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BIUY NS Ty FEBBEERICRY. £2, 2MPH, SEFKIEPHIC
£DOT, ERERFERBD. UYV/\HEBERICLO>TEET DD, EHE
EDVWTHEZBBHURETH D,

4. THIR - BH#iRRY 7ty MAEBROBROBRIERTANER

RASHICELDT, EoTV HEF, RETINRENERDZOEIEH L
BTHDo

CD3 & T #ifa=sH (TCR) @&6HD—8Th a2, CD3 Bk
TCR BHEHCRETH D, BERMICE, THREEYYRmkEOry
b FEUSDXRDRES)) ZEMT Sk (E-Oty MEAMR) ST
B, EVIRMKD T MBRADOZSHEL CO2 THHZEHDH R
», CD2 Bz T Ml LTWWARESENDDH. ULHL, CD2 (&
NK #CHERIBELTWVSDZY, BEICE, CD2 BitEROBISE T B
ENK HREEHDELZBDICED. B8, NK fifald CO3 BHEHD
CD16 BiEDD CD56 FIEDMR CTHd. CO3 BIEiICH CD56 Bt
N DDz, CD56 BElaNd& NK fiflasgdE T MlaD—8%
SATUXRDED, FEDRETHD.

B #ifaldk, B MlRBHTHdREIOTUY (Ig) ZREAICEDUVIN
KTHDD, Ig FEOMBICH Fc RBAZNULTRELTWVWSZEN D
D, ZOLEMRESATURDIIEDD D, X2, RBIPD Ig HisfE
DBEICE, E/2O0—-FIUREHEREESNSZD, BONT L (B #Ek] B
REZCd. ED2®, KEM B BRTHIHEERELTNS CD19 HHN
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¥-2102 ‘7 ON 9% TOA BB

D
N
~

F FEEUNBY Ty PERE

CDk1 é*B ﬁﬂﬂ@
oD
CD4*T il
CD8*T #f
CD4/CD8 »I;E i

CD3~/CD16-56*NK #52 |

(10~41)

(28~76)
%
(17~52)
24% .

 (3~23)

Rl (5~95 /IN—t > &1 IL)

FEWAY NRY TRy FERE (X10%/uL)

ooaT mm& :

CD8+TM}}E$§£ ‘

CD3~/CD16-56+NK #iasi |

2~

il (5~05 /IN—t &A1)




(& CD20 [FlitiiRz B MlaE g5 EH %W, B RISKIEREBMRA T,
CD19 k5%, CD20 2 TH 528, CD20 & B flas U TWL D RERH
TS, CO19 Z Bl U TV BRI TIEBHDRS EBDIZD,
ARDRETHD. B, CD20 FERE T MlRO—BTEEIRLTVDE
», CD19 DESHKD B fRFENTH D,

iz, 70—Y+4 bARI=FEZAWVBIEOEERELT, F— OIS
A, BEHREDRFBICKD, BEHNEUDRIGEIEDRETHD. ED
®, JEETHNERY FTO0Y FHBDVREEA NI S LAZRDE T THIRT
BDZENLERLV, &<IC, aiwili, UY/EllkEesDRICE, EF
REWVBIEEICT — hENTDREND D, Tz, BHMRIESABMKNAR
TH5 CDA5 DRIVEHDPRWN (dull THD) 28, ZIITT—bEDT
Mm% - UY/EBEIRE (LLA, ShEREESHRRE, Rikd
1000 =, #IH#E 126 R) ZRVEEDIHEIRLL,

5. Key Points

U Ey 707U VIMESECBVT, FEMTHE - B gt Jey b
AET DT ET, ZOERD T 0N (BERERDE), B il
DD (B HIEIEE) ZH2 T ENTED,

CD4 BZ14 T #lifa, CD8 B4 THllDEIGZEHD I ET, & SICHAIN
HEETH Do

B BESMHICK>T, AIEICE>TVWDE/ 70— ILIEDEENER
DY, BE-ofcT Ty hEeHFTWDT EICHED D, FEDNET
DB

1) Comans-Bitter WM, de Groot R, van den Beemd R, et al ! Immunophenotyping of
blood lymphocytes in childhood. Reference values for lymphocyte subpopulations.
J Pediatr 130 : 388-393, 1997
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22 74Xy b

Wiskott-Aldrich syndrome (WAS)

HOREER R RSN - B )

I Ny FREER

TR EE Fese e SHETER

o MBI/ MRR D,

A (XLT) tmé

o XLT TH b F—h'E

mdﬁﬁ¢kﬁb?y9D7U/mﬁMZ%é
e BBDEERIISTEIEZTHDN,
e WAS BSEEMFAITIE, HE, BHE, ’\}b’\lf"ﬁff)lx;(@%@%ﬁﬁ%ﬁb\ 5
THOEITEMEMPTSIE (B8, M) Z75. ‘

Soh, HfmDIy ~O—)UAY L‘é‘h‘uﬂ’u;t %ﬁ 75:75}’53“5

o BICI, BEFRBORRABIBRS LTINS,

f\l:—'iﬁlﬁiﬁAﬁ‘lb‘lﬁﬁr REAEEE 3 Eﬁﬂt’é’é
WAS @{K?ﬁ k&éXl_fﬁ'lﬁf‘FF’CE)é :

‘Af#fhc‘: LT, %Eﬁrf%tﬁ‘lﬁﬁif(t<h 'I”S_“) //\Bi)b‘%é

'f"zlﬂi BEFEEICLDTEARY, WAS%EI&:%@ULJ F.Y HE?‘J‘QE%E@V&E@“
'Zaif“ fﬂ&iﬁLU WAS Eﬁﬁ‘lﬁﬁﬂtiﬁﬂd

yma@EWt?éx@%ﬁmmwn

kR ﬁ?ééfkﬁbé

I mEwewn 7

Vhskott‘Ahhnch hE 15 #E (WAS) 1, 1936 4F 2
Wiskott 2SIt/ 4&«kﬁf(ﬂu{£) S RO RE - K
BT B E R OLEREE) O 3 EMERET 5 3
ADH VG2 FIR L, 1954 4E(C Aldrich 73) KE R
DNt S X MM METH D T & R LI
BERETH 5.

1994 4R4Z, FLEHIEATICX D, HLAUt#
LA D A THI L T B BN #{=T WAS fJ’
0— =7 &z (Xpll.23).

3 EWMDIfiio7: WAS DAL BT, GRERe%
P v XIS /NG A BE (X -linked thro-
mbocytopenia : XLT) &, /M4 % fE 4 70 »
X S M 0 A Bk A iE (X-linked neutropenia
XLN) & WAS #ETBEIC X 5. XLT BRI 7%
PIbHE SN TEB O, B¢ TP (EFSsth /ML
PEERBERT) OYAIE FT 568 & ORI R % 5

B, WAS @ 3 M ERL, WAS ufz:—f"@%{é%
D W BHIT, WIP DEIRF R %4 Bk
SN/, WIP & WASP (Wiskott-Aldrich syn-
drome protein) DEELZE - TWEHFTH Y,

WASP I SEH RT3 57,

BRDIERE

1. &% - BE
WAS/XLT &, JJR 10~100 54 1 A& S

NTWV 52, BT 84 7 PID] 7°— & R — X
(RSB RIZEIEC X B Pl 77— & N —X)
KEHIN TV,

ERE WAS BfnTFOLERTH Y, TREY] (FoiE
ﬁﬁww>iW%PEu#”mLT£%? 23
fﬂM%&¢‘JAMﬁHiW%P¢H FEHL
<Bh, #E -0 R (& IS SR EDOEDE,
RBOBEREE), THEOHMMIRD 5LEY
WASP {2, a”ﬁ@ AN TIFESEFLT T ‘}‘JWI\L
GFEREEL, YT MEEOYOER T WD
D, TrF v OEEICHD ) HLEK oL
ML T3

X 5|2, YT4E WASP 7% TBX21 #f=F (Thl 71t
FWEBRT) D7 aE— 5 — A L, RERET
ELTHWT WSS EATRENLY.
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B Hlo TR ELVWARHERE

2. FEIK - R

MR AIEREFTH SN, WRERD
79% %H T AL IR, BT UM GREE, =K
M) ASE W As, B, MRS &6, BEEAH
b 20% EEBEIZHALNS.

BFE, 7T MNEHEFEE RGBT,
SRR LHEHE TR T EETH A, IgE
LEMTHY, AERTLULF—FE b ALN
A%, WREIEE dw.

ZyEGER, HEE PRSI, B S A2 WASP &
PEBNZZ v, EFRE (R E K - B S EL - b
4 - B (WRIidE - M8 - RIS o Al i e
o, B4, BE%, BUMED A 5N 5. 4R
EROFELEVPARRTH Y, TiRERE R 7 N 3R
YIEDNL L BOENE. By IF - TANVFIL X
7 EOBERKYE, NIVRE 7 4 )V A (HSV, VZV,
CMV, EBV &) 2 Id Lb &5 7 4 )V AKYD
A - EiEfbb A SN A.

B Ol e - SE MR BT WASP BBE# o %y
20~40% " A b, B CaEEEmyERm - B
% - MBS - BIISE - ORI OSSN
ENTWAE, BEROEIMITIE, BEIZEICW
2ABLERENTBY, BEILETH L.
EYENER DA 13% 12h b, & S
) USENE AL,

3. AR - ERIFEZK
WAS DI/ A, TMEO Y 4 X O T &
WAL WO TEN FE 7= B BETH 5. MIMEH
A ZNEHAE L IEFE RN (71~105 D 22 5554
W@ B D, MABGRP B B 728, A NTT A
THER L CTHA L &I TH A L4 L,
TEEPVLETH A, 72, PAIGG M % <,
HOIEIC L 50E S S L Tw5b. WASP #H
BB D%, Bk O BERERBOET % 5348
WZFR®, in vitro T TPO FlHLEE O EAZBREE A S
Lo THBY, TPO Y7 FNVOBEFEL &L Ty
HEZEZOLNSD., LIA-T, —EHINLT S &ML
NI A AHNE BT &SR - T, (kA
THbH. MAREEHFEIETLTNSE, 2B,
WASP 2 = 5T b /MR ELE WASP 2 A
PR EITZEAEEDL LT, HEBNHEIMOBEED %

1502 4%} Vol. 109 No. 6(2012)

AYAATAN

—75, SREBEOMERTIL, ST Luy
2R L, BEOWETHRIENCZ L DD R,
FEAE A C ik R A ) Bk o £ SR (aln e B SRS qie
TLTBY, ZWHOMTERA.

JE ) RS S A R VS B9 B g
UL & BMESERFSERT S 7 L OV ¥ — Bl SR A TR
v & —, 7 & DNA WIZERIC & 2R3
% PID] 7u ¥z T, WASP OBET LI
WEETH 5. <http://pidj.reairikenjp>IZ 7 7 &
AL, iR L TV E& 2w,

4. BE - FE

MR LT, vy 7a 7)) kg
B35 L DBEEFZ V. 2704 FHIOER
2, 3FELETHHY, LETHIUL, AR
AT BFR R T o729 2T, ME4 5. 1k
PRI, MLZNRAS ISRV v 7 B I DFEER L £
TEBLIEZETARETH A0S, TR
i ITP IR 2 LHFEVICE VO T, EEDUE
TH5H. ML, —EORIEHH0%, FRgn
EME MRS S50, fho bk

W LT, EO/REITIEL, 7 Y-
R R ARBICHE LTI WEEZIHND,
EWMT LV -G BELNEEELH LD
T, WEESLIETH L. EIEHTIE, R SEH
W& DB Lt b £, ML THDIIME
W3 5.

JRYRE 9 A F B & LT, ST &%, itracona-
zole, valaciclovir (& % & valganciclovir) D P %
ZETAH. BCGrRITL®D, 77 F LV IIEETDH
5. IgG W ZIEE R BID % W, JFRFRRE0Y;
EbdY, BT EITH, TRELLE &,
y a7 ) v OMTEEE LTI, ARG
TANVADEERMPCRICEAE= ) VT ER
el b EZETH 5.

BIGHEEEE, REELSMREREch Y, BEE
FEWRIC L B HTA FIA VBB TWAEL
B, BHEWEbEWREE W, RERSETH
BHBY, BHROEZRENS VRETHL. B
MIERIER AT L E A F R TH ST ¥ A%
<, RAF A THICE IR ESE 2 B CLonEs g



DEVEAF STV BY,

¥, WHRETOE—— 0L b LtV EER L
VI A NWVANRY F—F IR T IR,
47 EFLE (38, 14, ft, K)T 2011 FICA Y — b
LTwaY,

WASP [eME#Icit, Bliz oV —L35L
15 BECAFENX 0 124 5. IT4E 1358 M R A
L”ib‘ HizfmshTsh, Fr—>rEFohn

TELZTRIBMEZIT) RETHAH. WASP

MHMi RIMAEFRIE 90% DL LTHhHH, W

T E A XY bET AL WASP WS & T

BICHBEENILA LR, Igh BEIHOEAR

2. VAZAY N - FPILRY Y3

241, W®%ff®ﬂu@%Aﬁ%%&6h
5z &#m%ﬁﬁf%wgﬁkéé, |
WL FFe b0 53a, XIT bR G
WhrkEZLNS.

X Bk
1) Lanzi G et al : ] Exp Med 209(1) : 29, 2012
2) Imai K et al : Blood 103(2) : 456, 2004
3) Taylor MD et al : Sci Trans! Med 2(37) : 37rad4, 2010
4) Ozsahin H et al : Blood 111 (1) : 439, 2007
5) Galy A et al . Curr Opin Allergy Clin Immunol 11 (6) :
545, 2011
6) Albert MH et al  Blood 115(16) : 3231, 2010

]
&
i
>§
13

: W EEH - 4628 2011.11. ISBNGS7/8-4-524-26308-0
i M 4,725 M (k4,500 FI+E 5%)

B OFZETH> THELVRR - il - AELEDRA Y eIV MIFE LD

mmmﬂﬁ—w?yn

| RS INERIRERE—

YFTv 7
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B28 KRB VI R - ZEFRE

{‘%\# FHeg * Imei Kohsuke

FE B RESa YYD s 7 ARL v F GUEE
AR o7 FF IgM 225 1gG, 1gA, IgE N7 7 AWK
WD L) OREE L2 BERRER L T 2 RS
DTLOEEE RS T, EHEE & 0L 0 kv (@
o 1/4 FR1E) . IgA IFEEDIT £ 2 2053% <, 1gG %
HEWRD—2SD LUF & % 3, B MIUZIER 260408,
U B s KR 3D 2505 (<1%),

JRIEAETE (B u T ) Y DT T ARAL v FIiE, R
VEHER ) v o]H, AR, R, ANE S A ZUAR) ol
il (germinal center) T, HUR & ~LoS— T il 5 0
YA MAALaWE CD40 ) A F(CD40L) i< & % Bl
Hi ko CD40 ~DflFc X D EL 2 & 1), Tl Lo
CD40L DEHIC k2 b D% 18, B MINE LD CD40 D&
WICEB3b0% 3ME L&, CD4OL/CD40 DSRETH 5
LR R AL T E At s, [L-12 AR X T,
Z OFEH T HilEoBREN O LEESEE 3, T512,
CD40 iz & b FEHRAIIAIE CD8D 7 £ @ co-stimu-
latory signal Z R3S 2 0 FOIEHL 2 IR S ¢ % 55,
CD40L/CD40 HBHTH % £ T 9 LD T OIEBFEEH
FREUS D, ZOFE T ML E B MO M B
ALY, TR T MEORRER 2L E 5, Z OFEE,
1 E 3 BCld HAI RS et IR & BEAET
H B (AT HIGM) , BALLORE B NI KB 58
9 3 activation induced cytidine deaminase (AID)
i, YFIvERRET I L, TUP ()AL BE
ThoEEZONTVS, LI, WET a7 ) vEHD
HEWHELD 5 WHFET BT 7= /v F2 0 (G/O)I
AR D IR LRI R L T 5 A A v 7 (S) ik & fufe
Ju7 ) YRR CRETRE T IAHEEE RN L LTy
BEEZBNTVD, AID MET- ORI L5 HICM %
2ME X5, DNA BIHO U REWch Y, ik
K (base exision repair : BER), $ %3 A<y F&
# (mismatch repair : MMR)IC & D{EfEE N5, BER T,
U DIEHTH B 72V ERD B BEEDLY 730 DNA
72y 7—¥(UNG)THY, ZDOEFICLD HIGM »*
SHITH B, £72, MMR TMsh6 23S A=y F% 78k
PMS2 75 DNA 8% UIWi§ 223, 2 DEHIC L % HIGM
HIEIN TV B, CDA0FIL4 2 X BHRRIC G L, B
HINEDITESIEFIC AN BHEE 4T L X8, 2E) —
(CD27 ¥lk) B MlansIER 72 & 4 77 (4 M BY) LA L Tw
B4 7T EN B DRE SN TS, 4M BE S FHlS~0
DNA UIBEE A DR, AN BIZ 7 7 AR L v FRRI:

AT g2

©

. B MATY
(IL-4, IL-10,
IL-21, TGF-8
)

& HIGM 1 B —CD40L
5 HIGM 38 —CD40

g HIGM 28 — i

@ HIGM 58 — A

B2 HIGM 6/7 2+ . .
&l g 2]V \HaE
HIGM 4 8§ — oS
B

B1 75RZAAYFIRHDEBEQBRABEFOEBEEICLD
& IgM fEEE (HIGM) 05348

T-BIBEESTFOEEICL 5 18 & 3R, TR
TRECERECBMBBRELHES 0, HeR I3
19 FEEICAEBEND, —F, BHREADERICLS2
HADER)ES5HUNGES)E, BMRE IS XX 1y
FEEELIEN, BMBBREEEDL V48, XFY -
Bi#EFSESL ME L, B L TWwWa NE (naive B) 7%
FET 3, HIGMAN 27 5 X X1 v FE289 DNA BERE
ILEBEEZSNBINERIRTBETSH B, '

DNA “HESHEEREIC L B EHE R 6N 50, REEET
EAHTH 5, £72, PHA FFERMEUEOIE T 2780 2015,
CDA0+FIL4 & & B JI 64 2B R 26, 61
T B HIEASEAT 2007 &L L Thw 3235, »i
LSRR 138 & DTl v, Cernunnos/XLE #R
T (non-homologous end joining (2271 % JE{ET) O
B ATM SEE T GBI HE TR 1 S FhE O J5 KA
), NBSI 5T (Nijmegen breakage syndrome PJ5
FHE R T) DB S, WIHERAS HIGM TH2B I LbH D,
B SRHIETH B,

ERPREEIR - 858 - F12  2WELCILET 503, FEidk
TREEG (7" B 7 BREE, Mgk 2 £) 10 X 2 By Bg{l, &
SIS & 2 B TH 5, RAGEES (P28, RIS
%), TRIERG: GAESCR, i) ORERID% <, IR
i, Ul Y vostiizg, RIGWEEERSR, WOmies b
WMEa, 10 3E, M= 2 —E s AF AMRICHE
BL, BMOIRICKRE LS, AVH T AROEE
MY L BEATILOIET, AaDo2 OFARIA (20 b
L) 2T H Y, MR, IR, Bl 5 D PCR A3
BUNCEMTH 5, MEEBMIOT D4 BALICX D
HEZ MR L7 L OGS H 203, FLIRHIC X R i
HTHDH, [ENAEZL SR TURMEDSD 5 7 DM
ETh v, AT, REAHEIC X 25 &
O3, £/, BEHALRATANA, Y4 XAy
AWAR, SV RTANR, JCTANRIEED T A ARG
R, AVIY, TASNFENA, 7Y avyAZRRED
BB X 2 HAIRBAC S TRE L 9 5, FEHILIRIC
&, 79 7 RAR Y 27 L (Cryprosporidium parvum) ¥
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99. & IgM EREEE

PIEHCT, invitro P 9 AAA v F

[BERR GRERA + 558G, A E1EE]
+

MIER A, CVID LBT 3,

SCID 2R ——
B iR - lgM/%ﬂiﬁ@ﬁ@Z H— (CD3, 4, 8, 19) |

REAS REEE Fres

HIGM3 (CD40 JiB%E) 28
HIGM1 (CD40L RIBfE)

CD40 #18 (CD19~ B ffifa.L)
CD40L H18 (PMA + Cal f# CD4* T #52)

B 7Y v OFEWHITED S - & b
WTh B, 1gG PEHEHEDBEA,

#IENE, 200~500mg/kg # 5 L

T LRDF G5 b,

ZH#D HIGM

= ” +
COMODBIHLIE | BE 65007 L4 riga@ems |
+

EEBD |
i

CvID }

aCD40 + IL-4 Flgig IgE B4k |

AT LA X TAE, 24 WHIT—

HIGM2 (AID RIGHE)

BER W E L, g o 1gG %
500~700 mg/dL B Licff> & 9

HIGMS (UNG RIRIE)

2% AID/UNG/PMS2/MSHE BT B |

HIGME (PMS2 RIBHE)
HIGM7 (MSH6 RIEfE)

| HIGM4 (BRETE) |

(=

ES

2 B IgM IERE (HIGM) OFRZE & RBOBRAICBRELRRE

L5, HEARMEO TR ED Sk CREL, oI,
ISR L D @Ede) 2 &b Tk CHERBBIETD
Bo EAKOWITERNT B, W, o kg
DI THIE T 20, {E PCR 2179, HEREDHITIX
M5 ERCP HERET %, MEREIC 75010 H 5D
T, TYEST7OHE, MG, MR HEETH S,
Frz, 1 MEE TR, FPERCCEEAH O hERERD H3 A
LNb,

2 BoEHAERIZ, THROIRE N4 % Bk 0Z
DT, T R () o oSE, Rk, TR, PR IR
HiFensd, ELUT, BB o JilERc X 2 RN
WGER S 20D o P S T L e, — 75, B (30~
40 IEfR) T, FAUT &R Tk () Mgt
RIS 1 RS S TR BRI BT > L R D B,
7o, AR S (H OSBRI « ATHA, 598
PR A RSB © ITP, A ¥ AU ARFERIERRN
IDDM, P4, BIfiZ%, 7o— 2 E) BHensilbiE
w35,

BETEXE [ 1gG, IgA, IgE PMEMET, IgM D3I ~iEfE
D BEYHEC, AEBERED . P RTI 1gM PMEET
HBZEToH 5, FERC T MlagHy, B g
E#HC1%) DbDEWRET S, HIGM 2556, B
HETdh i, PMA-+Cal THRIBL 721540y v RB LD
CD40OL DFEBE 7 u—H A P A—F—TRD, £, #F
FERIA F R S, 1 O TRk, CD40L FEHHE
THITIE, CD40LG BT D sequence 179, BilllliE
ED CD40 DT OFBUE FHsh UL 3 TTH 503, ENSE
Bl F EHE SN TRy, CD40L FHIEF DL, AID,
UNG, PMS2, MshGMETFD sequence £179, >IN
HIEFDEE, CD40+HIL-4 HEE1T, HEfl, IgE FEAIc
DWTHRETT 5 (B 2),

%8, T MDD, T MK T 235 2156, (FE)
BEERERSERFE S, BMllaE 1% UTO%E, M7
v rm 7y v (B MEKEE) 255 . CD40L FH

T B, Rl kT, Bileiks
B BERR GRS 50T, I
IeG EMEE L, MM THET 5, 5l
CHEROTF 74 9% —vay
SR, ERICRET 5, A

EYMEREELL S 20T, fik
WYL SIS & 2RI B T .

1, 3WTHe NS T MBS LT, A
FUBHIT I LT ST &7 (/32 4 0.05~0.1g/kg/H), ¥t
HEH (A L7 a7 OFHNIRERT .

1 BG4 & N BIFIERIASEIC R L Tid, G-CSF 5%
EREA SN BN, FIMEED G-CSF #2503 75 B 1
B, 4 BUB LI oRERlG 5, BRI OWT

R LTIEAT a4 FO#E0, HEAED ATHA, TTP I
WL TH CD20 Fifk (V¥ o= 7) DG LEET B,

1RO £ B ) FHRARTH 5720, HLA —HOlL
BAEHI BIGEIETE BT RNICEMIBAE T2 2 &8
HeEans, 7, JEMBERIENEREN, @0l
MBALIT > T 5, BILEIIKIE 7T AN T 7~ 4mg/kg/
Hx4+>27mkA7 73 F s0mg/kg/HX4+7 4%
ATG 2mg/kg/H X4 DHEREE 15,

Ft 1 HOFRIART, BNFHES LI —0 v
TOIE TR 0 L) EFRIT 20% 0 TH 5,
FEE, AU Mg, IFRE, MR EBHTons, £
7o, 707 ARY P LEYADHCE, EvEilaeg
DRI E b T, 72U 7 R ARY P77 LIEED
BIDTRRAFIE L 2\, IVIG 2fToTodud, 21, 5
BOFHIFIEL 7w, 4 TUIBEMRIPTH 505, #HE%
ERAREIC 2 2 & 9 a3t b BT 3,
Z OB, BIEDEE D 7= DI RZ D ol &
I H, FHEEEE TR 5 2 EPREETH B,

Key Words: &8/ 07U, 7724 vF, BMRERE
iE, EMmetimie (5 B

YR ERHERIR S R BRE N AR A DIZERVN L - 1
Mt R R R
(F 113-8519
9 It N909)
TEL 03-5803-4705 FAX 03~5803-0378
E-mail: kimai.ped@umd.ac.jp

A

WEHSCX G 1-5-45 M&D Y7 —

ANBHE Vol 44 HIPIE 2012 229



J Clin Immunol (2012) 32:411-420
DOI 10.1007/s10875-011-9638-z

Clinical and Genetic Characteristics of XIAP Deficiency

in Japan

Xi Yang - Hirokazu Kanegane - Naonori Nishida -
Toshihiko Imamura - Kazuko Hamamoto -
Ritsuko Miyashita - Kohsuke Imai -

Shigeaki Nonoyama - Kazunori Sanayama -

Akiko Yamaide - Fumiyo Kato - Kozo Nagai -
Eiichi Ishii - Menno C. van Zelm - Sylvain Latour -
Xiao-Dong Zhao - Toshio Miyawaki

Received: 26 July 2011 /Accepted: 14 December 2011 /Published online: 8 January 2012

© Springer Science+Business Media, LLC 2012

Abstract Deficiency of X-linked inhibitor of apoptosis
(XIAP) caused by XIAP/BIRC4 gene mutations is an
inherited immune defect recognized as X-linked lympho-
proliferative syndrome type 2. This disease is mainly ob-
served in patients with hemophagocytic lymphohistiocytosis
(HLH) often associated with Epstein—Barr virus infection.
We described nine Japanese patients from six unrelated
families with XIAP deficiency and studied XIAP protein
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expression, XIAP gene analysis, invariant natural killer T
(iNKT) cell counts, and the cytotoxic activity of CD8"
alloantigen-specific cytotoxic T lymphocytes. Of the nine
patients, eight patients presented with symptoms in infancy
or early childhood. Five patients presented with recurrent
HLH, one of whom had severe HLH and died after cord
blood transplantation. One patient presented with colitis, as
did another patient’s maternal uncle, who died of colitis at
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4 years of age prior to diagnosis with XIAP deficiency.
Interestingly, a 17-year-old patient was asymptomatic, while
his younger brother suffered from recurrent HLH and EBV
infection. Seven out of eight patients showed decreased
XIAP protein expression. iNKT cells from patients with
XIAP deficiency were significantly decreased as compared
with age-matched healthy controls. These results in our
Japanese cohort are compatible with previous studies, con-
firming the clinical characteristics of XIAP deficiency.

Keywords X-linked lymphoproliferative syndrome - X-
linked inhibitor of apoptosis - Epstein-Barr virus -
hemophagocytic lymphohistiocytosis - invariant natural killer
Teell

Abbreviations

BIR Baculovirus IAP repeat

CTL Cytotoxic T lymphocyte

HSCT  Hematopoietic stem cell transplantation
HLH  Hemophagocytic lymphohistiocytosis

1AP Inhibitor of apoptosis

LCL Lymphoblastoid cell line

MMC  Mitomycin C

mAb Monoclonal antibody

MFI Mean fluorescence intensity

iNKT  Invariant natural killer T

PCR Polymerase chain reaction

PBMC Peripheral blood mononuclear cells
TCR T cell receptor

XIAP  X-linked inhibitor of apoptosis
XLP X-linked lymphoproliferative syndrome
Introduction

X-linked lymphoproliferative syndrome (XLP) is a rare
inherited immunodeficiency estimated to affect approxi-
mately one in one million males, although it may be under-
diagnosed [1]. XLP is characterized by extreme
vulnerability to Epstein—Barr virus (EBV) infection, and
the major clinical phenotypes of XLP include fulminant
infectious mononucleosis (60%), lymphoproliferative disor-
der (30%), and dysgammaglobulinemia (30%) [2]. In addi-
tion, XLP is associated with a variety of additional clinical
phenotypes such as vasculitis, aplastic anemia, and pulmo-
nary lymphoid granulomatosis. Patients with XLP often
develop more than one of these phenotypes. The gene
responsible for XLP was identified as SH2D14, located on
Xg25 and encoding the SLLAM-associated protein (SAP)
[3-5]. However, gene analysis revealed SH2DIA mutations
in only 50-60% of presumed XLP patients [6]. Importantly,
a mutation in the gene that encodes the X-linked inhibitor of
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apoptosis (XIAP) called XIAP or BIRC4 was identified as a
second causative gene for XLP [7]. XI4P is located close to
the SH2D1A gene on the X chromosome and consists of six
coding exons [8~10]. XIAP produces an anti-apoptotic mol-
ecule that belongs to the inhibitor of apoptosis (IAP) family
proteins. It contains three baculovirus IAP repeat (BIR)
domains that, together with flanking residues, bind to cas-
pases 3, 7, and 9, thereby inhibiting their proteolytic activity
[11].

The clinical presentations of XIAP-deficient patients
have been frequently reported [7,12,13]. More than 90%
of patients with XIAP deficiency develop hemophagocytic
lymphohistiocytosis (HLH) which is often recurrent. There-
fore, it was recently suggested that the phenotype of XIAP
deficiency fits better with the definition of familial HLH
than with XLP disease [12]. However, familial HLH is
characterized by defects in CD8" T and NK cell cytotoxicity
responses, while these responses are normal in XIAP defi-
ciency [7,12]. Other symptoms of XLP, such as splenomeg-
aly, hypogammaglobulinema, and hemorrhagic colitis, have
been reported in patients with XIAP deficiency, but lym-
phoma has never been noted [7,12-15].

We searched for patients with XIAP deficiency in Japan
by detection of XI4P gene mutations and flow cytometric
assessment of lymphoid XIAP expression. We previously
reported the first case of XIAP deficiency in Japan [14].
Thereafter, we identified eight additional cases from five
families with XIAP deficiency in our country. In this study,
we describe the clinical and laboratory findings from nine
patients from six unrelated families with XIAP deficiency,
including previous cases, to help further the understanding
of the pathogenetic features of this disease.

Materials and Methods
Patient and Family Member Samples

Patients without indentified SH2D1A4 mutations but with
presumed XLP phenotypes were screened for X/4P muta-
tions. Their family members were also screened for the same
mutation. Upon identification of X/AP mutations, the
patients were enrolled in this study. Patient 2.2 passed away
before a genetic diagnosis of XIAP deficiency was made,
but he was the maternal uncle of patient 2.1 and had pre-
sented with a XLP phenotype (Table I). In the end, nine
patients from six different families were found to have
XIAP deficiencies, three of whom had been reported previ-
ously [13,14]. Upon the approval of the Ethics Committee
of the University of Toyama and after obtaining informed
consent, 5—-10 mL heparinized venous blood was collected
from the patients, their mothers, and 25 age-matched healthy
children (1-13 years of age). All of the samples were
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transferred to our laboratory at room temperature within
24 h for analysis.

Mutation Analysis of the XIAP Gene

DNA was extracted from peripheral blood using the
QuickGene-Mini 80 nucleic acid extraction system (FUJI-
FILM Co., Tokyo, Japan). The coding regions and the
exon—intron boundaries of the XI4P gene were amplified
by polymerase chain reaction (PCR) using primers flanking
each of the six exons by standard methods. PCR products
were sequenced using the BigDye Terminator Cycle Se-
quencing Kit (Applied Biosystems, Foster City, CA, USA)
with the same primers used for PCR amplification. Sequenc-
ing analysis was performed on an Applied Biosystems
Prism 310 Capillary Sequencer (Applied Biosystems).

Flow Cytometric Analysis of XIAP Protein Expression
in Lymphocytes

XIAP protein expression was studied by flow cytometric
techniques as previously described [16,17]. Peripheral blood
mononuclear cells (PBMC) from patients 1,2.1,3.1,3.2,4, 5,
6.1, 6.2, and 25 age-matched healthy children were prepared
by density gradient centrifugation over Histopaque-1077 (Sig-
ma-Aldrich, Inc., St. Louis, MO, USA). The cells were first
fixed in 1% paraformaldehyde in PBS for 30 min at room
temperature and then permeabilized in 0.5% saponin in wash-
ing buffer. The fixed and permeabilized cells were then incu-
bated with an anti-XIAP monoclonal antibody (mAb) (clone
48 (BD Biosciences, Franklin Lakes, NJ, USA) or clone 2 F1
(Abcam, Cambridge, UK)) for 20 min on ice, washed, and
then incubated with a FITC-labeled anti-mouse IgG1 antibody
(SouthernBiotech, Birmingham, AL, USA) for 20 min on ice.
The stained cells were analyzed on the FC500 flow cytometer
(Beckman Coulter, Tokyo, Japan).

Western Blot Analysis of XIAP Protein Expression
in Lymphocytes

PBMC from normal controls and patients 3.1, 5, and 6.2
were washed and pelleted. The cells were then lysed in
10 pL of lysing solution (1% Triton-X 100; 150 mmol/L
NaCl; 10 mmol/L Tris~HCI, pH 7.6; S mmol/L EDTA-Na;
2 mmol/L phenylmethylsulfony! fluoride) per 10° cells for
30 min on ice. The lysed cells were centrifuged for 10 min at
15,000¢ to remove nuclei, and the supernatants were diluted
in the same volume of Laemmli’s sample buffer. Samples
were then electrophoresed in sodium dodecy! sulfate—poly-
arylamide 10% to 20% gradient gel and blotted on nitrocel-
lulose filters. Blots were blocked in 5% skim milk in PBS
for 1 h, treated with anti-XIAP mAb (clone 28 or clone
2F1) for 2 h, and then incubated with peroxidase-conjugated

anti-mouse IgG antibody (Invitrogen, Grand Island, NY,
USA) for 1 h. Immunoblots were developed by the ECL
Western blotting detection system (GE Healthcare UK Ltd.,
Buckinghamshire, England).

Flow Cytometric Identification of Invariant Natural Killer T
Cells

PBMC from eight patients (1, 2.1, 3.1, 3.2,4, 5, 6.1, and 6.2)
and 25 controls were incubated with fluorochrome-conjugated
anti-CD3 (Dako Japan KK, Kyoto, Japan), anti-TCRV«24,
and anti-TCRV 11 mAbs (Beckman Coulter) to identify in-
variant natural killer T (iNKT) cells by flow cytometry. After
the electronic gating of 100,000 CD3"* T cells, iNKT cell
populations were defined by the co-expression of TCRV«24
and TCRV[311. The iNKT cell counts were evaluated at the
diagnosis of XIAP deficiency.

Establishment of Alloantigen-Specific Cytotoxic T
Lymphocyte Lines and Analysis of Cytotoxic T
Lymphocyte-Mediated Cytotoxity

Alloantigen-specific CD8" cytotoxic T lymphocyte (CTL)
lines were generated as described previously [18,19]. Brief-
ly, PBMC were obtained from patients 1, 2.1, 3.1, and
unrelated healthy individuals. These cells were co-cultured
with a mitomycin C (MMC)-treated B lymphoblastoid cell
line (LCL) established from an HLA-mismatched individual
(KI-LCL). Using cell isolation immunomagnetic beads
(MACS beads; Miltenyi Biotec, Auburn, CA, USA), CD8"
T lymphocytes were isolated from PBMC that had been
stimulated with KI-LCL for 6 days. CD8™ T lymphocytes
were cultured in RPMI 1640 medium supplemented with
10% human serum and 10 IU/mL interleukin-2 (Roche,
Mannheim, Germany) and stimulated with MMC-treated
KI-LCL three times at 1-week intervals. These lymphocytes
were then used as CD8™ alloantigen-specific CTL lines. The
cytotoxic activity of CTLs was measured by a standard
ICr-release assay as described previously [20]. Briefly,
alloantigen-specific CTLs were incubated with >'Cr-labeled
allogeneic KI-LCL or TA-LCL, which did not share HLA
antigens with KI-LCL, for 5 h at effector/target cell ratios
(E/T) of 2.5:1, 5:1, and 10:1. Target cells were also added to
a well containing only medium and to a well containing
0.2% Triton X-100 to determine the spontaneous and max-
imum levels of °>'Cr release, respectively. After 5 h, 0.1 mL
of supernatant was collected from each well. The percentage
of specific >'Cr release was calculated as follows: (cpm
experimental release — cpm spontaneous release) / (cpm
maximal release — cpm spontaneous release)x 100, where
cpm indicates counts per minute.
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Table I Summary of our data

Patient 1 [13] Patient 2.1 [12] Patient 2.2 [12] Patient 3.1 Patient 3.2 Patient 4 Patient 5 Patient 6.1 Patient 6.2
Age at initial presentation 20 months 7 months 3 months 2 months Asymptomatic 2 months 6 months 17 months 15 months
Current age 4 years Deceased Died of colitis 12 years 17 years 15 years 2 years 1 year 12 years
Family history No Yes Yes Yes Yes No No Yes Yes
HLH + + - + - - + + +
Recurrent HLH + + - + ~ - + - +
Fever + + + + - - + + +
Splenomegaly + + ND - - - - + +
Cytopenia + + ND + - - + + +
EBV + - ND + - - - + +
Hypogammaglobulinemia - + ND - - + - - -
Colitis - - + - - - + - -
Treatment PSL PSL PSL PSL, Dex

CsA CsA ND CsA - VIG CsA, IVIG IVIG, Dex PSL

Dex Dex Infliximab
Allogeneic HSCT - + - - - - - - -
Mutation R238X R381X ND W217CfsX27 W217CfsX27 E349del Del of exons 1-2 N341YfsX7 N341Y{sX7
XIAP protein expression + - ND - - + + + +

HLH hemophagocytic lymphohistiocytosis, ND no data, EBV Epstein-Barr virus, PSL prednisolone, CsA cyclosporin A, Dex dexamethasone, [VIG intravenous immuglobulin, ZSCT hematopoietic
stem cell transplantation, + yes or positive, — no or negative, + residual expression
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Statistical Analysis

Student’s #-test was used for statistics, with P-values <0.05
considered to be statistically significant.

Results
Clinical Manifestations of the Patients

Most of our patients presented with disease symptoms at
very early ages; five patients presented in infancy and three
patients presented in childhood (Table I). Three of the six
families had family history records. Five of the nine patients
had recurrent HLH, fever, splenomegaly, and cytopenia.
EBV infection and hypogammaglobulinemia were also ob-
served in multiple patients. Most patients with HLH were
treated with corticosteroids with or without cyclosporin A to
prevent an otherwise rapidly fatal disease course. Patients
2.2 and 5 presented with colitis, whereas patient 2.2 died,
patient 5 improved with anti-TNF alpha mAb (infliximab®)
treatment. Patient 2.1 underwent cord blood transplantation
but died of complications. Patient 4 had a history of recur-
rent otitis media and pneumonia since 2 months of age, and
he was found to have hypogammaglobulinemia. The patient
was treated with intravenous immunoglobulin replacement
therapy alone, and he is currently doing well. No patient
developed lymphoma.

Detection of XIAP Mutations

We identified X74P mutations in patients from all six unre-
lated families (Fig. 1) and analyzed all of the data using the
US National Center for Biotechnology Information database
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Fig. 1 XI/4P gene mutations and their consequences for XIAP protein.
XIAP comprises six exons and encodes the XIAP protein, which
consists of 497 amino acids. XIAP contains three BIR domains and
one RING domain. Mutations identified in our patients are indicated

(http://www.ncbi.nlm.nih.gov/SNP) to check for single-
nucleotide polymorphism in the XI4P gene. As previously
reported, patient 1 possessed a nonsense mutation, 712 C >
T, resulting in an early stop codon R238X [14]. Patient 2.1
had a nonsense mutation in exon 5, 1141 C > T, resulting in
R381X [13]. Patient 2.2 might have the same mutation as
patient 2.1 because patient 2.2 was the maternal uncle of
patient 2.1 [13]. Patients 3.1 and 3.2 were siblings and were
found to have a one base pair deletion (650delG) in exon 1,
resulting in a frameshift and premature stop codon
(W217CfsX27). Patient 4 was found to have one amino
acid deletion (1045 _1047delGAG; E349del) in exon 3. Pa-
tient 5 has a large deletion, spanning exons 1 and 2. Patients
6.1 and 6.2 were brothers and had a two-nucleotide deletion
(1021_1022delAA), which resulted in a frameshift and pre-
mature stop codon (N341YfsX7). All of the mothers of the
patients from families 1-5 were heterozygote carriers of the
mutations. Interestingly, we could not find any X/4P muta-
tion in the mother of patients 6.1 and 6.2. We identified
deleterious XI4P mutations in nine patients from six unre-
lated Japanese families that are likely to underlie their XLP
phenotypes.

XIAP Expression in Lymphocytes from the Patients
and Carriers by Flow Cytometry

XIAP expression levels were analyzed in the lymphocytes
of patients from all six families (Fig. 2). The lymphocytes of
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Fig. 2 XIAP protein expression in lymphocytes from the patients and
their carriers. Flow cytometric detection of intracellular XIAP in lym-
phocytes from patients and their maternal carriers. The gray and black
areas indicate the negative control and anti-XIAP staining, respective-
ly. Anti-XIAP staining was performed using the clones 48 and 2 F1
antibodies where indicated. The number in the box indicates the log
scale difference between the mean fluorescence intensity (AMFI)
stained by the isotype antibody and that by the anti-XIAP antibodies.
XIAP expression in 25 normal controls was also analyzed by the clone
48 and 2 F1 antibodies. The data of mean + standard deviation of AMFI
and each representative profile were shown
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