190 Mini Review IRF5, STAT4 and BLK polymorphisms in Japanese SLE

Mini Review

Role of IRF5, STAT4 and BLK polymorphisms
for the genetic predisposition to systemic lupus
erythematosus in Japanese
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School of Comprehensive Human Sciences, University of Tsukuba, Tsukuba, Japan

Recent large-scale association studies revealed new susceptibility genes to systemic lupus erythematosus
(SLE) including IRF5, STAT4 and BLK. Association of these genes have been quickly replicated by many
studies in multiple populations. In this minireview, we discuss our recent studies on the association of these
genes with SLE in Japanese. Although association of these genes was replicated, notable differences were
observed between Caucasian and Japanese populations.

In Japanese, IRF5 risk haplotype in the Caucasians carrying three functional polymorphisms (a single nucle-
otide polymorphism [SNP] at exon 1B splice site, 10 amino acid insertion/deletion, a SNP at poly A signal) is
almost absent. However, another intron 1 SNP, which was not described in the Caucasians, was significantly
associated with SLE in Japanese.

On the other hand, both the STAT4 intronic SNPs and C8orf13-BLK intergenic SNPs associated in Cauca-
sians were similarly associated with SLE in Japanese. Moreover, because of higher population frequencies of
the risk genotypes and higher odds ratios, the contribution of these genes appeared to be greater in the
Japanese than in the Caucasians.

Although association of these genes with SLE is established, the molecular mechanisms of the association
remain largely unknown. In addition, further studies are required to develop applications of the genetics infor-
mation for clinical use. Genetics finally began to reveal new and reliable clues to gain insight into the pathogen-
esis of highly complicated disorders such as SLE.
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Introduction erythematosus (SLE). HLA-DRB1, C4, FCGR2A, 2B, 3A and
Epidemiological data strongly implicate significant contribu- 3B polymorphisms have been repeatedly associated with sus-

tion of genetic background in the development of systemic lupus ceptibility to SLE'*Y. However, a number of other susceptibility
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Fig.1 Difference in the IRF5 polymorphisms
associated with SLE between Cauca-
sians and Japanese

The linkage disequilibrium parameter r2in the Japanese
is shown. Only one of exon1 1A, 1B, 1C or 1D is used for
each /RF5 mRNA. Exon 1B is alternatively spliced only
when rs2004640T allele is present. The SNP rs10954213
at exon 9 alters poly A signal, and rs10954213A allele is
associated with short MRNA and elevated mRNA level.
The risk haplotype for SLE in Caucasians contain
rs2004640T, exon 6 insertion and rs10954213A"1%. How-
ever, because of strong linkage disequilibrium between
exon 6 insertion and rs10954213G in the Japanese popu-
lation (r?=0.98), this haplotype is almost absent in the Japa-

genes remain to be discovered.

Since 2005, a number of exciting new discoveries have been
made in the field of lupus genetics. A candidate pathway ap-
proach focusing on type I interferon (IFN) pathway identified
association of interferon regulatory factor 5 (IRF5) polymor-
phisms with SLE?. Subsequently, signal transducer and activa-
tor of transcription 4 (STAT4), identified as a susceptibility gene
to rheumatoid arthritis (RA), has been shown to be associated
with SLE at the same time®.

In parallel with these discoveries, genome-wide association
studies revealed new susceptibility genes such as B lymphoid
tyrosine kinase (BLK), integrin alpha M (ITGAM) and tumor
necrosis factor alpha-induced protein 3 (TNFAIP3), in addition
to confirming the strong association of IRF5 and STAT4®. Im-
portantly, association of these genes with SLE has been repli-
cated in most of the replication studies.

In this minireview, we discuss our findings on the association
of IRF5%, STAT4' and BLK'Y polymorphisms with SLE in
Japanese, focusing on the similarities and differences as com-

pared with Caucasians.

IRF5

Type I IFN family includes at least 13 IFN « , as well as IFN 3,
IFNk, IFN 7 and IFNw. Type I IFN has been heavily impli-
cated in SLE and autoimmune diseases (reviewed in 12). Serum
IFN « has been reported to be elevated in SLE. Treatment of
viral hepatitis with type I IFN sometimes induces antinuclear

antibodies and symptoms of autoimmune diseases. Furthermore,

nese. Instead, rs41298401G is significantly associated with
protection against SLE in Japanese®. CDS: coding se-
quence, UTR: untranslated region.

mRNA expression profiling on peripheral blood cells from SLE
unanimously reported overexpression of genes induced by type
1IFN (“interferon signature”). These studies established crucial
role of type I IFN in the pathogenesis of SLE.

These lines of evidence led the researchers to examine the
contribution of type I IFN pathway-related gene polymorphisms
to the genetic susceptibility to SLE. The initial study in a Swedish
population identified an association of a single nucleotide poly-
morphism (SNP) rs2004640 in intron 1 of IRF5 with SLE®. Sub-
sequently, this association was replicated in multiple large-scale
studies in Caucasians'>'®, African-Americans!” and Asians'®.

IRFS5 is a transcription factor constitutively expressed in lym-
phocytes and dendritic cells (DCs), but is induced in other cells
by viral infection and IFN « '?. Upon stimulation of TLR7/8/9
or viral infection, IRF5 becomes activated, dimerizes and trans-
locates to nucleus, where it induces proinflammatory cytokines
such as TNF« IL-12 and IL-6, as well as type I IFN'?. IRF5
gene is encoded on chromosome 7q32.

During the course of association studies, it was revealed that
IRF5 contains at least 3 polymorphisms of direct functional sig-
nificance (Fig.1). IRF5 has more than 10 alternative isoforms,
each contains one of exon 1A, 1B, 1C or 1D. The intron 1 SNP
rs2004640 creates a splice donor site, and exon 1B is used only
in the mRNA transcribed from the rs2004640T allele'®. Secondly,
there is an insertion/deletion (indel) polymorphism in exon 6
that results in indel of 10 amino acids in the PEST domain'*'®.
The functional significance of this indel is not yet clear. Thirdly,
a SNP in 3'-untranslated region (3'UTR), rs10954213A>G, abol-
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ishes the poly A signal. The G allele leads to the usage of the
second poly A signal located 648 bp downstream, resulting in
longer mRNA and reduced mRNA level'*'®. The risk haplotype
in Caucasians contains rs2004640T (exon 1B usage), exon 6 in-
sertion and rs10954213A (elevated mRNA level)!419,

To examine the role of IRF5 polymorphisms in Japanese SLE,
we carried out an association study on 277 patients and 201
controls”. The intron 1 rs2004640T showed a tendency of asso-
ciation also in Japanese, but both the odds ratio (OR 1.24, 95%
confidence interval [CI] 0.94-1.64, p=0,124) and the allele fre-
quency in the controls (0.301) were smaller in Japanese as com-
pared with the Caucasians (OR 1.47, allele frequency 0.51)'.
On the other hand, OR and allele frequency in Japanese were
very similar to those in a Korean population'®.

In contrast, 3 SNPs closely located to rs2004640 were identi-
fied, which had not previously been described in Caucasians
(Fig.1). Interestingly, those SNPs showed stronger association
with SLE than rs2004640 in Japanese. Specifically, rs41298401,
located 6 bp downstream to rs2004640, showed the most sig-
nificant protective association with Japanese SLE (G allele fre-
quency, OR 0.65, 95%CI 0.46-0.93, p=0.017). Another SNP,
156953165, demonstrated positive association with SLE (allele
frequency, OR 1.76, 95%CI 1.04-2.97, p=0.034).

In contrast, exon 6 indel and poly A site SNP (rs10954213)
did not show association with SLE in Japanese.

Haplotype analysis revealed considerable difference in the
haplotype structure in Japanese and Caucasian populations. In
Japanese, exon 6 insertion was in almost complete linkage dis-
equilibrium (LD) with rs10954213G allele associated with low
expression of IRF5 mRNA (r’=0.98); thus, the risk haplotype
containing both the exon 6 insertion and rs10954213A allele was
almost absent in Japanese. Such a difference in the haplotype
structure is likely to be associated with the difference in the as-
sociated SNP between populations. Nevertheless, the associa-
tion between IRF5 and SLE in both populations despite such a
difference supports the crucial role of IRFS5 in the development
of SLE.

To elucidate the functional significance of intron 1 SNPs, we
employed mRNA expression profile data of the lymphoblastoid
B cell lines established from donors of the International HapMap
project, deposited in GENEVAR database (Wellcome Trust
Sanger Institute, http://www.sanger.ac.uk/humgen/genevar/). By
utilizing these data in combination with the HapMap genotype
data, one can statistically analyze association between any geno-
type and mRNA level of any gene as long as it is expressed in B

cells. Actually, rs10954213 genotype was shown to be strongly

correlated with mRNA level of IRF5%, as was experimentally
demonstrated'*'. In addition, this genotype was also significantly
correlated with a number of genes induced by IRF5?, suggesting
that this method can detect not only direct cis-acting effects, but
also indirect trans-acting effects of SNPs on gene expression.

Using this approach, we examined association of intron 1 SNP
genotypes with 31 genes induced by IRFS5. The risk genotype of
rs41298401was positively associated with expression level of
IFNAS, STAT3, STAT5B and TMPO (thymopoietin), and nega-
tively with IFNA 10. Although the significance of these genes in
relation to the molecular mechanisms of SLE is at this point un-
clear, these findings suggested that rs41298401 or other poly-
morphism which is in linkage disequilibrium with this SNP has
an effect on the expression levels of some of the IRF5 inducible
genes”.

Recent studies in other populations have reported genetic ef-
fects of other IRF5 polymorphisms, such as rs729302 in the 5'-
flanking region®”, CGGGG indel*" and rs3807306 in intron 1?2,
and rs10488631 in the 3'-flanking region®*?". Furthermore, as-
sociation of IRF5 with other autoimmune or inflammatory dis-
eases such as RA?, Sjogren syndrome®” and inflammatory bowel
diseases®™ has been reported. Thus, IRF5 is undoubtedly an es-
tablished susceptibility gene to SLE and other inflammatory dis-
eases, but the causative SNP may vary among populations, and

the molecular mechanism of association requires further study.

STAT4
STATH4, located at 2q32.2-q32.3, has recently been identified
as a shared susceptibility gene to RA and SLE in Caucasians®.
Association with SLE was confirmed by two genome-wide as-
sociation studies in Caucasians®”, and studies focused on the
STAT4 in Caucasians®?®, Colombians*” and Japanese”.

STATH4 is a transcription factor expressed in lymphocytes, mac-
rophages, and dendritic cells. STAT4 is essential for IL-12 sig-
naling and induces IFNy production and Th1 differentiation’".
STATH4 is also activated by type I IFNs*?. Furthermore, a recent
study suggested the role of STAT4 in IL-23-induced IL-17
production®. Based on these findings, STAT4 is considered an
attractive candidate susceptibility gene to diseases rheumatic or
autoimmune diseases.

STATI gene is located adjacently to STAT4 at 2q32.2. STAT1
is activated by type I IFNs and IFNy 3¥. Moreover, STAT]1 has
been reported to be upregulated in peripheral blood mononuclear
cells from SLE patients and in kidneys of lupus mice with
35,36)

nephritis®~®. These observations suggest that STATI is also a

strong candidate susceptibility gene to SLE.
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Table 1 Population attributable risk percent (PAR%) of SLE susceptibility alleles

gene allele population model fregl? ap ﬁéﬁ“gf”tha ORoftherisk paR%  reference
_ risk genotype __ 9°NOYPe -

STAT4 rs7574865T Japanese dominant 0.565 2.19 40.2% 10
C8orf13-BLK rs13277113A Japanese recessive 0.432 2.27 35.4% 11
IRF5 rs41298401C Japanese recessive 0.652 1.55 26.4% 9
HLA-DRB1 DRB1*1501 Japanese  dominant 0.124 297 19.6% 39
FCGR2B rs1050501C Japanese recessive 0.053 2.19 5.9% 40
TNFRSF1B(TNFRZ2) rs60195947G Japanese dominant 0.188 2.53 22.4% 41
TNFSF13(APRIL) rs11552708G Japanese dominant 0.803 2.01 44.7% 42
STAT4 rs7574865T Caucasians  dominant 0.412 1.59 19.5% 6
~ 1s13277113A Caucasians  dominant 0.406 1.48 16.2% 10

C8orf13-BLK

PAR% were calculated based on the model (dominant or recessive) which gave a smaller F value by 3° test using 2 x 2
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contingency tables for each allele.

In order to comprehensively examine the role of STATI-STAT4
region for SLE, we selected 52 tag SNPs encompassing this
region, and carried out an association study in Japanese'®. Among
the tag SNPs, rs10168266 in intron 5 as well as rs11889341 and
rs7574865 in intron 3 were most significantly associated with
SLE. In contrast, significant association was not detected for
SNPs in the STATI region.

The rs7574865T allele, previously shown to be associated with
SLE in Caucasians, was significantly increased in Japanese SLE
(0.463) compared with controls (0.335, p=4.9 X 10%, OR 1.71,
95%CI 1.36-2.15). The association was compatible with the
dominant model, under which the OR was 2.19 (T/T + G/T ver-
sus G/G). The SNPs rs11889341 and rs10168266 were in LD
with rs7574865 and were also significantly associated with SLE.
Logistic regression analysis failed to identify a single causative
SNP of the three due to the strong LD.

Association of these SNPs was more strongly observed in SLE
patients with nephritis or with anti-dsDNA antibodies both in
the Caucasians®**” and in the Japanese'?.

The functional significance of these intronic SNPs remains
unclear, but recent studies indicated that the risk genotype is as-
sociated with elevated mRNA level of STAT4*37 but not with

splicing isoform?®.

C8orf13-BLK region

C8orf13-BLK region at 8p23.1 is a recently identified sus-
ceptibility region for SLE by two genome-wide association stud-
ies in Caucasian populations®”. BLK encodes a B lymphoid spe-

38)

cific tyrosine kinase of Src family*®, whose function remains

unclear. C8orf13 is a ubiquitously expressed gene, the function

of which also remains unknown. The SLE-associated SNP,
rs13277113, is located at the intergenic region between these
genes, and the risk allele has been shown to be associated with
low mRNA levels of BLK and high mRNA levels of C8orf13°.

To test whether this region is also associated with SLE in a
Japanese population, we carried out an association study for 14
tag SNPs in this region. Eleven of the 14 SNPs exhibited evi-
dence for association, among which rs13277113 showed the
strongest association (allele frequency p=4.75 x 107, OR 2.44,
95%CI 1.43-4.16). Most of the effects of other SNPs could be
accounted for by LD with rs13277113. Thus, C8orf13-BLK
region appears to contain shared susceptibility factor at least

between Caucasians and Japanese'".

Contribution of each risk allele in different
populations

Contribution of each susceptibility gene to diseases substan-
tially varies among populations, at least partly because of differ-
ences in the allele frequencies, haplotype structure and possibly
in the interacting genetic and environmental factors. To compare
the impact of each risk allele in each population, we estimated
population attributable risk percent (PAR%) of IRFS5, STAT4,
BLK as well as other previously established susceptibility genes
to SLE in Japanese, such as HLA-DRBI1*1501*, FCGR2B*%,
TNFRSFIB(TNFR2)*" and TNFSFI13(APRIL)*. PAR% is
“used to estimate the excess rate of disease in the total study
population of exposed and nonexposed that is attributable to the
exposure” ¥, which, in this case, is the risk genotype. In a case-
control study of a rare disease like SLE, PAR% can be approxi-
mated using the OR and the risk genotype frequency in the healthy
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controls. The sum of PAR% for all risk alleles exceeds 100%,
because each individual carries multiple risk alleles in a multi-
factorial disease like SLE.

As shown in Table 1, PAR% of STAT4 and BLK were con-
siderably greater in the Japanese compared with the Caucasians.
This is because both the OR and population frequency of the
risk genotype are greater in Japanese'®!". Furthermore, PAR%
of STAT4 and BLK are also greater than those of most of the
other susceptibility genes in the Japanese.

Because PAR% may be affected by the difference in the method
of ascertainment of each study, comparison of PAR% among
different studies needs to be interpreted with caution. Neverthe-
less, these observations suggested substantial impact of these

susceptibility genes on the development of SLE in Japanese.

Concluding remarks

Most of the susceptibility genes recently identified through
large-scale studies have been successfully replicated in multiple
populations. Furthermore, although pathways involving type I
IFN, Th1/Th2 regulation and B cell receptor signaling had been
heavily implicated, molecules such as IRF5, STAT4 and BLK
had not been investigated in relation to the pathogenesis of SLE
until the genetic association became evident. Thus, human ge-
netics is finally beginning to disclose many new and solid paths
to the understanding of the etiopathogenesis of lupus.

Our current findings emphasized that even for the susceptibil-
ity genes shared by multiple populations, difference in the asso-
ciated risk allele or the degree of risk conferred by the allele
should be taken into account for medical application.

The molecular mechanisms of association of these genes as
well as the specific strategy how to utilize the genetics informa-
tion for the diagnosis, treatment and prevention of lupus will
require years of intensive research. At this point, however, it is

fair to say that the lupus genetics research is on the right track.
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