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Abstract The aim of the present study was to
evaluate whether the interferon-induced helicase (IFIHI)
Ala946Thr (rs1990760 A>G) polymorphism is associated
with susceptibility to systemic lupus erythematosus (SLE)
and dermatomyositis (DM) or polymyositis (PM) in the
Japanese population. The study population consisted of 243
SLE patients, 125 DM/PM patients, and 268 healthy con-
trols from Japan. A Tagman single nucleotide polymor-
phism genotyping assay was designed for rs1990760 by
Applied Biosystems. There were no significant differences
between SLE and DM/PM patients and healthy controls
regarding the frequency of each genotype and allele.
However, the frequency of the AA genotype and the A
allele tended to be higher in PM patients with interstitial
lung disease (ILD). Additionally, when comparing the AA
and AG + GG genotypes at 11990760, the AA genotype
was significantly more frequent in PM patients with ILD
than in healthy controls [odds ratio, 3.23 (95% confidence
interval, 1.06-9.81); P = 0.04] or in PM patients without
ILD [odds ratio, 5.40 (95% confidence interval, 1.37-
21.26); P = 0.027]. Our observations suggest that the G
allele protects against the onset of ILD and that the AA
genotype is a risk factor for lung injury in PM patients.
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Introduction

The interferon-induced helicase (IFIHI), also known as
melanoma differentiation associated-gene 5 (MDAS), is a
member of the retinoic acid-inducible gene I-like helicase
(RLH) family [1, 2]. The expression of genes encoding
RLHs is strongly induced by type 1 interferon (IFN). RLHs
interact with dsRNAs through their helicase domain. Spe-
cifically, IFIH]I responds to infection with picornaviruses.
IFIH] comprises two N-terminal caspase-recruitment
domains (CARDs). The N-terminal CARDs are responsible
for activating downstream signaling pathways that mediate
dsRNA-induced type I IFN production [1].

Inference of the role of type I IFN in systemic lupus
erythematosus (SLE) comes from the induction of autoim-
munity during IFN therapy and the presence of circulating
inducers of type I IFN in SLE patients [3, 4]. Thus, type 1
IFN has been one of the factors attributed to the patho-
genesis of SLE. The increased bioavailability of type I IFN
contributes to peripheral tolerance breakdown through the
activation of immature myeloid dendritic cells [4].

Clinically, amyopathic dermatomyositis (C-ADM) is
typified by skin lesions with amyopathy or hypomyopathy
[5], and was recently reported to be complicated by rapidly
progressive interstitial lung disease (ILD), especially in
those patients with anti-CADM-140 antibodies [6].
Recently, the anti-CADM-140 antibodies in patient sera
were shown to specifically react with MDAS protein,
confirming the identity of MDAS as the CADM-140
autoantigen [7]. Additionally, infection with Coxsackie
virus, a picornavirus, was reported to be one of the con-
tributing factors in the pathogenesis of juvenile dermato-
myositis (DM) [8].

One recent study has confirmed that the IFIHI
Ala%946Thr (rs1990760 A>G) polymorphism is associated
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with susceptibility to type 1 diabetes and Graves’ disease
[9, 10]. Another study has revealed that IFIHI Ala946Thr
shows a highly significant association with SLE in the US
and Sweden [11]. However, the IFIHI Ala946Thr poly-
morphism has not yet been investigated in the context of
DM and polymyositis (PM). Taken together, we examined
the association between the IFIHI Ala946Thr polymor-
phism and SLE and DM/PM for the first time in the
Japanese population.

Patients and methods
Patients and controls

The study population consisted of 243 SLE patients, 125
DM/PM patients and 268 healthy controls from Japan. The
population of the present study was recruited from our
institution. Collection of data and blood samples from
patients and controls was undertaken in accordance with
the ethical committee in our institution, and informed
consent was obtained from all subjects according to the
Declaration of Helsinki. The mean age and female fre-
quency were 36.7 years old and 95.1%, 53.1 years old and
78.3%, and 42.7 years old and 94.1% in SLE patients,
DM/PM patients and healthy controls, respectively. The
mean age and female frequency were matched between
SLE patients and healthy controls, although the mean age
and male frequency were higher in DM/PM patients than in
healthy controls. SLE and DM/PM were diagnosed
according to the American College of Rheumatology
Association classification and Bohan and Peter’s criteria,
respectively [12, 13]. Additionally, SLE patients were
classified into four subsets: SLE without neuropsychiatric
abnormality (NP), SLE with NP, SLE without nephritis,
and SLE with nephritis. DM/PM patients were also clas-
sified into four subsets: DM without interstitial lung disease
(ILD), DM with ILD, PM without ILD and PM with
ILD. ILD was defined as high-resolution computed
tomography (HRCT) of the chest that included one or more
of the following features: isolated ground-glass opacities,
honeycombing and the concurrent presence of ground-
glass attenuation, and traction bronchiectasia and/or
bronchiolectasis.

Single nucleotide polymorphism (SNP) genotyping

DNA was extracted from peripheral blood using standard
methods. A Tagman SNP genotyping assay was designed
for rs1990760 by Applied Biosystems. The sequences of
the allele-specific probes were 5-TAGTCGGCACACT
TCTTTTGCAGTG-3' (reporter dye, VIC) and 5'-TTTGTT
TTCTCTTACAATGTAAAGT-3' (reporter dye, FAM).

Allelic PCR products were analyzed on the ABI Prism
7900HT Sequence Detection System using SDS 2.1 soft-
ware (Applied Biosystems, Foster City, CA, USA). The
quality value used for the auto-calling system was set to
95%. The genotype distribution conformed with the
Hardy—Weinberg equilibrium in the controls.

Statistical analysis

The case—control study was analyzed using the chi-squared
test on 2 x 2 and 2 x 3 contingency tables for genotype
and allele frequency, with Fisher’s exact test used when
appropriate. The odds ratio (OR) and 95% confidence
interval (CI) were calculated. P < 0.05 was considered to
indicate statistical significance.

Results

Genotype and allele frequencies for rs1990760 in SLE
and DM/PM patients

Frequencies of the genotypes and alleles of the [FIHI
Ala946Thr (rs1990670) SNP are shown in Table 1. The
frequencies of both genotypes and alleles were not signif-
icantly different among SLE and DM/PM patients and
healthy controls. However, the frequencies of the AA
genotype and the A allele tended to be higher in the subset
of patients with PM with ILD.

Comparison between AA and AG + GG genotypes for
rs1990760 in DM/PM patients and healthy controls

The frequencies of both the AA and AG 4+ GG genotypes
in DM/PM patients and healthy controls, under a recessive
model for the A allele of rs1990760, are shown in
Table 2A. The frequencies of both genotypes were not
significantly different between the entire group of DM/PM
patients and healthy controls. However, the AA genotype
was significantly more frequent in PM with ILD patients
than in healthy controls [OR, 3.23 (95% confidence inter-
val, 1.06-9.81); P = 0.04]. Additionally, when comparing
the AA and AG + GG genotypes for rs1990760 in PM
patients with and without ILD, the AA genotype was sig-
nificantly more frequent in patients with ILD than in those
without ILD [OR, 5.40 (95% confidence interval, 1.37—
21.26); P = 0.027].

On the other hand, the frequencies of both the
AA + AG and GG genotypes in DM/PM patients and
healthy controls, under a dominant model for the A allele
of rs1990760, are shown in Table 2B. The frequencies of
both genotypes were not significantly different between the
group of DM/PM patients and healthy controls.
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Table 1 Genotype and allele frequencies for rs1990760 in SLE, PM/DM and healthy controls

Genotypes (%) Alleles (%) P values QOdds ratio
AA AG GG A G Genotypes Alleles Alleles

Controls (n = 268) 156 (58.2) 99 (36.9) 13 (49) 411 (76.7) 125(23.3)

SLE (n = 244) 142 (58.0) 90 (37.0) 12 (5.0)0 372 (76.5) 114 (23.5) 1 1 0.99 (0.74-1.33)
SLE without NP (n = 168) 93 (554) 66(39.2) 9(54) 252(75.0) 84 (25.0) 0.84 0.57 0.91 (0.66-1.25)
SLE with NP (n = 76) 49 (64.5) 24 (31.6) 339 122(80.3) 30(19.7) 0.62 0.35 1.24 (0.79-1.93)
SLE without nephropathy (n = 145) 90 (62.1) 48 (33.1) 7 (4.8) 228 (78.6) 62 (21.4) 0.73 0.52 1.11 (0.79-1.58)
SLE with nephropathy (n = 99) 52 (52.5) 42(424) 5(5.1) 146 (73.7) 52(263) 0.61 0.41 0.85 (0.59-1.24)

PM/DM (n = 125) 78 (62.4) 41 (328) 6(4.8) 197 (78.8) 53 (21.2) 0.72 0.52 1.13 (0.79-1.63)

DM (n = 81) 50 (61.7) 27 (333) 4(5.0) 127 (784) 35(21.6) 0.82 0.67 1.10 (0.72-1.69)
DM without ILD (n = 31) 21 (67.7) 8(258) 2(6.5) 50(80.7) 12(19.3) 0.42 0.53 1.27 (0.65-2.45)
DM with ILD (n = 50) 29 (58.0) 19(38.0) 2400 77(77.00 23230 1 1 1.02 (0.61-1.69)

PM (n = 44) 28 (63.6) 14 (31.8) 2(4.6) 70(79.6) 18 (204) 0.82 0.59 1.18 (0.68-2.06)
PM without ILD (n = 22) 10 (45.5) 11(50.0) 145 31(70.5) 13(29.5) 036 0.36 0.73 (0.37-1.43)
PM with ILD (n = 22) 18 (81.8) 3 (13.6) 1(46) 39(88.6) 5(11.4) 0.064 0.089  2.37 (0.92-6.15)

Table 2 Genotype frequencies for rs1990760 in PM/DM and healthy controls

Genotypes (%) P values Odds ratio
AA Vs AG + GG

(A) Comparison between AA and AG + GG genotypes

Controls (n = 268) 156 (58.2) 112 (41.8)

DM (n = 81) 50 (61.7) 31 (38.3) 0.61 1.16 (0.70-1.93)
DM without ILD (n = 31) 21 (67.7) 10 (32.3) 0.34 1.51 (0.68-3.33)
DM with ILD (n = 50) 29 (58.0) 21 (42.0) 1 0.99 (0.54-1.83)

PM (n = 44) 28 (63.6) 16 (36.4) 0.51 1.26 (0.65-2.43)
PM without ILD (n = 22) 10 (45.5) 12 (54.5) 0.27 0.60 (0.25-1.43)
PM with ILD (n = 22) 18 (81.8) 4 (18.2) 0.04 3.23 (1.06-9.81)

Genotypes (%) P values Odds ratio
AA + AG Vs GG

(B) Comparison between AA + AG and GG genotypes

Controls (n = 268) 255 (95.2) 13 (4.8)

DM (n = 81) 77 (95.0) 4 (5.0 1 1.02 (0.32-3.21)
DM without ILD (n = 31) 29 (93.5) 2 (6.5) 0.66 1.35 (0.29-6.29)
DM with ILD (n = 50) 48 (96.0) 2 (4.0) 1 0.82 (0.18-3.74)

PM (n = 44) 42 (95.4) 2 (4.6) 1 0.93 (0.20-4.29)
PM without ILD (n = 22) 21 (95.4) 1 (4.6) 1 0.93 (0.21-7.49)
PM with ILD (n = 22) 21 (95.4) 1 (4.6) 1 0.93 (0.21-7.49)

Discussion

The present study is the first to report the association of a
SNP within /FIHI with SLE and PM/DM in the Japanese
population. Another study has revealed that /FIHI shows
a highly significant association with SLE in the US and
Sweden [11]. Similarly, IFIHI has previously been asso-
ciated with type 1 diabetes and Graves’ disease [9, 10].

@ Springer

However, IFIHI was not significantly associated with
SLE in the present study. This sample size provides
powers of 44.4 and 30.0% (as calculated using the anal-
ysis software R) to detect an association with an OR of
1.5 under the dominant model in SLE and DM, respec-
tively. The lack of statistical power and racial differences
may have contributed to the lack of association in the
present study.
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IFIHI polymorphisms have not been investigated in
DM/PM patients to date. IFIHI was not significantly
associated with DM/PM as a whole in the present study.
IFIH] is also known as MDAS5 [1, 2]. Anti-MDAS5 anti-
bodies are often seen in cases of C-ADM with rapidly
progressive ILD [7]. However, IFIHI was not associated
with DM with ILD in the present study. Unexpectedly, the
AA genotype and the A allele tended to be found with
higher frequencies in the PM with ILD subset. Addition-
ally, when comparing the AA and AG + GG genotypes
under a recessive model for the A allele of rs1990760, the
AA genotype was significantly more frequent in patients in
the PM with ILD subset than in those in the PM without
ILD subset or healthy controls. On the other hand, the
frequencies of both the AA + AG and GG genotypes
under the dominant model for the A allele were not sig-
nificantly different between the group of PM patients and
the healthy controls, although the A allele was previously
described as being a dominant model of inheritance in type
1 diabetes and Graves’ disease [9, 10]. These results sug-
gest that the G allele protects against lung injury in PM
patients.

RIG-I comprises two N-terminal CARDs followed by a
DExD/H box RNA helicase domain. RIG-I is a member of
the RLH family, along with MDAS and LGP2, based on
the high similarities among their helicase domains [1, 2].
The IFIHI Ala946Thr SNP does not reside in either the
CARD or the helicase domain of the protein. However, this
region of the protein is conserved among mammals and
may have unknown functions or influence the active
domains through effects on tertiary structure. The A allele
of rs1990760 was a more frequently conserved amino acid
than the G allele in healthy controls [9, 10]. Additionally,
the frequency of the A allele was higher in type 1 diabetes
and Graves’ disease than in healthy controls. These find-
ings suggest that the A allele represents the functional
allele for inflammation and autoimmune disease.

In general, autoreactive cytotoxic T cells mediate MHC
I-restricted cytotoxicity against autoantigens expressed on
muscle in PM [14]. On the other hand, DM is considered to
be CD4™" T cell- and B cell-mediated muscle inflammation.
The complement system is activated, resulting in the
deposition on the membrane of an attack complex within
muscle capillaries [14]. The cytokine profiles were differ-
ent for PM and DM. Taken together, type 1 IFN may be
more closely associated with autoreactive cytotoxic T cell
inflammation of muscle and lung in PM. Additionally, the
development of interstitial pneumonia, although uncom-
mon, has been reported in association with IFN alpha
therapy [15, 16]. These aspects may indicate that the A
allele promotes IFN 1 and induces lung injury in PM

patients, and that onset of ILD is frequent, especially in PM
patients with the AA genotype.

In conclusion, although the IFIHI Ala946Thr poly-
morphism was not associated with susceptibility to SLE or
DM, the AA genotype may be a risk factor for the onset of
ILD with PM in the Japanese population.
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