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and an in vitro lymphocyte apoptotic defect (Su &
Anderson, 2009). ALPS is classified into several
groups, according to the genetic defects. ALPS type 0
is caused by homozygous mutations of FAS (Rieux-
Laucat et al., 1995; Kasahara et al., 1998; van der
Burg et al., 2000), type Ia by heterozygous mutations
of FAS (Jackson et al., 1999; Rieux-Laucat et al.,
1999; Vaishnaw et al., 1999) and type Ib by hetero-
zygous mutations in the Fas ligand (FasL) gene (Wu
et al., 1996). Heterozygous CASP10 mutants are clas-
sified as ALPS type Ila, and homozygous CASP8 muta-
tions cause ALPS type IIb. In ALPS type II, the
genetic defect is unknown.

Recently, genomic structural variations such as copy
number variations (CNVs) are recognized as important
causes for many human diseases including autoim-
mune diseases {Stankiewicz & Lupski, 2010). In this
study, we performed genome-wide SNP array analysis
to detect CNVs for the first time in s-JIA patients. In
this process, we found an intragenic deletion of
CASP10 in one patient, a causative gene for ALPS
type Ila, raising a question of the pathogenic signifi-
cance of CASP10 mutation in s-JIA.

Materials and method

Subjects

A total of 50 patients with s-JIA who had disease
refractory to conventional treatment and were given
tocilizumab were enrolled with informed consent in
IRB-approved protocols at Yokohama City University
Hospital. There were no family histories in each
patient. Genomic DNA of peripheral blood leucocytes
from all patients were isolated using DNA isolation
systems (Quick Gene-800; Fujifilm, Tokyo, Japan).
DNA of nail tissues and buccal cells from the patient
with the CASP10 deletion was isolated using ISO-
HAIR (Wako, Tokyo, Japan) and Puregene Kit C
(Quiagen, MD, USA), respectively, according to each
manufacturer’s protocol.

SNP array

To detect CNVs, two different commercially available
SNP array platforms, the Genechip Human Mapping
250K array (Affymetrix Inc., Santa Clara, CA, USA)
(23 patients) and the Genome-wide Human SNP array
6.0 (Affymetrix Inc.) (27 patients) were used following
the manufacture’s protocols. In brief, for the Genome-
wide Human SNP array 6.0, 500-ng DNA was
digested with Nsp I and Sty I (only Nsp I was used
for 250K array). The adaptors were ligated to the
digested DNA, and the ligation-mediated PCR with
singleprimer was performed. PCR products were puri-
fied by magnetic beads (Ampure; Beckman Coulter
Company, Beverly, MA, USA). Microcon YM-100
(Millipore Corporation, Bedford, MA, USA) was used
for purification for the 250K array. The product was

fragmented, end labelled and hybridized to an array.
CNAG3.0 (Nannya et al., 2005), Genotyping Console
(Copy Number Analyser for GeneChip, Affymetix
Inc.) and Partek Genomic Suite (Partek Inc., St. Louis,
MO, USA) were used to validate copy number altera-
tions. The qualities of the results were high in every
sample [250K array: SNP call rate >95%, MDR
>99%, (MDR-MCR) <5%, SNP array 6.0: Contrast
QC >2, QC call rate >93%, MAPD <0.4].

Quantitative real-time PCR

The deletion breakpoints were analysed using genomic
DNAs by quantitative real-time polymerase chain reac-
tion (qPCR) with Quantifast SYBR Green PCR kit on
Rotor-Gene™ 6200 HRM (Corbett Life Science, Sydney,
Australia). The delta—delta Ct relative quantitative
method was employed according to the manufacturer’s
protocol. Averages of duplicates were calculated by
ROTOR-GENE 6000 SERIES software (Corbett Life
Science).

Direct sequencing of a deletion junction

Fragments containing the deletion break point were
amplified by PCR for direct sequencing. Long PCR
primers adjacent to presumed deleted regions by qPCR
were generated. PCR was cycled once at 94°C for
2 min, 35 times at 98°C for 10s, and at 68°C for
3min in 20-pL mixture using KODFX (Toyobo,
Osaka, Japan). PCR products were purified with Exo-
SAP™ (USB Co., Cleveland, OH, USA) and sequenced
using BigDye"" terminator (Applied Biosystems, Foster
City, CA, USA) on the ABI 3100 automatic DNA
sequencer (Applied Biosystems).

RT-PCR analysis

Total RNA was extracted from lymphoblastoid cell line
(LCL) of all patients using TRIzol (Invitrogen, Carls-
bad, CA, USA). Reverse transcription was performed
with 3 pg of total RNA using PrimeScript”™ first-strand
cDNA Synthesis kit (Takara Bio Inc., Otsu, Japan)
according to the manufacturer’s protocol. PCR was
cycled once at 94°C for 2 min, 35 times at 94°C
for 30s, at 64°C for 30s, and at 68°C for 2 min
in 20-pL mixture using KODFX. Pre treatment of
cells with cycloheximide (protein synthesis inhibitor,
150 pg/1.0 x 106 cells) for 4 h was done to examine
the influence of nonsense-mediated mRNA decay
(NMD). Primers are listed below: CASP10-forward, 5'-
CCTGTAGACAAGGAAGCCGAGTCGT-3" and CAS
P10-reverse, 5-TTCGACTCACATCATCGTTGACA-
GC-3".

Mutation search for CASP10 and CASP8

Mutation of CASP10 and CASP8 was screened by
high-resolution melt analysis. As CASP10 and CASPS8
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are both causative for ALPS, showing similarity at the
nucleotide level, we also looked for CASP8 mutations.
PCR and HRM were performed on Rotor-Gene™
6200 HRM. PCR was cycled 35-40 times with dena-
turation for 10 s at 95°C, annealing for 20 s at 60°C,
and extension for 30 s at 72°C in 12-pL mixture using
ExTaq (Takara Bio Inc.) and SYTO™ 9 green fluores-
cent (Invitrogen). The annealing temperature varied
according to the amplicon. Variants were selected for
sequencing when the melting profile deviated from
control samples. PCR products showing variant melt-
ing profiles were sequenced using BigDye terminators
by standard methods with the same primers used in
HRM-PCR.

As CASP8 mutations in ALPS were reported to be
homozygous mutations (Chun et al., 2002), we per-

formed HRM with samples which were spiked with -

10% control DNA to detect homozygous mutations.

T-cell apoptosis assay

Peripheral blood mononuclear cells from the patient
were activated with phytohemagglutinin and IL-2 for
10 days, and Fas-mediated apoptosis in these activated
T cells was evaluated by a flow cytometric method
after their incubation with anti-Fas monoclonal anti-
body (CH-11; MBL, Nagoya, Japan) for 24 h as previ-
ously described (Kasahara et al., 1998).

Results

CASP10 intragenic deletion

A 13.4-kb intragenic deletion was detected in a patient
with s-JIA who is unlikely to be affected with ALPS
using Genome-wide Human SNP array 6.0 (Fig. la).
We also confirmed the deletion by qPCR (Table 1,
Fig. 1b). Sequencing a deletion junction successfully
amplified by long PCR revealed that the deleted region
contained exons 6-9 of CASP10 (Figs 1a & 2). Proxi-
mal and distal breakpoints were located in two
directly oriented AluY and AluSx elements. Identity
between these Alu elements was 97% and the possible
crossing-over region was 36 bp in length (Fig. 2). Alu-
mediated nonallelic homologous recombination was
the likely mechanism of this microdeletion. The father
and sister, who had no symptoms of ALPS or s-JIA,
also had the same deletion (Fig. 1d,e). This deletion
was seen in the DNA extracted from blood, buccal
cells and nails of the proband (Fig. le), suggesting
that it was indeed a germline change (not somatic).
RT-PCR of the mRNA extracted from the patient’s
LCL revealed that CASP10 mRNA was truncated
(Fig. 3). This was seen in both samples pretreated
with or without cycloheximide (data not shown), indi-
cating that the truncated CASPI0 mRNA does not
suffer from NMD. We further sequenced the mRNA,
and found that this deletion resulted in a frame shift
with an early stop codon (the termination codon

appeared at the second amino acid in exon 10). No
deletions containing CASP10 were observed in 54
patients (108 alleles) with other diseases (29 patients
with autism, 21 patients with mental retardation and
multiple congenital disorders, and four patients with
premature ovarian failure) by Genome-wide Human
SNP array 6.0 or Nimblegen 385K array.

Mutation search for CASP10 and CASP8

We could not detect any mutations in CASP10 as well
as CASPS8 in the other 49 s-JIA patients. Furthermore,
to search for abnormal CASP10 transcripts, we per-
formed RT-PCR using mRNA extracted from LCLs of
s-JIA patients, but no truncated mRNAs were found.

Clinical features of the proband and her family
members with CASP10 deletion

The proband is a 9-year-old girl who developed s-JIA
with high fever, liver damage and enlargement of
lymph nodes at 4 years of age. Although she recovered
after symptomatic treatment, she suffered a recurrence
of spiking fever, erythematous skin rash, pain and
swelling of the knee and foot and was diagnosed as
s-JIA at 6 years of age. The patient recovered after
being given methylprednisolone pulse therapy twice.
However, when the oral administration of predniso-
lone 15 mg day™' was reduced to 13 mg day™?, the
swelling of her knee worsened. Therefore, she was
admitted to Yokohama City University Hospital. As
she was resistant to conventional therapies, she
received tocilizumab (anti-IL-6 receptor antibody)
therapy. Her condition got stable since tocilizumab
was medicated. The level of IgG was normal, and
rheumatoid factor and antinuclear antibodies were not
detected (Table 2). The levels of IL-10, IL-5, IL-4 and
TNF-o were normal (Table 2), showing no shift to a
Th2 cytokine production pattern. TCR of* CD4/CD8
double-negative T cells in the peripheral blood were
not high in . this patient (Fig. 4a), and lymphocyte
apoptosis induced by anti-Fas antibody was normal
(Fig. 4b). The patient’s father and her sister, both hav-
ing the same partial CASPI10 deletion, are totally
healthy.

Discussion

In our study, we detected an intragenic deletion of
CASP10, a causative gene for ALPS (OMIM #601859)
type Ila. Although the exonic deletion may produce a
truncated protein (if translated) in this patient lacking
the entire CASc domain where all the reported mis-
sense mutations harboured (Wang et al., 1999; Zhu
et al., 2006) (Fig. 1c), she had no symptoms for
ALPS. TCR aff* CD4/CD8 double-negative T cells in

~ her peripheral blood were not high, and lymphocyte

apoptosis induced by anti-Fas antibody was normal
(Fig. 4), denying ALPS. :
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Table 1. Primers for quantitative real-time PCR and long PCR

|1 220aa (deletion of exons 6-9)

F: father, M: mother, S1: older sister,

S2: younger sister. (e) Result of long PCR
using DNAs of the patient’s blood leuco-
cytes, nails and buccal cells. Long PCR
could successfully amplify 3.3-kb frag-
ments from the patient and the patient’s
father (F) and sister (S2) respectively. DNA
from father, mother and control was extra-
cted from blood leucocytes, and DNA from
the two sisters was extracted from their
nails. F: father, M: mother, S1: older sister,
S2: younger sister, C: control, N: negative
control.

521aa

Position (kb) Forward primer (5° — 3') Reverse primer (8 — 3

Common primer
1 2017671-2017674 AGTCAAACCTGGCTGCCTTA TGCTCCTCAACTCATTCTGTG
2 2017694-2017695 GCAAGGGTTTCTGGTTTCTG CCAAGTCTGCTGGAAGAACC
3 2017734-2017737 ACGCCCACCTGAAGACTATG AGGCGGAGGTGTTACCATTT
4 2017809-2017811 GATCCATTGGAGTGGTTGGT TCAGGGAGGTAAAGCTGTGG
5 2017822-2017824 AGTGCCCTAGACTGGCTGAA GTGGCCAGACCAAGTAGGAA
6 2017859-2017861 GAAAGTGCATGCGACAGCTA ATGCCTCCATGCCTAACAAC

Long PCR primer 2017695-2017855

GGGATTTGTGGTTCTTCCAGCAGAC

GACATGGCCAAGCAGATGCTAACAC
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Figure 2. Result of deletion breakpoint sequence. The top, middle and bottom nucleotide strands show the proximal, recombined and distal
sequences respectively. Matched sequences are shown as uppercase letters and unmatched ones as lowercase letters. Pale grey boxes show
the same sequences and darker grey ones indicate a possible crossing-over region. Curved arrow shows recombination.
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Figure 3. Result of CASP10 RT-PCR. The lymphoblastoid cell lines
which were not treated with cycloheximide were used. Forward
primer was designed at exon 5 and reverse primer was designed at
exon 10. The predicted size of the PCR product was 742 bp for
normal cDNA and 145 bp for the deletion product. M: marker, Neg:
negative control.

Table 2. Laboratory findings for the patient

Subject Data Normal range

L6 24.3 pg mL™" <2.0 pg mL™!
siL-6-R 37.5 pg mL™’ 14-46 pg mL™"
IFNr <0.1 IU mL™" <0.11U mL™?

IL-5 <7.8 pg mL™" <10 pg mL™

IL-4 7.3 pgmL™" <6.0 pg mL™!
IL-10 <2 pg mL™! <5 pg mL™"
TNF-a 0.8 pg mL™ 0.6-2.8 pg mL™"
sTNFRI 828 pg mL™! 749-1966 pg mL™"
sTNF-R2 1720 pg mL™’ 1003-3170 pg mL™"
IgG 1492 mg dL~’ 870-1700 pg mL™"
RF - -

Antinuclear antibody - -

IL, interleukin.

The CASP10 mutations are characterized by resis-
tance to Fas-mediated apoptosis despite the presence of
normal FasL and Fas. The reported mutations for
CASP10 are missense mutations within the CASc
.domain (Wang et al., 1999; Zhu et al., 2006). Only
two previous studies show ALPS patients having
CASP10 mutation so far, and both of them are reported
to be inherited from nonaffected parents (Wang et al.,
1999; Zhu et al., 2006). Although both mutations
decreased caspase 10 activity and exerted a dominant
negative effect on the wild-type protein, neither report
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Figure 4. (a) Fluorescence-activated cell sorting (FACS) analysis of
TCR o™ CD4/CD8 double-negative T cells. TCR «f* CD4/CD8
double-negative T cells in the peripheral blood were not high in this
patient. {b) Fas-induced T-cell apoptosis assay. Apoptosis of acti-
vated T cells were induced by anti-Fas monoclonal antibody for 24 h
and percentage of apoptotic cells was analysed as previously
described (Kasahara et al., 1998).

was sufficient enough to prove that the mutations con-
sistently induced the overt disease, as several mutated
familial members were healthy, and some showed
multiple autoantibodies and defective lymphocyte
apoptosis. Moreover, in one previous report, two ALPS
patients carried double heterozygous mutations in the
CASP10 and FAS genes, showing that mild CASP10
mutations alone were not enough to exert a dominant
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negative effect to the wild protein, and the concurrent
effect of mutations hitting different genes involved in
Fas function causes ALPS (Cerutti et al., 2007). In our
study, we detected a truncation mutation of CASP10 in
one s-JIA patient, which was inherited from the healthy
father, and also was seen in the healthy sister. Although
the CASP10 mRNA extracted from the patient’s LCL
results in an early stop codon, the patient had no evi-
dence of ALPS. As both previous studies and ours show
mutations sharing with nonaffected parents and sib-
lings, we need further evidence for supporting the path-
ogenic significance of CASP10 mutations.

Approximately 24% of ALPS patients are classified
as ALPS type III, in which no gene defects are found
(Puck & Straus, 2004). In ALPS type Il patients,
somatic mutations of Fas in isolated double-negative T
cells have been reported (Holzelova et al., 2004).
These mutations were found in a fraction of CD4*
and CD8" T cells, monocytes, and CD34* hematopoi-
etic precursors, but not in hair or mucosal epithelial
cells (Holzelova et al., 2004). Therefore, in our study,
we investigated whether the CASPI10 deletion is
somatic by examining not only blood leucocyte DNA
but also nail and buccal cell DNAs, but no evidence of
somatic changes was obtained.

As the phenotype and laboratory data of the patient
with CASP10 intragenic deletion were different from
those of ALPS, we hypothesized that CASP10 could
be responsible for s-JIA. However, CASP10 was not
mutated at the level of genomic DNA and transcripts
in other s-JIA patients. Furthermore, we searched for
CASP8 mutations, but no mutations were found. In
conclusion, a 13.4-kb intragenic deletion of CASP10
was detected in the s-JIA patient using genome-wide
human SNP array. Our report provides a new insight
into the pathogenic significance of caspase 10 in
relation to apoptosis and human diseases. Further
investigation is absolutely necessary.
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De novo 19q13.42 duplications involving NLRP gene
cluster in a patient with systemic-onset juvenile

idiopathic arthritis
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Systemic-onset juvenile idiopathic arthritis (s-JIA) is a rare inflammatory disease classified as a subtype of chronic childhood
arthritis, manifested by spiking fever, erythematous skin rash, pericarditis and hepatosplenomegaly. The genetic background
underlying s-JIA remains poorly understood. To detect disease-related copy number variations (CNVs), we performed single-
nucleotide polymorphism array analysis in 50 patients with s-JIA. We detected many CNVs, but most of them were inherited
from either of normal-phenotype parents. However, in one patient, we could identify two de novo microduplications at 19q13.42
with the size of 77 and 622 kb, separated by a 109-kb segment of normal copy number. The duplications encompass NLRP
family (NLRP2, NLRP9 and NLRP11) as well as IL11 and HSPBP1, all of which have an important role in inflammatory
pathways. These genes may significantly contribute to the pathogenesis of s-JIA.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a chronic rheumatic disease of
childhood. Approximately 11% of JIA patients show systemic-onset
JIA (s-JIA),! which is clinically manifested by spiking fever, erythe-
matous skin rash, pericarditis and hepatosplenomegaly in addition to
arthritis. Abnormal innate immunity involving cytokines such as
interleukin (IL)-1 and IL-6, neutrophils and monocytes/macrophages
may play a major role in the pathogenesis of s-JIA. One of the major
features of s-JIA is its progression to macrophage activation syndrome.
On the basis of all these evidences, it is now generally accepted that
s-JIA should be classified as an autoinflammatory syndrome rather
than a classical autoimmune disease.

Two genetic factors, HLA and PTPN22, have been found as JIA
susceptibility genes in multiple populations.? For example, HLA-B27,
HLA-DR1 and HLA-DR4 have been reported to increase risk for
polyarticular JIA3> However, such associations are seen mostly in
polyarticular JIA, but not in s-JIA. Other genes including MIF IL6,
IL10 and TNF are reported to be associated with s-JIA in different
populations and subtypes,*® although these genes account for only a
small part of the total genetic contribution to JIA. Therefore,
the genetic background underlying the s-JIA remains mostly
undetermined.

We performed genome-wide copy number variations (CNVs)
analysis in s-JIA patients. Two de novo microduplications at
19q13.42 encompassing 77 and 622 kb were identified in one patient
by single-nucleotide polymorphism (SNP) array 6.0 and confirmed by
other methods. The duplications encompass NLRP (Nucleotide-bind-
ing oligomeriztion domain, Leucine rich Repeat and Pyrin domain)
family (NLRP2, NLRP9 and NLRPI11), which have important roles in
inflammatory processes as well as IL1I, which was reported to
correlate with arthritis severity in s-JIA patients. This is the first
report of de novo CNVs in relation to s-JIA.

MATERIALS AND METHODS

Subjects

A total of 50 patients with s-JIA, which was refractory to conventional
treatment and was treated with tocilizumab, were enrolled with informed
consent based on the IRB-approved protocols at Yokohama City University
Hospital. There were no family histories in each patient. Genomic DNA of
peripheral blood leukocytes from all patients were isolated using DNA isolation
systems (Quick Gene-800; Fujifilm, Tokyo, Japan).

Whole-genome SNP array and custom array analyses
To detect CNVs, two different SNP array platforms, the Genechip Human
Mapping 250K array (Affymetrix, Santa Clara, CA, USA) (for 23 patients) and
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the Genome-wide Human SNP array 6.0 (Affymetrix) (for the other 27
patients), were used following the manufacturer’s protocols. In brief, for the
Genome-wide Human SNP array 6.0, 500-ng DNA was digested with Nsp1 and
Styl (only Nspl was used for 250K array). The adaptors were ligated to the
digested DNA, and the ligation-mediated polymerase chain reaction (PCR) with
single primer was performed. PCR products were purified by magnetic beads
(Ampure; Beckman Coulter Company, Beverly, MA, USA). Microcon-YM100
(Millipore Corporation, Bedford, MA, USA) was used for purification for the
250K array. The product was fragmented, end-labeled and hybridized to an
array, CNAG3.0 (ref. 9), Genotyping Console (Copy Number Analyzer for
GeneChip) (Affymetrix) and Partek Genomic Suite (Partek, St Louis, MO, USA)
were used to validate copy number alterations. The qualities of the results were
high in every sample (250K array: SNP call rate >95%, multifactor dimension-
ality reduction >99%, (multifactor dimensionality reduction—minimum can-
didate region) < 5%; SNP array 6.0: contrast quality control > 2, quality control
call rate >93%, median absolute pairwise difference (MAPD) <0.4).

We also performed custom high-density oligonucleotide array-comparative
genomic hybridization (CGH) analysis using custom-made 4x72K array
(Roche NimbleGen, Madison, WI, USA) based on the manufacturer’s protocol.
This slide covered the genomic region of chromosome 19 between 59510019
and 61490039 bp with 71 891 probes. The average probes spacing are 20bp,
and the probes encompassing two duplication regions (60 144 400-60 429 000
and 60 860 00061 051 000 bp) are 10bp. DNA (500 ng) was sonicated with the
condition of 10's, power level 1, pulse 1 s and duty 50% using SONIFIRE-250D
(Branson, Danbury, CT, USA). Patient’s DNA was labeled with Cy3-random
nonamers and patient’s parent (father or mother) was labeled Cy5-random
nonamers. Dyes were swapped in the combination of father/patient and
mother/patient (patient’s DNA with Cy5 and parent DNA with Cy3). Labeled
DNA was hybridized at 42 °C for 16-20h, and washed. The data analysis was
carried out by NimbleScan (Roche NimbleGen) and visualized by SignalMap
(Roche NimbleGen).

Fluorescence in situ hybridization analysis

Fluorescence i situ hybridization (FISH) analysis was performed on metaphase
chromosomes and interphase nuclei of the patient’s and parental peripheral
blood leukocytes. The bacterial artificial chromosome clone, RP11-384F2,
mapped to the duplicated segment was used as a probe (60374564
60616811 bp at 19q13.42, UCSC Genome Browser on Human, March 2006:
hgl8). Bacterial artificial chromosomes were labeled with Cy3-dUTP (Invitro-
gen, Carlsbad, CA, USA) by Nick translation kit (Vysis, Des Plaines, IL, USA).
Probe-hybridization mixtures (16 pl) were mounted on chromosomes/nuclei,
incubated at 37°C for 16-72h and washed. Chromosomes and nuclei were
counterstained with 4’,6-diamidino-2-phenylindol containing antifade solu-
tion. Fluorescence photomicroscopy was performed under an AxioCam MR
CCD fitted to Axioplan2 fluorescence microscope (Carl Zeiss, Oberkochen,
Germany).

Quantitative real-time PCR to confirm copy number changes

The deletion breakpoints were analyzed using genomic DNAs by quantitative
real-time qPCR with Quantifast SYBR Green PCR kit on Rotor-Gene™ 6200
HRM (Corbett Life Science, Sydney, Australia). The delta-delta Ct relative
quantitative method was employed according to the manufacturer’s protocol.
Averages of duplicates were calculated by ROTOR-GENE 6000 SERIES software
(Corbett Life Science).

Real-time reverse transcription-PCR

Lymphoblastoid cell lines established from the patient and her parents, and
three normal controls were grown in RPMI 1640 medium supplemented with
10% fetal bovine serum, 1xantibiotic-antimycotic (Invitrogen) and 8 pgml™!
tylosin (Sigma, St Louis, MO, USA) at 37 °C in a 5% CO; incubator. Total RNA
was independently extracted twice using RNeasy Plus Mini Kit (Qiagen,
Valencia, CA, USA). Total RNA (2 ug) was subjected to reverse transcription
(RT) using PrimeScript first-strand synthesis kit with random hexamers
(Takara, Ohtsu, Japan). Quantitative real-time RT-PCR was performed using
TagMan Gene expression assays (Applied Biosystems) (FAM label
Hs00174148_m1 for IL11, Hs00215284 _ml for NLRP2, Hs00603423_m1 for
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NLRP9Y, Hs00935472_m1 for NLRPI1I; VIC-label: Human ACTB (B-actin)
Endogenous Control). Multiplex quantitative real-time RT-PCR was carried
out by the two standard curve methods on RoterGene-6200 HRM (Corbett Life
Science). Relative gene expression was calculated in comparison with that of the
reference (used in standard curve) cDNA. The data from duplicated experi-
ments using two distinctive RNA samples were averaged and the standard
deviation was calculated.

RESULTS

Clinical features of the proband with de novo duplications

The proband is a 15-year-old female subject who developed s-JIA at 2
years old, with swelling of her left knee and limping. She was resistant
to antibiotics, anti-inflammatory therapy, methylprednisolone pulse
therapy, cyclosporin A, mizoribine, methotrexate and azathioprine. As
she was resistant to all the conventional therapies, she was admitted to
Yokohama City University Hospital at 9 years old and received
tocilizumab (anti-IL-6 receptor antibody) therapy. After starting
tocilizumab, her condition got recovered and stable since then.

Whole-genome oligonucleotide SNP array

We performed analysis of 50 patients of s-JIA using whole-genome
oligonucleotide SNP array (250K NspI or SNP 6.0; Affymetrix). The
total copy number abnormalities were 9 deletions and 12 duplications
(Table 1).

Confirmation of CNVs by FISH and qPCR

Copy number changes were confirmed by other methods like FISH or
gPCR and their origin was also checked using parental DNA if
available. Most of the copy number abnormalities were of either
paternal or maternal origin (Table 1), but two duplications at
19q13.42 on the patient (ID1395) occurred de novo, being confirmed
by FISH analysis (Figure 1) and gPCR (data not shown).

Custom array-CGH

In addition, we performed custom oligonucleotide 72K array-CGH
(Roche NimbleGen), to check the precise size of the duplications. CGH
was performed using the following combination of test DNA/
reference DNA: patient/father and patient/mother. Dye-swap analysis
was also performed (Figure 2). As a result, two de novo microduplica-
tions at 19q13.42 with the size of 77 kb (Genome browser version hg18,
chromosome 19 coordinates: 60 190370-60267 627 bp) and 622kb
(60377 092-60 991 185 bp), separated by a 109-kb segment of normal
copy number (60267 627-60 377 092 bp), were identified. Two sets of
test DNA/reference DNA combinations consistently showed the dupli-
cations, indicating that the duplications occurred de novo. Parentage of
the family was confirmed using microsatellite markers (data not
shown). Similar duplication was never deposited to the DECIPHER
database (http://decipher.sanger.ac.uk/syndrome), although only one
overlapping deletion was found in a patient with autism.

Expression analysis of duplicated genes

IL11, NLRP2, NLRP9 and NLRPI11 were chosen to see their expression
as they were mapped to the duplication. Low expression of IL11 and
NLRP9 in lymphoblasts hindered the proper evaluation. NLRP2 and
NLRP11 did show variable expression patterns depending on lympho-
blastoid cells; thus, it was indeed difficult to see the effect of
duplication of these genes (data not shown).

DISCUSSION
We identified two de novo microduplications in one out of 50 s-JIA
patients. The duplications contain several interesting genes, including
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Table 1 CNVs found in s-JIA patients

Patient ID CNV overlap (%) Size Deletion Duplication Confirmation Inheritance Array type
1239 Partial CNV 267 kb dup(3)(p12.2) gPCR Not available 250K
1247 0 275b del(11}(g21) FISH Inherit (father) 250K
1285 0 235kb dup(18)(q23) qPCR Inherit (father) 250K
1287 Partial CNV 1.58mb del(2)(q13) FISH Inherit (mother) 250K
0 259 kb dup(3)(p26.1) qPCR Inherit (mother)
1317 0 13kb del(16)(g24.1) qPCR Not available SNP 6.0
1333 0 93kb dup(5)(g34) gPCR CNV SNP 6.0
1344 36 205kb dup(15)(q13q15.1) qPCR Inherit (father) SNP 6.0
1350 0 50kb del(4)(q34.2) gPCR Not available SNP 6.0
1361 0 128 kb del(2)X(q13) gPCR, FISH Inherit (mother) SNP 6.0
1383 0 362kb : dup(2)(gq11.2) . qgPCR, FISH Inherit (mother) SNP 6.0
0 558 kb dup(2)(ql11.2) gPCR, FISH Inherit (mother)
1395 27 622 kb dup(19)(q13.42) qPCR, FISH De novo SNP 6.0
58 77 kb dup(19)(q13.42) qPCR, FISH De novo
1406 0 169kb del(1)(q25.3) FISH CNV SNP 6.0
1407 o] 144 kb dup(13)(q12.11) gPCR Inherit (mother) SNP 6.0
1433 0 13kb del(2)(g33.1) gPCR Inherit (father) SNP 6.0
1434 42 5.5mb del(10)(g11.21q11.23) FISH Inherit (mother) SNP 6.0
1439 62 906 kb dup(1)(g43) gPCR Not available SNP 6.0
1620 0 695 kb dup(3)(q26.31) gPCR Not available SNP 6.0
1669 o] 85kb dei(16)(q24.1) qPCR Not available SNP 6.0

Abbreviations: CNV, copy number variation; FISH, fluorescence in situ hybridization; gPCR, quantitative real-time polymerase chain reaction; s-JIA, systemic-onset juvenile idiopathic arthritis;
SNP, single-nucleotide polymorphism. ’

CNV, overlap shows overlapping ratio of reported CNVs. Inheritance indicates parental origin of CNVs. Not available: parental samples were unavailable.

De novo change is shown in bold.

dup(1 9)
v

Patient : Patient

Father . : Mother

Figure 1 Fluorescence in situ hybridi‘zaﬁoh_ FI‘S"H,) anaﬁ!y‘ s ,Qising"a :bécterial artificial Vchro,mos'oniye‘(BAQ) clone, R911-384F2, on cells of the family.
(@) Interphase nucleus of the patient, (b) metaphase chromosomes of the patient and (c, d) father's and mother's interphase nuclei, respectively. Arrowhead
indicates double signals showing duplication at 19q13.42 and arrow indicates a single signal of normal chromosome.
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Figure 2 (a) Custom array-comparative genomic hybridization (CGH) results showing two de novo duplications at 19q13.42. Combinations of test

DNA/reference  DNA from top to bottom are patient/father,

father/patient (dye-swapped),

patient/mother and mother/patient (dye-swapped).

(b) Characterization of 19q13.42 duplications. Upper panel shows the result of GeneChip Human SNP array 6.0 of chromosome 19 clearly showing
duplications. Lower panel shows the RefSeq gene list at 19q13.42 corresponding to duplications. Duplications include NLRP families, /L11 and HSPBPI.

NRLP family (NLRP2, NLRP9 and NLRP11), IL11 and HSPBP]I, all of
which are correlated with inflammatory pathways.

The NLRP family is composed of 14 members, including NLRP2,
NLRP9 and NLRPI1 (ref. 10). Most NLRPs are encoded by two gene
clusters on chromosome 11p15 (NLRP6, NLRP10 and NLRP14) and
19q13.4 (NLRP2, NLRP4, NLRP5, NLRP7, NLRP8, NLRP9, NLRP11,
NLRP12 and NLRP13) (ref. 10). NLRPs are evolutionally conserved
through Caenorhabditis elegans, Drosophila melanogaster, rat, mouse
and human. NLRPI and NLRP3 are known as components of the
inflammasome implicated in early detection of extracellular pathogens
and intracellular noxious compounds and driving inflammatory and
immune responses.'! Germline mutations in NLRP3 and NLRPI2 are
associated with hereditary periodic fever syndromes.!21® Although the
function of NLRP9 and NLRPI11 is not well understood, NLRP2 is
suggested to function as a modulator of macrophage nuclear factor-«xB
activation and caspase-1 activation,'# which may cause inflammation,
All the evidences support that duplications of the NRLP gene cluster
may significantly contribute to s-JIA pathogenesis in the patient.
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IL-6 and IL-11 bind to their own ligand-specific receptor (IL-6R or
IL-11R) and recruit a homodimer of gp130, which is responsible for
intracellular signaling.!®> The gp130 signaling cytokines contribute to
inflammation and bone homeostasis. IL-6 and IL-11 play an impor-
tant role in osteoclast development, such as promoting osteoclasto-
genesis and bone resorption in bone marrow cultures.!®!7 IL-6 and
IL-11 are capable of inducing osteoclast formation from peripheral
blood mononuclear cells by a receptor activator of nuclear factor-xB
ligand-independent mechanism.!® IL-11 is produced by fibroblasts,
mesenchyme-derived stromal cells of bone marrow, osteoblasts and
chondrocytes.!®!® The expression levels of IL-11 are upregulated in
patients with s-JIA compared with healthy children and positively
correlated with the number of joints with active arthritis.® Duplica-
tion of IL-11 possibly associated with its higher expression in
inflammatory cells is likely to be related to the arthritis in the patient,
although the roles of IL-11 are not well clarified in rheumatoid
arthritis pathogenesis and alteration of IL-11 expression could not
be confirmed in the patient’s lymphoblastoid cells owing to the low



expression level. It is possible that the anti-IL-6 receptor antibody
therapy effectively suppressed the upregulated gb130 signaling in part
by IL-11 duplication in this patient.

Heat-shock proteins (Hsps) are essential to prokaryotic and eukar-
yotic cellular organisms during intracellular (un)folding, assembly and
translocation of proteins.?! Their synthesis is greatly enhanced in
response to a variety of stressful stimuli such as temperature, hypoxia,
infection and inflammation.?? Microbial Hsps are a potential inducer
of crossreactive immune responses to host self-molecules that may
lead to autoimrnunit)c23 In several experimental models, T cells
responding to Hsps play an important role in the regulation of
peripheral tolerance and suppressing pathogenic immune response.?*
HspBP1 (Hsp70 binding protein 1) has an inhibitory effect in Hsp70-
assisted refolding reactions in the cytosol,?>?% suggesting that HspBP1
plays an important role in regulating immune responses. HspBP1
duplication may alter immune responses in the s-JIA patient.

Genomic duplications can be pathogenic through both increased
dosage (whole gene duplication, duplication of regulatory elements)
and disruption of coding regions (intragenic duplications). Intronic
duplications potentially disrupting the splicing machinery have also
been reported to be pathogenic.?’ In our study, we found de novo
duplications in one s-JIA patient, which involve many important
genes for the regulation of the immune system. Other patients without
any pathological CNVs in this study may have point mutations of a
gene(s) mapped to the duplications, which may lead to upregulated
gene expression causative for s-JIA as previously described in a
different disease.?® Further analysis is absolutely necessary.

In conclusion, this is the first report describing a possible relation-
ship between CNVs and s-JIA, and we believe such abnormal
genotypes are important to solve the pathogenesis of s-JIA.
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Association of IRF5 Polymorphisms with Susceptibility
to Macrophage Activation Syndrome in Patients with
Juvenile Idiopathic Arthritis

MASAKATSU YANAGIMACHI, TAKUYA NARUTO, TAKAKO MIYAMAE, TAKUMA HARA, MASAKO KIKUCHI,
RYOKI HARA, TOMOYUKI IMAGAWA, MASAAKI MORI, HIDENORI SATO, HIROAKI GOTO,

and SHUMPEI YOKOTA

ABSTRACT. Objective. Systemic-onset juvenile idiopathic arthritis (systemic JIA) and macrophage activation

syndrome (MAS), the most devastating complication of systemic JIA, are characterized by abnor-
mal levels of proinflammatory cytokines. Interferon regulatory factor 5 (IRF5) is a member of the
IRF family of transcription factors, and acts as a master transcription factor in the activation of genes
encoding proinflammatory cytokines. Polymorphisms in the IRF5 gene have been associated with
susceptibility to autoimmune diseases such as systemic lupus erythematosus (SLE) and rheumatoid
arthritis. Our aim was to assess associations of JRF5 gene polymorphisms with susceptibility to sys-
temic JIA and MAS.

Methods. Three IRF5 single-nucleotide polymorphisms (rs729302, rs2004640, and rs2280714) were
genotyped using TagMan assays in 81 patients with systemic JIA (33 with MAS, 48 without) and
190 controls.

Results. There were no associations of the IRF5 gene polymorphisms or haplotypes under study with
susceptibility to systemic JIA. There was a significant association of the rs2004640 T allele with
MAS susceptibility (OR 4.11; 95% CI 1.84, 9.16; p = 0.001). The IRF5 haplotype (rs729302 A,
rs2004640 T, and rs2280714 T), which was reported as conferring an increased risk of SLE, was sig-
nificantly associated with MAS susceptibility in patients with systemic JIA (OR 4.61; 95% CI 1.73,
12.3; p < 0.001).

Conclusion. IRF5 gene polymorphism is a genetic factor influencing susceptibility to MAS in
patients with systemic JIA, and IRF5 contributes to the pathogenesis of MAS in these patients.

(First Release Jan 15 2011; J Rheumatol 2011;38:769-74; doi:10.3899/jrheum.100655)

Key Indexing Terms: )
INTERFERON REGULATORY FACTOR 5

MACROPHAGE ACTIVATION SYNDROME

Systemic-onset juvenile idiopathic arthritis (systemic JIA) is
one of the most perplexing diseases in childhood, manifest-
ing as spiking fever, rash, arthritis, pericarditis, and
hepatosplenomegaly!.

The systemic symptoms frequently recur in conjunction
with exacerbation of the arthritis symptoms. Some studies
have observed that abnormal expression of the proinflam-
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JUVENILE IDIOPATHIC ARTHRITIS

matory cytokines such as interleukin 6 (IL-6) and IL-18 was
characteristic of systemic JIAZ3,

The most devastating complication of JIA is macrophage
activation syndrome (MAS), which is strongly associated
with systemic JIA, but rarely with polyarthritis*. MAS is
accompanied by serious morbidity and sometimes death.
The increased levels of several proinflammatory cytokines
such as interferon-y (IFN-y), tumor necrosis factor-a
(TNF-0), and others correlate with the rapid development of
clinical symptoms and the progression of abnormal labora-
tory measurements*>. MAS closely resembles a reactive or
an acquired form of familial hemophagocytic lymphobhistio-
cytosis, considered to be caused by diminished natural killer
(NK) cell function, and mutations of perforin (PRFI),
UNCI3D, and STXII genes®. Because patients with sys-
temic JIA have decreased levels of perforin in NK cells and
diminished NK cell functlon it was recently suggested that
PRFI mutations also play a role in the development of MAS
in patients with systemic JIA78°, Munc13-4 polymorphism
was also associated with MAS in patients with JIAI0, There
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is a clinical impression, however, that there are at least 2
subsets of patients with systemic JIA, one never experienc-
ing MAS and the other with recurring MAS.

Interferon regulatory factor 5 (IRFS) is a member of the
IRF family of transcription factors, and is known to have a
crucial role in the Toll-like receptor (TLR) signaling path-
way!l. The activation of TLR is central to innate and adap-
tive immunity. IRF5 acts as a master transcription factor in
the activation of proinflammatory cytokine genes. In
IRF5-knockout mice, a severely impaired induction of IL-6,
IL-12, and TNF-o. was observed!!. Recent investigations
revealed associations of single-nucleotide polymorphism
(SNP) in the IRF5 gene with susceptibility to systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA)!%13,
Thus, IRF5 has a regulatory potential for proinflammatory
cytokines in certain inflammatory diseases that manifest
with abnormal expression of proinflammatory cytokines.

We hypothesized that polymorphisms in the IRF5 gene
may constitute the genetic differences between the 2 tenta-
tive subsets of systemic JIA. We found a close relationship
between IRF5 gene polymorphisnvhaplotype and suscepti-
bility to MAS in patients with systemic JIA.

MATERIALS AND METHODS

Study population. Patients were eligible if they met the International
League of Associations for Rheumatology classification criteria for sys-
temic JIA'4. A total of 81 children, 40 boys and 41 girls, enrolled in this
study were followed at the Yokohama City University Hospital between
December 2007 and December 2009. The mean age of the patients was 4.7
years at onset of systemic JIA. The observation period of patients without
MAS was at least 25 months, with a mean observation period of 102.2
months (range 25-284 mo).

Patients were diagnosed as having MAS based on the clinical symp-
toms and laboratory abnormalities as suggested in the preliminary diagnos-
tic guidelines for MAS complicating systemic JIA'3, as follows: (1) clini-
cal criteria including central nerve dysfunctions, hemorrhages, and
hepatomegaly; and (2) laboratory criteria including decreased platelet
counts (< 26.2 x 109/1), elevated levels of aspartate aminotransferase (> 59
U/, decreased white blood cell counts (< 4.0 x 109/1), and hypofibrino-
genemia (< 2.5 g/l). The diagnosis of MAS requires the presence of 2 or
more criteria. Evidence of hemophagocytosis in bone marrow aspirates was
sought only for confirmation of doubtful cases.

We conducted our study in accordance with the Declaration of Helsinki
and with the approval of the Ethics Committee of the Yokohama City
University School of Medicine. Written informed consent was obtained
from each patient and/or their guardians.

Genotyping. Three SNP (15729302, rs2004640, and 1s2280714) in the IRF5
gene were selected based on previous research associating them with SLE
and RA12.13_ The patients with systemic JIA (n = 81) and 190 healthy con-
trols were genotyped. Genomic DNA was isolated from peripheral blood
using the QTAamp DNA Mini kit (Qiagen K.K., Tokyo, Japan). Genotyping
was performed using the TagMan SNP Genotyping Assays (AB assay ID:
C_2691216_10 for 15729302, C_9491614_10 for rs2004640, and
C_2691243_1 for rs2280714). These SNP were analyzed by real-time poly-
merase chain reaction (PCR) using the AB7500 Real Time PCR system
(Applied Biosystems, Foster City, CA, USA) under the conditions recom-
mended by the manufacturer. The TagMan SNP Genotyping Assay for
rs2004640 was performed by TagMan gene expression master mix instead
of by TagMan genotyping master mix. Results of genotyping at rs2004640
by TagMan gene expression master mix were consistent with results from

direct sequencing, while results by TagMan genotyping master mix were
not consistent with results from direct sequencing. The rs41298401 SNP,
located 6 base pairs downstream of rs2004640, influenced these conflicting
results, presumably because rs41298401 is in the base sequence annealing
with TagMan probe and causes the annealing to be insecure.

Allele discrimination was done using SDS software version 1.4

(Applied Biosystems). Confirmation of which bases were present for 5
cases of each genotype at each of these SNP sites of the genomic DNA sam-
ple was carried out using direct sequencing in the Applied Biosystems
3730xl and Sequence Scanner version 1.0 under the conditions recom-
mended by the manufacturer.
Statistical analysis. The SNPassoc package using the R-language version
2.8 (R Foundation for Statistical Computing, Vienna, Austria;
http://www R-project.org) was used to evaluate associations between sys-
temic JIA/MAS and these SNP, by logistic regression analysis!®. Haplotype
phases and haplotype frequencies were estimated using the Expectation-
Maximization algorithm as implemented in the haplostat package (mini-
mum haplotype frequency: > 0.05; www.docstoc.com)!”. Haplotype blocks
were assessed using Haploview (The Broad Institute, Cambridge, MA,
USA; www.broadinstitute.org). Logistic regression analysis was also per-
formed to evaluate the association between systemic JIA/MAS and the
IRF5 haplotypes. Association between MAS and JRF5 gene polymorphism
was analyzed by Kaplan-Meier curves with log-rank test.

RESULTS

Of the 81 patients with systemic JIA, 33 (13 boys and 20
girls) developed MAS during the followup period, accord-
ing to the preliminary diagnosis guideline (Table 1)1, The
mean lengths of followup were 97.8 months in patients with
MAS and 102.2 months in patients without MAS (Table 2).
MAS was recognized at a mean of 24.8 months (range
0-166 mo) after the onset of systemic JIA. However, the
remaining 48 patients did not develop MAS during the fol-
lowup. Age at onset of systemic JIA (p = 0.92, Welch’s t
test) and sex (p = 0.54, Fisher’s exact test) were not associ-
ated with susceptibility to MAS in our study population
(Table 2).

The genotype frequencies for the 3 SNP of the patients
with systemic JIA and the healthy controls were both in
Hardy-Weinberg equilibrium (p > 0.05). These results were
consistent with the findings of a recent Japanese population

Table 1. The frequency of clinical, laboratory, and histopathological fea-
tures of macrophage activation syndrome (MAS) in the preliminary diag-
nostic guideline!S. Total number of patients was 81.

Features No. Patients (%)

Laboratory criteria

Decreased platelet count (< 26.2 x 109/1) 27 (81.8)

Elevated levels of aspartate aminotransferase (> 59 U/l) 25 (75.8)

Decreased white blood cell count (< 4.0 x 109/1) 11 (33.3)

Hypofibrinogenemia (< 2.5 g/l) 9(273)
Clinical criteria

Central nervous system dysfunction (seizure) 1(3.0)

Hemorrhages (purpura, mucosal bleeding) 13.0)

Hepatomegaly (> 3 cm below the costal arch) 3(9.1)
Histopathological criterion

Evidence of macrophage hemophagocytosis in the

bone marrow aspirate 3(9.1)
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Table 2. Clinical characteristics of patients with systemic JIA with or without macrophage activation syndrome

(MAS).

Characteristics Systemic JIA Systemic JIA P
with MAS (n = 33) without MAS (n = 48)

Male, n (%) 16 (48.5) 24 (50.0) 0.54

Age at systemic JIA onset, yrs, mean 48 47 0.92

Observation period, mo, mean 97.8 102.2 . 043

Time interval between JIA onset and MAS 24.8 — —

development, mo, mean

JIA: juvenile idiopathic arthritis.

study®. None of the gene polymorphisms under study was
associated with susceptibility to systemic JIA (Table 3).
However, the rs2004640 SNP was found to be associat-
ed with MAS susceptibility (Table 4). Patients with the
rs2004640 T allele had a high risk of developing MAS
compared to those without this allele even after the
Bonferroni correction (p, = 0.003, OR 4.12, 95% CI 1.84,
9.16). Moreover, all the patients with the TT genotype at
1s2004640 finally developed MAS (Table 4, Figure 1).
Patients carrying the TT genotype at rs2004640 had an
early onset of MAS (a mean of 12.1 mo after onset of JIA).
Additionally, the ATT haplotype of the IRF5 gene

(rs729302-rs2004640-rs2280714) showed a statistically
significant association with susceptibility to MAS (p <
0.001, OR 4.61, 95% CI 1.73, 12.3; Table 5). A haplotype
block showed the correlation between the SNP genotyped
(Figure 2).

DISCUSSION

In the clinical setting, MAS apparently develops under the
influence of systemic inflammatory responses of systemic
JIA together with environmental factor(s), supposedly viral
infection®. Susceptibility to these environmental factors
may be subject to genetic influences. The combined pres-

Table 3. Association of polymorphisms in the IRF5 gene with susceptibility to systemic juvenile idiopathic arthritis (JIA).

SNP, Subject Subset No. (%) with Genotype Allelic Association
Total OR (95% CI) p

rs729302 AA AC CcC

Systemic JIA 42 (51.9) 33 (40.7) 6 (7.4) 81 0.84 0.56-1.24 037

Control 116 (61.1) 57 (30.0) 17 (8.9) 190 1.0 — —
rs2004640 GG GT T

Systemic JIA 36 (444) 36 (444) 9 (11.1) 81 1.05 071-1.55 0.80

Control 82 (43.2) 85 (44.7) 23 (12.1) 190 1.0 - —
rs2280714 cC CT TT

Systemic JIA 28 (34.6) 44 (543) 9 (11.1) 81 1.19 0.81-1.73 038

Control 58 (30.5) 94 (49.5) 38 (20.0) 190 1.0 — —

IRFS5: interferon regulatory factor 5; SNP: single-nucleotide polymorphism.

Table 4. Association of polymorphisms in the IRF5 gene with susceptibility to macrophage activation syndrome (MAS) in patients with systemic juvenile
idiopathic arthritis (JIA).

SNP, Subject Subset No. (%) with Genotype Allelic Association
Total OR (95% CI) p P,

15729302 AA AC CcC

MAS 22 (66.7) 10 (30.3) 13.0) 33 245 1.11-542 0.03 0.08

Non-MAS 20 (41.7) 23 (47.9) 5(104) 48 1.0 _ — —
rs2004640 GG GT TT

MAS 9(273) 15 (45.5) 9(273) 33 0.24 0.11-0.54 0.001 0.003

Non-MAS 27 (563) 21 (43.8) 0(0.0) 48 1.0 — — —
rs2280714 CcC CT T

MAS 14 (424) 17 (51.5) 2 (6.1) 33 2.12 1.08-4.40 0.045 0.13

Non-MAS 14(292) 27 (56.3) 7(14.6) 48 1.0 — — —

p,: corrected combined p value using the Bonferroni method. IRFS5: interferon regulatory factor 5; SNP: single-nucleotide polymorphism.
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Figure 1. Kaplan-Meier analysis of survival without macrophage activation syndrome and
rs2004640 genotypes. JIA: juvenile idiopathic arthritis.

Table 5.

Comparison of IRF5 haplotypes in patients with systemic juvenile idiopathic arthritis (JIA)

with or without MAS. The order of SNP (single-nucleotide polymorphisms) in the haplotype is

15729302-r52004640-152280714.

Haplotype  Haplotype Frequencies in  Haplotype Frequencies in p OR 95% CI
Patients without MAS Patients with MAS

A-G-C 0.438 0303 0.06 1.0 —

C-G-T 0.330 0.182 004 092 035-239

A-T-C 0.017 0.015 0.93 1.19 0.08-17.6

A-TT 0.201 0.485 <0.001 4.61 1.73-123

IRFS5: interferon regulatory factor 5; MAS: macrophage activation syndrome.

ence of fairly frequent polymorphisms in multiple genes
involved in the regulation of innate and adaptive immunity
may be one of the major determinants in the initiation of
rheumatic diseases'®. To develop innate and adaptive
immune responses, the activation of a TLR signaling path-
way is essential. The transcription factor IRF5 is generally
involved downstream of the TLR signaling pathway for
induction genes for proinflammatory cytokines such as
IL-6,1L-12, and TNF-al1:20, As mentioned, proinflammato-
ry cytokines such as IFN-y and TNF-a. are responsible for
the clinical and laboratory abnormalities seen in MAS*,
Thus, we examined the association of polymorphisms in the
IRF5 gene with susceptibility to MAS in patients with sys-
temic JIA.

Our investigation revealed that the rs2004640 T allele
and the ATT haplotype in the IRF5 gene were associated
with MAS developing in patients with systemic JIA. All the
patients with the TT genotype at rs2004640 had MAS, and

they had an early onset of MAS compared to those with
non-TT genotypes (Figure 1). While the ATT haplotype of
the IRF5 gene was associated with susceptibility to MAS in
patients with systemic JIA in our study, it was also reported
that this is the common haplotype conferring increased risk
of SLE'2. The T alleles of both rs2004640 and rs2280714
were associated with higher levels of IRF5 messenger RNA
expression!2. Further, the other IRF5 haplotype was associ-
ated with high serum IFN-a activity in patients with SLE?!,
Although we did not address the association between proin-
flammatory cytokine activity and genotype/haplotype in the
IRFS5 gene, there may be the potential role of IRF5-associat-
ed immune response in the pathogenesis of MAS. Further
research is needed to determine the influence of gene poly-
morphisms in the JRF5 gene on proinflammatory cytokine
activities.

Although several drugs, such as tolmetin and tocilizum-
ab, and viral infections were considered the triggering caus-
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Figure 2. Haplotype blocks of interferon regulatory factor 5 gene poly-
morphisms.

es of MAS in our cohort, the triggers were not determined in
most cases. All patients with MAS recovered from their
severe complication. We could not find any association
between IRF5 genotypes/haplotypes and the characteristics
of clinical symptoms and severity of MAS in this study, pre-
sumably because of a small study population. We need a
larger cohort to determine this association.

There are some limitations to our study. The incidence of -

MAS (40.7%) was significantly higher than generally seen
(about 10%)*>. Our hospital is one of the pediatric rheuma-
tology centers in Japan and we have treated many patients
with severe systemic JIA. The incidence of MAS is so high
partly because of the characteristics of our hospital. In addi-
tion, there are ethnic differences in the incidence by the sub-
types of JIA. Specifically, systemic JIA accounts for about
20% of JIA in Japan but for only about 10% in Europe and
the United States?2, Therefore there may also be ethnic dif-
ferences in susceptibility to MAS.

A second issue is that we could not carry out a validation
study. Although the genetic association study should be val-
idated, the incidence of MAS complicating systemic JIA is
too low to validate this association in a single institution.
Therefore it is important for the association between the

IRF5 genotype/haplotype and MAS susceptibility to be con--

firmed by other groups.

We found a strong association between polymorphisms
in the IRF5 gene and susceptibility to MAS in patients with
systemic JIA. This finding suggests a potentially important
role of the IRF5-associated immune response in the patho-
genesis of MAS.
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Association of HLA-A*02:06 and HLA-DRB1*04:05
with clinical subtypes of juvenile idiopathic arthritis

Masakatsu Yanagimachi!, Takako Miyamae!, Takuya Naruto!, Takuma Hara!, Masako Kikuchi!, Ryoki Hara!,
Tomoyuki Imagawa!, Masaaki Mori!, Tetsuji Kaneko?, Hiroaki Goto!, Satoshi Morita?, Nobuhisa Mizuki?,

Akinori Kimura* and Shumpei Yokota!

Juvenile idiopathic arthritis (JIA) is one of the most common forms of pediatric chronic arthritis. JIA is a clinically
heterogeneous disease. Therefore, the genetic background of JIA may also be heterogeneous. The aim of this study was to
investigate associations between human leukocyte antigen (HLA) and susceptibility to JIA and/or uveitis, which is one of the
most devastating complications of JIA. A total of 106 Japanese articular JIA patients (67 with polyarthritis and 39 with
oligoarthritis) and 678 healthy controls were genotyped for HLA-A, -B and -DRB1 by PCR-sequence-specific oligonucleotide
probe methodology. HLA-A*02:06 was the risk factor for JIA accompanied by uveitis after adjustment for clinical factors
(corrected P-value <0.001, odds ratio (OR) 11.7, 95% confidence interval (CI) 3.2-43.0). On the other hand, HLA-
DRB1*04:05 was associated with polyarticular JIA (corrected P-value <0.001, OR 2.9, 95% Cl 1.7-4.8). We found an
association of HLA-A*02:06 with susceptibility to JIA accompanied by uveitis, which might be considered a separate clinical
JIA entity. We also found an association between HLA-DRB1*04:05 and polyarticular JIA. Thus, clinical subtypes of JIA can
be classified by the presence of the specific HLA alleles, HLA-A*02:06 and DRB1*04:05.
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INTRODUCTION
Juvenile idiopathic arthritis (JIA) is one of the most common forms of
pediatric chronic arthritis, with an incidence of approximately about
10 per 100000 children less than 16 years old.! JIA is clinically
classified into subtypes, such as systemic arthritis, oligoarthritis and
polyarthritis, according to the International League of Associations for
Rheumatology (ILAR) classification criteria for JIA.2

JIA is the leading cause of chronic anterior uveitis in pediatric cases,
accounting for 30—40% of incidence* The prevalence of JIA-
associated uveitis varies among different ethnic groups. Children
of European ancestry have a higher relative risk for developing
JIA-associated uveitis than those of non-European ancestry.” Risk factors
for developing JIA-associated uveitis include antinuclear antibody
positivity, early age at onset of JIA and female gender.>> However,
the contribution of each risk factor may also vary among ethnic
groups, presumably because of variations in genetic background.®

Human leukocyte antigen (HLA) typing is considered useful for
assisting in the diagnosis of autoimmune disease-associated uveitis
such as HLA-B27-associated uveitis.” It has also been reported that
HLA-DRB1*13 is associated with susceptibility to JIA-associated
uveitis in a Caucasoid population.® Because the distribution of HLA

alleles vary in different ethnic groups, the HLA-linked genetic back-
ground for JIA is also likely to vary among different populations.
Currently, there is no information in the literature on the association
between JIA-associated uveitis and HLA in Japanese. The aim of this
study was therefore to investigate the association between HLA genes
and clinical subtypes of JIA, especially JIA accompanied by uveitis in
Japanese children.

This is the first report on the association between HLA alleles and
JIA accompanied by uveitis in the Asian population.

MATERIALS AND METHODS

Studied population

Patients were eligible, if they met the ILAR classification criteria for JIA
oligoarthritis or polyarthritis (articular JIA).2 All patients enrolled in this study
were followed-up at the Yokohama City University Hospital between December
2006 and November 2009. A total of 106 Japanese articular JIA patients (86
female and 20 male; 67 with polyarthritis and 39 with oligoarthritis) were
included in this study. Clinical data, including age at onset of arthritis and
uveitis, gender, antinuclear antibody, rheumatoid factor and anti-cyclic citrul-
linated peptide status, were reviewed. Presence of uveitis was diagnosed by
ophthalmologists at routine visits every 6 months. Written informed consent
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was obtained from each patient and/or their guardians. Japanese healthy
control subjects (n=678) were randomly selected, and an informed consent
was obtained from each subject before blood sampling.

The study was performed in accordance with the Declaration of Helsinki,
and the study protocol was approved by the Yokohama City University School
of Medicine Ethics Committee and the Ethics Committee of Medical Research
Institute, Tokyo Medical and Dental University.

HLA genotyping

JIA patients were genotyped for HLA-A, -B and -DRBI by the PCR-sequence-
specific oligonucleotide probe (SSOP)-Luminex method using Genosearch
HLA-A, -B and -DRB1 Ver. 2 (Medical & Biological Laboratories, Nagoya,
Japan), as described previously’ HLA genotyping data from 678 healthy
Japanese controls selected at random were obtained for HLA-A and -DRB1
by the PCR-SSOP-based typing method as described previously!®!! and
for HLA-B using PCR-reverse SSOP-based RELI SSOP HLA-B typing kits
(Invitrogen, Carlsbad, CA, USA).

Statistical analysis

Frequencies of HLA allele carriers were calculated for each locus in patients and
controls. The statistical significance of the differences in the frequencies
between patients and controls was evaluated by Fisher’s exact test. A corrected
P-value (P.) was calculated by multiplying the P-value by the number of alleles
tested at each locus. A two-locus analysis was carried out to investigate
interactions of the disease-associated HLA alleles for increasing disease suscepti-
bility, according to the method of Svejgaard and Ryder.!?

Associations between JIA-associated uveitis and clinical variables were
analyzed by Student’s t-test and Fisher’s exact test. Multiple logistic regression
analysis was performed to investigate associations with JIA-associated uveitis.
All statistical analyses were carried out using SAS system version 9 (SAS
Institute, Cary, NC, USA).

RESULTS

Association between HLA and JIA susceptibility

A total of 106 articular JIA patients and 678 healthy controls were
genotyped for HLA-A, -B and -DRB1 to investigate associations of
HLA with JIA susceptibility. It was found that frequencies of HLA-
DRB1*04:05 and HLA-A*02:06 tended to increase in the patients

Table 1 Association of HLA with susceptibility to JIA

HLA-A*02:06/HLA-DRB1*04:05 and subtypes of JIA
M Yanagimachi et a/

(P<0.05, P.=not significant) (Table 1). Because the marginal associa-
tion between HLA and JIA overall might reflect a stronger association
between HLA and a specific clinical subtype of JIA, patients were
stratified into polyarticular and oligoarticular types. This approach
revealed that HLA-DRB1%04:05 was indeed highly significantly asso-
ciated with polyarticular JIA (P.<0.001, odds ratio (OR) 2.9, 95%
confidence interval (CI) 1.7-4.8), but tended to decrease in oligoarti-
cular JIA (Table 1). In the latter, HLA-A*02:06 and HLA-DRB1*09:01
showed a tendency toward increased frequencies, but this did not
reach significance after correction for the number of alleles tested
(P<0.05, P.=not significant) (Table 1). No other HLA-A, -B or -
DRB1 alleles showed any significant associations with either form of
articular JIA.

Clinical and genetic characteristics of JIA accompanied by uveitis
Because different HLA alleles showed associations with different
subtypes of articular JIA, it is likely that the association of HLA
with JIA would reflect the association with other specific clinical
manifestations. Therefore, we investigated the clinical and genetic
characteristics of JIA accompanied by uveitis.

Of 106 patients with articular JIA, 13 (12.2%) developed uveitis. All
the patients with uveitis were female, but the gender difference was not
statistically significant (P=0.055). Mean age at onset of JIA in the
patients with uveitis was 3.2 years (range 0~14) (Table 2). The mean age
for developing uveitis was 5.2 years (range 1-14), and the mean time
interval between the onset of JIA and development of uveitis was 21.9
months (range —4 to 48), with one case developing uveitis 4 months
before the onset of JIA. Oligoarticular onset, theumatoid factor nega-
tivity (<14IUml™)) and low anti-cyclic citrullinated peptide
(<45Uml™Y), as. well as younger age at onset of JIA were all
significantly associated with JIA accompanied by uveitis (Table 2).
Nine patients with JIA accompanied by uveitis responded well to topical
corticosteroids and could discontinue medications for uveitis, but the
remaining four additionally required systemic glucocorticoids or anti-
tumor necrosis factor-o; therapy for uveitis in the follow-up period.!®

Articular JIA N=106)

Polyarticular JIA N=67)

Oligoarticular JIA N=39)
Control (N=678)

N (%) OR (95% Cl) P-value P, N (%) OR(95% Cl) P-value P N (%) OR (95% Ci) P-value P, N (%)
HLA-A*02:06 24 (22.6) 1.9(1.1-3.1) 0.012 NS 13(194) 1.6(0.83.00 0.177 NS 11(28.2) 2.5(1.2-5.3) 0.010 NS 91(13.4)
HLA-DRB1*04:05 36 (34.0) 1.6 (1.0-2.5) 0.032 NS 32(47.8) 2.9(1.7-4.8) <0.001 <0.001 4(10.3) 0.4(0.1-1.0) 0.045 NS 164 (24.2)
HLA-DRB1*09:01 42 (39.6) 1.5(0.97-2.3) 0.066 NS 24(35.8) 1.3(0.7-2.1) 0.385 NS 18(46.2) 1.9(1.0-3.7) 0.043 NS  208(30.7)

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen; JIA, juvenile idiopathic arthritis; NS, not significant; OR, odds ratio; £, corrected P-value by multiplying a P-value by the

number of alleles tested in each locus.

Table 2 Clinical variables in association with JIA accompanied by uveitis

JIA patients with uveitis N=13) JIA patients without uveitis (N=93) P-value OR 95% CI
Age at JIA onset (years, mean) 3.2 7.6 0.002 0.7 0.6-0.9
Gender (female, %) 13 (100%) 73 (78.5%) 0.055 ND ND'
Subtype (oligoarticular onset, %) 10 (76.9%) 29 (31.2%) 0.004 7.4 1.9-28.7
ANA (=1:160, %) 8 (61.5%) 30 (32.3%) 0.061 — —
RF (214.0 (IUmI-Y), %) 1(7.7%) 56 (60.2%) 0.001 0.1 0.07-0.4
Anti-CCP (4.5 (UmI=1), %) 1(7.7%) 47 (50.5%) 0.006 0.1 0.01-0.7

Abbreviations: ANA, antinuclear antibody; CCP, cyclic citrullinated peptide; Cl, confidence interval; JIA, juvenile idiopathic arthritis; ND, not detectable; OR, odds ratio; RF, rheumatoid factor.
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Table 3 Association between HLA and susceptibility to uveitis in patients with JIA

With uveitis (N=13) Without uveitis (N=93) OR 95% Cl P-value Pe
HLA-A*02:06 9 (69.2%) 15 (16.1%) 11.7 3.2-43.0 <0.001 <0.001
HLA-DRB1*04:05 0 (0%) 36 (38.7%) 0.6 0.5-0.7 0.006 NS
HLA-DRB1¥09:01 9 (69.2%) 33 (35.5%) 4.1 1.2-14.3 0.020 NS

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen; JIA, juvenile idiopathic arthritis; NS, not significant; OR, odds ratio; £, corrected P-value by multiplying a P-value by the
number of alleles tested in each locus; with uveitis, JIA patients with uveitis; without uveitis, JIA patients without uveitis.

Table 4 Two-locus analysis of HLA-A*02:06 and HLA-DRB1*09:01

HLA-A*02:06 HLA-DRB1*09:01

JIA-associated uveitis (N=13) (%) Control (N=678) (%)

(a) Basic data

Positive (+) Positive (+)
Positive (+) Negative (—)
Negative (—) Positive (+)
Negative (—) Negative (—)

6 (46.2) 30 (4.4)
3(23.1) 61 (9.0
3(23.1) 178 (26.3)
1(7.7) 409 (60.3)

(b) Stratification analysis in JIA-associated uveitis

Comparison Individual association  Independent association for A Independent association for B Difference between A Combinatory
and B association association
Factor A Factor B Test (1) Test (2) Test (3) Test (4) Test (5) Test (6) Test (7) Test (8)
HLA-A*02:06 HLA-DRBI*09:01 ++ VS —+ + VS —— ++ VS +— —+ VS —— +— VS —+ +4 VS ——
ORy4 ORg OR4, non-8 ORB, non-4 ORa 8
OR 14.5 5.1 20.1 6.9 11.9 4.1 29 81.8
35% Cl 4.4-48.1 1.5-16.7 2.1-196.5 0.7-66.7 2.8-50.0 1.0-17.4 0.6-14.8 9.5-701.7
P-value <0.001 0.024 0.002 0.428 <0.001 0.356 1.0 <0.001
Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen; JIA, juvenile idiopathic arthritis; OR, odds ratio.
To further investigate the association between HLA and JIA DISCUSSION

accompanied by uveitis, we compared the frequencies of HLA alleles
among JIA patients with or without uveitis. As shown in Table 3, the
frequency of HLA-A*02:06 carriers was significantly higher in the JIA
patients with uveitis (P;<0.001, OR 117, 95% CI 3.2-43.0). The
frequency of HLA-DRB1*09:01 carriers was also higher in patients
with uveitis, although this was not statistically significant after
correction for multiple testing (P=0.020, P=not significant)
(Table 3). No other HLA-A, -B or -DRBI alleles, including HLA-
B*27 (B27), DRB1*11 (DR11l) and DRB1*13 (DR13), showed any
significant associations with JIA accompanied by uveitis.>>8

To investigate the contribution of HLA-A*02:06 and HLA-
DRB1*09:01 with susceptibility to JIA accompanied by uveitis, we
performed a two-locus analysis according to Svejgaard and Ryder
(Table 4).!2 This suggested a synergistic interaction of these two HLA
alleles in susceptibility to this form of JIA. Thus, the odds risks
conferred by A*02:06 in the presence or absence of DRB1*09:01 were
20.1 (test (3)) and 6.9 (test (4)), respectively; for DRB1*09:01 in the
presence or absence of A¥02:06, these values were 11.9 (test (5)) and
4.1 (test (6)), respectively (Table 4). In addition, the odds risk
conferred by the presence of both HLA alleles was 81.8 (test (8)),
which was much higher than A*02:06 alone (test (4)) or DRB1*09:01
alone (test (6)), further supporting a synergistic interaction.

Finally, we performed multiple logistic regression analysis to eval-
uate risk factors for JIA accompanied by uveitis, and demonstrated
that HLA-A*02:06 was the most significant of these (P=0.014, OR 7.8,
95% CI 1.5-40.5).
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It is well known that genetic factors influence susceptibility to
autoimmune disorders, such as rheumatoid arthritis and JIA.}4!6
HLA is one of the most important genetic factors for these kinds of
diseases; there are also ethnic differences in the contribution of HLA to
disease susceptibility. In the present study, we evaluated associations
between HLA and susceptibility to articular JIA and its clinical
subtypes, polyarticular and oligoarticular JIA in Japanese children
(Table 1). We found that HLA-DRBI*04:05 was significantly
associated with polyarticular JIA, whereas HLA-A*02:06 and
HLA-DRB1*09:01 tended to be associated with oligoarticular JIA.
These findings imply the existence of genetic differences between the
polyarticular and oligoarticular JIA.

HILA-DRB1*04:05 encodes an amino-acid sequence in the
DRp chain, which is well known as an epitope shared between the
HLA-DR molecules associated with susceptibility to rheumatoid
arthritis in many ethnic groups!”'® including Japanese,!® as well
as polyarticular JIA in Taiwanese?® Although there is debate
about whether rheumatoid arthritis and polyarticular JIA could be
similar clinical conditions,”) HLA-DRB1*04:05 may contribute
to the pathogenesis of chronic arthritis at different ages and in
different ethnic groups. Further studies are required to determine
the molecular mechanisms by which HLA-DRB1*04:05 contributes to
pathogenesis.

Herein, we found an association of both HLA-A*02:06 and
DRB1*09:01 with susceptibility to JIA accompanied by uveitis
(Tables 3 and 4). In the clinical setting, the frequency of occurrence



