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5& HENAHES  BRR

BB OEZ, UDP /v a—2%2HEL L)
Va—SrERHRET 7Y a7 v ARERBR
BI2ENREETHS. 1963 Fi Lewis 5"
DD THRE L 7= B ERRIE % FER & T 258
JBfE 0a Bl (B2 Y a—% v &R RIEE)
(OMIM #240600) &, 2007 £z Kollberg & ?
DD TERE L7z DI BRAEIR (ZeRIE0E
BA) 22T ABEROE BV a-4v
EHEEEXEE) (OMIM #611556) 23% 5.
ELICERaFSEREERETH S,

e el

) a—4 v AREZE, UDP /L a— X 25K
L, YVa—Froa-l4BRI IV a—A5F
ERMLZYVa—-rrEHET S, BEEROTI
PV a=r U ERNEEINE D, Ho sy a—
FPURRBLLEELIETT 3.

Y a—SrERERICZSY a—F v ARESE |
BIEF (GYSI) L7V a—» v EREZ2EET
(GYS2) WWa—FEN328BD7A4Y 74— LHHE
ET3BY, GYS1i319ql3.3 CHEEL2ZE*F ¥ R,
GYSZ2 ik 12pl2.2 it FELIFEO 2o %BE T3, =
NEZNDBEFOFEBRESEIIEE~NT EGOE
Bizkb, BRIELFERETEHIY a—7 V&
BEEREREEY LEHAH, KME2ELTHSY a—5
VERBERRIBENEL B,

| EBEER, ERERR

O 7Y a—4F v ERBRERBE - 7Y a—5 4
REZEREETE, FETO ) a—45 v &lNEE
SNBHHER, BBEOENE - SEBIECE TR
MFEMEL 5. ZERICE, 7Y a—4 vy oksgic
07 U RIENE T 5. AR RS WEL
2957 OEIEIRD T BB, BEOWILE B Ik
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T2 555 LEH, b UEEIES BT 2, B
EPEBB(LZEEI N LAY, KIIEZBRED
%0y, EREOFISTRT LA, BElEE
e EQBRMABERIEZ D J 5, FERIGEFERC X
hdAPDIIKET S,

@7V a—5 v ERERRIBRE « BEHCOHD S
Va— ik, BEEETE EORGESY, R
EHPEBET COIRNX—DHBIRE 25, fiJ
Ja—7 v ARBERREETE, BRHEBLTCLEHD
TV a—SUnREBEFIZELUETTAEE, =2
NF—FEDOREBIC & b LEOEESFFAEDE L WET
PERGOESAMSEL 5. BEETCIKHAETS
RBDHEND 508, FONADER, BEROLEE
DEED LN T B,

L

OF 7Y a—77  EREERRIBE - FERZEDbZ W
Z2RERET b MR 2 29 3R T IR ARE £ BE L,

BHENE - SABMEOEEREET 5. AR
BiF7 7 =VMET 5%, Jva—2aEERETIE
EIfE SLBMEZ2RO %, BBIBEI VAT
VAR TRIEREERISE R0, ZERFEH
TRIMFEZ EF LR, 757 —2EHaE T
hFLER L MBESS ER T 5, FFEBURE O PAS 8T
W) a—=FrgEA Y REI R, BESN,
FrEMIC & b EBFEEO 7)Y a7 v &BDERL
BTS7Y a—47 v SREBEREEET O GYS2
DEEFEEDOREICEL 3,

AT AREERICIE, 7 UoEELDE2EST X E
SERERD, BEHBI - - VI- XE»H 5, KE
BCRFERZZD VLA, hoBERRTRAERS
MEEEZEDR I &R ED, MOBEEREOEREL
5. BRCHERREEOENBBETH S,

@ 7Y a—77 v EREBERREBE | BB OESTH
POEDEFFARDOE T A S N BEIIIRES
2. mEEHRLEL Y a4 rvoRkiBE, &
BB 27 a—F VARBREEOHIER,

0
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GYSZEEDRIEIZ L VM2 HBET S,

BB LB OES AN 2 R TEENH T 5
N5, HRECIHIEHREORIPERY, T b
¥R 7 OMEEPHEERY, pre-ragged red fiber %
R, T hav Y THEEOENNBEL B BHED
b5,

lam T

OV a—r v aREERREE - PEEEICES S
EBE L, (€08, fB7y F—v 2, 7 VIER
T, B UAVENEE Ly, Moy bo—-LRE
FlClda—v Ay —FEERT . EZEROEIME
FEHE EBICERT S 2 LM%, ERETHLER
FOAEP, BEERCERR I RIMBEER 2 BT
LIEDHL, REBERRERNA SN, (&I
HEPHAM TS F—V R, b=V ARFHFTHILT
WET B, WEF DN 20% TRADEEDFHEER
2RO, BRHOIGHECEREBEE R L O&0HE

DEE G, PREZHBENEFTH2LE: 502
B, BMEFIZDRC, RAFPRICITHAZSE S D,

EEROEBHESNETH 3.

@fF 7Y a—77 v EGREER R | EBFIRNE &
BB, A=V RAY—FEEY L, FTonAiH LT
A AR, DEEREICXN L BIERTEEDSEA 5 T 528,
WL INBEETI R, MESINLIRRSHD
3L, HIED I S~I2 RBICEARDMEIC
EDFCLTED, BEEOHEINEENS,

L 2°Cy

1) Lewis GM, et al. Arch Dis Child 1963 ; 38 : 40-8.

2) Kollberg G, et al. N Engl J Med 2007 ; 357 : 1507-14.

3) Nuttall FQ, et al. Genomics 1994 ; 19 : 404-5.

4) Orho M, et al. J Clin Invest 1998 ; 102 : 507-15.

5) Sukigara S, et al. Neuromuscul Disord 2012 ; 22 : 162~
5.
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Sh-1 REABRS B8R

FEERE I B (OMIM #232200) 1%, 1929 %
2 von Gierke i £ b hepato-nephromegalia
glycogenica & L CHIS THE X4, von Gierke
mEdb LIS, I NVa—A-6-KA7 79 —+¥
(G6Pase, G6PC) DHEREBHREREICLS, &
BRI, S ra—26-Y VB (G6P) &Kk
RLTINa—REERT 2EETH LS, G6P
FHKGIEL, N a—22WET 56813, E
1D &9 0P EM L GoPase B2 T, T4
HH, G6P DfHIF G6Pase (Iafy), G6P k7
vAuah—¥ (Ib#E), VvEg/ vayry@rJ
viah—¥ (IcH), /va—xAr7 v AR—
% — (GLUT7) (IdZY) o 42D ORBHERE
OB EPHSICENTVRE (F1)., I
&, BWICLEBD Y a7 UHERL, KILHE
EENCERT 2 ZRERBEEZET5. b
IZEERIR DA LR RE I L 2 BRRER Y.

| RapscRE
KIEDFRREEE, 7V a—7 v of@ER X OB
Bk DERIN GEP /L a— ANET X}
WIZETHA, ZOEANLBZABEECEELT B
FLRRIMGE, REREE, SRBIMEREZRECSE
TERREERIEENEL 5. OFHABIER, &8
Fl7r GOP 3EBER AN LN, ENLEVEE, HEBOE
BsiEte 7z Th 5. QREEREEOMEF T 2 BE
b5, BB L34 VA VIEE, Suvsdy kR
W&, B OEBIEIFEEMmT 5. 21T,
BEROEI X DBEICER I N 7R F )L CoA
&b, ShaviFU7HHEROS 2w =L
CoADSBREIICEESIN, BRE L TSR X
N, 207D BBLI N WIEEEIERFE S, MEER D
MEo 7 yea— N 3-Y VBB AFLESL, b
V7RV FeERT 5. OBRBIEL, =SILEIM
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GeP

Fia— 2

FH 33— ZX+Pi

HEH

Pi

B1 3U0V—LEHTRTNIA-R6-HKXT 75~
R

®1 ERFIBEORESE

G6Pase catalytic unit

GBP translocase

Pi transiocase (T2)

glucose transporter {T3)

ED-DIC, BiEd) o OREBEEESIFIZ N ER T
HDEINTS,

| meERER

Ja%l (G6Pase Ri8) ¢ IbH (G6P b5 v zxu
— Y REE) BDEFEREC, EREEMT3, b
BTREFRRRD, BREE, REEBRERALN
3, HBELTHERBSA SN, M TEHET S LER
WO Of~RBH L BT ET 2. BEEROL
v, FRETREGERECREEALER TE S, Y
Behol 6L, EOMETOLW 2 ABERERT,
— IR EEIEE L KSR RS,
FORL L QICAERERS C LERIEEL S/ L
P, — R, RIS EREDI EREICE
TL Tl ZENE, MNFEZIMERE TP
1QMEWERDH 5, A RBICELEERVEE
THIIHRENOEE I H D H 5, BEERIATRE
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IRVLASE < L ARIEE, SFLBRIMGE, R
TY R AR EMNETTL, REHES Y —€
(metabolic derangement) &9 RIIT A
%, /MRS OREE W X 5 &, EEo
CHRBHIMERR, FEOMLM, FEEE
REiC & 2 EAE, SRBRIIOEC L 28, R
BEALET S, RATE, FRERXITZ
DEMA, BAE L Vo REBEEDETL
A PPESTE Lk 5,

L

O— R MR E R EEMRRH VW
BAEMEE2RL, A8, USRI F,

! I l

| MPHEET |

[ e Jmﬁ%%wtﬁﬁﬁﬁwwizi
| EERD, VI, PK |

WEEIERTER, 2 VAT u—, REBIEES
AL, fhr b vFGEEERSEETH 5,
BHRIMIIET TS, ALT, AST bEERZRT.
QF M - Fernandes & iR B HS FFELEE R O R
BERNTiTbhTws, BERIETE I Va—2§
A THERBET T 500K TH2, IATVE
FACHIMEEE LR, ABED LAY A5, F
B EAPELCEIRGE B LflEHEsni-2 k
bHY, LR IBERESLBESIE N a—2AEHD
AT EDDLONELTH S, EESIL, HEBEER
DEFHFA MRV a—REH/T A FDOARETFV, B
2013 TNTY XATBHLT»3,

QEEZ W

BESR N IR FH v T G6Pase 2 HlEET 5. Ib
BOZWIC ZIERE 2 AW BEPH 5.
BIZFRH  HEA LA BIEE T, FHRERI2T
BREPHENDL ZETHO0% ML gt s, i,
Ib BI¢id W118R DA R C—HEZHHRETH 5.

B
RIMBOFHVEE T, “RXNLRBEEEOHED
HMfpTE s, & IR IR SRR I KiE
THENREINZ DT, TORAREEENRETH
%, HERPERATHZ, HIREEL LT, BEONT
7 b=, BEIEABIIEL ELdOFRTER
VW, Lo, ZEEOY sl (Fra—x+ 7L
ZF—R), U (FNVa—2+FF 7 F—2) b,
SIERCHIRE L &A TV 5 D T—EDOHIREINE

2 FIRBEEROEZ

ThH 5.

BomRTEIKE I Va—-2Hs0uiz S va—2R Y <
— (FvTv, a—vAR¥—F) OB TERIL 3,
REEERFAESL (BMA, ®EA) »HEIn
WEDOTERTH S, WHEOEME N L T, &’HE
Rrfelarmn & CRABHICThN TV 508, Bth
By o o ERIED S, RFEHEa -V RS —F
Bk 1L Chen DS U CLUBR, MR OB 251k
TH DD, —RRICFLIRIRER L 2w,

A D SHREOIFIRE, BELEEoTwad
D, WRHYICREERED 2y P o— L BEERZ D DI
XU CTIFFRBREIHEIG & S w308, BIFHIET
BHTHh 5,

s

Iy b= VORBEESEEL 2T LickD,
SECFEBIRELTCRB EEZ NS, L LIFE
B, BAEOEMEIC DLW TIRSBOFEETH S,

L %00

1) Fernandes J, et al. The glycogen storage diseases. In :
Fernandes J, et al, editors. Inborn Metabolic Diseases :
Diagnosis and Treatment. 3rd ed. Springer ; 2000.
p.87-101.

2) EedHoniEh, NREHERRK 2005 5 58 9-17,

3) Froissart R, et al. Orphanet J Rare Dis 2011 ; 6 : 27.
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58 RENHER  BRR

VAV ﬂ(\f'\f\f\f‘\ﬂ/\f\f\ﬁf\f\f\
o s L L L I o

"4 %

!SUMMARY

BE B V ELE 1951 48 Brian McArdle iz X b
wWHTHESI N, BEHKEVE (McArdlejH,
OMIM #232600) & kignTws, Y a—
FURAFY 5 —¥ (PYGM) DERMEERRE
Wk B, VIR 1965 FF|IFICLDBES N, B
JERSVIEL (Tarui®, OMIM #232800) & XiF
na, HHERASINVT P FF—¥ (PFKM) DK
Bleks, WFELLBEREZORETHD, &
FREERIGER L T3 (’1).

BRI & D AR E cCEEORIBZ I
T3, H50EEENCBERIELZT52LT
BHITE 3,

| Kaiesomn

VE, VIE LR oBERBTHY (B1),
ARE D FIRRE BRI CEEEE I NS ATP O
FEER L NFREEOEEHREEI L 5 Xk
ATP BB DT T, FRIGEICHE G ATP #fahsRZ
LREICES, BIETABRISEESE SN LD,
MlEAN pH DETEZ 53, BEL /- ADP 39
N, ERWICEORBS EFET % (myogenic
hyperuricemia),

RAFY LR 3SBEOBRL > A, FE,
L7 AV F A L3550, VERHE?A VYL L
DRBICE D, HETA VYA LADOBBRERIL, BE
e eEttE, LETIZ50%, BT 20~30%
ThD, M, LHTOERNICRIEESSRETLT
WEETTHE, L LEEE T, HERMMIZL
#, BCERT2ERERZHREIN TR,

FRAF 7N P X F—FIRNEBHETM (8), L
(FF), P (I/MR) o 3BEOY 7212y F 5
TWwa, FNFIGERETFER 12913.3, 21g22.3,
10p15.2 TH 5. iz Ma SR Y, FMMBIFM &
LONA 70y FThs, HERUAFRmERD = %

180

o280 B Ry L
FIa~— /\1 }/D

- 26 U B <> T I T~

FIT b—26-1 B

T A~21-1) B8

B B e— B

E1 AR

WX —-RENCHDEERH D, BEOBEMMBTDONS,

| EpRmE

VEL, VIEE 5SS WHEERR L LT, HE
B, BEE, 4 7uvyRE, SSGREEY
B92, NEH, BEHLEKT L, HEHrOE
FECIEBHIMET2ET 2EMAbDAOND LIRS,
VEITIE, ¥NAEBEE L THEREIE, SRS
F 35— 1A, FShIRERILEMREE (SIDS), H 5w
WGETHEOHERE R TH, ok ERZREZ L
WERAL LS 2, JOBEKRERSZETH 5 EHE
FARHTH S, IETHIEEIFEIN T I,
Dff - FRERER 2 EBR S, VEITIE, B
RPHEFRL TOTHZDF FEBEHEHIT T 5 LER
DEET S Teh v FoA4 v FER) BHEECARS
N5, VE, VIZEE SRS EERAIHE LR
fRRET, BERRBICEREL, i CKEDEE L
FLHHEAD I A 7 a e rBRPICKREIBEZ 1,
EHREREICESL, R RRRGEER Z T
b5,
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VIRNE VENC B 4 2 L EH S OB CIEREIL
N, VEOREMEICHE TS L 10% LT TH 5.
F /o, VIEZEIMEME) SR THD, ZORPV
BLELoTWS,

X

OB 8%, & CKIE (BE~TEE) »3R
wond, L, EEH), ZEHCkD CKEIKRE L
EET 50T, RT3 OWTRBEENLET
H5, HESEHREE CIEE L v CKIME & Ry 3 4
JFuEroRBEMPS YD, Ridadha—IkicER
T 5, MR CEMIG,EBET, REICBWTR
MEREPEFHFEANTH 5 Z LR TH B, IET
FAIMITED 7= 1 LDH O EfE, B#gEE I LEr 0
BN, SRRIMEROMEMEZFED 5.

QFBIRA © BN T AUbhES & MR T, EHER
BOHABD LABTRT, 7rELTHEEICEHEE
%%, BEERICEEL L OE R, HET To#ES)
BRGIEES R 2oBEL %L, hditik
RN =% CK FRZ2E-T00 H 5, EE 513
REOEBEMRBEIT> T3, =FEL, ZOHEk
B7YEZTDLERP—ETROI LMD EDTHEER
DBIHETH 5,

QHEEZW

BESRTERMERHT © BT 2 B O TR ED R A B Y
5—PREH B IFHAR TN b FF P RERT
2, BRETHHIETRHTES, £, HEAV
THEMEMCFRATY 7—¥, FAK71LT7 b F—
YEEET S, VIR, HERETEESY a—

FATMEARY N ad B ERLTCWB I EBH 5,

RY TNy v OERITERD LB L 7cdi> TH
g5,

BETFRH  BAAVETRFFHBEGETERLLT,
7Y v17To1la Ry (TTC) O KR%E (708/709
delTTC) %9 50% ICRD NB DT, BHICERT
b5,

=]
Liag
VL VITLE BRI 0, ARREEE

%1 McArdle fFiEiEE%E

1. EZ23I B WHHROBE 2 BR TSRS RBEh
B30T, MENEHEROBEEEREBNT I L 21
LT1H25~50mg #RAET 5. /0L, OHBED L
RICHBEAZE»H 2728, PAL (BEU REH—JL) T50
~100ng/mL &£ BB LS ICREBAHRE TS

2. A=Y RXAI-FHB3VEENIEECCERY FRENSH
IC1~2g/kg BT 52 & THRVEGTES

3. BEETBIWLHE->TOLFTELT, BEEESH L
o, EEESHEEPIICT > RBICERTS

4, 43I B OEHBRRICOVWT R EBHNLEEREF - v
TETD

52, BEEBHTTI1T) I L EOEEREEY
BEETH2, BEEEECEEN &YV I8, $5
WEZ LT FUVEBRERR ERH B, oI ET VA
iy,

VECI, EHfCESORRICED I ra—2x
6~V VBB LEEZHATESDT, HmWic
bERTH S, VIEICIHESRI 0D OFDBEIIE
HTHB, Fh, VEITREIZARY I—EF 70
Y83y B EHMEANTRHEAEL TWE D, FET
BIRICHOE Y S v B REZREICH B, ZDZ
ED S, O L BEY IV Bs DHETREEIRAA S
NTEH, EESRRI1DEIREY IV BEESR
RBELTwS, 50D 20 TCERHLKERAE
B % REER L7, MERCHBMRIE (O B - IOERI T, B
EDBE, B EBBELREELH S,

| 32
EHFRIZBIFCH D0, BEBYRE S & &0
ETERE, WAL ELEELGEARH 5. it
S O BEICIIEFET, HiEESRLIETT
LD 5.

@3k

1) IR, SILBF. EHREE 2002 ; 46 : 479-86.
2) KFEE, ERBBILAE &BE 2009 17 @ 141-6.
3) Sato S, et al. Muscle Nerve 2012 ; 45 : 436-40.
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ﬂthaDigﬁﬁé:ﬂ%EU

AU VIRER, FHMROMERSREL (FICATP #HEET), REOHHRENEZ - 725
I, RO I A e By R KEICRBEEEE S h, BER TR OIS, [2-4. BSERRE |
(51 B) TElas 5k, A BERERD 5 VIEHANDOIEENEER AL ICL > TEZ 5.
AR CTHEHBERRE T —FICLTWAETHD, BEFE IAF 7o VIRISOWTEREHT 5. BEER
BEERED s ) -7 VREEEET, BAL T WEEOFHOFRAMEE IR TS (F1).
IA SOV SRBICRE XN BEE, BEEI DA WKBOGRE (ENARE) »ErE
ITRID, KEOIAS/ UV STFEROE LANIRERORKES, WEA M & ORFICH
MENTHE, BREFETREAIEIEAIHE T, U ARTHRICE DO BERENLETH 5.

A SASOFVER

.......................................

EﬁﬁUEVm«%ﬁﬂt‘&ﬂ%@ﬂ@%éfﬁﬁﬁ DENCIES LT 5. BI&ERHRE
D7 — 75 —"T&d 5 creatine kinase (CK) D3 FE L 82,000 T, BIEA: - DACERRIZHHT D as-
partic aminotransferase (AST), lactic dehydrogenase (LDH) DIMIH TOLEFSENZ DL, TN T
NOGFTEHIH 95,000, 140,000 T, CKDZTNLDKREVWEDTHEEELLA TS,

—HFIA U YOS FEIZI7,800 &, NELZTE YO 1/4 T, CK, AST, LDH |2 H# L T/
XEDTETHS. IA70y3RB»ER, FRoRESh, BRORPAOPEHEZHT
PTHD. LA LKEOHHREN—BIGEZ > 2HBAIRPAREICHRtSh, BERZET 5.

{Fcopy) 49822808 1. SFIOPVREOSBEEER T
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FERBEORIE (7 SEREBEZECL SRR

YEERE [ a8l Glucose-6-phosphatase GEPC 3.1.3.9 FHiE RFEY
EER LA  G-6-P translocase SLC37A4 — Frig CRisAED izl
EERIA  Add a-glucosidase GAA 3.2.1.20 U2)NER, RS, & FFEREY
EERmIA"  Debranching enzyme AGL 24125 3.2.1.33 #5 FHiE BBk FRODER BEY,
gzt
$EEEIVEL  Branching enzyme GBE1 2.4.1.18 FRINEK, FFE FFEY,
FFaREY
FEEH VA Muscle phosphorylase PYGM  2.4.1.1 iid fhEY
$EEBVIEL  Liver phosphorylase PYGL 2.4.1.1 i BrEd
FEERVIZL®  Phosphofruktokinase (PFK)  PFKM 2.7.1.11 #h, FRIOER? HhEd
EEJRVIEL"  Phosphorylase kinase (PBK) PHKB 2.7.1.38 # BrEy
FEEWRIXELY  Phosphoglycerate kinase PGK1 2723 FRINER, BIER, & HREY,
Sl
PEE/RXEY"  Phosphoglycerate mutase PGAMZ2 5421, 3.1.3.13, # fHEY
(PGLM) 5.4.2.4
PEEJRXIE"  Lactate dehydrogenase-A LDHA 1.1.1.27 £, I8 (BUREN\Y—2) Bl
(LDH)
PEERNIE"  Aldolase-A ALDOA  4.1.2.13 FRIIR, B ‘ B,
A
EERXE™  f-enolase ENO3 42.1.11 B fREY

B —IGRRRECHBSA IO VROER

..........................................................

BRIRTALN BRI, BOSBEETH Y ELE, RETHROROEMALZVETH S, ~NE
FuEVIREDENEETH S0, IVECK BBELR, NTr7ua7 ) UMET U TORNLE,
HBOIERRIIC, 558, BIETAEOBREREAHLTCNAILTHITE 3., 345y
PROFE & R4 2 2 15T

BEROER

MmER 13 FRIMERIBM —
SFTOEVER et r# haptoglobulin [E&
CK &
NESOEVER 1k fia= haptoglobulin £
vULEY FR
CKIE®
FIVT 4 UVER fald Es —
100 | 6 #EER [TCOPY) 498-22808
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¢ BERESAIOEVERE

?*"ﬁsﬁﬁ@fi% &, EERIEIR & ELENRRREZRE ST THERT 2 b2 23, D%
EHRICBY A7) a7 VORI, OFEFICINT -2 2 HIGT5EEE, OFNEICKLER
ATP 2G5 2 REID 2 D2 5. BIEIIHFRT, BEFEZERG (LFHLE ) TiTbhid. Thi
RENLBR»BADE, BIETERIHTIE—RMICHIIICER] L) 2 -y v OERER
O, EEAWMETES) 27V OEBRISEEL S F VB TLVEENE . L - THAEE
BRI, WEBEMZENCIT I ALY —HEEER L /L o - 2HfEEERIZH T o h, Fh PR
B SERERERT (£3).

DiMauro (ZERIRFREERNICEEMEOFHIHET (fixed weakness) ZRIE L, EHARM (exercise
intolerance) %Y 2 DDFICHT TENFNLORARBAEH L T3 X1). 34y
FRIEZ 5 R I THIZT 3L —HHgRELICE 7 5 HiEERR T, BEEREOREIC X D BHIGE
ICRAED ATPHHENTE A< A5 2 LIk 3 (%3).

| BEFRIRODIRHRE

TRIVF—fEaEEal - ATP EEIKT fh: ARfE, EEE, BT

(energy supply-shortage) | - U= VERBIEEE | 0 OBE

AR R BRER

)L 3~ A HHREER - )V I-AHHRIE T {KOnfE, BESSRER, ShMHRRNE, AOET, DHEE,
(glucose supply-shortage) | - ZU—4"VERER | fIAMHIEES, TEARES

HEERR | EEprBEsE |
B)Ls—t BEMEDOHET
B g 2
FILWNS—1E—A HVZF NS AR—5—
SRR hi¥ 73/ )L CoA BikEEEE
_ . G Con BIKERR
RAFUS—BFF—1 ! i
el S—— FIU% JUBSRAE TR

RARTIOEF—E TIWZF VIR NSV AT 51

TATIUCUVBFS— 0 B0 ssepssig S5 | gy ) FBER )L Con BOKREER
RARTURUVE LY —T @ JGEEER

B-T./5—F ‘ AR G- EROFI7VIb CoA BUKFER
BT ROY T —E

| BRMEERS S A IO VRE
£ 1 TR &5 IHERBO L AT, MTHRIEE S £ 5 O BRI, REER VI, HEES
VI, BEERRVIN, WEEORIXAY, BEROR XY, BEEURXIEL, MEEDRNITL, FEEDRNIRLO O TS

498-22808 1. SAJ0OE VEREDZEC &R

— 167 —

101



102

3. FDS BbIKEEEOEZ VD, VA (McArdle §%), VIR (Taruif®) TH» 5. ME (de-
branching BEZ/RIRE) AERMBRERBMA AR Sl ShTniz), RITENAGRREREL
ETAMENPHA SN TS,

Bk, BENGMBEORE TREMEEBEDNIRICEHERNER I NIBEEN D54, &
EREFTIFRICOVWTEIRBERE Y ARE 2 WX CK PEFELL T2 B8EEE LT3, &
MR D FAEREE T ELEREICB O TEOREREROBEMEICIRTI A2 25 TH 5.

AR D AR PE - CREMIlE DOfEA OE R, BER (34 vk, CK, LDH, AST, 7L F 7 —
) ANEEE U MAICERS $ 5. RSB NERE (DIC) X ZEEAE, MFRFIMETIC & 50
IREEICERBT AL H 5. '

F@mh Y v LIE, &Y VIE, B4y AMES 2505,

AU VRCERTAAMETEELZORSNERETH»S. 34/ ueviE, 4FE
17,800 DNLEET, RERKETIEB ALY F¥ 4 P — 3 2 TRMAEDO EEMBICADRB S
3. ORI TAREDESENELIAZ LIZLD A —/N—Tu—-L7z34 70y, BORE
Th505~15mg/dlL %A 5 LIRPICHRl S h, WHhWEIEERAETS. I4AsuEvicks
BREEOKFEIZFHEE I A TRV, 2SRt L9110 (@ BEosE sk sEm, Ob) &

HMERRS (R3)
| |

'
| Bt~ ATP BEABHIRE |
v
| B ATP fRIF IR TR |
[ MmO Na, I, KHOFA | |~ caomA |

i 7
( Lipase, Protease DEMHEAL i

RERERRRARAE | AAHERIRIE & MRS B DA
(CK, Myoglobin, ALT, AST, LDH, Purine, Aldolase, K, Pi, Cytokine)

<L b

Myoglobin € NO (1) Renal vasoconstriction
= (2) Distal tubule obstruction
Oxidant injury (3) Proximal tubule ™~ toxic/ischemic injury
5=

| R S BEE ORF

6. ¥EER ] 498-22808

— 168 —



MIRME ORI, B IUCEBEM, © REENICETSZ I Ao VAR X 2 &MRSE O
ELEPEbo T3 EEDLNS, BMEOEMIZELTIEIAZa e v IZk3NODEFL — MME
EAABMENEAEBLTWS bR T 3",

RN B A R e
 BEUERIRITEEI N C L DR, BRELEDERERL, Mg CK HASE(C
FRIDEEIC, ROMEBTHNEZZ TOE VROTEEENE .

* BB ODHBRUIA TOCVREDEBRE(ICIE, HBNDDEEE(CEES
DROBFAZLLERLUTHOL, BROREEREREZZZ L CHrRAEES
[(FTORDICEHRALTHL.

it 1) MIFHER, LG T. KEUARRE. BRRE. 2002; 46: 479-86.

2) BHAET, ZILFEXR, PREE, . HFABEEROLERES KOESHTRERERE
& =2 2 FEIRE R RS WOERI D L BRES. ERIRFE. 2003; 43: 243-8.

3) DiMauro S, Lamperti C. Muscle glycogenoses. Muscle Nerve. 2001; 24: 984-99.

4) Berardo A, DiMauro S, Horano M. A diagnostic algorithm for metabolic myopathies. Curr Neurol
Neurosci Rep. 2010; 10: 118-26.

5) Cervwllin G, Comelli I, Lippi G. Rhabdomyolysis: historical background, clinical, diagnostic and
therapeutic features. Clin Chem Lab Med. 2010; 48: 749-56.

6) Bosch X, Poch E, Grau JM. Rhabdomyolysis and acute kidney injury. N Engl ] Med. 2009; 361:
62-72.

7) Martens DHJ, Rake JP, Navis G, et al. Renal function in glycogen storage disease type 1, natural
course, and renopreservative effects of ACE inhibition. Clin ] Am Soc Nephrol. 2009; 4: 1741-6.

8) AR, ROYHEFENKRE—GHR, RE RIE, REEE, pH BEEEMW 2009; 58:
1212-6.

9) Quinlivan R, Jungbluth H. Myopathic causes of exercise tolerance with rhabdomyolysis. Dev Med
Child Neurol. 2012; 54: 886-91.

<$ZIFEER>
[3EOPV] 498-22808 1. SHTOE VFRIEDEH & &Bl

— 169 —

103



98

D MEES, $ElE—. I b3V U TROEE. BRRE. 2002; 46(5): 487-93.

2) M #E I PV FY TH-up to date, BRI EFH - IR OAELZERE. Clinical Neuro-
science. 2012; 30{9): 1002-7.

3) /INBEX. Bk - FHEEROERRN, I Fa Y FU TR NREBIESEKR. 2009; 72(3): 523-9.

4) BPAEER. I P Y FY 7HR-up to date, FiERR TEHERRE. Clinical Neuroscience. 2012;
30(9) : 1000-1. ’

5) ki#E/F. IPIVFYF7fR-uptodate, I PV FUTHROBESI Y VY &, Clini-
cal Neuroscience. 2012; 30(9) : 1012-5.

6) TTTHEE, /IMEFEX. 3 b FY 7H-up to date, Leigh fifiE. Clinical Neuroscience.
2012; 30(9) : 1030-3.

7) PEERE. S PV RYTEIMIVEUTR, CAE VBT Fusr ) — YEAGKIBE.
HAERIR. 2002; 60: 751-4.

8) Pfeffer G, Majamaa K, Turnbull DM, et al. Treatment for mitochondrial disorders. Cochrane
Database Syst Rev. 2012; 4: CD004426.

9) Scaglia F, Northrop JL. The mitochondrial myopathy encephalopathy, lactic acidosis with stroke—
like episodes (MELAS) syndrome: areview of treatment options. CNS drugs. 2006; 20 (6) : 443-
64. Epub 2006/06/01.

<IN >
S RIOVRUTR [BCOPY] 498-22808

— 170 —



340

I bV FYTEMBRDNEETHY, £0F
7 BEER X IPIRSE (BTRER, ATPAR) 2L 5
RN ANVT—OEETH L. BICd BIESR
TCARBICEET 2RH, AT04 FEEK 7
RE—VAREEREREFH L. TOI bar
KU 7OERE GEER), BRGBEREII
PV FUTRRE RS, EETIEERERZED X
RNy 7Yy Fa—5h, §E 2k, WMEEHERE
BRI Iy FYTHEBORENSRE SN,
Ibar FYTEEBENZORBRTERER
Twh, BIERTRTOMBICHFETAI PIVEF
D7 OREREL, SRR RRERICES T
HAEEMEIE D B8, B, BHE, kLo
VE-BEOBVRESICHTEERERT I ba v
FU 7REREE, T RVX—EEICED B RRE
DEFBIIERTARFZOI NIV FITHETD
H., ZTTIRIPIYFYTHEESE LTEICH
WEEEBEICLAI bay FY THICOWTEE T
%,

FEREHIE S ha vy M) 7REBEICS DOEEKE
LTHET A, WESEEFTORRE L LCIEEKE
PERTAY 71y PORE, HEKEHET
DEE, LI PI Y FYTRHTOEHAERD
BE, I MY T7TEAOMER - EE - BB
MbrEADEEICLVERETERSh, =
ANF-TRRE R BABBIERFENSE. 2hb
NDEHIZI P2 ¥ FY 7 DNA (mtDNA) 22—
FEhBdDEBEEFICI-FERTVWEHOD
BdHb (R, —BINBHRIICEET 6T
BEBEFEEICLZH00%L, LHEEDS
EDBZVDS, BATHEEZTFORFEICE ZEH
PEERESN TS, HICmDNABRETHE
HICREL, EELFALHEEL, EREBETE
BEILTLIME LAY, I hary Y TEEIX
EDRBIICHEI VELH, HLx OEFOERI
BT R{AULEETEETH - THERICE
EVHALNDL. ZOERPmtDNA BE O “ ik
BEME" THE I bV Y TEHBRAICK

| ZDMDRE .
a) Tarnopolsky MA : The mitochondrial cocktail : ra-
| tionale for combined nutraceutical rherapy in mito-

chondrial cytopathies. Adv Drug Deliv Rev 60 :
| 1561-1567, 2008 f
b) Komaki H ey al : Pyruvate therapy for Leigh syn-
drome due to cytochrome C oxidase deficiency.
| Biochim Biophys Acta 1800 : 313-315, 2010
| oK% EES: I IV Y TRECBY K% |
| AREORS ORI (K3, WA 2T (e |

11: 74, 2010 g
| OO, WEEIEFYAETRIATO |
| RO, IZ—URBREVDOPBNTS. |
| Tarnopolsky? (&4 4 7 L& LT creatine |
| monohydrate, CoQ10, aJARBEEAL, |
| ISPV RUFREEBZEOLRBEOET, B |
| EANLADETERELTVD. BATH |
| Tanaka 5" 78 CCOR{BD LeighERRBRIC |
| EVEVBES NU Y LEERE LB ORE |
| BHRONEREL, RES ETEEBFIHE |
| BMICKTKEERL, BREF-—ZOREER |
| ELTVS. EBICEYRARFENZEHICH |

LTI —FEL, BETIHIEE mtDNA
EREmDNAMRELTWA. FOEHAIHE
B, HBRECELD, BEntDNAOE &M
BB BB CEESEEL, EREZETS
EEINTWE, ZOMBREEIERDOAY—X
iz, BWORESOERICb o T LE
Zbhh. REICESTALEH, EETEEOR
FIZH#EA T 525, RANLRBEEEOHRBICE
FEoTwRv, HREOFEOME EEEEEE
Z2OMHNC & 2RBOETHH I FHERTD 575,
W DODROH 7 R RBERESTE S LT Y B
5.

— 171 —



& 1 ¢ FEEGTES CREROM

BEKI-VHT1zy b

LHON, MELAS, LS, NARP % &

tRNA
rBNA
mtDNA & &

BE (subunit, assembly)
CoQ10 X48fE (CABC1 & &)

PEO, MELAS, MERRF %t &
2EH8
PEO, KSS, Pearson syndrome

LS, GRACLEZL &
myopathy, encephalomyopathy

POLG PEO, MERRF, MDS, SANDO
SLC25A4, PEOT, twi PEO

TK2, SUCLA2, DGUOK MDS

TYMP MNGIE

OPA1 PEO, R#iEEiE, KR, #i%

MFN2 CMT2

TIMMSA B, DX b7

HSPD1 BEHRMERE, AEYX OT 1 —
DARS2, RARS2 H B RE

TAZ

Barth syndrome

LHON : Leber's hereditary optic neuropathy, MELAS ! mitochondrial encephalomyopathy, lactic acidosis and stroke-like

episodes, LS : Leigh syndrome, NARP : neuropathy,

ataxia amd retinitis pigmentosa, PEOQO : progressive external

ophthalmoplegia, KSS @ Kerrns-Sayre syndrome, MERRF : myoclonic epilepsy with ragged red fibers, GRACILE : growth
retardation, amino aciduria, cholestasis, ion overload, lactic acidosis and early death, MDS : mitochondrial depletion
syndrome, SANDO : sensory ataxic neuropathy dysarthria ans ophtalmoplegia, MNGIE : mitochondrial neurogastrointestinal

encephalomyopathy, CMT2 : Charcot-Marie-Tooth type2
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CoQ10 (/1% /)

MR 3~Bmg/kg/B, mA 160~ 400 mg/

E & 2 > B thiamine
E 4 3 > Be: riboflavin
E % 3 > Be : pyridoxine
L-ANZF

- REg

Ex3xC

E43IVE

Ex3x2K

E# 3> H: biotin
ZKBRIE U KB

PB10mg/ke/ B

NE30~100mg/ B

MWEB50~100mg/H

1B 30~60mg/kg/H, RLA1,000mg/H
N 10~ 50mg/kg/ B

250~ 4,000mg/ H

ME10me/kg/ B

Elra:d

U OOERE (BEESTEEY)

25mg/kg/ H, FEMEEEDRIER

TLTF MNEO0.08~0.35g/kg/H, mHA4.5~10g/H
EEEL 5~30mg/H
ANTER 3~6g/H
L-AI=F> PWR30~60mg/kg/H, EEA1,000mg/H
L-7iv¥=> Bz iR ERE 0.5 g/ kg BE

PRI ZEFRAR RAE TR
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methylprednisoione
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T-cell receptor ligation causes Wiskott-Aldrich syndrome
protein degradation and F-actin assembly downregulation

Yuko Watanabe, MD, PhD,** Yoji Sasahara, MD, PhD,?* Narayanaswamy Ramesh, PhD,”* Michel J. Massaad, PhD,P#
Chung Yeng Looi, PhD,? Satoru Kumaki, MD, PhD,? Shigeo Kure, MD, PhD,? Raif S. Geha, MD,?} and

Shigeru Tsuchiya, MD, PhD®} Miyagi, Japan, and Boston, Mass

Background: Wiskett-Aldrich syndrome protein (WASP) links
T-cell receptor (TCR) signaling to the actin cytoskeleton. WASP
is normally protected from degradation by the Ca* *-dependent
protease calpain and by the proteasome because of its
interaction with the WASP-interacting protein.

Objective: We investigated whether WASP is degraded after
TCR ligation and whether its degradation downregulates
F-actin assembly caused by TCR ligation.

Methods: Primary T cells, Jurkat T cells, and transfected 293T
cells were used in immunoprecipitation experiments. Intracellular
F-actin content was measured in splenic T cells from wild-type,
WASP-deficient, and c—Casitas B-lineage lymphoma (Cbl)-b—
deficient mice by using flow cytometry. Calpeptin and MG-132
were used to inhibit calpain and the proteasome, respectively.
Results: A fraction of WASP in T cells was degraded by calpain
and by the ubiquitin-proteasome pathway after TCR ligation.
The Cbl-b and ¢-Cbl E3 ubiquitin ligases associated with WASP
after TCR signaling and caused its ubiquitination. Inhibition of
calpain and lack of Cbl-b resulted in a significantly more
sustained increase in F-actin content after TCR ligation in wild-
type T cells but not in WASP-deficient T cells.

Conclusion: TCR ligation causes WASP to be degraded by
calpain and to be ubiquitinated by Cbl family E3 ligases, which
targets it for destruction by the proteasome. WASP degradation
might provide a mechanism for regulating WASP-dependent
TCR-driven assembly of F-actin. (J Allergy Clin Immunol
2013;132:648-55.)

Key words: Wiskott-Aldrich syndrome, Wiskott-Aldrich syndrome
protein, T-cell receptor, calpain, ubiquitination, proteasome,
F-actin, Cbl family proteins
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Abbreviations used
Arp: Actin-related protein
Cbl: Casitas B-lineage lymphoma
EVHI: Ena-VASP homology domain 1
IS: Immune synapse
TCR: T-cell receptor
WAS: Wiskott-Aldrich syndrome
WASP: Wiskott-Aldrich syndrome protein
WIP: WASP-interacting protein
WT: Wild-type
ZAP-70: { Chain-associated protein kinase of 70 kDa

Wiskott-Aldrich syndrome (WAS) is an X-linked recessive
disorder characterized by variable immunodeficiency, eczema,
and thrombocytopenia.' The gene for Wiskott-Aldrich syndrome
protein (WASP) is mutated in patients with WAS and X-linked
thrombocytopenia. WAS is located on Xpl11.22-p11.23 and
encodes a protein of 502 amino acids and approximately 60
kDa in molecular weight.>® WASP expression is restricted to
hematopoietic cells.’

WASP has an N-terminal Ena/VASP homology domain
1 (EVH1) domain, a Cdc42/Rac GTPase-binding domain, a
proline-rich domain, a G actin-binding verprolin homology (V)
domain, a cofilin homology (C) domain, and a C-terminal acidic
(A) segment. The last 3 domains are located at the C-terminal
end of WASP and are collectively referred to as the VCA domain.
WASP interacts with WASP-interacting protein (WIP) through its
EVHI1 domain; with Cdc42-GTP through its GTPase-binding
domain; with multiple SH3 domain—containing proteins, which
include Nck, Grb2, and cortactin, through its proline-rich region;
and with the actin-related protein (Arp) 2/3 complex that initiates
actin polymerization through its VCA domain.*%

WASP plays a critical role in T-cell activation and actin
reorganization.””® T cells from patients with WAS and WASP ™/~
mice are deficient in their ability to increase their F-actin content,
secrete IL-2, and proliferate after T-cell receptor (TCR) liga-
tion. 1> WASP exists in cells in a closed inactive conformation
through intramolecular interactions that prevent the VCA domain
from activating the Arp2/3 complex. Binding of Cdc42-GTP or of
the SH3 domain of adaptor proteins, as well as phosphorylation of
tyrosine (Y) at position 291, is thought to cause a conformational
change in WASP, which allows the VCA domain to interact with
and activate the Arp2/3 complex.>*"!3 The WASP-interacting
protein (WIP) is expressed at high levels in lymphoid tissues.
Most of WASP is associated with WIP in T cells.'® WIP binds
through its C-terminal end to the EVH1 domain of WASP. WIP
plays an important role in the recruitment of the WASP-WIP com-
plex to { chain—associated protein kinase of 70 kDa (ZAP-70) and
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to the immunologic synapse after TCR ligation.'” More impor-
tantly, WIP stabilizes WASP in T cells. This is evidenced by the
finding that WASP levels are significantly reduced in T cells
from WIP~'~ mice and a WIP-deficient patient.'®'® Furthermore,
most missense mutations in WASP that result in diminished
WASP levels are localized to the WIP-binding EVH1 domain of
WASP and disrupt the WASP-WIP interaction.'®?° Expression
of the WASP-binding domain of WIP in these cells restores
WASP levels close to normal.?' Treatment with calpain and pro-
teasome inhibitors increases WASP protein levels in T cells from
WIP™'~ mice and patients with WAS with missense mutations
that disrupt WIP binding,'® indicating that WASP can be subject
to degradation by calpain and the ubiquitin-proteasome pathway.

Unregulated activation of WASP is detrimental to many cell
types, especially cells of the myeloid lineage. Three different
mutations of WASP, namely L270P, S272P, and I294T, destroy the
autoinhibitory conformation of WASP, resulting in a constitu-
tively active protein, and cause X-linked neutropenia.”? The
L270P and S272P mutations localize to the GTPase-binding
domain,® whereas the 1294T mutation is located close to the
tyrosine residue Y291, which, when phosphorylated, results in
the activation of WASP.** Knock-in mouse models mimicking
the L270P and I294T mutations have been described.”® T and
B cells from these mice show a marked increase in F-actin levels
but migrate normally in response to chemokines.

In this study we demonstrate that TCR ligation causes WASP to
be degraded by calpain and by Casitas B-lineage lymphoma
(Cbl)-mediated ubiquitination and proteasomal destruction. We
demonstrate that WASP degradation provides a mechanism for
downregulating TCR-driven assembly of F-actin.

METHODS

Cell lines and T celis

Jurkat T cells were obtained from the American Type Culture Collection
and maintained in RPMI medium (Gibco, Carlsbad, Calif) supplemented with
10% FBS. 293T cells were a gift from Dr N. Ishii (Tohoku University, Sendai,
Japan) and were maintained in Dulbecco modified Eagle medium (Gibco)
supplemented with 10% FBS. Spleens from Cbl-b knockout (Chl-b ") mice
and genetically matched wild-type (WT) shipping controls were a generous
gift from Dr H. Gu, Columbia University. WASP-deficient mice were obtained
from Dr Scott Snapper. Splenic T cells were isolated by using T-cell enrich-
ment columns (Miltenyi Biotec, Bergisch Gladbach, Germany).

Antibodies

Anti-WASP 5A5 mAb, which recognizes the epitope in the region
corresponding to amino acids 146 to 265, was developed in our laboratory.?®
Anti-WASP rabbit polyclonal antibody K374 (a gift from Dr Ignacio Molina)
is directed to the C-terminal 20 amino acids of WASP.'® Anti—phospho-WASP
antibody, which recognized WASP phosphorylated on Y291, was purchased
from Abcam (Cambridge, United Kingdom). Anti-ubiquitin mAb P4D1,
anti—c-Cbl mAb A-9, and anti—Cbl-b mAb G-1 were from Santa Cruz Biotech-
nology (Santa Cruz, Calif). Anti-actin mAb and anti-FLAG mAb were from
Sigma (St Louis, Mo). Anti-HA mAb was from Cell signaling (Danvers,
Mass). Control rabbit IgG was from Upstate (Billerica, Mass).

TCR stimulation, immunoprecipitation, and
Western blotting

TCR ligation was performed, as described previously."” Briefly, T cells
were incubated with 10 pg/mL anti-CD3 mAb UCHT1 (Calbiochem, San
Diego, Calif) on ice for 20 minutes, followed by cross-linking with
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15 pg/mL goat anti-mouse IgG (H+L; Caltag, Buckingham, United King-
dom) at 37°C for the indicated period. Cells were lysed in ice-cold lysis buffer
containing 1% Triton X-100 and protease inhibitors. Cell lysates were clarified
at 14,000g for 20 minutes at 4°C. For immunoprecipitation, cell lysates were
precleared with protein G-Sepharose (GE Healthcare, Fairfield, Conn) for 2
hours and incubated overnight at 4°C with 4 wg of the indicated antibody pre-
adsorbed onto protein G-Sepharose. Beads were washed 4 times with modi-
fied lysis buffer containing 0.2% Triton X-100. Bound proteins were eluted,
run on 10% SDS-PAGE gels, and analyzed by means of Western blotting
with the indicated antibodies followed by anti-mouse or anti-rabbit antibodies
conjugated to horseradish peroxidase and enhanced chemiluminescent detec-
tion (Amersham Life Sciences, Piscataway, NJ). Densitometry was performed
with CS Analyzer version 2.08 software (ATTO Corporation, Tokyo, Japan) or
Image] version 1.45 software.

Calpain and proteasome inhibition

The proteasome inhibitor MG132 and the calpain inhibitor calpeptin were
purchased from Calbiochem. Cells were cultured with calpeptin (1 pmol/L) or
MG132 (10 pmol/L) for 6 hours before anti-CD3 stimulation.

Expression vectors and transfection

Human pcDNA3.1-EGFP-hWASP-WT was a generous gift from Dr K. A.
Siminovitch (University of Toronto, Toronto, Ontario, Canada). Control
pAcGFP1-Cl1 vector was purchased from Clontech (Mountain View, Calif).
Human pcDNA3.1-3xFLAG-c-Cbl-WT, pcDNA3.1-3xFLAG-Cbl-b-WT, and
pcDNA3.1-HA-Ub were gifts from Drs N. Ishii and Y. Tanaka (Tohoku
University).?’ Control p3xFLAG-CMV-14 vector was purchased from Sigma.
293T cells were transiently transfected with lipofectamine, as described pre-
viously,” and harvested 48 hours after transfection.

Determination of cellular F-actin content

Flow cytometric analysis of F-actin content was performed, as described
previously.16 Briefly, mouse T cells were purified by using negative selec-
tion with the Pan T Cell Isolation Kit (Miltenyi Biotec) and then incubated
for 6 hours with 1 pmol/L calpeptin. Cells were then washed and incubated
with 10 p.g/mL rat anti-mouse CD3 mAb (Serotec, Oxford, United King-
dom) for 30 minutes on ice. Cells were stimulated for the indicated times
by cross-linking with goat anti-rat IgG (H+L) secondary antibody (Jackson
Immunoresearch, West Grove, Pa). Cells were fixed in 4% formaldehyde,
washed, and permeabilized with the CytoFix/CytoPerm cell staining kit
(BD Biosciences, San Jose, Calif). F-actin was stained with tetramethylr-
hodamine isothiocyanate—labeled phalloidin (Invitrogen, Carlsbad, Calif).
F-actin content was analyzed by measuring the mean fluorescent intensity
with FACS LSRFortessa (Becton Dickinson) and FlowJo (TreeStar, Ash-
land, Ore) software.

Statistical analysis
Statistical analysis was performed with the Student # test.

RESULTS
WASP is C-terminally truncated by calpain after
TCR ligation

Purified peripheral blood T cells were stimulated with anti-
CD3 mAb followed by cross-linking with secondary antibody and
cell lysates were immunoblotted for WASP to investigate whether
‘WASP is degraded after TCR ligation. Immunoblotting with mAb
5AS5, which recognizes an epitope in the region corresponding to
amino acids 146 to 265, revealed a 62- to 64-kDa band in
unstimulated T cells (Fig 1, A), as previously observed.”® Stimu-
lation with anti-CD3 resulted in the appearance of a 55-kDa
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