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Exploration of the responsible gene and the pathophysiology for unidentified fever
syndromes by whole genome analysis and cell-based engineering

Nishikomori, Ryuta

13,800,000
Muckle-Wells NLRP3
FLNA IFIH1 NLRC4
CINCA iPS NLRP3 iPS
S0X9
NLRP3 cAMP/PKA/CREB

We implemented Massive Parallel Sequencing technology to reduce the costs for
diagnostic sequencing and to detect somatic mosaicism. We also demonstrated that NLRP3 mosaicism causes
Muckle-Wells syndrome in a collaborative study with the Spanish group. To identify the responsible genes
for the unidentified but suspected cases with inflammation, trio-based whole exome sequencing was
performed. We identified three genes responsible for the inflammatory diseases, FLNA, IFIH1 and NLRC4.
For the delineation of pathophysiology of epiphyseal overgrowth in CINCA syndrome, we utilized iPS
technology by differentiating patient-derived iPS cells into chondrocytes. The chondrocyte tissues
obtained from the mutated iPS cells showed the larger sizes, increased SOX9 expression, and increased
production of extracellular matrix. NLRP3 inflammasome is not contributing to the larger chondrocyte
tissues. cAMP/PKA/CREB pathway is important for the SOX9 upregulation by NLRP3 mutants.

NLRP3



1990
Q0L
10
10 90%
CINCA
/NOMID(CINCA/NOMID)
NLRP3
CINCA/NOMID
CINCA/NOMID 40-50%
TRAPS
TNFRSFIA TRAPS
2005 NLRP3
20 NLRP3
CINCA/NOMID
CINCA/NOMID
iPS iPS
iPS
1
2)
3)
iPS

4)

D

2)
(NLRP3
CINCA/NOMID 30

3)
2)

4)CINCA/NOMID 1PS

IL-1

5)CINCA/NOMID

NLRP3

iPS

NLRP3

NLRP3

100

)

Cryopyrin-associated periodic syndrome

NLRP3
1
1
2)
(NLRP3
(CAPS)
NLRP3
Dis, 2015
NLRP3
6 7

Muckle-Wells MWS

Nakagawa, Ann Rheum
MWS 56

NLRP3



MWS CAPS
CINCA/NOMID MWS
NLRP3
CINCA/NOMID Cryopyrin
G307S  A439P  YS70C
G307V T433l K568N

ES67TK
FS66L

1334V L411MF ES6TK

MWS

1 MWS NLRP3
CINCA/NOMID

TNFRSF1A
TRAPS TRAPS
Sanger
71
TNFRSF1A
TNFRSF1A
TRAPS

3)

FLNA

IFN-a
Aicardi-Goutieres

IFIH1
CINCA/NOMID
NLRP3 NLRC4

3
Aicardi-Goutieres
Oda, Am J Hum Genet, 2015
FLNA NLRC4

4) CINCA/NOMID iPS

NLRP3 CINCA/NOMID Y570C,
G307S NLRP3 s ( )

iPS ( )

iPS

Mutant

S0X9 COL2A1 ACAN
COMP COL10A1 IHH MMP13 VEGFA

NOG  iPS

CINCA/NOMID

HE staining Alcian blue staining von Kossa stai




NLRP3
NLRP3
ASC CASPASE-1
CASPASE-1 IL-1
IL-1
NLRP3
SO0X9 NLRP3
S0X9
NLRP3
S0X9 NLRP3
NLRP3  SOX9
SOX9
5 UTR kb
CREB/ATF
NLRP3
S0X9 CREB/ATF
CAMP CREB
NLRP3 CAMP/PKA/CREB
thsrxg promoter (~1kb) 1 1 u I T
NFAT AP-1 NF-«B SP-1 CREB/ATF
1000
§ 500 awT
D dlaada T
o HE ‘ mill
) NFAT ~ AP-1  NF-kB  SP-1 CREB/ATF
5. SOX9
Wt 1p)
300 Ey
o EEEEEE
g ": W Mutant _-:’;::: :I:-‘Ef&n
E &
% Day 15
Em
g 100 S P-CREB
50 W Mutant (1Y
o —————— 1111
o qi"“?
Day 36
6. iPS Day0)

Dayl5, 36) CAMP
—CREB Day15, Day36

5) CINCA/NOMID

CINCA/NOMID, MWS

IL-1B IL-1B

LPS
IL-18  EIA

DNA

6

® Nakagawa K, Gonzalez-Roca E, Souto A,
Kawai T, Umebayashi H, Campistol JM,
Canellas J, Tekei S, Kobayashi N,
Cdlgas-Rubio JL, Ortego-Centeno N,
Ruiz-Ortiz E, Rius F, Anton J, Iglesias E,
Jimenez-Trevino S, Vargas C,
Fernandez-Martin J, Calvo [
Hernandez-Rodriguez J, Mendez M, Dorda
MT, Basagana M, Bujan S, Yashiro M,
Kubota T, Koike R, Akuta N, Shimoyama K,
Iwata N, Saito MK, Ohara O, Kambe N,
Yasumi T, Izawa K, Kawai T, Heike T, Yague
J, Nishikomori R, Arostegui J. Somatic
NLRP3 mosaicism in  MuckleWells
syndrome. A genetic mechanism shared by
different phenotypes of cryopyrin-associated
periodic syndromes. Annals of the rheumatic
diseases. 2015;74(3):603-10. DOI:
10.1136/annrheumdis-2013-204361

® Yokoyama K, lkeya M, Umeda K, Oda H,
Nodomi S, Nasu A, Matsumoto Y, lzawa K,
Horigome K, Kusaka T, Tanaka T, Saito MK,
Yasumi T, Nishikomori R, Ohara O,
Nakayama N, Nakahata T, Heike T
Toguchida J. Enhanced chondrogenesis of
induced pluripotent stem cells from patients
with neonatal-onset multisystem
inflammatory disease occurs via the caspase
1-independent cAMP/protein kinase A/CREB
pathway. Arthritis & rheumatol ogy.
2015;67(1):302-14. DOI: 10.1002/art.38912

® Shirasaki Y, Yamagishi M, Suzuki N, |zawa
K, Nakahara A, Mizuno J, Shoji S, Heike T,
Harada Y, Nishikomori R, Ohara O.
Real-time single-cell imaging of protein




secretion.  Scientific  reports.
2014;4:4736. DOI: 10.1038/srep04736
Oda H, Nakagawa K, Abe J, Awaya T,
Funabiki M, Hijikata A, Nishikomori R
Funatsuka M, Ohshima Y, Sugawara Y,
Yasumi T, Kato H, Shirai T, Ohara O, FujitaT,
Heike T. Aicardi-Goutieres syndrome is
caused by IFIH1 mutations. American journal
of human genetics. 2014,95(1):121-5.
DOI: 10.1016/j.ajhg.2014.06.007
Imagawva T, Nishikomori R, Takada H,
Takeshita S, Patel N, Kim D, Lheritier K,
Heike T, Hara T, Yokota S. Safety and efficacy
of canakinumab in Japanese patients with
phenotypes of cryopyrin-associated periodic
syndrome as established in the first open-label,
phase-3 pivotal study (24-week results).
Clinica and experimental rheumatol ogy.
2013;31(2):302-9. DOI:
Tanaka T, Takahashi K, Yamane M, Tomida S,
Nakamura S, Oshima K, Niwa A, Nishikomori
R, Kambe N, Hara H, Mitsuyama M, Morone
N, Heuser JE, Yamamoto T, Watanabe A,
Sato-Otsubo A, Ogawa S, Asaka |, Heike T.
Yamanaka S, Nakahata T, Saito MK. Induced
pluripotent stem cells from CINCA syndrome
patients as a model for dissecting somatic
mosaicism and drug discovery.

Blood.  2012;120(6):1299-308. DOI:
10.1182/blood-2012-03-417881
6
o TRAPS”
117
2014.4.11-13
iPS CINCA
117
2014.4.11-13
FilaminA 117
2014.4.11-13

Oda H, Nakagawa K, Abe J, Awaya T,
Funabiki M, Hijikata A, Nishikomori R,
Funatsuka M, Ohshima Y, Sugawaara Y,
Yasumi T, Kato H, Shirai T, Ohara O, FujitaT,
Heike, T Aicardi-Goutiéres syndrome is
caused by IFIH1 mutations. American Society
of Human Genetics, 2014.10.09

Eva Gozalez-Roca
Juan 1. Arostegui
Muckle-Wells NLRP3
23
2013.10.11-13

Cryopyrin-associated

periodic syndrome
canakinumab
40
2012.9.28

0

2014-227500

2014 11 7
0
€Y
Nishikomori Ryuta
70359800
@
Heike Toshio
90190173
©)
Yasumi Takahiro
00511891
C))
Ohara Osamu
DNA
20370926
®)
Saito Megumu
iPS
90535486
®)

Toguchida Junya

40273502



