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The 34™ annual meeting of the molecular
biology society of Japan * Next generation
sequencing technology enables a large scale
medical genomic research (symposium)

[ Disease genome analysis using next
generation  sequencer | Naomichi
Matsumoto (Invited speaker)(Dec 14, 2011
at Yokohama, Japan)
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 Exonic deletion of CASPT10 in a patient presenting with systemic
_ Juvenile idiopathic arthritis, but not with autoimmune lymphoproliferative

syndrome type lla

" H. Tadaki*t, H. Saitsu*, H. Kaneganet, N. Miyake*, T. Imagawat, M. Kikuchit, R. Harat,
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Summary

Systemic juvenile idiopathic arthritis (s-JIA) is a rare
inflammatory disease classified as a subtype of chronic
childhood arthritis, manifested by spiking fever, ery-
thematous skin rash, pericarditis and hepatosplenomeg-
aly. The genetic background underlying s-JIA remains
poorly defined. To detect copy number variations, we
performed single nucleotide polymorphism (SNP) array
analysis in 50 patients with s-JIA. We found a 13-kb
intragenic deletion of CASP10 in one patient. RT-PCR of
the mRNA extracted from the patient’s lymphoblastoid
cells revealed. that CASPI10 mRNA was truncated.
Sequencing the mRNA revealed that this deletion
resulted in a frame shift with an early stop codon.
CASP10 is known as a causative gene for autoimmune
lymphoproliferative syndrome (ALPS) type Ila, another
childhood syndrome of lymphadenopathy and spleno-
megaly associated with autoimmune haemolytic anaemia
and thrombocytopenia. TCR af* CD4/CD8 double-
negative T cells in the peripheral blood as a diagnostic
marker of ALPS were not high in this patient and
Ilymphocyte apoptosis induced by anti-Fas antibody was
normal, denying ALPS in the patient. The father and a
sister of the patient showing no symptoms of ALPS or
s-JIA, also had the same deletion. Furthermore, we found
no other mutations of CASP10 in the other 49 s-JIA
patients. These data suggest that the pathogenic signif-
icance of CASP10 mutations should be carefully eval-
uated in s-JIA or even ALPS type Ila in further studies.
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Introduction

Systemic juvenile idiopathic arthritis (s-JIA) (OMIM
#604302) is a rare inflammatory disease classified as a
subtype of chronic childhood arthritis. The annual UK
incidence of JIA is ten cases per 100 000 children
under 16 years of age (Symmons et al., 1996), and
approximately 11% of patients with JIA suffer from
s-JIA (Symmons et al., 1996). s-JIA is a clinically het-
erogenous febrile disease, manifested by spiking fever,
erythematous skin rash, pericarditis and hepatospleno-
megaly. Abnormalities in the innate immunity [cyto-
kines such as interleukin (IL)-1, IL-6 and neutrophils
and monocytes/macrophages] play a major role in the
pathogenesis of s-JIA, being distinguished from other
JIA subtypes. One of the major features of s-JIA is its
progression to macrophage activation syndrome. On
the basis of these features, consensus is emerging that
s-JIA should be classified as an autoinflammatory
syndrome rather than a classic autoimmune disease
(Vastert et al., 2009).

To date, two genetic factors, HLA and PTPN22,
have been confirmed as JIA susceptibility genes in mul-
tiple populations (Hinks et al., 2009). For example,
HLA-DR1 and HLA-DR4 have been reported to
increase risk for polyarticular JIA in many populations
(Glass & Giannini, 1999). However, as seen in these
reports, the associations are mainly seen in polyarticu-
lar JIA but not in s-JIA. There is some evidence which
show other genes, such as MIF, IL6, IL10, TNF,
MUNC13-4 and PRFI being associated with s-JIA in
different populations and subtypes (Fishman et al.,
1998; Donn et al., 2001, 2002; Thomson & Donn,
2002; De Benedetti et al., 2003; Zhang et al., 2008;
Vastert et al., 2010). However, these genes account
for only a small part of the total genetic contribution
to JIA. Therefore, the genetic background underlying
the s-JIA remains poorly defined.

Autoimmune- lymphoproliferative syndrome (ALPS)
is a rare childhood syndrome characterized by chronic
massive, nonmalignant lymphadenopathy and spleno-
megaly, expansion of TCR af* double-negative T cells
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and an #n 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 III, 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 afray

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 1 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 {qQPCR) 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 gPCR
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 10° 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 ez 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. 1a).
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 CASPI0 mRNA was truncated
(Fig. 3). This was seen in both samples pretreated
with or without cycloheximide (data not shown), indi-
cating that the truncated CASP10 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 CASP70 and CASP8

We could not detect any mutations in CASP10 as well
as CASP8 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 mRNA’s were found.

Clinical features of the proband and her family
members with CASP70 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 af* 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 af* 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

Normal / Del

Figure 1. Characterization of the 2433.1
microdeletion. {a) Result of Genome-wide
hurman SNP array 6.0. The position {x-axis
matching the genomic location of chromo-
some 2) and log2 ratio (y-axis) of each SNP
probes are indicated. The 13-kb deletion is
within CASP10 encompassing exons 6-9.
(b) Breakpoint analysis of the s-JIA patient.
Result of quantitative RT-PCR is shown.
Heterozygous deletion of positions 3, 4
and 5 was implied. Arrows show the
primer positions for long PCR. (c) Protein
structure of caspase 10. All the reported
mutations clustered at the CASc domain.
The deletion of exons 6-9 results in protein
truncation lacking the entire CASc domain.
(d). Family pedigree of the patient. Patient
is indicated by arrow. Normal: no deletion,
del: caspase 10 intragenic deletion.

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

$2: 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.
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Forward primer (5° — 3')

Reverse primer (5 — 37

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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Proximal AluY
Patient
Distal AluSx

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.

M Patient Father Mother

Neg

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

IL-6 243 pgmL™! <2.0 pg mL™"
siL-6-R 37.5pg mL™" 14-46 pg mL™"
IFNr <0.11U mL™" <0.11U mL™

IL-5 <7.8 pg mL™" <10 pg mL™"

L4 7.3 pg mL™" <6.0 pg mL™"
IL-10 <2 pg mL™ <5 pg mL™"
TNF-ot 0.8 pg mL™ 0.6-2.8 pg mL™’
sTNF-RI 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

(a) Control Patient
— { z i 2
8 §1.‘18 g§0.87
L
-
g
nd
8 4 1
This e Tore
CD4 + CD8 (PE)
(b) 1909 __ control1
%01 .. Control 2
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Figure 4. (a) Fluorescence-activated cell sorting (FACS) analysis of
TCR aB* CD4/CD8 double-negative T cells. TCR ap* 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 III 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 CASP10 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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