major histocompatibility complex, IL : interleukin
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= i

XL : X-linked inheritance, AR ' autosomal recessive inheritance, AD : autosomal dominant ihheritance, SCID : severe combined immune
deficiency, IPEX : immune dysregulation, polyendocrinolopathy, enteropathy, x-linked, EBV : Epstein Barr virus, CA* ™" : calcium, MHC :

*10ERH B VB2 WAT OFEMBE Y, XMICTHESA TV IERE

BRI ALRE, Wk IKAROS KIFED & 9 %
ERLDH BN, TNBEODVWTEFREFNAIH L E
JERTICHEESNTWA, T/, 201141213+
A=7THRORBEEZME) CEALIEL LT

STK4 RIBSE &, EB ™ A )V AMIERES D> & F5E &
N7zCO2T KFIEDE SN THBY, 48, A
EMEND EBbN BT, BEERIEMRKZE
(EWmoOEBT - FIHBECr2bLEET
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x£3 ﬁﬁ*ﬁﬁ%ﬁf’) S EHBINIEEIREE (well-defined syndromes with immunodeficiency)
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SCID : severe combined immune deficiency, XL : X-linked inheritance, AR : autosomal recessive inheritance, AD : autosomal dominant

inheritance, SCID : severe combined immunodeficiency, MSMD : Mendelian susceptibility of mycobacterial disease

*LI0ERH D VIR T W BT OFEMBER Y, YRICTHRESIATVIER

SLCI0A1 £ 72\X PCFT ORI & B WNEEE), %
72 AF V= a VRIRIER EDW 0O
BWETIE, TRENORRMESICINZ T, T
W) VSERBAEER BT 5 2 L% HH5, ARIH
KEEEFL TR, A
2. BEALEEHD SCEHES W ERH
(well defined syndromes with immunodeficiency)
(%&3)

“FOMO L BHSNIERSERERE" 1T,
MEROGIFTIERO “F & LTHREERERE"
DX (0% 3FH) ICEE STV, 2011

EEOGFE,O2HFEBICRES N, #T7TY 4%
MHAEIE S 7z, ARTHITIX, Wiskott-Aldrich fiE {5
B, EMMEYIRME/ R TE, DiGeorge #E,
B IGEIEMRAE & Vo LA/ RRERFE TR TY
B, 20004EFEICE Y PO AT ORGEE L ERR
HEMED BIEAL (immunodeficiency with centro-
meric instability and facial anomalies : ICF) &,
DNA I 2%y FHEEB Lo THREI T TY
DY GAAL v F) AR - VIIREEN
5615 PMS2/KIEHE, Comel-Netherton fE%HE,
% IgBHE A O 33 H O BAE#{ZFTH 5 DOCKS
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HARFUBEMES N TEB Y, RV T20114FEREICIE
T S M % 7R U IgG AR T % £ ) Riddle fEH:
B, WS R IR &E Rt R R R
KO F LR ERE (dyskeratosis congenita, Lk
TDKC &0%d), IKAROS KEFEAENM S LT W
%. PMS2KIRNENE, ML IgM Ao L5245 Bl
PELEAEIETHH LN TEBY, HLw
FEIgMAERIE L LTSN T DB, 200745
A 53T XIS IAIERX O DRC (FEAERHLL %
Hoyeraal-Hreidarsson fiE B5H: & L &) 130418
MEN TV, Wh® b T T AT RHOT IS
TP, KA H 7 R T S A5 B e
%o TETHEY, XAFHEEEXLS O DKC b
BN R o TD, FAFUL 7T X7 G
F-CTd b TCABI 732011 412, CTCIA320124F 12,
#7z% DKCOFALMET & LTHESNTEY,
LSHBATEIZEME NS & b b 99, IKAROS
KIBME, FLUBIICRT L2 1B LrlE s h
TRV, fEsfeh 5 IKAROS IETF 2T %
BERESRATAS , » 2 T b Al EEFIH L TR
JIZATbNTBY, EDEFRI AT T
ShTwnikZedrs, R27Z217THOREICZHER
WENTWBEITHD, T/, —F TR
KR h v ¥ #9E  (chronic mucocutaneous candidia-
sis, LLTFCMCEMES) OFFRENSA v ¥~ A F
(interleukin, PAUFIL &ME9)-17 DHEREAREIZH 5
ZEHFWL IR Y, il BEHE TSR E
SNz L2, BRERSIEOHIZBE) S
nTwWa, F72, 2012412 13 Wiskott-Aldrich i {5
HORKNEHTH 2 WAS EHIELERT 55T
WIP D SE, 508 LW DNABEREICL S
ISR E L TMCM4 RIUEDSHE S THB
D, B IALIARIUTEMS NS Ll bR
1012,

3. & L THEARLE (predominantly anti-
body deficiencies) (34)
HFT)—ZHDEBY, BbIHUREERS
fE (AWM 2 €7 b & LCTHOR RS

b vb o) A, GEINTWS. Xl
RN TBHOKIHELES) bODE LT TV b
YRF Ty & F—¥ (BTK) KIEHETH 505,
fhoBEERCL2ENLbobERs LT
b, BIgMIEBRE ] ~VEIATHIIEENTY
. BHINADAAET B2 b b & F, PulkpgE
A4 %R T b D% common variable immunodefi-
ciency (CVID) & LATWS., IhbD% It
REMMET VA THD o 723, EAERH G
FESNTED, ReCH TP S
NTWv 3, 2011 45 O 43312 13 CD81 KR E &
CD20 ZAIEDNEI E N TWAH DS, & 5122011 4E
I BANERTHEIC 58I T 5 CD19B L UFCD81 L
EREIBKT 5T TH 5 CD2 ORIBIED,
0124 ICIELEFIR LA TB M) WIEREE
& L TPLCG2 RIBAE (PLCG2 DHERESEAHHIZ
&, SOIEARA TR B A % S
b shTcns), KEEERRESCHD
RIEREBOAHIR LN B RERSEE LT
LRBA KifiE, BHNARM DL L & /-7
PIK3RI KIHMEASRE SN TB Y, 4HATICE
ez lbhs w18 F7- TNFRSFI3B
(TACI) & TNFRSFI3C (BAFF-R) O {nT- i,
BREZVEBITRREREV) LD OELA,
EHROSIEZBHIT 2D THHEEIONL.
1eG ¥ 77 T ARKAEIE R BARMG TgA KIHAE, H55%
PAREAAE S ARHEICEINTVEY, TDEL
ODEERIETRIAYOETETH A, FHH D
i, MR 1gG2 KRR D HH & L TR 1eG2 @
FURIT XD ST 1gG2 ATHEAE S e WIRRE & B
BT LA, AIEDIHRIE I NS DI b EF
THHEEZOND D, 2& 2 E, 1gGHT 2 T
ARIEREBNC BT MSHO RIJER ED I A< v
FHEEREOBRMETRE S RARE ST,
518 GATA2 {5 T8 (Re) OEHE T, B
ML OZW 2 WP AR SN B DY, PREERE
RoNWn2z0REIZIZED TV,
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#4 EEUTHRETRLE (predominantly antibody deficiencies)
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XL : X-linked inheritance, AR : autosomal recessive 3nher1tance, AD : autosomal dominant inheritance, BTK : Bruton tyrosine Kinase,
BLNK : B cell linker protein, AID : activation-induced cytidine deaminase, UNG ! uracil-DNA glycosylase, ICOS : inducible costimulator,
Ig (k) : immunoglobulin or k light chain type
*0EG S B 03 WRT OFEMBES Y, MRMICTHRESh TV KRB

4. HRIEAEREE (diseases of immune dysregula-
tion) (%5)

A& TN BEBE, 4300 %:
REEBHETR RV EIFE SR, Thb
LB RERE O REIC LY, MERE AERER
V) Vo SHIBHAE B R TR H O RE R B A 25
THEBHAEEINT VA, 20094EFEICEB Y A
VAR o SEFEVEEE T B ITK KIEE (B
BRBEASEOHEIZOEENS) &, FEMETH
FORFEIC LY ATAENERESITHEAL
L TCD2S RIBFEMFARBFIEBIMSNTED, R
T2011 4B IS X R IR M BR A A )~/ SHLER
HEVHOFAEHET L LTSTXBP2 (Muncl8-2),
HTSEMN Y v SHIEAEERE (autoimmune lym-
phoproliferative syndrome, LLF ALPS & %97) 123
AL K-RAS D E% & FADDKIHAE, HCSaEsE
MEFT BEEH L L CITCH RIEEDEM S T
V%, FADD KABIE X ALPS D FUH O — D |2 534
SNTWAEY, BRI OLERMEERE LT T
<, RESREIR TR, ZIUCHE ) MR %
GUBHAREERIECTH 5. HBROITK KIEESB
L U201 1 4EBE LT B N S /2 MAGTT KIBSE L, &
BICEB 7 A VADEEFET B o BGH & R TR

BTHLA, TOMBEXTHRBL %D 720
"BEREASE (R2) IKoBEhzBLTY
A. F72, 20124F 12 Hermansky-Pudlak % @ 50
&AE & L TPLDNBIEFREFHRE SR TEY,
SBAREIEMEND EBbNRE Y,

5. BIEROR, HEE H5VIEZOMADE
K4REZE (congenital defects of phagocyte num-
ber, function, or both) (¥6)

AL, WPk, HER, vsuvr—Uk
Vo Ze A ARBAE O 55— % 1 ) Slfs OB RR R E
WEENDL, L2doT, ThoORBEIZILE
W HAREORE L SR TE 5. Al
M, & S ITAFRERMEOBEE, i hEREBIRE D
BasE, TEMRSHEE OBLE, Mendel MRELY 4
ANy 70 7 HiEdeE (Mendelian susceptibility to
mycobacterial diseases, LT MSMD LigEy), 20
b0 RO SHHEEND, Wk &

MEACH 2 Db B 53 F O B DS a2
9 723 G6PTI 3% & G6PC3 5%, il FiE
DEALHIET CSF2RA%52009 45 FE O 7348 B AR IH
IEIMENTWD, EIgEREEM O ) B STAT3 R
TRAE & TYK2 KIBREIE, 2009 4 B4 3 CIIAIHIC
bEIN TV, 2011FEDP L “TRIEREET
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%5 WREAEEE (discases of immune dysregulation)
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XL @ X-linked inheritance, AR : autosomal recessive inheritance, AD : autosomal dominant inheritance, DN : double negative, SLE : sys-
temic lupus erythematosus, IL : interleukin, FHL : familial hemophagocytic lymphohistiocytosis, XLP : X-linked lymphoproliferative
syndrome, ALPS : autoimmune lymphoproliferative syndrome, APECED : autoimmune polyendocrinopathy with candidiasis and ectoder-
mal dystrophy, APS-1 : autoimmune polyendocrinopathy syndrome typel, IPEX : immune dysregulation, polyendocrinopathy, enteropathy,
X-linked

*U10EGIH B W F AT OFEMBRER Y, NBICTHRES ATV BERRE

*6 Biifs, e HZWIZOMADEKMEEE (congenital defects of phagocyte number, function, or both)




e - 201248 - 129 (145) 2331

XL : X-linked inheritance, AR : autosomal recessive inheritance, AD : autosomal dominant inheritance, ACTB : Actin beta, B : B-lympho-
cytes, CEBPE : CCAAT/enhancerbinding protein epsilon, CMML : chronic myelomonocytic leukaemia, CTSC : cathepsin C, CYBA :

cytochrome b alpha subunit, CYBB : cytochrome b beta subunit, DC © dendritic cells, ELANE : elastase neutrophil-expressed, GATA2 :

GATA binding protein 2, IFN : interferon, IFNGR1 : interferon-gamma receptor subunit 1, IFNGR2 : interferon-gamma receptor subunit
2, IL12B ! interleukin-12 beta subunit, IL12RB1 ! interleukin-12 receptor beta 1, IFR8 : interferon regulatory factor 8, F : fibroblasts,
FPR1 : formyl peptide receptor 1, FUCT1 : fucose transporter 1, GFI1 : growth factor independent 1, HAX : HLCS1-associated protein X1,
ITGB2 : integrin beta-2, L : lymphocytes, M : monocytes-macrophages, MDC : myeloid dendritic cells, MDS : myelodysplasia, Mel :

melanocytes, M® : macrophages, MSMD : Mendelian susceptibility to mycobacterial disease, N : neutrophils, NCF1 : neutrophil cytosolic
factor 1, NCF2 : neutrophil cytosolic factor 2, NCF4 : neutrophil cytosolic factor 4, NK : natural killer cells, ROBLD3 : roadblock domain
containing 3, SBDS : Shwachman-Bodian-Diamond syndrome, STAT : signal transducer and activator transcription

* 10 EDIH B Wik T W AT OFMBERY, TRICTHRESL TV BHRE
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) & (S NIEBRE” (R3) WHE—3 k.
S 512, 2011 FFBE I B M W 3EIERE  (chronic
granulomatous disease, L\ T CGD &ME$) DO L
WEATH{E T & L TNCF4 (p40 phox), MSMD ®
FLOWEHEHEET L L TIRFS (B e
ZIR), T72CCD DEMEMIZT TH S CYBB
(gp91 phox) DERIZL>THMSMDZET ST
EWHY, TNLIBEIMENTY 5, Barth il
BE, Cohen EEME, %ILRINHERIEEHED TR
WAER, BEMICEE CAMsNERTH L.
ZO5TRHREBIIHHEICER STV 2V, #IE
F- BRI & Az 720 2001 A & A TH
aEmE Nz, FofoREE LTH 2 ICRES
FENizb DI, MSMD O FEAL#ET IRF8 D5E
SRIREE (Fadsmizn) &, HE
FAS ARG, NKHilE, BMlfoXEL 2T
% Mono MAC JiE 1 O 3 18 {5 GATA2 2538 I
ERTWAH, 20124E 121337 72 72 MSMD O EAF#
BF & LT, ISGISRIBFENRE SN TEY, 4
HBAREIEMSNE L Bbh b0,
. BRBEARLE (defects in innate immu-

nity) (&7

W%ﬁzyaWVaﬁNL@nmﬁﬁ%ﬁ@%
ERHE) ZHRERE LTHRES R, R T1997
FELBEE MIBWTLZFDFRETZTH S Toll Kk
ZH4K (Toll like receptor, L TFTLR &B5S) 77
3 =K VTRE S MBI, FOFE%
T FNGEBEAHL P E 2o TE L. FhUC
N DY AT LT 55 FREOBETRE
ARACFEINTE TS, RERLRERE L
TTLR7 7 3 ) —5GFFDLDTH5HTLRI R,
TLR ¥ 79 v ORRLPEER K % 4 9 4T IRAK4
R NEMO D EENH 5. HIRBERRAE O IFE
& U T OGN % R3S B KR 2%
HIFLNBA, TOZELEBTLRICRESNSH
RIEDOSHEAHEZNENDFTRT 2 W4 (F
A EWEARPE T 20 THE Sy — >~

pathogen-associated molecular patterns: PAMPs) (2

RN DH S Z LIRE T S, TLR4LPS (lipo-
polysaccharide) % #23k L, TLR2X7 T ARG
OHINERRR S TH B )RS £ afpR <~ TF N
7% v%, TLR3IETARGRNA %, ik 5.

L7ehio T, HRWEIZ P bS5 T ORTET
&, SRR T AR RIS £ NN 3
T 5 L% D, 2000 4E B 1< MyDS88 K 8 4E,
CARDY KIESE, VSV — <A AREIZEM
ENTBY, RT201HFEICIEHMMAL <A
7 A WA (herpes simplex virus:HSV) {40 T
BIET & LTTRAR DSBS N, 512 “ZFofh
D& EF S N REAREREBER 2 OARTHIC
CMC (IL-17F B X U IL-17RA /K38, STAT1HERE
WASBIZR) PBEHSNHRE LT, HRGE

ANEIEE, B % & OfLIRMEE, HSY,

v hS¥ I —< £ VA (human papillomavirus,
BLUFHPY EWET), A V8, bUII =R
BUZZ NIV R SR G & R R RS S)
FI3hTwb I it b, F722011, 20124
R THSV I D HAL#E AT & L TTRIF,
TBK1 7%, T oHPVIIH § 5 HREARLEL LT
RHOH KAESEADS L SN TB Y, SHBAHITEM
INnpERbhpm-2),

7. BECREMKEE (autoinflammatory disor-
ders) (38)

TLRZ B b [ZHER R BHRM L o FH Mz Py o
LY FY— A RCEH LT A2%, MBS
1Y % HIRSREROZERT T L L TRIG1HE
ZHEE, NODBZEBRLAEINTVE, &<
{CNOD#ESZHEMAR 7 7 3 — D) LNLRP3E, A
VIRV LE LIRS BRI E O EBIY
ESTFHEEROPLN 2 RE ) ZBEKTH
B EDHBHLTWAS, Z ONLRPIDEET-FH
WL DT AERE, 774434 LB
WHEERRE (cryopyrin associated periodic syndrome :
CAPS) & Jid B %%, ARBEBTIIIEL )
g sh, BAETEIR, MRSV v TR
B bERSEHITH Y, HIZHE) V=T
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%7 BHARETRRIE (defects in innate immunity)

X-lmked mhentance, AR : autosomal recessive inheritance, AD : autosomal dominant mhentance NF—KB nuclear factorKB TIR

toll and interleukin 1 receptor, IFN : interferon, HP - human papilloma virus, TLR : toll-like receptor, IL ! interleukin, EDA-ID : anhidrotic
ectodormal dysplasia with immunodeficiency, WHIM : warts, hypogamma globulinemia, infections, myelokathexis, HSE : herpes simplex

encephalitis, CMC : chronic mucocutaneous candidiasis.

* 10 fER & BV T ITOFFMBES Y, LMRICTHESNTVEIHRE

LEBBEINTWAZ L b DS, HOSHEHERIX
RGBSR S, w0 E E}Mi\
H UGS THIB OB S e WHIEMIRE &
HEIRENTBY, 2011EQHED S ZHEAN
MVA A VRPN 73 W3 - Rl A A S
ZAZRHE L 2 WERBICKE L EHTEN TV A,
Muckle-Wells SEMBCHE, FRIEESA H T IO M
W, FrAREHSES iR EMSE A (neonatal-

onset multisystem inflammatory disease:NOMID) ¥

AL P ik
rological cutaneous and articular syndrome: CINCA)
TR, U CIASTEfETFORFITRN L Tw
B, TS O 4 O ORI O

cmw%ﬁ%ﬂwﬁm,%@ﬁﬁ%%%@ﬁ%%
HOBEIL o TSN TELEEEZEZ LR
b, TLABISHIGEMS N RAE LTE,
2009 47 BE L2 I3 M8 B CRAEMEBAF 2 B
FEBET L LONLRPR2EIL-I T v 5 T=A b

LIS IR 2 G BASS  (chronic infantile neu-
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%8 BECHEMEE (autoinflammatory disorders)

AR : autosomal recessive inheritance, AD : autosomal dominant inheritance, PMN : polymorphonuclear cells, ASC © apoptosis-associated
speck-like protein with a caspase recruitment domain, CARD : caspase recruitment domain, CD2BP1 : CD2 binding protein 1, PSTPIP1 :
proline/serine/threonine phosphatase-interacting protein 1, SNHL : sensorineural hearing loss, CIAS1 : cold-induced autoinflammatory
syndrome 1, IL ! interleukin, FMF : familial Mediterranean fever, HIDS : hyper IgD syndrome, MWS : Muckle-Wells syndrome, FCAS :
familial cold autoinflammatory syndrome, NOMID : neonatal onset multisystem inflammatory disease, CINCA : chronic infantile neuro-
logic cutaneous and articular, TRAPS : tumor necrosis factor receptor-associated periodic syndrome, PAPA : pyogenic sterile arthritis,
pyoderma gangrenosum, acne, CRMO : chronic recurrent multifocal osteomyelitis and congenital dyserythropoietic anemia, DIRA ! defi-
ciency of the interleukin 1 receptor antagonist

* 10 FERIH B Wi 2 W T OFEMBESY, XRICTHRES ATV IEE

DRI TH 5 DIRA (interleukin 1 receptor antago- HEkE T, f7, BB D BICSOENEE
nist deficiency) BN STV 5. JEHI:EE %k, BoOPThb &b LHROBTEBRTLLD
77y WM, WHEEHYE, SEELY v oEi% (peri- THhb., 512, FH7/-I220114E121E, DIRA &4
odic fever, aphthous stomatitis, pharyngitis, cervi- PRFRELZ & Y 384 S 2 IS M M g oD T ATt
cal adenitis : PFAPA) JEMEREE, BAERRT- AR & f&F & L CTIL36RN (DITRA (deficiency of inter-
ENTOLWLORBEICIEEETN TR WA, & Jeukin thirty-six receptor antagonist) & b Xifi 5],

SEOWZETIXIL-1 o LR, IL1 7% TR ep g — PEA SE BB O BT B (5T PSMBS, 2012 4E
W A BB S B H B Z E AR ENT CEH L 8 T B O TS T CARDI4 HYRE
B2, —KWICHCRESRERDO DL LT NTBYH®~2, SHEREFIGENSN DO LR



bihs,

8. #AARLIE (complement deficiencies) (F%9)

Hifkik, IRFEICITERBIRICE TN D 0HERE

fexdl ) DT HTH 720, HRFASED BAA
PJABRED R E V2B, RFICETNLRE

DEAMERT DT TRE L, itk

) 5= b — 7 A (systemic lupus erythematosus:
SLE) Z0Mlo ) 7~ FHHE, SREREE 4K,
JEIULT 1 5 1 PR A E B (atypical hemolytic
uremic syndrome, ELFaHUS &ME3) 7% EORRIR
HEIRERTHIDOBETNS. aHUSE VD EB T
& &N B factor B (CFB), factor I (CFI),” factor H
(CFH) # CD46 DAL, HKBEB 3%
BRERE W L& LAaRBESERETE LT
El$a&Ez ML, /o, NEHEHSEL
F2geIc AU, BAOMBPRIRIE (3> — A
AL 27 F >~ (mannose-binding lectin:MBL) & L
THLNTWAE]) TREGHEOMMIRD LN
Twiwv, 2009 FZICHERMERTIOL L
T Ficolin3 KIVESAFUZBIMENTEB Y, K\
T 2011 4R B IR TE & &7 F v DR K
HIC & R LR THEE L TMASPI KIH
ﬁanmﬁ@ﬁ(GLKMKMﬁ)#HMén
T A, 3MCHEBRHI ST R TH 5 25,
Carnevale JEB T, Mingarelli fiE 53, Malpuech i
BERE, Michels JEEHF & S F EFIcLiEhTwiz
bDOTHAH.

PERB DR SWREARASE (2FD, BdIC
SCID R PURRE AR 45 &) T, ML Tl
BRI M RIE a7 ) MR RRB Evo oo
V=YX WN—ADFETEWTHIENTET

WA, RO LT, s 55
TIGERF DS I, FloeEE, L IZH
%%rfmm*ﬂ#mkwaWL xThY,
INSEBEROBTaT— T v WN—2ADHRK
JTREBHIICENR VI LD\, Bt %R
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THBIEM UGG, SESERMEDSIHR
e U L, 33 13AR TR & R 7SRRI
BETDEBDSROPRE L T2 & on,
/o, —HCHEBMADIAD 5 5 ERGEIIR
SV, SRERREORE & L TR MIkE R
PV o SHURRERGE, B CIE R m AR O 5%
WA & B IRMBIAA MLV IR FFREAE I &b Z D
SHICEERTWA, TS L EE L CHREER
%w%ﬂ@ﬂﬁﬁﬁﬁﬁ#%%ﬁ%%ﬁ ) ETIRLED
BWICEAZENTELLDOTH D, Bl
T5ZET, RN LRHRRENTLETAb00%
CHBIZD, TORIZOREINZV,
B, BRI e B S M S0 AN A 12 I
I B PHANIEE, BLENIERTRE T L v ¥ —
A v & — (Research Center for Allergy and
29 S DNARFZERT A 3617 T
Primary immunodeficiency database in Japan (PIDJ)

D= L= TR [iEE LTS (httpspidjrcairiken,jp/) .

Immunology :RCAI),

EIR RIS R B o oA, RED» S DB
FAHEE, B OB TR %%H}\hfvxzv@

T L T2 & 2z,
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ANRESE - 20024 - 12% (IS1) 2337

o : % e o
XL : X-linked inheritance, AR : autosomal recessive inheritance, AD : autosomal dominant inheritance, MAC : membrane attack complex,
SLE : systemic lupus erythematosus, MBP © Mannose binding protein, MASP2 : MBP associated serine protease 2, SNP : single nucleoride
polymorphism
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Abstract The ectiology of cryopyrin-associated periodic
syndrome (CAPS) is caused by germline gene mutations
in NOD-like receptor family, pryin domain containing 3
(NLRP3)/cold-induced autoinflammatory syndrome 1
(CIASI). CAPS includes diseases with various severities.
The aim of this study was to characterize patients according
to the disease severity of CAPS. Five Japanese patients with
four kinds of gene variations in NLRP3 were found and
diagnosed as CAPS or juvenile idiopathic arthritis. Two
mutations in NLRP3, Y563N and E688K, found in CAPS
patients exhibit significant positive activities in the nuclear
factor-kB reporter gene assay. Increased serum interleukin
(IL)-18 levels were only observed in severe cases of CAPS.
In mild cases of CAPS, the serum IL-18 levels were not
increased, although lipopolysaccharide- or hypothermia-
enhanced IL-1f3 and IL-18 production levels by their pe-
ripheral blood mononuclear cells were detectable. This
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series of case reports suggests that a combination of in vitro
assays could be a useful tool for the diagnosis and charac-
terization of the disease severity of CAPS.
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Abbreviations
CAPS Cryopyrin-associated periodic syndrome

CIAS] Cold-induced autoinflammatory syndrome 1

CINCA  Chronic infantile neurologic cutancous and
articular

CRP C-reactive protein

FCAS Familial cold autoinflammatory syndrome

HEK Human embryonic kidney

IL Interleukin

JIA Juvenile idiopathic arthritis

LPS Lipopolysaccharide

MWS Muckle-Wells syndrome

NLRP3  NOD-like receptor family, pryin domain
containing 3

NF-kB  Nuclear factor-xB

NOMID  Neonatal-onset multisystem inflammatory disease

PBMCs Peripheral blood mononuclear cells

TNF Tumor necrosis factor

Introduction

Cryopyrin-associated periodic syndrome (CAPS) is an auto-
inflammatory syndrome [1] caused by germline gene muta-
tions in NOD-like receptor family, pryin domain containing
3 (NLRP3)/cold-induced autoinflammatory syndrome 1
(CIAS]) [2-4]. The diagnosis of CAPS is based on its
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All of the patients’ family members and healthy control
subjects provided informed consent to participate in the

clinical case will be described elsewhere by
Teramoto et al.).

study, and the ethical principles of the Declaration of Hel-  Case 4 Case 4 was the mother of case 3. The precise time
sinki were followed. of her disease (MWS) onset was unknown. Initial-
ly, she was diagnosed with rheumatic arthritis and

Case 1 The onset of disease (FCAS) in this patient occurred received oral prednisolone therapy. She suffered
at 3 months of age. She exhibited a recurrent gener- progressive sensory neural hearing loss at 30 years
alized urticaria-like skin rash upon exposure to cold of age and underwent artificial cochlea replace-
temperatures (Fig. la). Progressive sensory neural ment therapy at 48 years of age. This was greatly
hearing loss and renal amyloidosis were not seen. effective in improving her hearing ability. Menin-
Her serum C-reactive protein (CRP) levels were gitis and renal amyloidosis were not seen.
continuously and slightly increased (0.24-  Case 5 The onset of discase in this patient occurred at
2.1 mg/dl). 3 years of age. Fever that continued for more than

Case 2 Case 2 was the father of case 1. He was a 34-year- 2 weeks, severe polyarthritis (serum matrix
old male with a recurrent urticaria-like skin rash, metalloproteinase-3 of >800 ng/ml), and recurrent
fever, conjunctivitis, and arthralgia that developed urticaria-like non-itchy skin rash (Fig. 1b) were
following fatigue or exposure to cold temperatures. observed. Lymphadenopathy, hepatosplenome-
The precise time of his disease onset was un- galy, and serositis were not seen. Patella over-
known. Progressive sensory neural hearing loss growth, aseptic meningitis, progressive sensory
and renal amyloidosis were not seen [12]. His neural hearing loss, and renal amyloidosis were
CRP levels were continuously increased (1.52— not seen. Rheumatoid factor was negative. Other
3.98 mg/dl). autoantibodies, including anticyclic citrullinated

Casc 3 The onset of disease (CINCA/NOMID) in this peptide antibody, were not detected. Her serum
patient occurred at 11 months of age. Continuous CRP and ferritin levels were increased (11.69 mg/
aseptic meningitis, urticaria-like skin rash, arthritis dl and 255.1 ng/ml, respectively). Based on the
at the end of the fingers, and Raynaud’s symptoms below-mentioned hereditary traits and the results
were observed. Arteriosclerosis of the ophthalmic of in vitro functional assays, we diagnosed this
artery was found. However, severe patella over- patient as juvenile idiopathic arthritis (JIA), accord-
growth was not seen. At 14 years of age, he had ing to the criteria for JIA from the International
heart failure with myocarditis, which was consid- ‘League of Associations for Rheumatology [13]. A
ered to be a rheumatic characteristic. The patient combination therapy with steroid and tocilizumab
died suddenly at 19 years of age (the detailed was effective.

Fig. 1 Urticaria-like skin rash a Case 1 Case 5

of cases 1 and 5. a Clinical
appearances of the urticaria-like
rash of cases 1 and 5. b
Histopathological examinations
of biopsy specimens from the
skin rash of cases 1 and 5. Both
skin biopsies show a recurrent
cold-induced non-itchy
urticaria-like skin rash and also
show neutrophil infiltration
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DNA Sequencing

Genomic DNA was extracted from leukocytes using Sepa-
Gene (Eidia, Tokyo, Japan). A DNA fragment of the NLRP3
gene was amplified by PCR and analyzed using Big Dye
Terminator Bidirectional Sequencing (Applied Biosystems,
Foster City, CA, USA).

Cell Culture

PBMCs were isolated from heparinized blood from control
donors and patients by gradient centrifugation in Ficoll-
Paque (GE Healthcare, Uppsala, Sweden). The PBMCs
were cultured in medium consisting of RPMI 1640 supple-
mented with 10% heat-inactivated fetal calf serum, L-gluta-
mine (2 mmol/l), penicillin (100 U/ml), and streptomycin
(100 pg/ml). Human embryonic kidney (HEK) 293T cells
were cultured in Dulbecco’s modified Eagle’s medium (high
glucose-containing DMEM; Invitrogen, Carlsbad, CA,
USA) supplemented with 10% heat-inactivated fetal bovine
serum (Sigma-Aldrich, St. Louis, MO, USA), penicillin
(100 U/ml), and streptomycin (100 pg/ml).

Vector Preparations

A cDNA encoding NLRP3 tagged at the C terminus with a
FLAG epitope (NLRP3-FLAG) was cloned into the plasmid
vector pcDNA3.1+ (Invitrogen). Mutants of NLRP3
(E378K, Y563N, E688K, and G809S) were generated using
a GeneEditor In Vitro Site-Directed Mutagenesis System
(Promega, Madison, WI, USA). An ASC variant 1 tagged
at the C terminus with a myc epitope (ASC1-myc) was also
cloned into pcDNA3.1+. An NF-«B luciferase reporter vec-
tor (pGL4.32-luc2P/NF-kappaB-RE/Hygro) and a Renilla
luciferase reporter vector (pGL4.74-hRluc/TK) were pur-
chased from Promega.

NF-kB Reporter Gene Activity

HEK293T cells in 96-well plates were transfected with
16 ng/well of pcDNA3.1+ control vector or pcDNA3.1+
NLRP3-FLAG vector (wild-type or mutant-type) using Lip-
ofectamine 2000 (Invitrogen), according to the manufac-
turer’s instructions. The pcDNA3.1+ ASCl-myc vector,
NF-kB luciferase reporter vector, and Renilla luciferase
reporter vector were cotransfected. After transfection, the
cells were cultured for 24 h. The luciferase reporter gene
activities were analyzed using a Dual-Luciferase Reporter
Assay System (Promega). The statistical significance of
differences in the luciferase activities between the wild-
type and mutant genes in the NF-xB gene reporter assays
was analyzed by the Kruskal-Wallis test, and further
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analysis was performed by the Bonferroni/Dunn test. Statis-
tical significance was assumed for values of P<0.05.

Lipopolysaccharide- or Hypothermia-Induced Assays

PBMCs were suspended at 1x10° cells/ml in culture medi-
um and cultured in the presence or absence of 10 or 100 ng/
ml of LPSO127 (Sigma) for 24 h in six-well plates at 30°C
or 37°C in a humidified atmosphere containing 5% CO,.

Measurements of Tumor Necrosis Factor-, IL-6, IL-1(3,
IL-1ra, and IL-18

Sera from the patients and healthy control subjects (n=10;
age range, 1-35 years) were stored at —80°C until analysis.
The sera of cases 1 and 2 were collected when they had the
cold-induced rash, but not fever. The sera of cases 3, 4, and
5 were collected during a fever episode as an autoinflamma-
tory symptom. Culture supernatants in test tubes or microt-
est plates were centrifuged to remove the cells and then
stored at —80°C until analysis. The tumor necrosis factor
(TNF)-«, IL-6, IL-1f3, IL-1ra, and IL-18 concentrations
were measured using a Human TNF-a Immunoassay Kit
(BioSource, Camarillo, CA, USA), Human IL-6 Immuno-
assay Kit (BioSource), Human IL-1p Immunoassay Kit
(BioSource), Quantikine Human IL-1ra/IL-1F3 ELISA Kit
(R&D Systems, Minneapolis, MN, USA), and Human IL-18
ELISA Kit (MBL, Nagoya, Japan), respectively. The
detection limits of the cytokine measurement kits were as
follows: TNF-«, 1.7 pg/ml; IL-6, 2.0 pg/ml; IL-1f3, 1.0 pg/ml;
IL-1ra, 6.26 pg/ml; IL-18, 12.5 pg/ml. Values under the de-
tection limits were shown as not detected. The serum cytokine
levels were measured at two points at least, and the average
values were calculated. The cytokine production levels by
PBMCs were measured in duplicate and the average values
were calculated. We defined cytokine levels of more than the
mean+2 SD as increasing.

Results
Detection of Gene Variations in NLRP3

In the five patients, four heterozygous missense variations
(E378K, Y563N, E688K, and G809S) of the NLRP3 gene
were identified (Table I). Interestingly, case 3 showed com-
pound heterozygous gene variations, E688K and G809S,
while his mother (case 4) had only one mutation, E688K,
of NLRP3. The G809S allele was inherited from his asymp-
tomatic father. In case 5, a novel missense variation, E378K,
in NLRP3 was identified. In addition, a heterozygous muta-
tion, E148Q, in MEFV was identified. Gene mutations in
TNFRSF1A4, MVK, NLRPI2, and NOD2 were not found.
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The genotypes of NLRP3 and MEFV in her asymptom-
atic mother were the same. It should be noted that
E378K and G809S were not present in the INFEVERS
database (http://fmf.igh.cnrs.fi/ISSAID/infevers/) [14] and
were confirmed as rare variants that were not identified in
the 100 ethnically matched control subjects.

NF-kB Reporter Gene Activities of the NLRP3 Variants

Figure 2 shows the ASC-dependent NF-«B activitics of the
NLRP3 variants in vitro. The NF-kB reporter gene activities
were increased by the Y563N and E688K mutations in
NLRP3. The activities were higher for D303N (as a positive
control NLRP3 mutation that was previously identified in a
CINCA/NOMID patient [5]) and E688K than for the FCAS
mutation, Y563N. E378K and G809S did not cause any
significant increases in the activities. Initially, we suspected
that case 5 had CAPS. However, based on these results, we
were able to confirm the diagnosis of case 5 as JIA, rather
than CAPS. -

Cytokine Profiles of the Patients

The serum IL-18, IL-6, and TNF-« levels were not detected
in the sera of the healthy control subjects. Although we were
unable to detect IL-1$ in the patients’ sera, we clearly
detected the serum IL-18 and IL-1ra levels in all cases
(Fig. 3a, b). The serum IL-18 levels were extremely high
in the CINCA/NOMID (case 3), MWS (case 4), and JIA

0.8 1 [:] ASC independent
0.7- - ASC dependent

0.6

0.5

o *
iﬂlmlﬁlmlmlmlﬁl

mock wild D303N E378K Y563N E68BK G809S

NF-xB reporter gene activity

Fig. 2 NF-kB reporter genc activities of the NLRP3 variants. The
white bars indicate the NF-«xB reporter gene activities of the NLRP3
variants without cotransfection of ASC, while the black bars indicate
these activities with cotransfection of ASC. The data shown are the
means£SD of triplicate assays. The ASC-dependent NF-kB reporter
gene activities are increased for the variants with D303N, Y563N, and
E688K. The activities for the CINCA/NOMID mutations, D303N and
E688K, are higher than those for the FCAS mutation, Y563N. The
variants with E378K and G809S do not show any significant increases
in the activities. *P<0.05

(case 5) patients compared with the control subjects. The
serum IL-1ra and IL-6 levels were increased in cases 2, 3, 4,
and 5 (Fig. 3b, c). The serum TNF-« levels were increased
in cases 1, 2, and 3 (Fig. 3d).

Interestingly, the serum IL-18 levels in the FCAS patients
(cases 1 and 2) did not show any increases compared with
the control subjects (Fig. 3a). Furthermore, the levels of
spontaneous IL-1f production by PBMCs from the
CINCA/NOMID (case 3) and MWS (case 4) patients were
increased, whereas those of the control subjects, FCAS
patients, and JIA patient (cases 1, 2, and 5) did not show
any increases (Fig. 4a).

The lipopolysaccharide (LPS)-induced cytokine produc-
tion levels by PBMCs from the FCAS and JIA patients are
shown in Fig. 4b—d. The IL-13 and IL-18 production levels
were increased in the FCAS patients compared with the
control subjects. However, TNF-« did not show any signif-
icant changes. Comparisons of the cytokine production lev-
cls by the PBMCs cultured at 30°C and 37°C are shown in
Fig. 5. The PBMCs from the FCAS patients showed obvi-
ous increases in the IL-1 and IL-18 production levels after
culture at the lower temperature with no stimulation.

Discussion

The diagnosis of CAPS is still based on the clinical symp-
toms and recognition of a syndrome. Detection of a patho-
genic NLRP3 mutation can confirm the CAPS diagnosis.
However, to confirm the diagnosis of CAPS patients with
novel identified NLRP3 variations, some functional experi-
ments regarding the effects of the NLRP3 mutations, such as
the NF-«B luciferase reporter gene assay used in this study,
are necessary because of the existence of nonfunctional
missense variations of NLRP3 [7]. Furthermore, although
there are many previously reported missense mutations of
NLRP3 associated with CAPS in the INFEVERS database
[14], the mutations with confirmed functional evidence are
limited. In this study, we identified NLRP3 gene mutations
in five patients who were suspected of having autoinflam-
matory syndromes. Two mutations of NLRP3, Y563N and
E688K, were previously reported to be disease-causing
mutations [15, 16], although in vitro functional assays were
not performed. Y563N was first identified in FCAS patients
who were diagnosed based on the clinical criteria of FCAS
[16, 17]. Our FCAS patients (cases 1 and 2) showed a skin
rash, occasional fever, and mild arthritis and did not show
any severe symptoms, such as neurological disorders, hear-
ing loss, and renal amyloidosis. On the other hand, E688K
was first identified in an Italian male CINCA/NOMID pa-
tient [15] who was described as having a skin rash, hearing
loss, fever, and transient arthritis without persistent defor-
mities of the involved joints. Our patients with E688K
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