLL)LsL 00 (EL'T-61'1)6SL ¢-0LX1l'6 Wd+Wa
(S7L-19'0)€£'9 090 (08'C-LT'1)68'L ¢ 0LXT8 (£L2-0€'1)68°L ¢ 0LX8¥ Wd
(8'£9-¥8'0)95'L SE0 (00'Z-86'0)0%"L (4] (coz-€0pr'L 910 Wa 9260€TTSI €dIVANL
(1D%S6) 4O °d (1D%S6) 4O °d (1>%S6) 4O °d dnoip SdNS ausp

|opow aAIssa’aYy

|opow jueuiwoq

[Spow sARIPPY

‘S|opow d112usb 931yl UO Paseq SINS DAl AU} JO sisAjeuy € djgel

October 2014 | Volume 9 | Issue 10 | e110044

PLOS ONE | www.plosone.org



TNFAIP3 and IRF5 Polymorphisms with Polymyositis/Dermatomyositis

S00¥¥¥00L Lo"duod [euInol/LZg L'0L:10p
‘poyIaW 1UoLIRUOg AQ Pa1D2110d AN[eA ¢ Pd 153} daenbs-1y) 3, X !sisoAwolewnsp (NG ‘sisoAwAjod Nd

¢ 01%XS9 oL ¥0'0 L00 S0'0 5) E)
¢-0LX0T €Tl 96'0 €60 S6°0 L p] Wd+AQa
e-0LX/ oL 00 800 500 5 5
- 0LXG'C ocl 960 60 560 1 b Wd
600 LSS 700 900 500 5 5
¥00 €49 960 60 S6°0 1 p) wa
°d Nx jo13u0d ased K>uanbaiy jo |30 6£66C0SS1 9Z60ETTSA sdnoap
sadfyo|deH

's|0J3u0d pue sjuaned usamIag SANS £diV4NL JO sisAjeue adAlojdeH *g ajqel

#00¥¥¥001 LO"duod [euInol/L gL 0L:10p
(896 =Uu) D dnouD {(S9€ = U :Wd+HAQ ‘TEL =U :Wd ‘€EZ=U INQ) N dnoID :(€9y=U Nd+HNQ ‘99L =u
INd ‘26T =U :NQ) d dnoin "poyiaw [uoudjuog Agq paidatiod anjeA 4 °d ‘sjosauod AyiesH D dnoio ‘@]l inoyum siusned :N dnoin (g yum syuaned :d dnouo ‘aseasip bun| jennsiaiul :q7) ‘siisoAwAjod |\ ‘siisAworewsp (Ng

(99°L-vO'L)LE'L 110 (0Z°'L-€8'0)00°L 96t (Or'L-L6'0)61°L L¥'0 (€€T-01"1)09'L L00 (LET-VLDYO'L 00 D 'SAN

(09°L-v0'1)6T'L LL'0 (61°1-58'0)00'L 06t (00'Z-18'0)66'0 Sy (9£T-81°1)£9°L 00 (¢Tz-T1'18s’L 00 D'SAd

(£T'1-52'0)86°0 134 (¥T'1-18'0)00°L S6'v (S0°'L-99'0)€8°0 090 (95'1-0£°0)10'L Iy (Z¥'1-59'0)96°0 wy N 'sA d Wd+Wa

(¢2'1-v8'0)0T L LS°L (L¥'L-28'0)80°L 00°€ (L9'L-88'0)61°L 0€’L (LL'E-0L°1)S8'L 600 (00°€-£0"1)6L"L €Lro D'SAN

(06'L-10'L)6€L Lzo (LE'L-6£'0)20°L LEY (S¥'1-78°0)60°L €L°C (S0'€-61°1)06'L €00 (OLe-¥T'1)96'L 9100 D'SAd

(6L1-¥L'0)SL'L 9 (VE'1-£9'0)S6'0 [4:53 (SE'L-29'0)26'0 og'e (26'L-S5°0)€0°L S9v (€0'Z-65'0)0L"L 98'c N 'SA d Wd

(18'1-S0'1)8€L SL'o (0T°1-££'0)96'0 GG'E (zs'1-€6'0061°L 640 (6T°T-T6'0)SP L €50 (L¥'2-10'1)95°L [44Y) D 'SAN

(65°1-96'0)€T'L LS'0 (LT'1-78'0)66'0 (VA% (£1'L-¥£'0)€6'0 94T (LET-€0' PS'L LLL (L0'T-16'0)LE"L 790 D'SAd

(¥T'1-59'0)06'0 1S (SE'L-08'0)%0°L 00'% (S0°'L-85°0)8£°0 €50 (6£'1-€9°0)90°L L'y (L¥'1-€5°0)88°0 14323 N 'sA d Wa
(1D%S6) 4O °d (1D%S6) 4O °d (1>%S6) 4O °d (1D%S6) 4O ’d (1D%S6) 4O °d dnoip aseasia

(6441)ZrL8TLYSA (LHII)LLS LY LESA (LHI4/)09L066 LS4 (£dIV4INL)6€66T0SSA (£dIV4INL)9T60ETTSA

‘a7 YIM WA/ Wd PUB SANS A1} 3y} U33MI3q UOHRPOSSY * d]qeL

October 2014 | Volume 9 | Issue 10 | e110044

PLOS ONE | www.plosone.org



Ng——

rs643177
rs5029939
rs2230026

Block 1 (0 kh)
3 5

N

rs5029939
rs2230926

Block 1 (0 kh)
1 2

TNFAIP3 and IRF5 Polymorphisms with Polymyositis/Dermatomyositis

rs5029939
rs2230926 -

Block 1 {0 kb)
1 2

rs5029939
rs2230926

Block 1 (0 kh)
1 2

Figure 1. Linkage disequilibrium (LD) analysis of the SNPs in the TNFA/P3 gene region. The LD plots were generated by Haploview
software v4.2 and data from our study were similar to that from the HapMap CHB population. The number (divided by 100) in the small square
represents r? value and ranges from 0 to 1. The two SNPs (rs2230926 and rs5029939) in TNFAIP3 reside in an LD block. (A): The data from HapMap
CHB. B: The data analysis between DM patients and healthy controls from our study. C: The data analysis between PM patients and healthy controls
from our study. D: The data analysis between PM/DM patients and healthy controls from our study.

doi:10.1371/journal.pone.0110044.g001

152230926 and rs5029939 (r?= 1). The CT haplotype (rs2230926
C-1s5029939 T) had a lower frequency between DM, PM or PM/
DM patients and controls (P,=0.04, P,=2.5x10"% and
P,=2.0x10"7, respectively)(Table 5).
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Discussion

The sample size of present study was the largest candidate gene
association study executed in PM/DM to date and the first one to
investigate the association of TNFAIP3, IFIHI, and IRF5
polymorphisms with PM/DM in Chinese Han population [5—
13]. We intend to examine the genetic contribution of TNFAIP3,
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IFIH]I, and IRF5 to PM/DM based upon the postulated roles of
each of these genes’ products in innate and cell-mediated
immunity in PM/DM and their described associations with
autoimmune  diseases. Significantly, our study confirmed
TNFAIP3 and IRF5 gene polymorphisms were associated with
PM/DM patients or these patients with ILD, and indicated that
TNFAIP3 and IRF5 might be the susceptibility gene for PM/DM
patients in Chinese Han population. The results were consistent
with the previous findings undertaken on other auto-inflammation
diseases with regard to TNFAIP3 and IRF5 gene polymorphisms
[15-17,25-27].

The TNFAIP3 gene, encoded ubiquitin-modifying enzyme
known as A20, inhibits the activation of NF-kB signaling
pathways, including these TNF and Toll-like receptors [42]. The
deficiencies of A20 expression are related with the development of
various human autoimmune disorders [43]. The immune
responses in  A20-deficient mice present severe multi-organ
inflammation, damage to joints, and finally develop autoimmunity
[44]. Furthermore, the mice, which lacked A20 in myeloid cells
spontancously, finally turn into RA with many features such as
severe destructive polyarthritis [45]. In addition, Deficiency of A20
in B cells results in inflammation and leads to autoimmune
response in old mice [46]. Previously, plenty of GWAS and
candidate gene association studies suggested TNFAIP3 gene loci
1rs2230926 and rs5029939 were associated with diverse rheumatic
diseases [15-17]. Studies denoted that DM could be overlapped
with SSc [47], SLE [48] and other connective-tissue disease. In the
current study of the Han Chinese population, TNFAIP3 SNPs
(rs2230926 and rs5029939) illustrated significant association with
PM patients or PM/DM patients and these patients with ILD.
Thus, rs2230926 and rs5029939 may in fact play a dominant role
in the pathogenesis of multiple autoimmune diseases as well as to
PM/DM. It is also worthwhile to note that in the present study,
the GG genotype frequencies of rs2230926 and rs5029939 were
too low to carry out genotypic analysis and recessive genetic model
analysis. The P value of genotypic analysis was calculated under
the logistic regression analysis. Future studies about PM/DM
patients using larger sample sizes should be performed to confirm
these outcomes.

The IFIH1 gene is a member of the retinoic acid-inducible gene
I-like helicase (RLH) family [49-50], and /FIH1 gene encodes a
viral RNA- activated apoptosis protein, which is an early IFN beta
responsive protein [50]. Walsh et al. [51] demonstrated that
IFNo/B-inducible genes (such as IFIHI gene) were the greatest
highly overexpressed genes in patients with active DM and
patients with PM, but not in healthy controls. And the up-
regulation of the IFN protein signature had increased additional
markers of disease activity and insight into the pathogenesis of
PM/DM. Until now, a large number of studies indicated that
IFIH]1 polymorphisms showed susceptibility to multiple autoim-
mune disorders [19-22]. Recently, an investigation, regarding
IFIH]I rs1990760 associated with susceptibility to SLE and PM/
DM, was performed in the Japanese population, which suggested
IFIH]I rs1990760 polymorphism was not significantly associated
with PM/DM as a whole in this study, but only showed the AA
genotype tended to be found with higher frequency in the PM with
ILD subset. Similarly, our current study carried out in the Chinese
population didn’t manifest the positive associations between
IFIHI polymorphisms and PM/DM patients or these patients
with ILD. The SNPs (rs1990760 and rs3747517) in IFIHI gene
chose in our study were those with the strongest associations with
other autoimmune disease in the Chinese Han population. As the
SNPs in our study did not illustrate positive associations with PM/
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DM, future studies might evaluate whether other SNPs in IFIH1
gene are associated with susceptibility to PM/DM.

The IRF5 gene is a part of the transcription factor IRF family,
which contains nine transcription factors. This gene encodes IRF
protein with diverse roles, including virus-mediated activation of
mterferon, and modulation of cell growth, differentiation, apop-
tosis, and immune system activity. When viruses infect, expression
of IRF5 is up-regulated by IFN-a, and subsequently /RF5 up-
regulates IFN-inducible genes, comprising pro-inflammatory
cytokines such as IL-10, and also those participated in apoptosis
and the early immune response [52]. Therefore, this up-regulation
of important molecules in the IFN signaling pathway may have
prominent functional influence on the pathogenesis of autoim-
mune diseases. Thence, numerous of studies found IRF5 gene
polymorphisms were associated with susceptibility to multiple
autoimmune disorders [25-27]. Significantly, this present candi-
date gene association studies regarding [RF5 polymorphism
associated with PM/DM risk demonstrated positive results. And
the consequences were consistent with the previous findings
undertaken on other auto-inflammation diseases. Although we
excluded rs729302 because of its departure from HWE in the
control group, the correlation of this SNP to PM/DM was seen
without consideration of HWE (data not shown), implying a
possible association between 1s729302 and PM/DM in Han
Chinese population.

Because IIMs are a group of rare autoimmune disease,
difficulties always were encountered in previous genetic association
studies when investigator recruited an adequate number of
patients for analysis in studies that examined SNPs with an
appropriate sample size. Given the above limitations, our study
firstly enrolled the largest number of PM/DM patients in Chinese
Han population, who fulfilled the international guidelines [31-32].
Therefore, the present investigation had sufficient statistical power
(more than 80%) to examine moderate or even marginal
associations. It is a remarkable fact that our study found
significantly positive associations between TNFAIP3 (rs2230926
and rs5029939), IRF5 (rs4728142) gene polymorphisms and PM/
DM or these patients with ILD. None of these SNPs was
previously reported to be associated with PM/DM or these
patients with ILD. Therefore, these SNPs may play a potential role
in the pathogenesis of PM/DM or these patients with ILD. In
addition, our study failed to analyze the potential association of
these genetic variants with some special clinical subtypes of PM/
DM in this population, such as serological phenotypes (autoan-
tibody profiles).

In summary, our present study was the first investigation to
indicate that TNFAIP3 and IRF5 might be the susceptibility gene
for PM/DM patients in Chinese Han population. Although the
present study is the largest candidate gene association study
performed to date for PM/DM, it is still limited and more research
is required to understand the associations of TNFAIP3, IFIHI,
and IRF5 with PM/DM in different ethnic populations. In the
Chinese population, it isn’t been reported about GWAS on PM/
DM, in order to better understand the pathogenesis of PM/DM,
we are looking forward to conduct the GWAS on PM/DM in the
Chinese population.
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DOC)

The detailed information of SNPs in this study.
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