5. M dl, BCT#HiEL e 7Y — (TCR) &
EFEREIUTY) P HYEBETFOFEET LMD 75,
14 HRaEON AR LR S,

AT OBEFBRIEF IR DNA OWNBEICHEE T2 ¥
VIRZE (ATM) 23— FT 50T, AT BEOMKIX, in
vitro DI B3 in vivo 2B WT A F Y ALREHRIC RS
FEEITE.

DAY ;- A= RUwFERE (WAS) Tl THlzOXR
fae eI nJU HEORED DS
ARy F -V FYy ‘?ﬁfﬁﬁ Wiskott-Aldrich
syndrome (WAS) i3 X #HGRERSIETH 5.
WAS DB FBETIL,
- MEITRELRIUVMESA LR, BA AL (MR
iE) .
- ALIBERYE, BRNABRREOLAL S TEEDRBENALN
5.
- M¥EDIgA & IgEMEIIMML, IgGIEEZA IgM DT
WHhOLNL.
- THIRBASREAE2 D b, MtERERER BT EICE
b3 3.
THIBOBBILHREEO KRS KB U CEERE T HME
THEBEOREREMEEZRYT. 205 0MBEROMETEIZIE
Hi THRL YAk,
VAEAIIBT ST, BHMEBEOMEERICBNT, THK
DM BEHRINBLE L 4D, BAREICERETS ZoH
£ WAS TRITTWT, ZORKRAEMBOMEEERICK

sy O BOBLHIRE

FasdE Un. (GRe: BMECFIMRICHIET D5/ OB WASP
EI— R BEFTCHD)

kY VINOEDEGHIRE

MRy 0B L REROHEERIZOWTIRFLET
HBROENTWE, B M TCRIZEAETRTOHEY V32 H
DBEEZEHREFER SR CAT (B16.11), ThHoKIB
BRHAEOEE BRI OVWTE (DI L EFH o T T3
(H4.16, 4172M1).

HFERISECIIREESRORE, NME, BIER, BENEE
ay 4¥)
HHEROKS Clg, Clr, Cls, C4, C2ORBEEY
HLYFIbP—FRADL) ZRBEESEHRERILPTT
5.

Q HEINSORBETREESHRIEE 20D

A BEEHEREREE C4b P Gb BREEA RN CHERE T
BDLLILIDREEAREBRT DOICHRTHS. &, £ hTIEFK
IO CREBEBHDZEET DIHICHETHD (H462R).

C3, HR¥, I1EFORBTRIBEREI YT
v, ZHIECIAMELBREOL TV = MLICEERBEHEFO
Zkick s,

BEFRSC5 C6, C7, C8BIUE2EROERSDHE
F, 7V YYORBTRERFTA LY TEOZOOHEERAT
HHNE L BEAFORPICHERICIP IR T RS 20

b M OBGRRISHE
2 ml RIBRS G H16.11 b MEFOBEGNTIBE. (AR=8
) R 1 AD 1 xt REHLHE, AD =EREEEYE, XL=XE
: : . LM ‘
I REERRR Clg
CisEleldQr+ s
2
c4
MEHEE Ct FEIERF
m rERRARE a3
HEF
BT
v FAEUTRERE s
c6
7
8
JONIY
DEF
v AR 9
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16. REMREARAR

Z e OEEOME OBRICE 2B L BTG ENE
BEFVECTHEIEFHEICRLTWS,

IO OBFEHHERIEDIIE A ST EREASEOBIE
BRELsH, —F Tu~uYrRBIEXESESHE CIHE
IERFREGEROEEEORIEZE T 5.

EEHMERRMEEE (HAE) & Q1 ELERFOREBICKS
BRI HARORBTRLIEEL DOIZCL HIERF

Cl inhibitor DRIETH B, T D5HFI3 Cln,Cls, ITHAELT

EHALCl 2B SR I LIS L TWA. ZORIEIRL

BN T BHERBOBRMEME MR FE hereditary

angioneurotic edema (HAE) %3 7:5% (K16.72).

HAE 3B HREAERREEZTH. BFELFKOZESE
LEMLICIRBEOEE (MERE) ORErRET 5.

CBE B TREILEBLVEREEERL, B2k

3.

- RENESEICELD L REREOLDIIEBR TSI
Wb, FRWZ, FEEOMEREIIEFPRZRET
27:00RELRNEBELETLHERBBOWNRER S,

c1mm@%mﬁﬁwaﬁ%%%mmfaﬁw@&<,%:

v, THTAIY, BRERLEFLTWS
ﬁ@mﬁ%k;U%%ﬁ@%wﬁﬁm®$$®ﬁ%éué

TODRTF FIZLoTdbws 2Fh, BOoBOOR

TF Fi C2 iEtHAbEdD C2 F = v &, HEAhEE RSBk

DTITVFRTHDL (E16.13).

INSORTF FEAEHLERBRICEEREL, nERNE
a2 UG S IEoRM %2 b -0 THMAN TS (2%
).

HAE ICI3EERIC o0 B DH 5.

IR CL IR FEETFORRICL LD CTHEEY X T
.

EGEMEREIETE

ZDRT ’C&fbﬂé-ﬁ’&@ﬁf’ﬁﬁ@ﬁﬁﬁ‘rﬁ

E16.12 BEF,

306

- NEIEERICIZDDTREY YRV EBERESRTY
5.
IR I EOFEVIEET, NEICIBLERTFORADE
BCTREWNTELY. ABICCL2NETALENDS. &
AL C1 2SRl S e iz C4 HNHE X U HAE BEMmiE T
i, BICGUAPET LTS,
ClHIEAFoORBIZ—FERBICERTIIRETS L
BHbH. —EHOFITClHEERFICHYT 2 HEHEI B S
ha, I Iho0fdEEY v skt EIR, SRESME B
Wiy B0 L BT s u—F i BRIERETA LR
5. ZOL) BEGRMEES N RES T T Y T
BWA T 445 A THEEEET S, BHEIFHTDH B,
4 F4FFALTHA T4 F 54 TRIGH, C3OibE L@k

B S P EORME

® ®

®16.13 C1FLEERFE XIET (Hageman BF) OXREEMIKE
HWEHLICR > TCEHESNDRERT, £, IS5AZVUBKU
BEROTELICHDD TV, 1 BHIERTFOE<HIERET
Y. INSOBEOEHEORESNENE TSI v Q +
ZUBEREN, FERECT.



BHEROBRRII» b5 CIERBEOTEZ LIZCL, C2,
C4, ClIHIERTFOHEZ /=L TW5,
R C1 I EF M R E S EEDBBED DA

FCE5H. CLEILRFZEET S & CREFECERE

REERLNITHEES. KRETRBEAFTIZ S TR

RIBfaDEEN IR ERTRRE D ST

BB OLHAEE MR R~ a7 7 — VRHREE,
LB R IZ P OMBAFAREY OB EHEHICEETH 5.
ZEMALROBEDRS (GFPIRBAE neutropenia)
REEGHRREZ IO T.

EMlaO =0 OB RIRERR, EEERIC,LHRT
(., LIELIFERENTHLOT, BERNCEETHS.
- 1BYER3EMEE chronic granulomatous disease (CGD)
- H LIRS AR L leukocyte adhesion deficiency (LAD)

CGD [3ERETROXRMIC KD
CGD BERKRORISIZL Y 0, % 0, ~~BITT 5 AilEE
0 NADPH % ¥ ¥ ¥ — ¥ NADPH oxidase DRFa% 4 L
TWwWa, : '
NADPH + 20, = NADP*+ 270, " + H*
L72Ho TERE TR, BHBRISMEDOREHRA—I—F
FYFIVANRHEBRILKRELERTE V.

Q A—N—FFY RERFEOER, AHEEDIH.
A BHEGBBUMECER, BlChyS—UEERERT LN
TEHL (K930, B148810).

FORE, HIXCGD BEOEMRFCEFTAZLILE
5. ZOZLEERT AMBARERTUR I A e tR
EISNEEHEL, WFBRELLLT.

CGD GBI, U v 8RS () »o5fik), EER
R OMOBSRORBEX R 7.

CGD OB il#E L ChERr= eI N—-F IV
1) 77 A nitroblue tetrazolium (NBT) BE#RBIETE WS
LThENA NBTEZIIEMRICHNT L LTHRIATN
% & BidikEfe, EBHTHS. NBT X NADPH BHLEIG D
EREAFERZTIRY RTINS L, SHlb CREROTRE
WEEETH. CGD BEOEMMP TIEhBEAIlE L 2w
(BE16.14).

NADPH BMLEUS I3 T, BEEATIIVW (D OER
BREM» 25, REoEMBCIEICEHRERY Y
FZ7uh (Y7 Ul by) 2dbb COYMZOLid28Y
Pohb —oFXRaAER EOBETFICIO-FERD
91 kDa 53 F, b9 —2it 16 BREA LOBEFIZa—FS
N5 2kDa B FTH5D. ‘

BVERMEE 2 LHIBBEDO W oDy IR BN VB
fbsh, BRBTLY P Ohby AT AH 20X
LTS N a4k AS NADPH B{LRUS 2 il LB 5
IhNVEREEE LT AEERL LTHL (®16.15).

CGD DEDLEWENZ X EGM T b T A by D91 kDa

BRIROEGNR B EEFRRZEDICST

M OJI—F RSV UD L (NBT) EHER

E16.14 EROPEZBMBRPERCIIBRICKDEEMRIEGE
reactive oxygen intermediates (RO HYEMILSN, BEEOD NBT
FEBRORLRYUICERTD (1), CGDEBFROIZENTE
FERIBEOFFTHD (2). (AR Hayward BUZOEEICLD)

BORMBIZIBLDTH 5.

CGD DI D=2o0RZERBFEHET, Y brTA
bass 22 kDa i, & 5\ pa7Ph™ 2\ L p67Pie* & BT
B=o0 Y Y RIBEOCTIADORIETSH S,

LAD & VTV EBIGFDREICKD
F IV AbENT Y Lo C3bi I2iEET 5 EME
Le7y — 3B L 2HBEOREICUETHS. OV
7 ¥ — i3tk Lt 7 ¥ — 3 complement receptor 3 (CR3)
LI BA 7YY T, LADBETKRIEBLTWS., F
DO7:OBREIEEOMBRY:, FICOMLEBREORELE
T 5.
CR3 i
- 165 kDa ® o84 (CD11b)
- 95kDa D B4 (CD18)
D2EDRY)RTF EhbikoTWwWA, LAD Tid 21 Fif
FBEOBEFICI—FINDS BHESEEBEHICRITTWS.
BP0 onA YT ) vy 7 BOLFA-1 () VR
BEEERSEPUE 1) & p150,95 (853 FEBMR) X CR3 L FRP
gEEHELTWS. FhLIZEAD ol (BOBDCDlla
L CD1lc) #FLTWwWADS, LAD TiZ& DITRITTWS,
LFA-1 3ATARES CEE ¢, MEPEMIRERRII»OM

LD ICAM-1 (REHESAT 1) L&+ 5. LEA-1

DRBO7=HZ LAD BEOAMRIIMENEICESTE T,
FOOMED O RPN LBEETE 2V, F0ORHLAD
BEITHRBEBRTCETEANBEOSRLILHERFT
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16. EREREAE

NADPH F+2 54—t & Z DS
{R1LRE

EMALIREE

NADPH - NADP*

B116.15 NADPH A+ 4 —PO—REHEETIE, HIEHBICIEZD
RO (¥ 0L by EBFH< rap-1) DHEREICEED,
[FDDEES (p47°r, p67P"*, NADPH REEHS N, RODE 4 %
o) [FHEEICIFHETS. EBOBBEVSTICED pa7P i)
VELINHBEEM IS ES URICBEITS. fisgmoab Lol
BRSEBETDIE, AFVF—PHMEENERDLSCHD

P47 (FEBITUVBEEND. ¥ MO byss DIELISERD -

BFETEMBUR—N—FFY RP_4>2 0, #EMTD. CGD
DERYTR, AFVI—-EOERDDEGTFEEDHSND.
(phox [& phagocytic oxidase (DBEEE, tIXEFHERY) (Smith RM,
Curnutte JT. Molecular basis of chronic granulomatous disease.
Blood 1997;77:673-686 & DE{Z)

LAD2 BB ELOF VU HY ROEBTR(C LD

MR O IMIRIIRIEDOBICAS L BBV ZF
selectin RIBICE DELL HE LS (R69BRE). LT v

308

FHIIRICRBIL, 205y FIZ&EEONEMBRERGIC
FHTH. BUBRIEA > F 7)) VA ICAM-1 D L S LedEEs
FLHERGT A2 CREMBER LT —Y Y 7 &0
5, LVIFUERIRTAYN Y P37 a— ASEENY
DY VNI ETHE, FlAE, MBERITIYNIMAL AKX
Hb. XV —APLT A= ANOERIRER I RIED D
HEINLDELVIZIFVYH Y FOSHESEBEINS. 20
HINLDBEORMIKIAEME L To—Y ¥ 7HT
Ehv. THIZLAD 23 LAD type 2 L HEN % LAD O
OHOKREEbSF.

X077 —IDFENF IFNyOY I F IVGEDRIGTRE
Tnd

a7 7V TEP AL SN ORI,
IFNYIZ& 2= 707 7 — VOREHOEEAIEET 5.

WEYE< a7 VR Y AThAE, T /0T 7 —
VIRIL-12 25, DWTIL-12 E TR LD IL-12 L&
TY—ICHEE L IFNy 2 5E 5 2.

IL-12, IL-12 V&7 % —, IFNyL &7 ¥ —%L % a—F
T 5BIZFICRIBHNIC KR0S 5 BIRZIERESE< 1 a3
TUTIEREBEREEZET D, 2L RRVIHFNVERTITHE
ReRETAH cho03 ST aRRTERGESHIE
2L, IFNy THBLRWERIEMIZR 5.
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EEHER

BEREE IgMIENELSRERRE (HigM) (BBiZ 407 ~—Y)

3 MOTROFER SR CTHRNRISGEINT =, BRI 24
HBICHRICER UL ENSDD. T, PERIC 10 @HhhD,
FNFNHERTAESTUAE O TVD. B X SARETE TROD
RIEMFR RSN, R, BERIEEH SR L Y EREH
ST, MBS 13,500/ut T, HETIE 81% HiFhk,
14% DU ERTH >z, 5 IgM (Bl 470 mg/dl, 1gG fEl
40mg/dl TlgA & IgE [FBHERER T TH oz, BIBRICKHTS
FiRlIFBH TEGD ofe. AR ART, MBHUET 1 320
THol.
1 EDXDHRHRFIREBERRED S CODBRENA HgM B#ET3
CEEEDEDD. Fe, EDKDICTINHCDI0 UA RD

BIEFERICLDBDTHENEERT DD

2 FEONCEDKSHEELEITNEREZMICOELDh.

COEBRIFBERD OF /EBEBICRINTEEVL, IMRE B
BISHDEEROEICEWN. COTEEEDLDICERRA
TEDh.
BIROEHICEDLSIFAEEMRICENDDD. T, FEH
WD BDHVELRZ HH.
COBROBEED X RBEODS VT LAREELERARDE, &
DR SHHERDFHS D,
COREOFHICOWTERICEDXDICEHET D
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RERAS 8 T Ut i

EUBHIC

R B VT, AL ) 3725 T TRE SO B EHMRBmIILAE LCwna 7
O, BHHEROBERMAEIC L o THERBAEIEL D 5. FHERICEEEEOREIE,
ARIMERGR R MR & FBOPURAEE LY, BEORMEHMAIC L 28 BE OSSR
12 & BIFHRERBAED RO SN BD . — IR H A B R S T o B A O SR 1
WEHREINTYSY, HEOSZRENSEZ S L, BHRERIEMR ZOICBIICW:
STVRWEINRZWEEZ OND., AT, bbholizk (EEKFRE) TREL
TIEBI, B B \VIIHRE % KE S N ERES R i, BIRAEAIEERY S 4 U Fi4 R E
TR I P BRI AE 2 B3 T 5.

1. HNA-1 fiEFES

BIR & BB ME T OF P IRPURIL P RERIUEO—DTh 5 HNA-1 R D /3 4
MFHERERWT 70— 4 b2 M) CRZLZY. TR OB FRORE T #%
® PCR-SSCP #, PCR-SSP iz HWT WA, BHAEIRBAUELASBREINTHSL ¥ 4
Y'Y 7%y b (PCR-PHFA &%) TRZEL TV,

LA TRER L7 HNA-L HUROREE & & 2 b N3 A4 IR R ST h 3k A5 o 8%
BER2FTIIRY. §NTOMEOA, &tk 30 HE TXREMAL EOERE R MERE
POFHRBL IR EIN TS, BRYETEMLE D OPKETH DA, —EBICIIPER
BHOBERBEICW 20008 HE0OTEENLETH L. DO HImMEREIT 2,700

-~ 11,000/ul, ﬁﬁc‘tpf‘i%@ﬁiﬂi 0~500/l THotz. WTNOEFDIFHERBLOARERL,
OMERIITREZ RO TRV, BEAHNA-L null 2 26 (FEHI3, 4) BEBRLT
WA, FEF 31X H A HNA-1a/HNA-1b DA~ F 1, #EH 4 1Z HNA-1b DR ETH o
7o72%, HiFE TIE HNA-la, HNA-1b O 5 OB X .

PAROBEIE 70— Y4 P XA MY Tay ba—icxt$ 21 (relative fluorescence in-
tensity ; RFI) CTRE L7224, WZBOFAREIFRRBOEEE COMM L MEL
Tz, BEPLORITHAOR S PG HERBAOHM 2 XML TWa 2 LR S R,
812, HNA-1 HUE null OBHITEENPUREE SO ST wis,

AFTO HNA-1 RO L B O E X, HNA-1la/HNA-1a ® homozygous 75 48%,

263-01221



2. BIRHEEEIE 243

§2-7_HNA' RETEEOTES) (BEBASRBRIVER)
MR BN G e s TR  mEs

Y Sem omm o) ) mme RRY*  BRER  oppy  ZOM
1 2 E1F 15 4,300 0 HNA-1a 2.12 Bk 42
2 g EOF 3 4,500 450 HNA-1a 251 FIGEB 35
3 i EIF 3 10,700 107 HNA-1a, HNA-1b 952 B E{ LR 65 B8 HNA-1 null
4 T EIF 2 6.600 0 HNA-1a, HNA-1b 10.25 B B ARERLR 120 85 HNA-1 null
5 B EH5F 0 4,500 90 FeyRIb 1.52 RER 35
6 =] g1F 10 11.000 0 HNA-13 1.58 B 90
7 B £E3F 0 4,300 0 HNA-1b 1.91 TU 53 RER (EH 7, 8)
8 kg EI3F 0 8,700 70 HNA-1b 1.85 EU 53 RER (7, 8)
9 o4 EDF S] 9,500 380 HNA-1b 13.9 R 180

10 4 ®1F 4 5,900 236 HNA-1b 2.156 HFEEES 30

1 kg EDF 8] 4,600 250 HNA-1b 1.45 HU 90

12 L] B F 30 3,070 0 FeyRIlb 1.37 TFU 90

13 ko4 E2F 30 2,700 100 HNA-1a 8.18 ZEEN 120

14 7 EDF 26 5,500 500 HNA-1b 422 ZHER 37

15 kg EIF 28 4,000 100 HNA-1b 2.07 S 60

*HR38E(E relative fluorescence intensity (RFI) 70—+ X RUTEELE D

HNA-1b/HNA-1b @ homozygous % # 11 %, HNA-la/HNA-1b @ heterozygous #% #
40%, HNA-null #5005~ 01% L H#BM ST W29, HNA-1 ROBRREEHE & 75
DIRAFEEDEEIIOWVWT, K—F ¥ FHRL0RENHL?. K—5 ¥ FTHHNA-1 %
DL R OEE L, HNA-1a/HNA-1a ® homozygous »5# 11%, HNA-1b/HNA-1b &
homozygous %%y 36%, HNA-la/HNA-1b ® heterozygous 75%J 53%, HNA null 7% 0.05
~01%THY, BRREADEELIZIZ—FT 5. AL BT S L HNA-1a & 1b D#F

EHEn LR E AR ENS,. homozygous DHEHENRERESICHES LTWwEETR
&, FRRTORBEBEOEEEIR -7V FLOEML T2 Wi RN S h s, 1,038 5l
DRPLEVOBEFRORELY, #47%DEHD homozygous ZRTZ 25, 196%
BABEEEIRE 25, COLPDI9% CTRBEICLZALIOHREFRES LTV S,
HNA-1 ROHFIF 45% CRD LN T 5. S BICZEDRH CERICIBOFHERRD D
L8B3 ZD350D2THAH. BAWIIHASL L, HNA-1 ROFBEATIRED O FERF
T RE VST BRI AE & FIE T 2 BB 1340 6,000 112 1 ADEIE L #R X h b, HNA-L
PROZEEOBHE X LR @ X 9 I2AFIC homozygous DIEENETF L W\ & # 2 i,
AEESHIROMEDRICRD 20% L DLV 0L TR s, MRz shTn
v, T, BREPEAEEROFSIIH L THAORETCEX 2 BHOHEENK&IX, BT
DEFERBEHENAETCONRBREREDRLSICER L TWATRBENEZZ ONE, Wl
LTH, HNA-1 ROFBEE T, EBROFPRBIELBETHIHER 2V EVLDE
Bbhs,

2. HNA-2 fiFFES

HNA-2 URICRIL TiE, Phbhofi ToRREREGEORERIT 2 VA, BRT
EEBIDHE SN T 5. HNA-2a FUR O RBENS SR G IR & BRI PR RAE

263-01221



244 E2E BWHIKF BIERRK

#2-8 HNA-2a fiERMIFRIROS T & FO5EE ©

% (n) < 5% 5~20% 21 ~40% 41 ~60% 61 ~80% >81%
ZiE (244) 2 (0.8) 1 (0.4) 11 (8) 42 (17) 108 (44) 80 (33)
B (164) 0 (0 2 10 () 42 (26) 72 (44) 38 (23)
A&t (408) 2 (0.5) 3 (0.7) 21 (B) 84 (21) 180 (44) 118(29)
() WEHHmOEER/I\—1 NTRY

5 .~
| G-CSF 3
-
Saf -
(?\ I ; mi" o*
Q3 ! ook / \
X - s
% | 2</ o
% 2+ - 4 \ ./o g ./
% / 1S % Tr /
g Tr /' \o’ -~ \./ * g . .\'
0 : ..\“'.‘. ! L 1 ! j Ob , ef@es, | TR B
o 10 20 30 40 50 0 2 4 & 8 10 12 14
Hin R

2-7 HEf] 1 SEER 4 OIFRIRBOHES

LTWBEHPEH B, KITO HNA-2a FUE O BIEIFHERSEE & 7 0404 % % 2-8 1057
TV, BHITFRE 5% T % HNA-2a iERM 22 2 &, 1% DM BB FIE
THI LR, RNEETREIEL A TREYND 2.

A R R IR VAT P BRIRAME Tl G-CSF BIFERICHRTH Y, 13E A LORETR
G &Y T HRPIEFRERIEIMA A SN D, BE, HNA-2a B O EE R OFH IR
DI B G-CSF TOWRE TIF P ERBMATRD SN b o HERSHE X LT wa?,
G-CSF {BR IS DR LW & 22 T\ 2%, HNA-2a 1B G-CSF 2 & D HiE o3
A% up-regulate N5 Z LAVRENT WA, HNA-2a 2 EHE & L 22 B i b sk A
Tid, G-CSF Ao 7-BEEDHNDPZOMFE L LTHHIS ATV B2 fEd
ROTFIRBERTHEZ L LY, BhoBENEIOATYL, S%0FE R
SR ML IR AE TOE M 7 G-CSF BREORL SN ETH 5.

3. HLA iEF&ES

BFRRERRIECIE, §5\V 2250 HLAUR D HFEL T2, HLA BEOBREAEE
$0, BRICEL SN HLA FiffiC X 2 EkiBAE 2 BB L Tw 2, Eplizs 3 T,
M2 HBICHAEZRD, AMmMIMRHUL 5100/, ANC 107/ul. G-CSF OFFFHIZ L Y. 1F
FRERIEIN & BRARIEIROWEZ RO T 5. BHOMFICE HLA-A2 Bk RE s, 1
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2. BIRTEAEIR 245

DUFHFEFEAOER & LT HLA PUEARIE SN TV A, —fRICHLA OB BHAEE
D) OFERTRD ONDLA, ERICHASRICBIT L UE 2Ry i3z ihe®
b Twa, BHICELES N HLA Jifkid, B0 HLAPURTRE S s e &,
ROBERMBE P CEET H2TEE HLAPURIC L o TERRENE Z RS Tw b,
L L, —HOEFTIE ERO XD 2B EHO HLA FEEIC & ) iR ERiRAENE L %
MM ZEBTLLEND 5.

BhIC

TEAIEYRIC & 5 FFERBUE, HLA PUik &P ERRAMEICDWT, BERBIZ Al iR
Rz Gtk AFICBT A HFHEHREONES & UAELEOERE, FEREET IR
EFREOWEE L ZOHELHLPII LTI LR LRV THS ).

B

FEB 7 & RIS D WA E F LARNEBREAERF L > ¥ —, LK TFHE BIRELH
ke, WMFMBERRE, W& mk NOWLERY Y5 —, ARLRFEERE, M KRFEFIRKERE,
HREESRARRE BRRTTERHRE SHRFRR BETLEEewE REAYEE ABRT7A470F
RO FENITERH A LET.

51 HSCHR
1) Bux, J. : Nomenclature of granulocyte alloantigens. Transfusion , 39 : 662, 1999.
2) Bux, ]. et al : Serological and clinical aspects of granulocyte antibodies leading to alloimmune neonatal neu-
tropenia. Transf Med, 2:143 ~ 149, 1992
3) Kobayashi M. et al. : Significance of the detection of antineutrophil antibodies in children with chronic neu-
tropenia. Blood, 99 : 3468 ~ 3471, 2002.
4) Satoh T. et al. : Genotypical classification of neutrophil Fcg receptor Il by polymerase chain reaction-single-
strand conformation polymorphism. Blood, 83 : 3312 ~ 3315, 1994.
5) Bux, J. : NA gene frequencies in German population, determined by polymerase chain reaction with se-
quence-specific primers. Transfusion, 35 :54 ~ 57, 1995,
6) Ohto H. et al. : Neutrophil-specific antigens and gene frequencies in Japanese. Transfusion, 29 : 654, 1989.
7) Zupanska, B. et al.: The risk of antibody formation against HNAla and HNA1b granulocyte antigens dur-
ing pregnancy and its relation to neonatal neutropenia. Transf Med, 11 : 377 ~ 382, 2001
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_ Japan. Transfusion, 42 : 651 ~ 657, 2002.
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109 : 1~ 3, 2002
10) Hagimoto R. et al. : A possible role of the maternal anti~-HLA antibody in a case of alloimmune neonatal neu-
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MNEET, mMRNADSERZAKT 3 “BIR”
2T hOLNRETH B, EE, BHTE,
AMERZ BT 2REHT, YRV —L2EADEY,
URY — LBRCEE T 2 0 FHOBREIHE
n, YRV —LOBBERE LELREICOWTHE
BPEE->Tw3, RENEREL L CDiamond-
Blackfan # Ifl, Shwachman-Diamond £ {& &,
cartilage-hair hypoplasia, dyskeratosis
congenita3H T 5, INHIRYRY — bk
BRI L) RET 5 BEHEHAISEREICY
FIhs, IhooEREBETRRILRTEIIK
YRY —LILb 2% { OBREBREBEFHIEE S
NTw3, FETE, VRV —LOEBEY L&
BHEHASEICOWT, Ihs DEERY
BT 2.

A. UIRY—LOEE

R EESUDEMEMICBOTYIRY =4I, Y
FY—LRNA (IRNA) LV XY —-LBHDEK
BEAEETHB2o00Y Ty b (40SH T
=y bk, 60SYH 7T 2=v b) DOERINS,

40S £ 60SD2DDH T2 =y Mz k h8OSY X
V—AtLENBETBERVERY —LBERIN
5, INoDY Ty MIBELDZPITL 2
DWBEREIZEI DL IS TEY, HEA

Svedberg (S LEET) TREN, EHRKEVIEFE

TREE 5 >, rRNA I3 47848 (288, 188, 5.8S,
5S), URY—LEHIDR L L BHB0EEIR
FETZELEZ SN T WS, 28S, 5.8S, 58
rRNAZ60S¥ 7' 2= v } ®, 18S rRNA Ix40S
Y722y FOBBRESTHS, VRV —blE
mRNA%Z X7+ FIZBRT 2R %2 b b,
N DEE OPLEARE % IRNAHME - T
5, —HT, YRV —-LEHIZIRNAO 7k v
VT, VRV —LDORER EITEAT VWS,

B. Diamond-Blackfan &I

Diamond-Blackfan &1l (DBA) i, KRIFEHR%E
BIMETEEOBEE I X o GRIMBREE »EE X
NBHEREDOEM (FRERE) TH5, %I
ShIREAD SYERZ 2 L, DBAR (The Diamond-
Blackfan America Registry) ®FE T3, B’
METIRBFOPRMEZEBZIALEEINTY
3. #915% DREGITIE A MBRKD, (M /MTR
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#&1 UYRY—-LICEbEELEETH

] I EE B ORER BEER EREET HHE X
Diamond-Blackfan &Ifl HEEORE AD RPSI19 25% 5)
(/NEE, KEEH, KRREMBEX) AD RPL5 10% 10)
BEREY AD RPLI11 6.5% 10)
A AD RPS24 2% 7)
AD RPL35A 2% 9)
AD RPS7 0.5% 10)
AD RPS15 0.5% 10)
AD RPS17 0.5~4% 8)
AD RPS27A 0.5% 10)
AD RPL36 0.5% 10)
Dyskeratosis congenita KEoeRnE X-linked DKC 30% 21)
JIXQE = AD TINF2 ~11% 27)
=f2i2nd AD TREC 5%  25)
AD/AR  TERT 5% K 26)
AR NHP2 ¥h  28)
AR NOP10 ¥F 29)
Shwachman-Diamond fEf&EE BN WEELR L AR SBDS 95% 32)
BRI BB
REBEETURE BRI AR RMRP 80% 36)
RETERALICE ) MBEME

BaR, MiatkaERE

pEefT 22, ¥, $150%0BE TREMN
DEBHERE TS I LMo TR Y, HEED
DEE (50%) BRLE L, WMRERBROEY
(39%), LE:-FoEFE (38%), LAE (30%),
BORY, BERELE2E6HT 5. MEBREMRR
TIRAREEEEERN, #RMROMA, HbF
OLER, RMKR7F /v vFrPIF—E¥nLR%
AL, BERE CIORERBMEOZR 2D 5.
BEIGRMERED, A7 24 FEREBTHON B,
WABIDEFZ R F a4 Fic KIS MngE
iz, W2~4EDEFIIAT a4 PREEIC L
%29 B IZREEREDS, W28 0RESTIKSF
WAREBBRDON, Z2I)vol-BETRIHD
AT a4 P 5 RSB RFRZ L5352,
i, BERBOEPAERZELCEY, BEX
[EE D FETERIL 235, 40~50E THE
MREE O BRERERIZ52% L Xh, HILE, MDS,

BB & ORI EESBRETH B Y,
19994 ic, DBAREBIICEWT, Y ERY —ALE
HD—>Td% % RPS19 (BEHBEEFRPSI9) DB
HHFEE XN, DBAESIDKI25% TRPSI9 DE
BFERBEDOSND Z EHHLI L o750,
RPS191340S4 72 =y F 2HBRT 2V XY —

ABHO—DT, Z0ROKECHELU 408472

=y bR T 5 RPS17, RPS24 D EHE L X
=78 X 51z 20084 IC 7> C, 608 T L=y
FRERTB3VRY-LAEBHR - FT3EETF
# (RPL5, RPL11, RPL35a) ® R DBA B
CHESNEY EhCORPLEOER%E S -
7 BE T, BlDANDOAENS W EREIN
Tw3 19 7 RPS7, RPS15, RPS17, RPS27a,
RPLIBDEE S IEMTOTH 20 HEINT
w310 ZnEcHEINZDBADEREET
BIRTYRY - 2ERA2 - FT2EEBFTH
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h, VRV —LOBEBREEPDBAREICEE R
BEREZL TR EEZ LGNS,

DBAFIE D 4y T4/ D fRH71X, RPS19 D EHT
2PN TER, K1k MBI 5 pre-
RNAB vty > v /%R T 5882 RL K,
RPSIQZ Y XY — LADER S N B I%MMEIC BB
BICHFEL 18S IRNADEE, 40S47 2=y }
SRV EERRE % 127 LTw 3 1149 RPSI9
E%% b DDBAKE H¥ D CD34 [t B8 fa
T2 18SE IRNA DA &, RIBRMIE TH % 21S
RNADREIMMBED 63, K1D¥ TR L site
EIZ8B1) % pre-TRNADYIWI DEEDIE X 51T
w3 207 ORKEYWTH 2 18S rRNA
WAL, 40SY 72y PORZIEBEEZ S
nTws, R2TRT X9, ROFRENOHER
BT 2 Y ARY — LAERIEKRIIMRO i e

A wEmMT 5, —H TRPSIODFIE & 40SY
7azy b OGRR, RIEROMLE & bIET
T3, 20k, FOROBKSGEET
40S/60S D3 b1E { % %, RPSIOEBE2EHT
3DBABE TIX, 40S¥ 7= v P AEMEE
XNTED, SHEHIC40S/60SHDE b & &
B RIBRO BRI TL0SY 722y b DR
SHEELRY, Fubvh POBRISBES L
RIMBREMOBEEIC VL2 L RIS T3,
Livl, WSHREE DA ORERIC D\ T 04 T
WOWTIRHEOMELRSTE ST, S0k
HEING,

C. Dyskeratosis congenita

Dyskeratosis congenita (DC) &, #§RE%E

1 3E 2 4 | 3
455" ‘ ‘[——_J—H s ‘ ‘IT81 $'¢ ITS2
5.85

Mive pathway 2

418 30s— 18S |
|
125
21s [18s }-- zs a2s[iss |-

* *
E|b— 3w E|— 4
\j
18SE - 18SE Bsss

3 4' | 3
Y
185 Bsss 185

1 bEbic&F3pre-r RNADQTAOLY Y VYT (LR 14, 45, 46 X h %)
R o&H (site 1, 2, 3, 3, 4, E) iXcleavage site®# R, BICRT & 9 12455 pre-
rRNA 282 L0 cleavage site TUIWi %321}, BR#KHYIZ5.8S, 18S, 28S rRNAMEE4 X
1%, RPSI9BHEIC X 2 DBABE TR kTR L zsite EICBIT UM NEEINTE
D, 18S IRNADEA &, BIERYIE CH 3 18SE IRNADBEIMNRAD o s, BERICBITS
RNase MRP O EFIERALTH % site ASD & Mz BV 2 HEALBAL I site 21HY T2 (ITS:
internal transcribed spacer),
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cD38~ cD3s* CD71% GlyA* GlyAt
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YRy —L
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ayOEyEL

B2 BEAEDBAREICHITIRFHRMMEOLE k13, 21 & h¥E)
DBA E# ¥, EFU-E#>5 erythroblast ~O{LEBEIZ B W TEENRO 6L 3,

W, MoZERE MEEMEZRELE T2RET
b5, s ORMHBERIZS~I0RDOHET
HIEET 3 2 L35 , BRERO HBR (FRfE)
X, ERERLEVSR, NMOEMIIOMR, R
ABEN TR EMEIN TS D, BHTFLR
10 iR BETRD LN, ZDED
RO FREEE N T 2 1Y, o %R
BRARIERE - ARCRBAZRZE L, E
JEEFAE DT ERIT 281K, 40~50EEF TOR
BHERIL35% £ ST, DCTREVEED
FAERDE C, 40% i3 FEBEL O R L BEDSE
3418 DCEEHROMMTE, TRAS—¥
EEOET, Fux7ROEMIAD SN0,
ZD1=HYHF 7 uy ERFlow FISHEZ Vv
7T uXTROBEITHONTEY, BHWHICEL
TERLBSEMRL LS. TuXT7ROERIE
FUEFECREENCEHEMRERBECLRD
o, MEOREEIREC RVEVLIBRELH 3
—HT, TRATEIZEL (ML TVWAEHEER

BHEIMOEHIZ, FEREERTR2Z4H 2w DC
HEENTOS L IMED B bh FBREEL 1820

19984F iz, XE#EAEBEEA %27 % DCE
%l dyskerin® 2 — F L T\ 3 8EFDKCI D
TR PHE X 2D, dyskerinld, snoRNA
(small nucleolar RNAs) @ — -2 ¢, NOPI10,
NHP2, GARI & snoRNP (small nucleolar
ribonucleoprotein) & X iZN 3 EAKZHRT
3, INFCTOMFATsnoRNPIZIRNA®D 7ot
v v, pretTRNAD B BEEY O B R % &
(pseudouridylation) KBS L TWwW2 tEZ5h
Tw3%2, EE DkclBEE<-IRAKBVT
pseudouridine D{ET, IRNAD 7ut s v 7D
EIEDTED 5152, 207 DCTRD 2 B
A, YHIIrRNADOKBEE I X Y ERI N
52 EBHERINT W, LaLEdNs, B
snoRNP 23TERC (telomere RNA component:
TaXTHRIZBWTHEOREZT2) L&A
L, Taxy—Ylahosaxrsr vy, ZEl
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W TW B I EHGHERD, DCE T X
7L OBEBOIEEEINE L Hickhot 1724
FuAT7IE, 7uX7DNA (DNA QRS 2
RERIIT, t b %atHAETE TTAGGG ®
FERS) &, ZZCRETIELAOEHELS
BRINTWE, TuX7i, £ERNCEFEETS
DNADTfE - EEHED o etk 2 RET2E
%%%of%b TRATHERbNS L RERD
HEREPRIDPT( RS, £, 7uXTOD
%Jn*n IZ X shelterin &4 (TIN2, TRF1, TRF2
hEOEEE) BHh, TuXTomEEEEWT
VW5, TR TIEREEOEEIC AL 50~200
B¢ o/mMET 5. —4 T, LEMatEERT
FTRXS—ENEBELTED, TuX7oERI
BoTns, FurX 57—k, 7uX 7RI
Rl L 7 2 RNAER D TERC, WinEE#ED TERT
(telomere reverse transcriptase), snoRNP, %
DOEBRE CHERINIEAERTH 5. IF,
InonTuX7THENCEbL 2 FHOEED
DCEEZEICEBWTRA EMEI N, XE#ESE
BEWAZET3EMTDKCI DEEIHEI N
DZBFLHELT, BROGEEEEEZET S
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FEFIT, TuXT7—EDOERKLDTH 5 TERC,
TERT DRED, HREEHEREZE BT 2EH
T, snoRNP ORI TH % NOP10, NHP2,
shelterin @ A4 DHRUR D T & % TINF2 (TIN2
2a—F13) OBREIRESI L) g,
TaX7HECEL 2B ETFRHORENDCEE

D A 7 & 9, Hoyeraal-HreidarssoniiE & £,
Recesz fiE#RE, BETREEM, MDSHEE T
Hoh, INGDOEBHO—WIIHITRT LY
WHBDODFHEBICEODERIET 2 Z L3S A
Lo T E T3 308D,

D. Shwachman-Diamond E{&&#

Shwachman-Diamond fEf&#f (SDS) %, &84
e E BN WAL RHBL T 2EETH S,
Fix, BADWMAEIE) HILAR, BEZE
L, ZNO I BEHMNARZRDS, 207

, RS 1 RE & R I X
ﬂa_a#%w“,m%ru7V/—&/,ﬁ7
S I—XDET, 1,500/ulzKFEDEHFHEREA,
HIREME2RD 5. FRREDIIEEICTHIDT
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Hoyeraal-Hreidarsson syndrome
Recesz syndrome

1
i
)
1]
11
1
1
)
i
i
!
[}
[}

i

N ‘ Dyskeratosis congenita s

-
zzzzz
- -
,,,,,
-

Cryptic variants
Aplastic anemia

PNH )
Essential thrombocythaemia
Pulmonary fibrosis

- -

B3 DCEoAFEREHETYIHRLGEEBH (30 & hYE)



46 Annual Review [ 2010

DNA ]«
Pre-rRNAl
1 ES
cml/,
v

pseudouridylation

® 4 SBDS OERICEITZMHERAGSdo1 DRE (CLER33, 47 & h&E)

Sdol X EERHCZ BT 5 SBDSDOMHEEFETH %, Tif6 13 Pre-60S+ 7= v  23%/MEd & flfig
BABTTBRICER R ZE 2 7. AMEICE W TTIB L& L 72 Pre-60SY 722y
M, MRECBELADLTI6 EoML40SY 722y P ERET B ETRALEY R
Y —&ih B, Sdol i3 Tif6 23Pre-60S4 71 =y b LHN B I EELRE 2 37T, &
B, Sdol BERL -ERHE, Pre-60% 712y F Of%h o HIE~DOBITIMET L, 60S
7azy PHEANENCEA T 5. Sdol # RIB L BERHIEIEREIMET ¢ 545, ZORBRE
BTIEOERIZEDHTINS, Cf5DE MBI 2HRAEEFDKCIIEDCO, Rpsl9,
Rps24 Dt } o8 2FABEFRPS19, RPS2413DBADEEEET TH 5.

BHINDE Z LML\, £, —HOBETIE
BERENPZFOONE, BEE, CT, MRIZED
HERE CRBICERLENRD s, BEIC
ELEREARAL IBAEE S 2 v (EF I VA,
D, E, K) oz fTbiis,

MBEROBEBESBEEICRET 5 Z L5
oNTE D, BEEFRETHERIL 18, 40~50
BRETOBEEREORBEERIZ7I% EHREI N
TEDhH, BEFARMEEN, MDS, AMEARED
REOEELE Y, BHMacTEREEOR
# (monosomy 7, der (7), i (7q)) & T 2
Jaftz SEE TR 2 00T, BEhEEE
PHETH 5.

20034 iz, SDSO ELBEEF & L TSBDS
(Shwachman-Bodian-Diamond syndrome: &

{EBETF SBDS) HEE S 0%, SBDSD B
I3 SDSEED IS U ETRD 535, SBDSEIE
FRT7TBEREFRBUICEEL T35, Z00EE
Iz i3 pseudogene (SBDSP) MHFET %, SDSH#
% CTWSBDSD2DO DIFFER (183-184TA>
CT, 258+2T>C) BHEIN T3P, =
5%, pseudogene T& % SBDSP & ® gene con-
versionliZ K DEEZ B3 ¢FEZ 6N T3,

SBDS D AR T DOBEREIZ D> T Menne 5 I3,
BRI 817 % SBDS D HE 4 Sdo1 2360S 4 7"
=y P ORBICEELRE R LTwE I LR
WL GEHlZLTEEZR 41079) %, b
F OMERIZ BT, SBDS ASHHME A B 1o 1%
IMRIZBEL, 60SY 7=y F LESELTY R
V—bLERICEERREZ DO EHL IR



L RImERR- 1. BRASEREEL VXY —L0RE 47

nTws,

% 7z, SDSHEIEDHER & LT, 20014z Dror
512, SDSEE#E D CD34* fllfin T3 Fas i@ 2 N9
7RI —AMTHEL TR I LR HE L),
Z DB OKE T, SDSEEDCD34 T fifaTi,
mRNALV RV, BHL RNV TCOFasDOEBE X
EELEbLLRWLDD, MEEIZEI) 23 Fasd
BEIFREAIRD SN TED, FasORZMEDITTE
BRENTWEO, —Fc, BEAAREELE
WEB7R = ZADOFEREIRED LI L5,
INoDHRIISBDS DEBITHEY Y RY — b4k
BEELIIBRLZIEBFICLDEIERIINTVS
HIREMED % 2 39 Fas 0 @EIFEH & Fas 0 B2k
DI, SBDS% /) v 7 %% v L J=Helaffifi
KBWTHRDLNTVWE, ZhoD7RF—
2 DTN, Fas DI E 7213 4 2 —¥ 8D
flickhBEBEINBZ DS, FasBEE2NT S
TR ADOTHEDRRBIZRICEEE L TWwb &
Ez5NTw33,

E. RBEZBEMMIE

REBEKEWBIE cartilage-hair hypoplasia
(CHH) &, ®EBEHEAEICHES mEEME %
B oM CHLEHEEZRELE THEKEET,
McKusick &1z & Y IRIBI n- B2 0% &
I o ORI LERT RS, 4%
BEOMBEELEDORYE, RVAZRAEZET S,
2001 &z CHHEERI I 8v>T, RNase MRP O
BYE D0 k> TH % RMRP (ribonuclease
mitochondrial RNA processing: ¥ {& & £ ¥
RMRP) 0EEBRAEENLY, 20 BER
Wi 5 70A > GBHFHRERTHY, 747V F
ABETIZI2%, ZOMmOEETIZ48% TRZE
BNRDSNLZ EHBHESH Lok D, —F
T, A TOHFFKERIZ218A>G, 16-bp dup
at+ 302 D> TAIIRERIED 5hT w5,

RNase MRPiZ I k 2> F U 7 DNA O 8RS,
MRNAD 7oty vy v FIRBELEZ LN TWY
%, BEERFERVW-RETCIX, RNase MRP X ITSI
(internal transcribed spacer) ®site A3 (t b
B AHEBEEAIZR] DOsite 21CHYT3) O
YW EEAHE R Lo T0E LINTH3E Y,
ZD7»CHHEE TIZRMRPSEE SN B 2 &
TURY =L uky vy v IpEEIN, WE
MRS Y v SBRD & 9 LfiiEs#h % il ®
WA 0T (RRICMBIBEIcEEL &
NTW3) BEEIN, BERFECORNS LE
25T A4,

LY
EEOHEIC LY, VRV —LOBBEEINE
MmEE, EXFY, HEBAERRL W) HEORKE
ELOBRBEHOERIC R Z EBHs LR
7-. Lo L7%dse, DBAES D70% L E, DC
FEFDOFIB0% Tid, WEXFEEBETFIBRE S
NTELT, ChoDEBHOLHEVHS ML
Hole&idwR Ry, BHEDCHE, 71X 7l
b 2 DT HEOBREWREHRO L 27 E
ZIZTLTw3EEZONTVREY, TRUATE
DI SBDSOBEIMAMETH RO o NTE
b, ZhoDEEBHOBMEICIZI S L IWTHN
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T Cell Leukemia/Lymphoma 1 and Galectin-1 Regulate
Survival/Cell Death Pathways in Human Naive and IgM™*
Memory B Cells through Altering Balances in Bcl-2 Family
Proteins’ |

Siamak Jabbarzadeh Tabrizi,* Hiroaki Niiro,>" Mariko Masui,’ Goichi Yoshimoto,’
Tadafumi Iino,} Yoshikane Kikushige,” Takahiro Wakasaki,! Eishi Baba,” Shinji Shimoda,’
Toshihiro Miyamoto,® Toshiro Hara,* and Koichi Akashi'®

BCR signaling plays a critical role in purging the self-reactive repertoire, or in rendering it anergic to establish self-tolerance in
the periphery. Differences in self-reactivity between human naive and IgM™* memory B cells may reflect distinct mechanisms by
which BCR signaling dictates their survival and death. Here we demonstrate that BCR stimulation protected naive B cells from
apoptosis with induction of prosurvival Bel-2 family proteins, Bel-x,, and Mcl-1, whereas it rather accelerated apoptosis of Mt
memory B cells by inducing proapoptotic BH3-only protein Bim. We found that BCR-mediated PI3K activation induced the
expression of Mcl-1, whereas it inhibited Bim expression in B cells. Phosphorylation of Akt, a downstream molecule of PI3K, was
more sustained in naive than IgM™ memory B cells. Abundant expression of T cell leukemia/lymphoma 1 (Tell), an Akt coac-
tivator, was found in naive B cells, and enforced expression of Tcll induced a high level of Mcl-1 expression, resulting in prolonged
B cell survival. In contrast, Galectin-1 (Gal-1) was abundantly expressed in IgM* memory B cells, and inhibited Akt phosphor-
ylation, leading to Bim up-regulation. Enforced expression of Gal-1 induced accelerated apoptosis in B cells. These results suggest
that a unique set of molecules, Tcll and Gal-1, defines distinct BCR signaling cascades, dictating survival and death of human

naive and IgM™ memory B cells. The Journal of Immunology, 2009, 182: 1490-1499,

geneous subpopulations that include a high proportion of

memory B cells compared with those in rodents. Due to
the advantage conferred by the usefulness of CD27 as a memory
marker in humans, peripheral B cells are divided into at least three
distinct subsets: naive (IgM*CD277), IgM™* memory (IgM™
CD27™), and switched memory (IgGTATCD27") B cells (1). Of
particular interest are [gM™* memory B cells in that they do not
exist in mice and could develop through the novel germinal center-
independent pathways and express somatically mutated IgM Abs
(2). To date, IgM™ memory B cells have been proposed to be
circulating splenic marginal zone (MZ)® B cells and to play a crit-
ical role in the protection against encapsulated organisms (2, 3).

P rimary human peripheral B cells are made up of hetero-
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Although in vivo function of IgM™ memory B cells is becoming
evident (4), the molecular mechanisms of activation of this subset
remain poorly characterized. ’

Due to random rearrangements of the subunits of a functional BCR
from genomic cassettes, a large proportion of developing human B
cells in the bone marrow express self-reactive BCRs, but most of
these potentially noxious BCRs are purged from the repertoire at sev-
eral checkpoints in the bone marrow and the periphery (5). Never-
theless, up to 20% of mature naive B cells in normal peripheral blood
still express low-affinity self-reactive BCRs (5). In sharp contrast,
IgM ™ memory B cells isolated from normal donors are devoid of such
self-reactive BCRs (6). These findings suggest a distinct homeostatic
control of human naive and IgM™ memory B cells.

BCR transmits the signals that are critical for both the elimina-
tion of self-reactive repertoire and the expansion of pathogen-spe-
cific repertoire. Upon BCR ligation by Ags, Lyn and Syk protein
tyrosine kinases are initially activated. Syk propagates the signal
by phosphorylating downstream signaling molecules. This results
in activation of key signaling intermediates PI3K and phospho-
lipase C (PLC)y2. PI3K activates Akt kinase, which is critical for
B cell survival (7). PLCv2 activation leads to the release of intra-
cellular Ca®* and protein kinase C activation, which in turn cause
activation of MAPK family kinases (ERK, JNK, and p38 MAPK)
and transcription factors including NF-«B and NF-AT. These out-
puts subsequently connect with further-downstream molecules re-
sponsible for determining B cell fates such as survival, growth, and
differentiation.

GFP; CLL, chronic lymphocytic leukemia; BAFF, B cell-activating factor of the
TNF family.
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The Bcl-2-regulated pathway plays a critical role in BCR-in-
duced survival and death (8, 9). The Bel-2 family proteins fall into
three subgroups: the first subgroup including Bcl-2, Bel-xy, and
Mcl-1 inhibits some apoptotic pathways; the second subgroup in-
cluding Bax and Bak directly induces apoptosis by promoting cy-
tochrome ¢ release from the mitochondria; the third subgroup,
called BH3-only proteins, consists of at least eight mammalian
proapoptotic proteins and is activated in a stimulus-specific, as
well as a cell type-specific, manner. Among Bcl-2 family proteins,
a BH3-only protein Bim is particularly important in controlling
lymphocyte apoptosis. Bim deficiency causes a substantial expan-
sion of autoreactive B cells leading to autoimmune diseases (10).
B cells lacking Bim are refractory to BCR-induced apoptosis (10).
Bim preferentially binds anti-apoptotic Mcl-1 (11, 12). Condi-
tional knockout of Mcl-1 causes premature death of immature and
mature B cells (12), suggesting a pivotal role of Mcl-1 in B cell
survival. Based on these findings, tipping the balance between
Mcl-1 and Bim expression may be a critical determinant for B cell
survival and death. To date, little is known about how BCR sig-
naling dictates the survival and death of human B cell subsets via
the Bel-2-regulated pathway.

In this study, we demonstrate that BCR stimulation rescued na-
ive B cells from apoptosis with Bcl-xy and Mcl-1 induction,
whereas it rather accelerated apoptosis of IgM™ memory B cells
with Bim induction. Sustained Akt activation in naive but not
IgM™ memory B cells appears to be critical for reciprocal expres-
sion pattern of these Bel-2 family proteins. Moreover, we demon-
strate that T cell leukemia/lymphoma 1 (Tcll) and galectin-1 (Gal-
1), abundantly expressed in naive and IgM* memory B cells,
respectively, play a crucial role in regulating Akt activation,
thereby affecting their survival and death via the Bcl-2-regulated
pathway.

Materials and Methods

Reagents

PE-CyS5-conjugated mouse anti-human (h) CD3, -hCD4, -hCD8, -hCD11b,
-hCD14, -hCD56, and -human glycophorin A mAbs; FITC-conjugated
mouse anti-hCD19, -hCD69, -hCD86, -hCD95 mAbs; and PE-conjugated
mouse anti-hCD27 mAb were purchased from BD Immunocytometry.
FITC-conjugated goat anti-hlgM, -hlgD, -hlgG, -hIgA, rabbit anti-hGal-1
sera and recombinant hGal-1 were obtained from MBL. Goat anti-hIgM
and 1gG/IgA/IgM F(ab'), fragments were purchased from Jackson Immuno-
Research Laboratories. Rabbit anti-human phospho-ZAP70/Syk, anti-
human phospho-PLC2 (Y1217), anti-human phospho-JNK, anti-human
phospho-ERK, anti-human phospho-Akt, anti-human Bim, anti-human
Tell sera, and rabbit anti-human phospho-p85/p70 S6K, anti-human phos-
pho-NE-kB p65, and anti-human Bcl-x, mAbs were from Cell Signaling
Technology. Mouse anti-B-actin mAb and rabbit anti-human Mcl-1 sera
were from Sigma-Aldrich. A PI3K inhibitor (Ly294002) was purchased
from Calbiochem (EMD Biosciences).

Isolation and culture of B cell subsets

Human PBMCs were separated from buffy coats kindly provided by
Fukuoka Red Cross Blood Center (Chikushino, Japan). The buffy coats
originate from kind whole blood donations of RBC transfusion by healthy
volunteers (age range, 18-55 years). Informed consent was obtained from
all subjects. B cells were isolated with Dynabeads M450 CD19 and
DETACHaBEAD CD19 (Dynal Biotech) according to the manufacturer’s in-
structions. Isolated B cells exhibited >99.5% viability confirmed by trypan
blue exclusion and >95% purity by flow cytometry. Cells were further
purified by cell sorting using a FACSAria (BD Biosciences). A represen-
tative sample of human B cell subsets is shown in Fig. 1A. Cells were
stained with PE-CyS5-conjugated anti-hCD3, -hCD4, -hCD8, -hCD!1b,
-hCD 14, -hCD56, -human glycophorin A; FITC-conjugated anti-human
1gG; FITC-conjugated anti-hurnan IgA; and PE-conjugated anti-hCD27 to
obtain naive (IgG"ATCD277), IgM™ memory (IgG~A~CD27*), and
switched memory (IgG*/IgA*CD27%) B cells. Isolated B cell subsets ex-
hibited >95% viability confirmed by trypan blue exclusion and >99%
purity by flow cytometry (Fig. 1B). Cells were cultured at 1 X 10 cells/ml
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in a flat-bottom 96-well microtiter plate in complete RPMI 1640 supple-
mented with 10% FCS. Preliminary experiments showed that trace levels
of phosphorylation of BCR signaling molecules are observed in B cell
subsets immediately after purification probably due to mechanical stress.
The cells were thus rested for a couple of hours and used for further
analysis throughout the study. Consistent with a previous study (2),
1gM™ memory B cells exhibited a slightly higher level of IgM and a
slightly lower level of IgD than did naive B cells (Fig. 1C). Absence of
surface expression of CD95, CD86, and CD69, representative activation
markers, in both subsets before stimulation, suggests that these cells are
rested (Fig. 1C).

Expression constructs and transient transfection of human B
subsets

Constructs encoding human Tcll- or Gal-1-enhanced GFP (EGFP) fusion
proteins (pEGFP-Tcll or -Gal-1) were generated by inserting sequence
encoding the full-length protein into the pEGFP-N3 vector (Clontech).
Transient transfections of B cell subsets with pEGFP-Tcll or pEGFP-Gal-1
were conducted using the Nucleofector protocol from AMAXA Biosys-
tems. Cells (1 X 10% were suspended in 100 ul of Nucleofector solution
with 5 ug of plasmid DNA and then electroporated using program U-15.
Cells were transferred to 2.5 ml of medium containing 15% FCS and har-
vested 24 h after transfection. The transfection efficiency ranges between
20 and 30% for each experiment.

Annexin V staining

After culture, cells (1-2 X 10%) were washed twice with PBS and then
suspended in 85 ul of binding buffer (MBL) containing Ca*. Cell sus-
pension supplemented with 10 ul of annexin V-FITC or -PE (MBL) and 5
ug of propidium jodide or 1 pug of 7-aminoactinomycin D was incubated
at room temperature for 15 min in the dark. Subsequently, 600 ul of bind-
ing buffer were added, and the percentage of early apoptotic cells was
measured using flow cytometry.

Mitochondria membrane potential

Assessment of mitochondria membrane potential was performed using Mi-
totracker Red CMXRos (Invitrogen). Cells were incubated in S0 nM Mi-
totracker Red at 37°C for 1 h in the dark. Flow cytometric analysis (50,000
events/sample) was performed on FACSCalibur (BD Biosciences). Cell
debris was electronically gated out based on the forward scatter. Data were
further analyzed using Flowlo software.

Measurement of intracellular free calcium

Cells were washed with RPMI 1640 containing 10% FCS and adjusted at
1 X 10% cells/ml. After incubation at 37°C for 15 min, 1 pg/ml fluo-4-
acetoxymethyl esterM (Dojindo) was added, and the cells were incubated
for a further 30~45 min with resuspension every 15 min. The cells were
centrifuged and resuspended in RPMI 1640 at 2 X 10% cells/ml. The cells
were stimulated with anti-IgM (20 pug/ml), and the fluorescence intensity of
intracellular fluo 4 was monitored and analyzed using flow cytometry.

Western blot analysis

Unstimulated or stimulated cells (1 X 10%) were lysed as described (13).
Lysates were then denatured in an equal volume of 2X SDS sample buffer,
resolved by a 10% SDS-PAGE gel and electrotransferred to nitroceliulose
membranes in non-SDS-containing transfer buffer (25 mM Tris, 0.2 M
glycine, 20% methanol, pH 8.5). Western blotting was performed with
anti-phospho-Syk (1/2,000), anti-phospho-PLC#2 (1/2,000), anti-phospho-
p85/p70 S6 kinase (1/2,000), anti-phospho-INK (1/2,000), anti-phospho-
ERK (1/2,000), anti-phospho-Akt (1/2,000), anti-phospho-p65 NF-xB (1/
2,000, anti-Bim (1/2,000), anti-Bcl-x,_ (1/2,000), anti-Mcl-1 (1/5,000), anti-
Tell (1/2,000), anti-Gal-1 (1/2,000), and anti-B-actin (1/5,000) followed by
a 1/15,000 dilution of anti-rabbit or anti-mouse HRP-conjugated IgG (Jack-
son ImmunoResearch Laboratories). Blots were developed with ECL plus
kit (Amersham Biosciences). The chemiluminescence intensity was mon-
itored with a laser3000 (FujiFilm) instrument. We quantitated band inten-
sity of the proteins using ImageGauge software (FujiFilm) and normalized
their expression in reference to B-actin levels. Using these normalized data,
relative expression is subsequently calculated as fold changes in protein
expression compared with the controls.

Quantitative real-time PCR

Total RNA was extracted from sorted human B cell subsets using Isogen
reagent (Nippon Gene) and treated with DNase I (Invitrogen) to remove
contaminating genomic DNA. First-strand cDNA was synthesized using a
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