20/02¢y % /4

EAF BRI R M &
HHA MR BT ARDT 7 €

FEE R T B ET R D BAGHYE R D A8

TRE 2 2R RIE - AR

EEFEE BA E#
(BRET LR FREREFNERRES TEMF - #i%)

Frk23 (2011) 4 4AH



[. WIEFEHRE

EEMER R B DBRIER DOERE
AT NIER

(&l HFRLEofn & BTk
11. ZyEurEmeEs

1. FEEREEEHRBEL L OEMECRETBEERICET 5%
BEET

I1I. AFFEERREOFIITICEE T —&R

IV. WFZEREOFIITY - BRI

13

15



PROVEERLESBREHARMENE EHAMERETRMEERE)
RIEM AR EE

EEMERE R MBI R O BCHER DX

MEREE AAER HEEHYKRFERFREFEFER SR

BRI MEEEEIA (juvenile idiopathic arthritis, JIA) 1, 16 AR THIET
HEH Y ERE L THEBMERERREBT, ZORKIIREHATHD, £DH
EIZIZACAENEEL, /NNEBERE U TIIEBEESE Y, BERIT
£ 10 5 AT 2-20 ABREETh 5,2008 FEIZH IL-6 Z BEHLE (tolicizumab)
2, S5 A OEFICESTHZ &N, MESHEE - BEHLICLVRES
fu7-(Lancet, 2008), AAFFRIL. JIA OBEAFERMEAL B E Lo B -
EEPRAFZE & B8 U CREfA. HEREWEMERLT X OBROHIRERE 1 T
D=, o 50 EFTOBRTIIELRTF X BLUOFOMENEEERT
Y ORI ehoT, JA LEET AR CNV 2RET 50257
JIASO Bllcxkt L TEEBE~A 7 a7 L—#IFZ2ITWEEIZITRD R2WE 77
Kb & 622 Kb D RERE 7/ de novo BEEZ 1 BIIZRE Lz, Z OEEREANIC
BLF 30 BEORER « REREL BET2EGERTFIEE SN JA
BELEBETFORNRBHLELZL, TNE TS BEFOERERY ) —=v

ZEIT I B ERITRHETWARN,

SRR REE
BERE - BRI RFEFRNER

A. BFEREW

EAEM A IEMEIEIAR (uvenile idiopathic
arthritis, JIA) X, 16 AR CRIET S
Bz TRE L T HBMEREERER T,

FORBABKRBATHS, FOREICIE
BofREREE L, MNEBERE LTI
HERBEENR WV, BERITEM 10 FA
12 2-20 ARETH D, 2008 Fichi IL-6
ZREFE (tolicizumab) 73, £25%! JIA
DOEBNZEYNTH 2 LN, FERLsEE -
LI X v #4E & h/=(Lancet, 2008),
AR, JA ORENLERERHAEZE
MEL-BR -REMRZEELTRESN
TWB, IRz E A, 258 JIAS0
izt L2454 DNA 7 L—
BT A LT, FOBRET, RERIC
BOWTHEDTEERELSFXD13KbIC

bl BEFRRKEZRELE REXR
F— &), AZ AN JIA ORARAEERDZE
O & 72 B ETREME S HIRE S 72 28 JTAS0
FlExtg s LI-BEF X ROVZE DOEEER
HEEmT Y ORI CIIEELZFAE
<&, BeF X % JIA DEEERGFT
D LFERDTBIZE-TVWRY, F
12 JIA L EBET B RAYR CNV 2R T3
T2 HA JIASO Bz L CREE~A~
a7y U— BTV REEK 198 FICH
HIZITERH VG 77 Kb & 622 Kb DAGE
Be7n denovo BEE % 1 PIZEE LTz, T D
EEEENICB LT 0 REORER - &£
ERICES BETIEFAERTIEE X
h JIA BEEEBGFOEAREREEZD
hiz, REEOHEOEMIE, E&F X
USNDEBEMEETFIRR L F025H JIA
BT HEEEZHLNNITEIETH
Do

B. MG E

R 22 5
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BrEesrBEE B, BIRTRIZRWTHR
7E. JIA #9200 Bl 228 U, Rk 21 £
122 &R JIA T Tolicizumab 75 50 4
RS L LEEL, BESEMICE
WUSRAEIM Y > 788k D> 5 DNA 38 LU
ALy RO L U L IEER(L A 5E
TLTW5B, RERIIER 10 5 Al22-20
ANERETHRREBRTHAHN. EB LR
BITERRERBERPEONIEOR
WEERHIRY V- ThbD,

I REF X O JAICBITIABSEEHS
MCTI(BE)

25 JIA 50 BlERHBICEEEAV A
DNA 7 L —#& W24 / A CNV &7
PR LT, T OWE THRERIZIBNT
B CEERELFXD13KbiZhs
BEFAXREEZRELE REET—
7)), KBLFXOLE5H JIA ERF 50 5
BT A ERBEIT o7 (BFFERE -
MAR), EEMEM L. High Resolution
Melting (HRM) &% RV 2,

n. k@R EF770-F(1BE)

BT X Oa— T34 70
BHEET A EGTFY D IIADE /IR
EEREBGFTHYEMES T EER
B CRETT 5,

IV. Zlb—Ic&d25/LWMHEMERER
(=)

Affymetrix 250K (£7 /7 AIZ 25 5F
Y 2 DNA #4&;) 71X SNP 6.0 (&%
J iz 185 F DAV = DNA ##) % H
W, JIA FEFIBEIC R L TEY / 2
SRR 21T 9, RIE I =fx
Bo BHEEITIH AZ AT L—ETEM
WCHEEEARE L, BEEMELRFY A b
ZERIL, BEFEREREEITH

V. Bl -REREFREE JA OMER
BOLLRRE(HRE - 8%

KRR THO MRS EBEERELT
e JIA EFIOFEMRRREREZ W
5, B - RERETFEICSHS T D8R
KRB LNE 2D LRSS,

C. MR

|. EEFISRIREHIRRRIE

258 JIAS0 FIORMEMBRBAZET L,
DNA B L UM~V y FEFAEL Y X
FERHERIL D2 TKRT Lz,

II. BEEF X OB

T LU— BT R B L=, T OBEBR TR
BRIZBWTHED TEERERLRT X R
RO DIFEFR) @ 13 Kb iZblz5iBR
FRRKERE Lz, FREFTICTRR
DR (REE) . Bk (RIBE) IKHFEERD
RENB LI, FFEICHRENZ LI
BT X B EEREED A EEED
ELBETFLLTIARVAEREORE
BNH B, ZDREIT de novo TIXRVINA
MWERNRDEAH, BIROFRMEMY
VARERAEDY URFERLLHH L
mRNA @ sequence &t TIX7 L— A7
FERIZ X D BEKIEa R OHBNHE
BENTZ, FOMO 49 FEFICELTHRA
BIZ Y VSRR B L7 mRNA OF
{bEBE LN, EF YA XD mRNA 23
FER I N7 DI R FIEF O FH THLOD FEH
TIIEEY A AR LTZ, THEMDY
AERICBITAEAE VAAVOELIC
DU NT Western blot 2 W - HERIEXE 4
HTWB, bz, BEF X OBLETFA
REEZFRDTZ JTA BIRIZBWT, A ER
BB VRO T R h— U R [E
=X TCRa/p B CD4/CDS &£ double
negative T cell DEMITERD 2o Tz,
IO EiE, BREF XD AEREOERME
BETFCHDIETHIREOUEZ BT AR
HOHIBO TEERMETHHEEZ
5, EEMLEED O 49 flERIRIT
HRM % AW TEEGTF X OR R %
1Tol=Mn, BREIRBEE 2o, LA
FoERIY, SEIRELZERF XD
BER JA TERETHROERIT/HIW
(#) ¢EZDNRTNA,

. #MREF770—-F
EBEFXIEENICEETS Y BT
B L LT I ERRIZHRM EZ AWT
ERIEFT 2T o720, R ERIIFEE
XN,

V. PL—iC&325/ LR ARER BRI



2HF JIASOFl 2 RICEEEL Y 2 DNA
<A 717 L— (23 4 : Affymetrix Genechip
Human Mapping 500K array , 27 %
Genome-wide Human SNP array 6.0) % Fu»
T, &5 ) A" NVORGEESmEERE
FEMT AT VEEMIZ YW TRSI Lz, 2L T
1 Fliz BV TRESE 19 F FICEEIZITRD
720 77 Kb & 622 Kb DRER: 7R de novo
BEEEZROE GRXERT), ZOFEEAII

13530 DBETFHFEL, AERIZEST
HEEERVELETLERDS I (fio¥E
BERBELEGCTFLHEREOD 5 BET %
&), HRM EEZRAVWTIN O DEEFD
EEBATEFB LT, SREGTER - &
fbFE IR, FRELERT 25,
INETIZS>OELEETZEIRLHRM
WWTCRZ V== %R TT 5 HR0RE
BFEE - BERBIFREINTHRY, &5
WCAR Y ) —= v TRkt 5,

V. Bl -BERCFREJIAGEEFRED
HERE(HH-184)
BEEBELFOIEBESNZD JIA OFEME
RIER L DLEBERMNET O FTETH B,

AFRIIRETIUIXFRERASORRE
RHEYLRENEREFRELZETITD
nrc,

D. &%

25 JIA OBEHERIXITEAERAT
AN E BT EE - BERRTFOMA
DT - BRRBERIIRE W, #iIFIH
TWAB IL-6 ZFEIIXTHE) s u—F )V
FEOEEIIE VA, B 15%DEF T2
B RIEITILE L L T BEENEITT 5
EFNEEL., BE - BEERFEZREL
FONFREZBIAL T LERD D,
MEEELTOWRE &mﬁwk%zbh
B EF XIZOWTIEEBSRE L 14l

HBABDODOENDEETHY, %®1§§'§E%tﬁl§§
EEEFYILOWTHLERRZRETERMN
Sl Z b JIA OBEBLEFTHHED
ERIZIIE TRV, UL LREEARRE
éﬁ%T%éArﬁﬁ®EEﬁﬁ%T&é
ERBENTWVWEIEGT X DHLNRER
FROEIZEIDPOLLT AEREEZELT

WRWERFIFOICIIEETH S, 247/
Av{&m7v—%ﬁflﬁ ZRBW T
& 19 B LICHEBIZIIRD 220 77 Kb &
622 Kb OARERe /2 a’e novo BEEERO GR
XERT), ZOFBANTITN 30 0BT
ﬁﬁ&b\ﬁﬁﬁmﬁﬁféﬁ%%wﬁﬁ
FHLEHEE Ih (REELEGTFEMER
HOdHL5BETFEET)., HRM EEZHWT
IHOLDEEGFDIL 5 R EMELFL
LTERBIT 2T o= R ERIIFRETET
WY, S8 Y &SI EREETFORITE
EDBLCTER - BERRIEL TN FE
TH D,

E. #&im

LA N rEAELT EEE SN EBEF
X DR IIBREANIIEET L5060 5 5
1 FliZDOHBD N EET2IE JIA %
I BT A BEEERT TH 5 A REIE
WEEZTNWSE, LLEY ) AT L—E
HEBLTEHIZ 77 Kb & 622 Kb @ de
novo BEEZFREL ZOEBPIZHEETS
BOBETF2FH2MEMELT LR
WHREITHRTH D,

F. REERER

AT L. BEAEICED 5 MEILLE
CTWRWD, ZOHERME - GRESIZS
WTCHEE LT, ikt LT
7=y,

G. BFFERERE
AROCHER

Shithara T, Maruyama K-i, Yamada Y,
Nishimura A, Matsumoto N, Kato M,
Sakazume S. A case of Baraitser-Winter
syndrome with unusual brain MRI findings
of pachygyria, subcortical band heterotopia

and periventricular heterotopias. Brain Dev
32(6), 502-505, 2010.

Saitsu H, Tohyama J, Kumada T, Egawa K,
Hamada K, Okada I, Mizuguchi T, Osaka H,
Miyata R, Furukawa T, Haginoya K,
Hoshino H, Goto T, Hachiya Y, Yamagata T,
Saitoh S, Nagai T, Nishiyama K, Nishimura
A, Miyake N, Komada M, Hayashi K, Hirai
S, Ogata K, Kato M, Fukuda A, Matsumoto



N. Dominant negative mutations in a-II
spectrin cause early onset West syndrome
with severe cerebral hypomyelination,
spastic quadriplegia, and developmental
delay. Am J Hum Genet 86(6):881-889,
2010.

Saitsu H, Kato M, Okada I, Orii KE, Kondo N,
Wada T, Hoshino H, Kubota M, Arai H,
Tagawa T, Kimura S, Sudo A, Miyama S,
Takami Y, Watanabe T, Nishimura A,
Nishiyama K, Miyake N, Osaka H,
Hayasaka K, Matsumoto N. S7XBPI
mutations in severe infantile epilepsies with
suppression-burst pattern. Epilepsia 51(12):
2397-2405, 2010

Sakai H*, *Yoshida K* (*denotes equal
contribution), Shimizu Y, Morita H, Ikeda
S-i, Matsumoto N. Analysis of an insertion
mutation in a cohort of 93 patients with
spinocerebellar ataxia type 31 (SCA31)
from Nagano, Japan. Neurogenet 11(4):
409-415, 2010

QOsaka H, Yamamoto R, Hamanoue H, Nezu A,
Sasaki M, Saitsu H, Kurosawa K, Shimbo
H, Matsumoto N, Inoue K. Disrupted
SOX10 regulation of GJC2 transcription

causes Pelizacus-Merzbacher-Like Disease.
Ann Neurol 68(2): 250-254, 2010

Nishimura A, Hiraki Y, Shimoda H, Tadaki H,
Tsurusaki Y, Miyake N, Saitsu H,
Matsumoto _N. De novo deletion of
1924.3-g31.2 in a patient with severe
growth retardation. Am J Med Genet
152A:1322-1325, 2010

Komoike Y, Fujii K, Nishimura A, Hiraki Y,
Michiko, Hayashidani M, Shimojima K,
Nishizawa T, Higashi K, Yasukawa K,
Saitsu H, Miyake N, Mizuguchi M,
Matsumoto N, Osawa M, Kohno Y,
Higashinakagawa T, Yamamoto T.
Zebrafish gene knockdowns imply roles for
human YWHAG in infantile spasms and
cardiomegaly. Genesis 48(4): 233-243,
2010.

Doi H, Koyano S, Miyatake S, Matsumoto N,
Kameda T, Tomita A, Miyaji Y, Suzuki Y,

Sawaishi Y, Kuroiwa Y. Siblings with the
adult-onset slowly progressive type of
pantothenate kinase-associated
neurodegeneration and a novel mutation,
Ile346Ser, in PANK2: Clinical features and
(99m)Tc-ECD  brain perfusion SPECT
findings. J Neurol Sci 290 (1-2): 172-176,
2010.

Miyake N, Kosho T, Mizumoto S, Furuichi T,

Hatamochi A, Nagashima Y, Arai E,
Takahashi K, Kawamura R, Wakui K,
Takahashi J, Kato H, Yasui H, Ishida T,
Ohashi H, Nishimura G, Shiina M, Saitsu H,
Tsurusaki T, Doi H, Fukushima Y, Ikegawa
S, Yamada S, Sugahara K, Matsumoto N.
Loss of decorin dermatan sulfate impairing
collagen bundle formation in a new type of
Ehlers-Danlos syndrome. Hum Mut 31(8):
966-974, 2010

Kosho T, Miyake N, Hatamochi A, Takahashi J,

Kato H, Miyahara T, Yasui H, Ishida T, Ono
K, Kosuda T, Inoue A, Kohyamab M,
Hattori T, Ohashi H, Nishimura G
Kawamura R, Wakui K, Fukushima Y,
Matsumoto N. A New Ehlers-Danlos
Syndrome With Craniofacial
Characteristics,  Multiple  Congenital
Contractures, Progressive Joint and Skin
Laxity, and Multisystem Fragility-related
Manifestations. Am J Med Genet 152A (6):
1333-1346, 2010.

Kimura S, Saitsu H, Blanka A, Schaumann BA,

Shiota K, Matsumoto N, and Ishibashi M.
Rudimentary Claws and Pigmented
Nail-like Structures on the Distal Tips of
the Digits of Wnt7a Mutant Mice: Wnt7a
Suppresses Nail-like Structure
Development in Mice. Birth Defects Res A
Clin Mol Teratol 88(6):487-496, 2010

Kanazawa K, Kumada S, Mitsuhiro K, Saitsu H,

Kurihara E, Matsumoto N. Choreo-ballistic
movements in a case carrying a missense
mutation in syntaxin binding protein 1 gene.
Mov Disord 25(13):2265-2267, 2010

Ng S, Bigham A, Buckingham K, Hannibal M,

McMillin M, Gildersleeve H, Beck A,
Tabor H, Cooper G Mefford H, Lee C,



Turner E, Smith J, Rieder M, Yoshiura K,
Matsumoto N, Ohta T, Nikawa N,
Nickerson D, Bamshad M, Shendure J.
Exome sequencing identifies MLL2
mutations as a cause of Kabuki syndrome.
Nat Genet 42(9): 790-793, 2010.

Yamada-Okabe T, Imamura K, Kawaguchi N,
Sakai H, Yamashita M, Matsumoto N.
Functional characterization of the zebrafish
WHSC]-related gene, a homologue of
human NSD2. Biochem Biophys Res
Commun 402(2): 335-339, 2010.

Okada I, Hamanoue H’, (* denotes equal
contribution) Terada K, Tohma T,
Megarbane A, Chouery E, Abou-Ghoch J,
Jalkh N, Cogulu O, Ozkinay F, Horie K,
Takeda J, Furuichi T, Ikegawa S, Kiyomi
Nishiyama K, Miyatake S, Nishimura A,
Mizuguchi T, Niikawa N, Hirahara F,
Kaname T, Yoshiura K-i, Tsurusaki Y, Dot
H, Miyake N, Furukawa T, *Matsumoto N,
*Saitsu H. SMOC]1 is essential for ocular
and limb development in humans and mice.
Am J Hum Genet 88(1): 30-41, 2011

Tohyama J, Kato M, N, Kawasaki S, Kawara H,
Matsui T, Akasaka N, Ohashi T, Kobayashi
Y, Matsumoto __N.  Dandy-Walker
malformation associated with heterozygous
ZIC1 and ZIC4 deletion: Report of a new
patient. Am J Med Genet 155(1): 130-131,
2011

Furuichi T, Dai J, Cho T-J, Sakazume S, Ikema
M, Matsui Y, Baynam G, Nagai T, Miyake
N, Matsumoto N, Ohashi H, Unger S,
Superti-Furga A, Kim O-H, Nishimura G
*Ikegawa S. CANT1 is also responsible for
Desbuquois dysplasia, type 2 and Kim
variant. J Med Genet 48(1): 32-37, 2011

Saitsu H, Hoshino H, Kato M, Nishiyama N,
Okada I, Yoneda Y, Tsurusaki Y, Doi H,
Miyake N, Kubota M, Hayasaka K,
Matsumoto N. Paternal mosaicism of a
STXBP! mutation in Ohtahara syndrome.
Clin Genet (in press)

Yano S, Bagheri A, Watanabe Y, Moseley K,
Nishimura A, Matsumoto N, Baskin B, Ray

PN. Familial Simpson-Golabi-Behmel
syndrome: Studies of X-chromosome
inactivation and clinical phenotypes in two
female individuals with GPC3 mutations.
Clin Genet (in press)

Nishimura-Tadaki A, Wada T, Bano G, Gough
K, Warner J, Kosho T, Ando N, Hamanoue
H, Sakakibara H, Nishimura G, Tsurusaki Y,
Doi H, Miyake N, Wakui K, Saitsu H,
Fukushima Y, Hirahara F, *Matsumoto N.
Breakpoint determination of X;autosome
balanced translocations in four patients
with premature ovarian failure. J Hum
Genet (in press)
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An International Workshop on Translational
Science: Clinical Use, Efficacy and Translation
of Basic Discoveries (Feb 1 at Yokohama)
Naomichi Matsumoto  “Whole  Genome
Approach to the Epilepsy-Related Gene”
(invited lecture)
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European Human Genetic Conference 2010 *
Naomichi Matsumoto, Akira Nishimura, Yoko
Hiraki. De novo deletion of 1g24.3-q31.2 in a
patient with severe growth retardation. (Poster
presentation) (June 12-15, 2010 at Gothenburg,
Sweden)
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Joint Egyptian-Japanese Scientific Workshop,
“A new era of genetic diseases” (organized by
Ghada M.H. Abdel Salam and Naomichi
Matsumoto) (National Research Center, Cairo,
Egypt, Oct 3-4, 2010) Naomichi Matsumoto
“Microarray  technologies: Hightways to
genomic aberrations” (invited lecture)

Joint Egyptian-Japanese Scientific Workshop,
“A new era of genetic diseases” (organized by
Ghada M.H. Abdel Salam and Naomichi
Matsumoto) (National Research Center, Cairo,
Egypt, Oct 3-4, 2010) Naomichi Matsumoto
“Isolation of the gene responsible for a new
type of Ehlers-Danlos syndrome” (invited
lecture)

Joint Egyptian-Japanese Scientific Workshop,
“A new era of genetic diseases” (organized by
Ghada M.H. Abdel Salam and Naomichi
Matsumoto) (National Research Center, Cairo,
Egypt, Oct 3-4, 2010) Naomichi Matsumoto
“Haploinsufficienty of STXBPI  causes
Ohtahara syndrome” (invited lecture)

The 4™ Asian Chromosome Colloquium
(Beijing, China, Oct 11-14) Naomichi
Matsumoto “Identification of two

epilepsy-related genes from a 2.25-Mb deletion
in one patient.” (invited lecture)
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Reovvary e VORI R B - JER)

% 22 [ NIH €M% (National Institute of
Health, Bethesda, MD 11 A 5 H) Naomichi
Matsumoto [ Identification of two genes
responsible  for age-dependent epileptic
encephalopathy] (invited lecture)
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T2 2EEEAREHRRENS (EARBRAIEE)
SEFRREE

HEMERFR RS A ORBHERDER

SHEFRERE . EEEAREEHARER L CEHECRETREERICET 555

SHEEE BERY

MREE .

BT SR FEFR/ N AR

L HRIEEMEREETR GJA) BIU sJIA OBEREGHETHD 7 v 7 7 —UEMELERRE

(MAS) I B ER21ER Lz, Interferon regulatory factor 5 (IRFSWXSIEMEY A M A v & a—
F+ABEFHOEHLICHADE <R Z —EERTTHY ZTRHETIZ IRFS 2R L2H5HL—TZ -z
YF< h—FZ (SLE) U v~FHEHKREOB CRENRRE - OFESREINTE T, 81 Hi0
s-JIA & 3FEED IRFS R L DEIEM AT LIz & Z ABICEERR 190 Flic ke LEERZRER I
inotn, LU IRFS SR D —0 12004640 T 7 U /it s-JIA D MAS EEERIZ RV TIERIERE L HER
LEWHERE SR L, IRFS 288 s-JIA D MAS RIEICEE L TV B RN R S iz,

A. BIFEERY

SHEUEEMERFREREL (s-JIA) BLO s-JIA
DEERABHETH A~ v 77— UEHEE
FEEE (MAS) I EEMEREZHALMNCTEZ
&= BB L L7, Interferon regulatory factor 5
(IRESWIREHEY A "NV A 22— FT58ETF
HoOBEMHCEbE A ¥ —BERTFTHD Z
NETIZIRFS 2R 25NV —TX -2 T <
F—5 2 (SLE) RV U~=FHEHRREDED
FEERE L EERBEINTE R, AFETIX
s-JIA B L MAS & HFOFEIZEIT 5 IRFS £5
COEEEZPLICZEOHBEERLNCTEHZ L
PEBE LT,

B. BF3EAE
R BRIIAEET L RERRE* X2 Lz ILAR
SEDSJADY FA45 U TIZHEE L= 8160
sJIA Thb, 5H MAS ZE6F L7z s-JIA 1333
B, FEAHED s-JIA 1T 48 FITH D, MAS D2
BT RER ERBRUBHIA FS 4
(Ravelli A et al., J Pediatr 2005) (25> 7-, 2]
IZRUNTIRFS D 3 -0 D% (15729302, 152004640,
1s2280714) % TagMan SNP % 1 ¥’ 7% AW
THENT L7T=, SEATITIX ABI7500 UV 7L Z A L
PCR % F /=, #FHFERIBENTIX SNPassoc /X
r—UEBWTR AT ¢ v 7 BRSIFES
Az,

C. MuERER
s-JIA R OEEMBEICB VT 3EED IRF5 %
MOFBREEZEIBEINZ» T (WTho
ZHH P=037~0.80 E HE TEMN o), —F sJIA
ZBWT MAS SF#ELIERHBOLE T
152004640 T 7 U )L MAS & 0F8E & HEIZEVFE
BERLE TTUNLVEETAHETET T I VE
HEERWEEELHEL MAS RBIGEU A 27 A8 Bonferroni
correction % 1Z P=0.003, OR 4.12, 95% CI 1.84, 9.16
T, TTINEETAEETIE MAS BIEY A7 51
FEBIZEL»-o, &b 3 20%H
(rs729302-rs2004640-rs2280714) @ A-T-T N7 12
247X MAS RECEERMEBEEZRLE
(P<0.0004, OR4.61, 95% CI 1.73-12.3),

D. BE

CsJIABWTMAS I FHRE2ERTIEERE

BHETH D, SELE L OBENE LR -
7= IRF5 . IL-6, IL-12, TNF-a 72 & DREMEY
A "OA v DBREFHORRLFEST S, MAS
WBWTIZIFN-y R INF-a 2 E DY R A >~
DEENEETH Y, SE-A ST I IRFS
& OEEM IR TREBIEWERTH S,

81 D s-JIA L 3 D IRF5 7 L DR %
RELLE ZAKFICEESR IO LAEER
EIMEER SN Aotz LML IRFS Z2HB0—>



152004640 T 7 Y )ik s-JIA @ MAS FEIEIZRNT
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De novo 19q13.42 duplications involving NLRP gene
cluster in a patient with systemic-onset juvenile

idiopathic arthritis

Hiromi Tadaki*?, Hirotomo Saitsu!, Akira Nishimura-Tadaki!, Tomoyuki Imagawa?, Masako Kikuchi?,
Ryoki Hara?, Utako Kaneko?, Takayuki Kishi2, Takako Miyamae?, Norike Miyake!, Hiroshi Doil,
Yoshinori Tsurusaki', Haruya Sakai', Shumpei Yokota? and Naomichi Matsumoto'

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 /L11 and HSPBP1, all of which have an important role in inflammatory
pathways. These genes may be significantly contributed to the pathogenesis of s-JIA.

Journal of Human Genetics (2011) 0, 000-000. doi:10.1038/jhg.2011.16

Keywords: arthritis; de novo; duplication; systemic-onset JIA

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 JIA> 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 nove 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 NLRP11), which have important roles in
inflammatory processes as well as IL11, 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

1pepartment of Human Genetics, Yokohama City University Graduate School of Medicine, Yokohama, Japan and 2Department of Pediatrics, Yokohama City University Graduate

School of Medicine, Yokohama, Japan

Correspondence: Professor N Matsumoto, Department of Human Genetics, Yokohama City University Graduate School of Medicine, 3-9 Fukuura, Kanazawa-ku, Yokohama

236-0004, Japan.
E-mail: naomat@yckohama-cu.ac.jp

Received 13 December 2010; revised 15 January 2011; accepted 17 January 2011

15



Systemic-JIA patient with de novo duplication
H Tadaki ef al

N

Q2

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 Nspl 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 Cotporation, 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
dimensionality reduction >99%, (multifactor dimensionality reduc-
tion—minimum candidate region} <5%; SNP array 6.0: contrast quality
control > 2, quality control call rate >93%, MAPD <0.4).

We also performed custom high-density oligonucleotide array-comparative
genomic hybridization (CGH) analysis using custom-made 4x72K array
(Roche NimbleGen, Madison, W1, USA) based on the manufacturer’s protocol.
This slide covered the genomic region of chromosome 19 between 59510019
and 61490039bp with 71 891 probes. The average probes spacing are 20bp,
and the probes encompassing two duplication regions (60 144 40060429 000
and 60860 00061 051 000 bp) are 10bp. DNA (500 ng) was sonicated with the
condition of 10s, 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 in 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:
hg!8). 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 confitm 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) at 37 °C in a 5% CO; incubator. Total RNA was independently
extracted twice using RNeasy Plus Mini Kit (Qiagen). Total RNA (2 pg) 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 Biosys-
tems) (FAM label: Hs00174148_ml for IL11, Hs00215284_ml for NLRP2,
Hs00603423_m1 for NLRP9, Hs00935472_m1 for NLRP11; VIC-label: Human
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ACTB (pB-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 experiments using two distinctive RNA samples were
averaged and the standard deviation was calculated.

RESULTS

Clinical features of the proband with de nove 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 Nspl 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

16

analysis was also performed (Figure 2). As a result, two de novo
microduplications at 19913.42 with the size of 77 kb (Genome browser
version hgl8, chromosome 19 coordinates: 60 190 370-60 267 627 bp)
and 622 kb (60 377 092-60991 185 bp), separated by a 109-kb segment
of normal copy number (60267 627-60377 092 bp), were identified.
Two sets of test DNA/reference DNA combinations consistently
showed the duplications, 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 NLRP11 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)(pl2.2) gPCR Not available 250K
1247 0 275b del(11)(g21) FISH Inherit (father) 250K
1285 0 235kb dup(18)(q23) gPCR Inherit (father) 250K
1287 Partial CNV 1.58 mb del(2)(q13) FISH Inherit (mother) 250K

0 259 kb dup(3)(p26.1) gPCR Inherit (mother)
1317 0 13kb del(16)(q24.1) qPCR Not available SNP 6.0
1333 0 93 kb dup(5)(q34) gPCR CNV SNP 6.0
1344 36 205 kb dup(15)(g13q15.1) gPCR Inherit (father) SNP 6.0
1350 0 50kb del(4)(q34.2) gPCR Not available SNP 6.0
1361 0 128 kb del(2)Xql3) qPCR, FISH Inherit (mother) SNP 6.0
1383 o] 362 kb dup(2)@11.2) qPCR, FISH Inherit (mother) SNP 6.0

(o} 558 kb dup(2)(@l1.2) 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 0 169 kb del(1)(q25.3) FISH CNV sNP6.0 OB
1407 0 144 kb dup(13)(@12.11) qPCR Inherit (mother) SNP 6.0
1433 0 13 kb del(2)(g33.1) gPCR Inherit (father) SNP 6.0
1434 42 5.5mb del(10)(q11.21q11.23) . FISH Inherit (mother) SNP 6.0
1439 62 906 kb dup(1)(q43) gPCR Not available SNP 6.0
1620 0 695 kb dup(3)(q26.31) gPCR Not available SNP 6.0
1669 0 85kb del(16)(q24.1) gPCR Not available SNP 6.0

Abbreviations: CNV, copy number variation; FISH, fluorescerice in situ hybridization; qPCR, 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

Patient Patient

Mother

Figure 1 Fluorescence in situ hybridization (FISH) analysis using a bacterial artificial chromosome (BAC) clone, RP11-384F2, on cells of the family.
(a) 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 aray-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 19913.42 corresponding to duplications. Duplications include NLRP families, /L11 and HSPBPI.

NRLP family (NLRP2, NLRP9 and NLRP11), IL11 and HSPBP1, all of
which are correlated with inflammatory pathways.

The NLRP family is composed of 14 members, including NLRP2,
NLRP9 and NLRP11 (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 NLRPI3) (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.!>!® Although the
function of NLRP9 and NLRPI1 is not well understood, NLRP2 is
suggested to function as a modulator of macrophage nuclear factor-«kB
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.

Journal of Human Genetics

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.'#!” IL-6 and
IL-11 are capable of inducing osteoclast formation from peripheral
blood mononuclear cells by a receptor activator of nuclear factor-kB
ligand-independent mechanism.!® IL-11 is produced by fibroblasts,
mesenchyme-derived stromal cells of bone marrow, osteoblasts and
chondrocytes.!®1® 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
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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 autoimmunity.?® 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 IRFS 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,
2004640 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.

(J Rheumatol First Release Jan 15 2011; doi:10.3899/jtheum.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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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-
), and others correlate with the rapid development of clin-
ical symptoms and the progression of abnormal laboratory
measurements*>. MAS closely resembles a reactive or an
acquired form of familial hemophagocytic lymphohistiocy-
tosis, considered to be caused by diminished natural killer
(NK) cell function, and mutations of perforin (PRFI),
UNCI3D, and STX 11 genes®. Because patients with sys-
temic JIA have decreased levels of perforin in NK cells and
diminished NK cell function, it was recently suggested that
PRFI mutations also play a role in the development of MAS
in patients with systemic JIA73°. Munc13-4 polymorphism
was also associated with MAS in patients with JIA'C. There
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