FEIE ZBICHBLIIFEE

M EZ

EHMRESREEOTICIE, EEMREEZTI
ERITLDLEHD LVIETZDOEGO—EFAT
MEE2>T, FHUIHT 2HUEE2HRN,
KICEHHDE 2 bz & SICHBERAERD 2 E
TL, TOMEL L TEEIIAFZCHES
AIbEV), REOBEEEATLIVF-L
Wy, EHRLTLOES TIE RV,

W fER EEEE DR

Q@ —REES

BHT7LVIVF-0BE, Wi LTL, —ik
IR ERET AT ENEVD, REETT
R EBEBRTHAONS, T TIRMUTICER
Lok F0EEEIEd 5,

o IFI - AFIRIZAEH ) o WAL & PRI E RIS

FFohs,

o I SUMEUEANETH), BH,
B, IFBEKESELrALDL, AFV) Vi
ROBEEINE V. WHEFENIIRME - ME
WREDFENH Y, BEORESLSHEEM
By ustk-wru7r—TUhEDRELE,
RAEMIOZEYE, KEB L URME OILR
RPEHETET D,
oili i M BB L RERISE AL DD, TFEER
PR g2 & B FE  THEBIIHRA TH
Do SIEFEMEEIC X A ERMEM AL, PR
PURBUSIC & % BB K OBAE AR

o i SHTMRME, ERMEERL, RARERL,
RIHMAERENREZ 5,

o il HABOTLLMF—THLNTVED
FEAIME B X UHIEIAR, MEHIRICBIT SR

1016

e Q‘

=1

MR M
(HE 24, chifise)
BRI 35 STV,

I ER i W 12k 1 & 48 leukocytoclastic vasculi-
tis Th 0, @BEED 5 VI T LV F -l
EROBEASD

O 1SHESE (EEEIL—TR)

TFuHhA4 T IFR FTY DL REY
rREMIChoTHRET 2L, W—TAD L)
RRERDEL B, 7O h A T I Faf
67 AU EichlzoTiRGEENB L, ZEAL
DEECTHEMAIEELESNK, 20%00EET
SLE #DER % FIET 5o

W FERF
BHNZ L B 7 L IVF— RS Coombs & Gell
LD I~VEIZEEI N TV A, EYTL
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NWEF-DOEFD N> THTOoND 2D
FTHICHMONRTWAOE, UTD32ThH
5o

LRz ) kb, NTTvELTIERE
I FRFEMICRIG L TREMEICR D,
CNICHENRIET 2HEHH 5,

2 F=v, JatkF i, HBERGLTHE
EHEDLY, RmMBKE WKL LTS5 —
THALTIE 7 UVF -G L 550
ERITHEVDH S,

3 7uhArTIFREDL)ICHEBRVIEE

Box

SNTHEZh, ThiCHEIEREH, &
BREHERRT 625G H 5,

W &R
H MG % : EHMET LV F—TLIE
LIZAbNDo /NS 2 IE (BEAMENBIR) %
b b L CHORBA % ) EBIEROBREHH 5
nB 1),

(BHET)
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MR 2BICBEFRE

.f’ 1§|Jm Raynaud 1%

43& %, L4 ./— Raynaud iﬁ&f%ﬁﬁ' ml,.aq:@m U1-RNP HAARE, 1 Sm Hikkatt,
&Hl&ﬁifbﬂ#ﬁ@ﬁ!ﬁb‘%ﬁb(l 1), £RTIEE 1b LRI LOIBFAREZE LT, ERIFHE
D&Eﬁ? ﬁTﬁE%&bﬂ %EI(E&E@E%E?ﬁ*ﬂRo%EBEE<bmt%§

a‘ ¥®Wﬂﬁﬁo JEI45EH D IR tapering £2Y B,
B &H@ﬁﬂﬁﬁ(l?l?‘ﬂ Masson 2w, KER)

| B2 - W RRBATE
SMEESEER FERAHOH D fEE B, Raynaud 3 5 (i1

mixed connective tissue disease(MCTD)

N EE

1972 4£ Gordon Sharp 2 & - TR s /2B
FE#D 12T, SLE, &&MHEILE systemic
sclerosis (SSc) 3 & U % FEME ) 95/ B M %5 %2 poly-
myositis/dermatomyositis (PM/DM) O #b75-E 4R
& Raynaud R, & 5I2MFEH T UL-RNP L
EABEHEERT. TOEBE SSc nHERI L LT
Bz, FOMIEICZOVWTERTIISOGUEED
Who 2, 1 2ORENVOVDOBHIEREE
W74 & XidA—/3—F v TREERE overlap syn-
drome (0S),
J509% D35 A13 unclassified connective tissue dis-
case(UCTD) & kidh b,

1018

WFROBIEE G 7S I

353 O[Keyword] & [&% |2 &) 2 ¥ & |
T, IiFr ot UL-RNP o & 4 fFE L L.
FOIEMNHE 4 T B O M & 2 B A5 )ﬁif"é
EOMIBIEAHTH 5, FER & LTI L
FE DRI %) B IMEEA S o

n R
% VEEASER O K E 7%
C RICRRHEE DS VIR A, I E— R LDy
_o'(\nf WEI AR D, EBFREE 2o 720
TIL UL DFRHEENLE % & & o (R 2a), Nilid il
JEREDTFILERIB L TV b FARIFE plexiform
lesion A EWHLER G H LY, FNTHb. A
VIR T EIE DB TRED T 70 — AHHl,
MEID, AR MLE I EEHOER &M
bE A LD, BERGZETREEIC—HTHETH

HEEHOTVA
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Ci 5

E 2 Fisp~/\EIROERHENEPIRRICE

4
a ! fif | fiSMEEZH S BIRRZE. EIRORMELD

AEIEEZRY (MCTD TlIBMEENIETD
KEHLREAEED) (TSR FH Masson 2@, th
&%),

b B ErESZHSBEREDRRBOREL
BHTHD, ERHREOE S RMEICEDE
EEDB{ENHS5ND (TS AFFH Masson £

HEB

EERIR | ERERK. AEBTIFY T—J U VERBERDERDL

LB S e

&, EEE),

DERBERBEBOEREH EDHD (HE 2B, EEE),

B MCTD CREBENBREOEERIEL, BUEBEORZEDTENSL, FNUCRBICERENE

{EUTEEICES renal crisis BHEC DT EN'G DN, BEFHICIFERDL S (C/)EBEIROBEDAR
EELRHICH SN B (Azan-Mallory B&. H{EER),

5 (E2b)s M, 13& A L DHER CTHERIRIE
R L > TEEOERHLRL TS (B 2c),
LAL, X <EBTLERVIBINRTIZILERS
L, BECIZT T O — AT LB LD, 70
flinEEci/hs2mEOY YO L L B2,
it LR £ D BB C LB I E B R 2 A L o,
g A OAREDFEEIZ L 5 =7 X 7 T nut-
meg liver DIfx AL OB, HEIIHEL, THhT
bLABRLETHE), MLz L-bnER
b, T/, WEREIIIERE L TRIRMICR S
HOEHFTHEELDH D, BREET—MRICEE
ThrH, TNIEEOEIROAETEIZLDY
renal crisis WIKGEIZFEDY, FEICES (B 2d),

W 3E5F2HA
FA T~ ERB T2 FHBALIE (SSc) TH 5,
LA L, AFED R IT RO MM 20 FF B0,
SSc @ & )\ ZiFNEN, TEILH, FEMO L) LR
fbERET, BRI h7o TRIEMEE{LOIKREIZ
EEFEHILTHD(R1b TIHFEE M- 2
Hfbb AN D), T/, FERE b 725, MilLE RN
2% ) WS MEEO S IHREAIEE IZE V. 1R’
atELwvwbihb LB, SLE, PM/DM, SSc O
Rt b 2b00, EEZLOTIZRL, #EE
WENZFNOEREE L 245, Ly bHiisiilE
fiEX°> UL-RNP HifA @ ED X ) (B fF sy 72
FiRELRTEV) OPFREDHEHTH %,
(BHET)
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WA RECHKZREG

B =@ =7 svozssn

I 358-1 65K, ik, MELENBEBRTRE. ARBCHNDITRYEERLLETS,
B 1 Dk S HARNS £H 5N

m. Bt SECHRERERFETRIE, 2704 MARICKDERSHE L
 HROBR, 2HORBICH 2 OLSBHMELNBEDH SN,

m: e

7201 358-1 EMIRREENRS giant el arteritis E A EniRA

ERI 358-2 P UILF—EAISFEMIER H E% .

allergic granulomatous angiitis (AGA) BISEENAR % temporal arteritis, F L2 A Il

B IR %% granulomatous arteritis & 3 L i£4t 4
A%, MIBEENIR % L & B MM EREDETE £ O W,
s, EMBREEIRKE L V) AEEV LA
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WCEo72,

W RERFF - fRAREIE

FRRNE SRR 228, MR RED M5 HTRE
ENTW5E, RIRERFICANEESRESINTS
V., HLA-DR4 L DL REIN TV 5, JFICE
#D 60%75, HLA-DRB1*0401 % L £ 1x*0404/
087U% A TH#LDIENREENT VS, H
CHACE LTI, s AF Uik vy
F1) E iR, ANCA £ OBELEEINTNS
M, EERRREITA SNV, FRBERRD
SMThHD, MERPY A NVAREDES LIEES
ND05, TAINWARKGEE ORL M RHMIZmS
T\,

M RE

WIRARR : MO IE, I PEEFRO)
R SREINRE THEESN) 278, ROBEET
1TA0E, KBRSDOTHKRTH L, BELAMEH
BRI, R RV RETERL, BRDETH
B MBARENEZENHY, LITLITEHEL
e b, KREIRE &CHEENKNEORE L
B EPHERS &R LD 5. KBIIRIE, FFlE
HABIRE DA DA SN, WENKEIIRF KIS
BT 5 ERBIIRFABALIZES,

fBREFRR @ BB ICRET 5 2 & h L BIIREILR
T 2 eHEL, Thw X MEREIEHT
hb, REOHHIZL > TLELLA, EXFIL
W%ﬁﬁ%¢LtTéW§Eﬁ%ﬁ&%meﬁ
BEZ% S NCHEOEHTH S, = ORFEER
EiE, WEEROBRE, ZTOREANC, FEE
I L TEREMBEAONLORERE TS
(B 1a,b)o TAUCEREICD T A KIEMA
BEPMD 5, BEMIESEEMBEDIZ2, T
HEEAETH Y, BHRECITFHRIRIZERIICHAS
Nz, RIENHERHMET A L, RFEEICEHN L
ENBEHEMBIILTLIALDONLV,
7z, WIHEEAROBIEIXZ LV, 512, Thboo
WX EIRIZ 54§ 5 (skip lesion) o
RERAEBRE  WEMTIE, REFOT) L,
EoikENALOOND, THRETHORMET
R I AHE 5 7S CDA MIlE T ), AU Tro—
FVRBERR LN, A6 2OFFRIIHT LIFE

ERI

BRSO REEATRIZ S D,

wE 7 UIbF— e EEm ey ¢

HEE

FEZ W EEE, IFERERIEL N, MR

VN~ B E O & S RIS &% 1 KA
TdH b, 1951 4F Churg & Strauss 2 & ) g &
itk WHEESRBIRE, BRGNS RILE %
microscopic polyangiitis (MPA), 7 =%+ —HA
3EREAE Wegener's granulomatosis (WG) 7 & & i
BB LERE LCTHELES, MERE
REMAZERFROATHMEELH T DO
\& Churg-Strauss fEfE#: (CSS) & Lidh, Mk
BV GFRREKIRE % 4 ) B R OFT RASHE & e 3y
&, TLUVF-—HRFEENERE L5

W FEAERFF - RRREIE
TR SENAONDZ L LY,

WHERGHED EZATRHTH S5, MPA & A1,
% JE) B M P o o 2R AR IR B Uik perinuclear anti-
neutrophil cytoplasmic antibody (p-ANCA) D
HERIE , BRI L ANEBENES LEE
ENTW5b, MBERERE LT, SREHEL
RHRHAERE S, (HLE I, PR ERREE, %‘Iﬁm
& SULBKREREET 5,

W fRIE

ARERFRE © I oI sses, L, W BF 5
HILE, KW% 251 THL,

‘fﬂﬁf’ﬁﬁ WA, WFEEOME%XT, I~
BlOBIRAE TH 525, MMBHFRIR, EHIMLE IS
LT Do AWML, FEEERE Ak L T2 KIE
HMilaREE AL, MENEORL, MmENE
RIEFFHEEOZNE, el E &72L, 26
IZHEIZ T 4 7)) A FiEER 273 (K 2a, b),
RO TPHBEER OBIE L8 LM, ZEEME
DB EALD, &L HLE LIRAFEDAL

WS BITT Bo RUENIC A 5 &, REMIEEIE

BT GO TIZLEA LA LD LR, .,aib%‘
BEE 4R RERI T, ANEMBIIROEFTIEIME
WA T, BIRIBEEAREELEET %o
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W Qalcﬁa:mﬁm

W 8E:7UESHA

ANCA B0 IME #AEMER L LT, WG, MPA
L OEHIABIEE %%, WG Tid c-ANCA D
AT <. 7 HBTENE - PSIEMIAE S % X 7
L. HEEREREA S L b B BETIEE

ENIEIREF
jack
ISP SO 1T

M| 540

fitske, BEINLIMEDOY A4 X (Fx 1) 3—),
RIS, ZEXONARERE BKRIRR2E
12h ESESED S S, FERICAF A T % £
T&L®, BETOHRA LRIV AV H D, 29
L7oRFEMMERORETR I IIRT HET

¢, IFRREKIEIC I A & ® b N\, MPA Tk
AGA & [FI#E p-ANCA OB ATE VAL, 1% 5
TE T ORI Tld 2 <, BT
DEEE, T LV F— R IFEERES R EO L
EREBEIITRETH D,

(&, 1994 4E£? Chapel Hill Conference T
E0H A X12b LJ& Jennette S L IR S
NEGEPIEENL IV o TWwE (R4), o
D) b, RETH- 1-EMIFBEIRSE, 7LV F—
PEASEIE M ME R DI A, DT OREBIZDOWTI,
AREFOZFEH*BHE SN/, KEYIRISERN
aortitis syndrome, #&HitE% FB RS polyarter-
itis nodosa (5 T 5, #EH 123), 7 =4+ —W
3£ JiE fE Wegener's granulomatosis, SEf DY %
Z& Il % 4% microscopic polyangiitis, ~ / v ik

v 1 — 74 vEE¥H Henoch-Schonlein pur-
pura($ T2 8, fEFI 223), AR )+ 707

ﬁm*@mﬁummxﬁ)

| BMEMEN
(1942, Rich)

| ANCABSEmES |
T (1994, Jennette)

®3 MERAEREFDIRD TR
(3w 1 KO3, —BBesZR)
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HEDHS

=H

~
B2 M S MERTR Pt I 5 ¢

~
Henoch-Schonlein%Bis%/

MO U A TI0OTY I MER
Y
BRMIRSFRMERN (RN REIRN)
Y ~ / 3
WegenerPZES KU Churg-StraussfiEfgst
X J
Y
TEEMES REEDIRA f
BRU)IBR
N J ANCABSIEME N

v
E DRt (fI5R) A S KUBZENRA

M4 MENERETOBRBMEY 1 X
(@2 £D3IA) -

1) I AE 4 I % essential cryoglobulinemic

vasculitis, Bz B MERSE# % ILE %% cutaneous

leukocytoclastic vasculitis (55 T 2 8, fERI 223),
Il Kawasaki disease (A%, £ 360)

SEERSGH
1) fEBAE A MESEEREOB NS, HELRE

R 16 : 246-248, 1998.

2) Jennette JC, Falk RJ, et al: Nomenclature of
systemic vasculitides : Proposal of an international
consensus conference. Arthritis Rheum 37:187-192,

1994.
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RIE ZRCOSON |

OREIET 75 15RS, &5, Th

- =

441, Bk, OBA7 TS, RBNHON, TORTMAEST: LTz, SRS BEIEHD 0

ERTIIE 1 Q& SEFRBHH EH SN

W
Behget #& Behget disease

©

Il T

19374, P ad~R—Fx v b Behget IZ &
DIRE S M- ZlRGEEEEOBIEERER, O
BT 7 5 g% EMIER IRAZK, JEEHE
Br 4 KEERE T2 BERTHO REEEET,
2HEETEEL, SHORENELELEL
1024

BilEE L DOVHEHTH 5,

B RIERF - REEE

BRI, EBEZERETFIX HLA
B51%0101 7 L v (it LEIETF) DEBEICA S AL T
Wb, HLA-B51 # A3 A BEHOIFHERIL, /I (h
ATHEIL SR T WIREBICH B 2 LSS ) .
%V, HLA-B51 BT (3T ER O HRAEM 12 )
BLTwWAIEPHELPELR>TEL, T2, M
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ETidd A HEOBPIE I B EEEERRS

NHLN, NEAEORERTFO 1 2L LTHES
NTw3, —F, BCBIUEBERBEHEDH
¥ 3 v 7 Z&H heat shock protein (HSP) {24 %
REEELEET, ML ERIETAT) 35k

D OEESNDERIEMET A M I A T HIREE N

B A P AA Y DPRIEREOTBRICEE L E 2
LNTWVE,

W 5% |
CAREERDEINC, EBCEEEELE L
) HRHFEMEEURERE LT, —BEOME
%, BRUEORIZAK, BEHEETREEILS
HILERE (B Behget), BHIRFAICHENE
KEFIR T B34 0 AR P B 22 7S g BY B9 7 1 A TR 25
(& Behget), B L UVBHED 2V 2 BEOMHE
A% (F#E Behcet) XA BN B Z EAidb Y, i
K40 EeBE, EFERDI2H2WIE2
D RL—F, BHEREE) Rl 5,

W RE
MERFTR « OO BRET 7 7 igEidi3i2

Lo,

BRT, BRI HRERCEHEMES M /A

BETH D, BHBERE L TIRET O Mtk
% (B 1a BI8) R4 B AL BERE B2 95 TR RY 12
R 2 (K 1b B18) ¥ RTB A, 7+
EEAB LV LEBERES Y RTbOR Y, A
DERH LN D, BRKE LTI, BHEEES
ET2MMEREAR L IREORE £ EE
N EATIA S 5o SHSERREELIEE - REE - /I
B - EEEL LICOEAT 7 2 I L 7R
EL 3, |
HE#PTR ¢ Mm% Behget 12A0%, MR, 4R
B, B L UHLEREOREED O T B
BLUMBETECIIERESA LD NS, 4
BREFAIIE, BRI T AR MR 25V SR L
7% E TR L (B 1a), BETI/AIEOMN
PEAEIE 35 X O ) B S SE MR IR A A &
—BMEBENOHEE R MBEROEETT. BIR
FEDEMTH 2, |
WHEERR | REE/EIRONEE IR - T,
IgM DILED AL DLEND I L DD D,

(EEFE=)
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M. SWCESINE

Bl @ 57 52 wmoms By wEE

18, BR. B RRETRE. TO%, 2HORE, OBEORF, WU ) EEE, BRERO7
MA'H 5N, 2458 51 ECRADDELESZLREE LR, SROBR, DRICE 1a, b D&
SBHR, BRICE 1c D& SERMRNHED SN,

W E2HR

)&% Kawasaki disease

R

W E5

WRHNCAF5 T 2 BEREMEIIRKT, &L
THERBIRAMR S B, 1967 4E, JIIFSIZ LD,
HATIZCLDTL20EES T T) —L LTH
1026

EBo o, OF - OMEMEORR, B
PEIRAE, ) CoSEIER AR L, REIEREE Y -
7S B iE 1 # muco-cutaneous Iymph node syn-
drome (MCLS) & & LifiL 5,

B R - RIRETE
AR ERILDS, 5 B OBHATRI % 2
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DEBESNTV D, FEHEILLZ THIES & O
27— UhLEESNLYA b H A VA
BRI 2 EMALT 2 L & b2, BWLER
TLIFHRERIC & 2 MBEMEOWEIC LY, MEET
DREDVERIND LELOND, EREIIREER
BRI S BN IRIE (B 1a O &EN) To e
TR (B 1) 12 1 5 S U AR A 2R TE O I
L BB A D B,

W »RE ,
PERATR : & L TRERBRASB SN2, K8
W%z o OB EBIRED BN, £ 7%, B
M, EILESONBNEE&05, K~/ EER
OFRFKHME 5 Th o
HEBR : REOBRBICLY 4 BT 5N T
VR, BEBMICLNELELTH 2,

B0 GIE 8 1~2 %8 T, MENEIRT
IHIRIE, BFERERIRE AR SRR TH S N,
h~KEIBIR T AE L, AT ET 5,

EY

52 W G - 56 2~4 7)1, MIBYEIRIR
ZIXHRL, H~KEBIIR T O RAED PRI B R
THRMERE 2%, BIIREEDIPIE, 1EIC, BA%
REFEAEL < (B 1c), HICEREIR TIXBIAR
B, MBRFERE D, ZORH, LTI %,
INS] -2 Pl WY (W -

B 3W(AEY 4 4~7 #:8) 1 id, P RBIR
TORFHREOHKIBITT 2o

554 (RO - 56 7 B LLRE) 121k, BhAREED
RARAL, NEOBMMENILE, SRELMmE, wek
& FHFRMMERFELY BT %, BIRGIIRHET
T 5,

W ERIECER
LONNREOREMES FBIR & & D& HIAH

BELoI2h, 747 /4 FEEINTL A LR
EDOLNLVENRL D,

(EEH=)
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RS MR FR AR M & (BETRMER B S ARIT ZEE 3)
S REE

BAHEA 85 (MCTD) IZ&4 45 R ME (PH) 1B T M R il {k (AECA) [CB T S8R

HESEE . BHF BE SFERKFEFH RELHRE - B
WMEHAE : ShiE ER EFEMRKFEFR REEHRE - BE
xRk 1EN BFERKRFEFER NRERE - B
2l % BiLFkmbe Vv~ FRBERR - Bk

MREEE

CEVHRBEHERREOREEB Z 227,

IRA MR AR (MCTD) ([CAH oM@mMmER (PH) 13, MCTDREDERDERALEE L5 5708,

ZORERFEITVE T LSR5 TV, PHREEICE 2 UIHIZ L & L THiNLEN R MREEN R S
ATWAB D, ABZE IR LENEEEYEETHIERE LT, MERFO—2THHBECHE.
\ZHN R MEaTA (anti-endothelial cell antibody, AECA) (2B S %H T, HIEEIT -7 Jitifk I I PR B R
MDDNAS A 7 5 | — % HE%5 L TSEREX (serological identification of antigens by recombinant expression cloning)

A. TFEEH
RAMRESHEMS (MCTD) BE T, oA
BEFICHA_NERICRET HM&SMLEE (PH) 23%ER
OEE/LMBEZEDTVHA, TOREERITFH
Th b, AP BHIIMCTDIZ 31T HPHD RIER
FORBATH D, AWFRE TOMRBMAKTHIRE)
5. EEFEMICIZPHAZ R LTV VW MCTDEE T b i
O/ & S i E P R AR E SRR T D REA
MEAELTWEZ ERALNICR-,TEY, /NILE
DEEN LB X ITEIT LU TPHRIEICE D Z & AR
EhTWb, F7=. MCTDAE MiE 2 Fif /s &
BHIRICx LT, @mWBIRHEE =T Z & bHLMNIC
o TWND, AFEIZEWT, Fxix, MCTDEE
& O HREHUA (anti-endothelial cell antibody,
AECA) T & % Bifif | B PN AR AR 00 (5 B O RE R AL
MPHRIEDRE TH S & %E 2. MCTDRE MiF+ D
AECAIZ DWW THEMT L 7=,

B. FRFE

fitifik /|~ %8 PR R MR (HMVEC-L) 7> 5% L 72RNA
7 HDNAZ B L, 77— VICHIAZ, cDNAT A
55U —HEE LT, L — b EICBENICHEREZ
EAEYREBRIE, 64 OMCTDEREMFELZIREG LT
mig s R+ HrEAEERA7 ) —=v7 LI

22

(SEREX. serological identification of antigens by
recombinant expression cloning) , & &7z fEAHIZ OV
T, M2 EAEEZAVIZYZRAZ T ey TE
% DB O MEDRKISHEDHEREIT 71,

(R E~DE )

Bz Hhiz->TiE, #BIEEFCERBENST — B
ZOWTHHAL, REDCHBOLNIBEICDOHRF T
NORMEE S Tz, BREEOT —FEFERITOVTX
e LR T % 2 b TICRE ITITV . BT
BREEITIREB S TR, BALBE=FIIH
bR E D ITEE LT,

C. FEMRER

SATFY—RBAWAL) A Y ==V TIZERY
(1) . 3x10° R 7 Y —=1 2 L7=F s CHERIARIZ
b RET 5 EAE O/ & B E A 19EFURER &
LTaso7-, RT-PCRTE hE## R E PN A M
IZH~NHMVEC-LTE L BHL TW5 I L 5HERE T
x (F2) . A7 Y —=v 7 OB bEmOREERL
FHRIZOWTBRE R 2 A MmiE TRIGH &2 ~72
LD, MCTDEFE 14 TOHEWEIGHENRRD b
7= (E3) .
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D. E%

SEREXIZL VAL MR- iR E R E ICHIlES &
BEZRED2DY T RAZ U TIIBRHOELWEARR
LEENTW=Z &b, SEREXORFMAENER
TV ZENHERTE ., NUREMEREOFIZIX
RNAR T 74 Vo ZICEBET2ERELEEN T
2o AL, A2V —= 7 DRFERELNT-HIRIC

UIRNPEEN/2rol=7-0, EHIZEL DI a—
y%x?u—:yﬁféﬁiﬁﬁék%iantg

E. i

AWFFIZE Y AECAOTRRMERE 2G5 2 &3
T&7-, SHLRAAECADHIRIERZITI & L bic,
INHDEAEICOWTHMICMNTT5Z & T, PH
REFEHERE O — SR ORREIZ D72 HY 1) Fii= 72 1a e
WriE DO FTREYEDBRIT 2 & #iFE T 2,

F. REARIER
iz L,

G. BFEEREK

TR

1) Yamashita M, Iwama N, Date F, Chiba R, Ebina M,
Miki H, Yamauchi K, Sawai T, Nose M, Sato S,
Takahashi T, Ono M: Characterization of idiopathic
diffuse alveolar damage. Hum Pathol. 40: 542-551. 2009
2) Yoshida W, Uzuki M, Nishida J, Shimamura T, Sawai
T: Examination of in vivo gelatinolytic activity in
rheumatoid arthritis synovial tissue using newly
developed in situ zymography and image analyzer. Clin
Exp Rheumatol. 27: 587-593. 2009

3) Sato Y, Kurose A, Ogawa A, Ogasawara K, Traganos
F, Darzynkiewicz Z and Sawai T: Diversity of DNA
damage response of astrocytes and glioblastoma cell lines
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Calcium-dependent phospholipid scrambling by

TMEMI16F

Jun Suzuki'?, Masato Umeda®, Peter J. Sims* & Shigekazu Nagata'?

In all animal cells, phospholipids are asymmetrically distributed
between the outer and inner leaflets of the plasma membrane’.
This asymmetrical phospholipid distribution is disrupted in various
biological systems. For example, when blood platelets are activated,
they expose phosphatidylserine (PtdSer) to trigger the clotting sys-
tem®>. The PtdSer exposure is believed to be mediated by Ca**-
dependent phospholipid scramblases that transport phospholipids
bidirectionally'*, but its molecular mechanism is still unknown.
Here we show that TMEMI16F (transmembrane protein 16F) is an
essential component for the Ca>* -dependent exposure of PtdSer on
the cell surface. When a mouse B-cell line, Ba/F3, was treated with a
Ca®* ionophore under low-Ca®* conditions, it reversibly exposed
PtdSer. Using this property, we established a Ba/F3 subline that
strongly exposed PtdSer by repetitive fluorescence-activated cell
sorting. A complementary DNA library was constructed from the
subline, and a cDNA that caused Ba/F3 to expose PtdSer sponta-
neously was identified by expression cloning. The cDNA encoded a
constitutively active mutant of TMEMI16F, a protein with eight
transmembrane segments®. Wild-type TMEM16F was localized on
the plasma membrane and conferred Ca®*-dependent scrambling of
phospholipids. A patient with Scott syndrome®’, which results from
a defect in phospholipid scrambling activity®’, was found to carry a
mutation at a splice-acceptor site of the gene encoding TMEM16F,
causing the premature termination of the protein.

When mouse Ba/F3 cells were treated with 1.0 uM A23187 for
15 min in the presence of 0.5 mM CaCl,, the cells underwent necrosis
or became propidium iodide (PI)-positive. However, when the same
treatment was performed in Ca®*-free conditions, most of the cells
exposed PtdSer and the PI-positive population was low (Fig. 1a).
Chelating intracellular Ca®* with bis-(0-aminophenoxy)ethane-
N,N,N',N'-tetra-acetic acid acetoxymethyl ester (BAPTA-AM)
blocked the PtdSer exposure (Fig. 1b), indicating that the process
required the mobilization of intracellular calcium. This PtdSer expo-
sure was reversible: treatment of the PtdSer-exposing cells with
BAPTA-AM at 37 °C for 5 min (Fig. 1c) or culturing them in Ca*-
free medium at 37 °C for 12 h (data not shown) eliminated the PtdSer
from the cell surface. These results suggest that under low-Ca** con-
ditions, A23187 mobilized the intracellular Ca®*, which activated a
phospholipid scramblase to expose PtdSer. When the intracellular
Ca®* concentration was lowered, the phospholipid scramblase lost
activity, and flippases returned the PtdSer to the inner leaflet.

To characterize the PtdSer-exposure process, we used its reversible
nature under low-Ca®>" conditions to establish a cell line that over-
exposed PtdSer. Ba/F3 cells were treated with 1.0 pM A23187 in the
absence of calcium, and subjected to fluorescence-activated cell sorting
(FACS) based on PtdSer exposure. A population (0.5-5%) that showed
intense staining with AnnexinV was collected, cultured for 15h in
Ca®"-free medium, returned to normal medium, and subjected to
the next sorting. After this cycle of sorting and expansion had been
repeated 12 times, the cells (Ba/F3-PS12) showed roughly 100-fold

higher staining with AnnexinV than the original Ba/F3 cells (Ba/F3-
PS0) on treatment with 125nM A23187 (Fig. 1d). The sorting and
expansion were repeated another seven times, and the resulting cell
line (Ba/F3-PS19) was used for further studies.

There were two possible causes of the strong PtdSer exposure in Ba/
F3-PS19 cells. One was the overexpression or overactivation of phos-
pholipid scramblase, and the other was the inactivation of flippase'”
that transports PtdSer from the outer to the inner leaflet of the plasma
membrane. To examine which possibility was correct, DsRed-expressing
Ba/F3-PS19 cells were fused with green fluorescent protein (GFP)-
labelled parental Ba/F3 (Ba/F3-PS0) cells. The PtdSer-exposure response
of the hybrid cells to 1.0 uM A23187 was similar to, or slightly weaker
than, that of Ba/F3-PS19 cells (Fig. 1e), suggesting that the phenotype of
Ba/F3-PS19 cells was dominant to that of Ba/F3-PS0 cells, and that the
phospholipid scramblase was overactivated in Ba/F3-PS19 cells. To
identify the gene responsible for the enhanced phospholipid scramblase
activity, a cDNA library (9.3 X 10° clones) was prepared from Ba/F3-
PS19 cells, and introduced into the parental Ba/F3 cell line. The stably
transformed cells were treated with 125nM A23187, and a population
that stained strongly with Annexin V was sorted (Fig. 1f). At the third
cycle of sorting and expansion (Library-Derived (LD)-PS3), about 35%
of the cells exposed PtdSer without A23187 treatment, and this cell
population (LD-PS4) was characterized.

LD-PS4 cells carried two or three different cDNAs, but the TmemI6f
¢DNA (GenBank accession number NM_175344) was present in two
independent experiments, suggesting that I MEM16F caused the PtdSer
exposure. The two Tmem16f cDNAs identified in the different experi-
ments contained an A-to-G mutation at nucleotide 1226, which caused
an aspartic residue to be replaced by glycine at codon 409 (Fig. 2a).
TMEM16A, another member of the TMEMI16 family, was recently
shown to be a Ca®>"-dependent Cl™ channel"-'>. However, the Cl™-
channel activity of TMEMI16F was lower than that of TMEMI16A™.
To examine the function of TMEMIG6F, the wild-type and mutant
(D409G) forms of TMEMIG6F were tagged with Flag or monomeric
red fluorescent protein (mRFP) at the carboxy terminus, and expressed
in Ba/F3 or human 293T cells. Western blotting of the cell lysates with
anti-Flag showed broad bands at 125 and 500kDa on SDS-PAGE
(Fig. 2b), suggesting that mouse TMEMI6F (calculated molecular mass
106 kDa) is glycosylated and/or aggregated. Observation of the 293T cells
expressing TMEM16F-mRFP indicated that TMEMIGF is located at
the plasma membrane (Fig. 2c).

Annexin V was able to bind to the Ba/F3 cells expressing the D409G
mutant, but not the wild-type, TMEMI6F (Fig. 2d), suggesting that the
mutant TMEM16E-expressing cells constitutively expose PtdSer. This
was confirmed by binding of MFG-E8, which specifically binds to
PtdSer'>'® (Supplementary Fig. 1). Chelating the intracellular Ca**
with BAPTA-AM decreased the exposed PtdSer level in the mutant
TMEM16F-expressing cells (Fig. 2d). When cells expressing wild-type
TMEMI6F were treated with A23187, PtdSer was exposed without a
lag time, reaching saturation more quickly than the vector-transformed
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