Novel ADAMTS13 mutations in hereditary TTP with acute renal failure

the general Japanese population. Seven heterozygotes
carrying S903L were found in 64 subjects, suggesting
that the mutation is a common polymorphism with
an allele frequency of 5.5%. On the other hand,
both H234Q and R1206X mutations were excluded
as common polymorphisms by the screening of
64 subjects.

Discussion

USS, which may be alternatively called congenital
chronic relapsing TTP or familial HUS/TTP, is
characterized by repeated episodes of thrombocyto-
penia and haemolytic anaemia which ameliorate
quickly by PI [13]. Typically, patients have episodes
of hyperbilirubinaemia with negative Coombs test
during infancy followed by repeated episodes of TTP
[14]. In 1997, Furlan et al. [10] reported four cases of
chronic relapsing TTP lacking ADAMTS13 activity.
Since then, ADAMTSI13 has been known to have a
central pathogenic role in TTP and a defect in its
gene was reported to cause USS, which is a form of TTP
with a neonatal onset, although there is also an adult
onset disease caused by ADAMTSI13 gene defect [15,7].
Patients with USS either have homozygous or
compound heterozygous gene mutations [11,12,15].
Another familial or inherited form of HUS/TTP
is associated with factor H deficiency. Patients
with factor H deficiency have, predominantly, renal
impairment and low level of serum C3. Factor H
deficiency seems to aggravate C3 activation,
which potentiates autoantibody-mediated or immune
complex-mediated glomerular injury. While some
patients with factor H deficiency were reported
to accompany low ADAMTSI13 level and renal
involvement [16], our case showed normal factor H
level (data not shown).

In the present study, we identified two novel
mutations, H234Q in exon 7 and R1206X in exon 26,
in the ADAMTSI3 gene. The missense mutation,
H234Q, resides in the metalloprotease domain. The
conserved active site sequence HEXXHXXGXXHD
(amino acids 224-235) in this domain contains 3
His residue that coordinate the catalytic Zn*t ion
[17]. It is a reasonable assumption that if one
His residue is replaced with Gln, the mutant lacks
its protease activity. The nonsense mutation,
R1206X, resides in the CUBl domain of the
ADAMTSI3 gene. This mutant lacks 222 amino acids
in the C-terminal that include a part of the CUBI
domain and the entire CUB2 domain. The deletion
of these regions may cause secretion defects during
synthesis. It has been suggested that the CUB domains
are important for interactions between ADAMTS13
and VWF [18]. Therefore, deletion of the C-terminal
region may affect substrate recognition. In the
previous study, we sequenced exon 7 in 364
Japanese individuals and found no H234Q mutation
[9]. The RI1206X mutation was not observed in
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the 12 Japanese families with USS so far determined
in our laboratory [11,12]. However, recombinant
ADAMTSI3 reproducing the patient’s mutations has
not been performed; the above-mentioned mechanisms
of inducing ADAMTS13 deficiency are only speculative
at this point.

Unusually large VWF multimers (UL-VWFMs) are
secreted from vascular endothelial cells. UL-VWFMs
tend to aggregate platelets to form UL-VWFM-platelet
complexes, which may embolize microvessels and cause
organ ischaemia. ADAMTSI13 cleaves UL-VWFMs to
a series of smaller multimers, which lack the tendency
to aggregate platelets. Therefore, loss of ADAMTS13
activity caused either by genetic defects (USS) or by its
inhibitors causes intravascular platelet aggregation,
leading to TMA.

Thus, theoretically, early intervention with PE or PI
should be effective in these disorders by supplementing
ADAMTSI13 with or without removal of its inhibitors,
respectively. In fact, there has been evidence that
extremely low levels of ADAMTSI3 activity were
associated with excellent response to PE and good
prognosis [12,17], although there also are reports
challenging this view [2]. Our experience of 20 patients
with USS indicates that all are doing quite well with
regular infusion of plasma, except one patient who died
of TTP that became refractory to plasma after
cholecystectomy.

Patients with TMA tend to be labelled as having TTP
if clinical features are predominated by neurological
dysfunction or HUS if renal impairment is the
predominant feature. However, renal impairment
accompanies as much as 44% of patients with TTP
[19]. Even if the predominant feature of these patients
with TMA is renal dysfunction, we need to consider
diagnosis of TTP and check ADAMTSI13 activity,
especially if an inherited form of the disease is
suspected. If ADAMTSI13 activity is very low, PE in
patients with inhibitors or PI in cases with USS would
be justified and should be done as early as possible.
Tsai has proposed that the definition of TTP should
be a pro-thrombotic state in the microvasculature
caused by severe ADAMTSI3 deficiency, such that
we can easily identify a group of patients who have
a common pathogenetic mechanism for the future
enzyme replacement or gene therapy [4]. Although
some challenge this notion, it is still important to
develop rapid and simple assay methods for
ADAMTSI3 activity so that the appropriate therapy
can be given immediately.

Our experience appears to indicate that assays
of ADAMTSI3 activity and its inhibitor should be
considered in patients who have repeated episodes of
renal insufficiency as well as thrombocytopenia.
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THOB R HRE R3O T, MR VWEFE
PIETTLHT7 4+ ENVT Sy FETIIHLE
EL, ERVWERILFT—EFHENT 5 &
M/NRAS BB 2 k8 23, AMll/NILE 12 /MR
OEEFENSHE Y, M/NREDRA L, B
IRIMERAS R & 1% R RE A ML AR 1A /NI A 1
Y¥RHEHH (thrombotic thrombocytopenic purpura :
TTP) T 5,

AfaTix, SERBICAD, BRIERL
TTP & Z DR HEEZF TdH 5 ADAMTSI3 D
gz oW TR T 5,

I. TTP

TTP L, M/NMREEDEA, M/MEEE
OEMEEMm, BHEEE, BIEEEHmE
JEIR, BT SHELTLIEZEORETH
5o B TIXBEE & MHEERYR 6Lk w
BATYH, Mo3EEEHINIETTP LR L
X9 T HERDED L, HEIZMIERIRTH
5o TTPIE, KA ADAMTS13 DRIEF
7213 ADAMTS 131249 5 H CHE O HERIZ
I AERKVWES NV F v —DMEFOERL,
FIIT X BM/MEOEEEVFRETH L, L

7edio T, MEERIZ L ) B EREL,

ADAMTSI13 2 fiFe ¥ % Z L2RD TR D
HDHERETH B,

TTP & /- EEREIR 3 BB, il
IRFEFEIEER (hemolytic uremic syndrome |
HUS) »8 %, HUS (ZIML/NMEREDHA, i
RN, BAe03fETHs, RETIE
O157T:HTIZ X A EFHEIIMH ) BETHEL
holzk T, TORBREPELET LNDE
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EVEIIBFEZGEET L, BARMICIETEED
SEAIHEETH O, AR I B E
(thrombotic microangopathy . TMA) &\ 9 &%
WraSHWHE NS Z &A%V,

1982 %F, Moake H I EBMEBFZEMED TTP E
HOMERIZERVWET VT T —%2 R L
TTP3IE & OME G L7727, T NA 225
LY, TTPORRHAEMEGRTE LT VWFLIH
B ADAMTSI3AS 7 O — = & Niz-9,

L. VWF

VWF i, MEANEMEPLEZKTERS
NLIEKIMFEEHETH A (H1). MEEAN
TCERMBEBEOTI AN T 4 FESIZEID2
BEESTEREN, TVIEICHRESINL, #
ZTCTTuERBHE NS & LB, D3F
A YEIZV AT 4 FEEPERENEKXR
VWEFX WV FZ—DERINnbd, TOEKXK
VWET VI < — i3l izagw s h
ADAMTSI13 CHIli % 517, @MU KESD
VWESWVF - )P 2ERT L5, %
DFFEIE2,000 5 Dalll BT, 4qymDEFES &
EbNTWwWb, VWEFTILF < — M EEE
ERAICER LS =5 Y, R\ TH/MER

‘ VWFAgII VWF

7631
1 D1 D2 I D’'D

ZEHt cpm

VWEZ )V F v — |

ADAMTS13

a5y

EHEGPIbIIHEATAI L IZL Y THAE
Mg 2 9, VWRIREFE D /MR
g, MAMEICILCRONLET OIS
TTRI L, £/, BRMEALR &CHez L7
METHE T VIRTPELN, MEHEDR
W& sd, VWFUIREESRE TH 5 ADAMTSI3
WERED LEHBRREICKIBT S &, i)
WEE DB VE K VWET LF < — &R L,
FH /NI C /R AR AN & %

Il. ADAMTS13

2001 4|2 VWF ]Il & LT, ADAMTS13
WA — 7 EN729, ADAMTS &1, a
disintegrin-like and metalloprotease with throm-
bospondin type 1 motif DE&EFTH D, FD13
HFHOBEBEZTTHh-o72 (H2), 32D )L—
T OEHEZRBE LIS T I/ REY &
REL, COBETFEZI/IO—=V T L7, F
7z, DTNV —TIEERETIPEZED KD
aFhrua—= il ) REETE S
O—=rZ7 L7 ADAM7 7 3 1) —I3EE
BEEEEOEB TUT T —ETH Y, Rk
RHALIZE ST 5 A%, ADAMTS 7 7 2 1) —
FTEETH B,

B C1 C2 2050

[TTH HJ-c

RGD ¢

Lo
__ GPIIb/llla  28:fk1L,

1. VWF O##gE

VWEISBEBDO KA A 6k, DALVT 4 FEEENMLTTLF
v —&h A, 35 —4 R GPIb, GPIIb/IIlaDfEEEHM %R .
GPIb | M/MEIEZE B 'E Ib, GPIIb/lla © (/IR HE Ib/1la.
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t b ADAMTSI13B{EF139q34 I E L,
207V Uy hLIER IS, cDNAEH 2 5
1427 7 2 / BERFE D 145kDa & FHE SN 5,
FE AR TR 190kDa TR, EIIIFCEE
S, rThEMRBETERINSY,

SE R TTP B E OERTHIT AR DI
i, KK E &2 BETEEFFE SN2
FEIZINE TIZSHADERMETTPEE D
BIZFMRBITE2ITV, 60D I Ak ALHR
(R193W, R268P, C508Y, I673F, C908Y,
R1123C), 12D F >+t AR (Q449X),
3DODAT T A4 AEMNER (414 +1G > A,
1244 +2T> G, 686+ 1G> A) Z[EE L7z,
IAEVAEROL X, WILBY YRR
=RV SIRER THWw-E S HMAERNICEIFERE L
720 Q44X EEMRIEIDWT H D DD, VWF
WG T RS b o7z ARZEFEIL Cysrich
FAAHIEIRT FUHHELBDT, Cys
rich FA A > XD CREGFHILD N X A4 VI3
VWF YW CEE R RE B /l-9 2 &2
IRENT2e TNEHEDOEREDI B, 414 +
IG>ALIGT3FIE 2 DORZRIZEE S NIzD
T, HAADTTPEEIZEBE L TWLDH
b Lz,

FLIEIL, ADAMTSI3 BT IZHBARNIZIL

Signal  Metallo-
peptide protease
At

CRONBPAISSERZFREIZE L (H2) 7,
AREEENL, Cys-rich AL 2H B, TLIL
BEEEIES5% DT, MIEDOHERAXRZ D%
BEOANTORTH D, 400 A2 1 AWK E
RCTH b, FEMERT, VWEYIHIIEMEIE
TLTW/, ZO%EEITIADAMTSI3 DEHE
EHEAETIEE500, TIPERT LD
DTIT v MARPEDRFRE & O BLEIZAT S 2
Tild v,

HBRMTTPIE, ADAMTS13 @ HOPLED
HHICEIY I Z, SAOAKRADERM
TTPEEDIgG R AR L 2O M~ T %
R7-ETAH, WwFNd Cys-rich KA 14 »-R
NR—H— FA AL 2L T (E2) 2,
HOVUEDO ¥ b — FHEIgE, FCROIE T
LB EINTTZ, INODMERDS, MRS
YIEVWFDYIRTICEE 2 &S 2 R LTw
LEEZOLNI, BE, M FAAiE
ADAMTS13 D & 72 5 GST-VWFE73-H (%
W) ICHEET B I LA REHME SN0, F
72, CRImPOMER A Ay E2RINSEI—
BEOBRMEZER L, £OVWEHIR G %
7z & T A, Cys-rich FXA A =R —
H— F AL U FEROEREIIGEEZ RS
T, TDOFAXA OEBEMWIHER SN/,

P475S% R 1.427aa
Spacer CUB

Tspl J
o :

Disintegrin-like Cys-rich

Propeptide
VWFEIHHE S 2 7R T
4>
VWFYI & 28

BRETTPEEDOHCHGO Y b =7

2. ADAMTS13 MigE

ADAMTSI3E M A 1 Uiz & 5. ST OHREIIMLET S Cys-rich
A4 EARSF = F AL id, VWFUIBNGEHIZLETH A, Z O,
BRUETTPEZOMAPIZE L2 HTHAEN Y b —TEHAETH 5 5.
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FAEILX, ¥ 7 AADAMTSI13 ® cDNA 7
O— =27 %ff-7", BALB/c, C3H/He,
C57BL/6, DBA2 &\ o 7= Rfklx, 1~ b
> 23 |Z intracisternal A particle & V9 L b T b
FYARSUPHEASNTEBY, FRIZLD
BIREILa Ny U, TR, o
cDNA (X CRIHD 2 DD TsplBE R A 1 > L2
DOCUB N A A UHRIML7A1,0377 3 /1%
O AADAMTSI3 22— FLTWwiz, —
F, 129/SVHRIFIEIL P hS v AR D
AN WDOT, v F ADAMTS13 & %D
R A A i % D ADAMTS13 % 7 — N L
T\, IR TIE 2 WICR A, EMELC
FOBRETHTLUVUDNRERL > TV, WTFh
DA T D MUE VWEYIBIG I EZHDR S
N o/zdT, CERIMEIBD N XA idiE
PEIZLETIE RV EE 2 7,

IV. ADAMTS13 DiEYENE B D Bl 5E

ADAMTSI13 D F'ZF X, VWFTH 5, VWF
WX ANT 4 FiEETEBENITILF < —
WET LD, BEOEHETTIEENL AL
WATHELT Lo TWBEEZ NS, L7
Ao T, TNFEFTIZHWSL N T X /2
ADAMTSI13 DRI, RE LR EDZEEMEFH
TFAET CEEVWE & B (B 2 1358%) o
A Fax—Tarz0B2e Lz, Ursh
7VWFEIE, 7THa—ZX7X Vil 5 VWE=IL
FI—DOGTEOVRTRIT =7 U DS
BEORTFEV) MEMNLUEETH LN
72 TNOHDOHFEE, WTIhdEEMIZKIT
Ty v7z,

FLIE X ADAMTS 13 O ffi 1 T8 22 Bl 2 R
RWENLT A0, 9, KEE DL ER/NEE
DFEZIT> 722, ADAMTS13 X, VWF®
A2 F X A YD Tyr-MetiE &% U4 5, +
T, UM EETA P R EhE
LT FE2RBE CRIE STz
7z L 2 A, DIS96-R1668 D 73 7RI AT
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INHIB TS B Z EHVHIBH L 72, BIREDE D
gl e oo, NEENZ 7V y FF 8
NI UAT 2T —¥ (GST) & CHRMEIIZHis ¥
FEMfITTHEDT, ZTOHREE GST-
VWE73-H & I8, Z OHlEiElE, GST-
VWF73-H & 4% 1yl % 1 B e & 4,
SDS-K)TZJN7 I FFLVERIKE TR
oWy % 3 EEts, VUGSTHiIME = H vz = &
7y MEICTYUREY 2 THILT 5 3
DTH>72, UL, REZEFE LWL 4
YEREED Ny T 7 —HTIT ) o EATIRIE S EF
MTHRTTBHD, 22 % 7oy MNEEH
WA, IEMEREEHICIIREL TR L T
2o TIT, TOTKREOETZ H &IC,
L ODEEWEDD BHEE %R L7,

F#E X, [FRETS-VWF73] & &1 72
WELEANLZVWEB 2LEER L 72 (H
3) W TOEEIE, YIKEMLDOPTLD
Glnl1599 & P5’ i ® Asnl610 % 2-(N-
methylamino) benzoyl (Nma) % & 2,4-
dinitrophenyl (Dnp) #E£»E& L2V 73/ 7
DYt VB TERLZODTHE, ZORE
(2340nm Dh#EE & BBE 3 2 &, s
Nmall#& x 572 T 2V F— 2T DM
EDnp BT A0, HOBIFE LRV, O
N G IR = A L F —EEFE (fluorescence
resonance energy transfer . FRET) B & vy 9,
ADAMTSI13 12 £ ) Tyr-Met & & 25UIWF 2 L %
&, NmaZzZk & Dnp ZEDIEEEATE L 2 ) T &
WEF—ERBRFEI SV, FOEE, Nma
FL 5 440nm DENEHS) TV 4 L THLU
BHo ZOWHKMED LHLSL, ADAMTSI3
DEERICDOMAHEE 2RO B Z LA TE
Bo ZDOMMAEEIIEEEOHEIRFY (B
Wi, AW/RRENE OB~ OEKFEME) &R
TOT, M & A R O BEEERR A
‘o, ThEHwWTmEH D ADAMTS13
DIEHEERTH I ENTREE o720 AW
BNy 77 —=lE, REEZEET, KA 4 58
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Nma N\; FRET ZDUP
o >
NO2

1396DREZAPNLYYMVTGZPASDEIKRLPGDIQVVPIGV;
P
1665R QL VLDPAERPLTEFDQILIPANPWGIRELEQVNAN

H} \LADAMTS]S X AW

oll—> I
15%DREZAPNLVY

3. ADAMTS13 DE S EE FRETS-VWF73 D
&
T3 EN S L 5 VWFHEDEG I,
ADAMTS 13 DY WTEL Tdh 5 Tyr-Met & %
I SATHEEEHELELEAL. Tyr-
Met#E&0 M = 1) 5 &, BOBEDHET
5.

J& @ 5mM Bis-Tris, 25mM CaCl., 0.005 %
Tween-20, pH6.0 SE B TH o 72, ANIEE,
TTP DHFFED ) 2 THAFHE TN TV,
fi§{f 7 ADAMTSI3EEIETH b, KEHIT
(k) =77 F‘ﬁﬁ%ﬁﬁ#%?ﬁﬁﬁéh, A =
HOZELHIE 1Z (BR) SRLAT - T b,
ADAMTS13 i3 70 77 —E L&D T,
HRIMBEEOEES & L TEDTATHWAS Z &
I TE v, WH, BlEIZIEs = R A
Wb, NmaZE& DnpZEDORIZH 5 10D T
WA D% ONRTF FEEE DO W AT
%57 T%, FRETS-VWF73DHE D LR/ AT
BIRINLZ L HRBEICBLEND S,
FRETS-VWF73 = Fi\v2 72 ADAMTS 13 {ll %2
HEi, ETHEESEW (CVAT2~6%) W,
THDFERMETTP EFMITIT T 1%L
TOFEHEL»RST, FRETTPEE 414
HF33%1E5% LT OIFEELPRST, %0 0
25% LT OFEMETH 72 (H4), LL,
HUS B (124%) MIEITIZ100% =B 2 55
HHR SNz, —F, 100&DEENDIEE
1250~ 180% £ TOJLVEIFHIZA->TEBY,
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X4, BEMITFDADAMTSI3EM
ADAMTSI13 & 13, FRETS-VWF73 % H W
THIE L., ~7oaff ERETTPEED
RAWE B TADAMTSI3EEFI2~T O
EREREHFTH AN

50 L ToOEMBIE R D>z F 72,
ADAMTSI13{EHIIME TR L, BHEILHE
YD EMEER L7, ADAMTSI3 &ML, N
o D IREEZR LA (H5), 2D X I2,
FERXREBIUVBEREDOTTP EED
ADAMTSI3 EMIIBD T, & 2 EH
MRLON/ZELTYH, BEANEFDOTROME
L D& o7, TTP@ ST % ADAMTS 13 i
HOBMEZT CHBT A2 DIEERTH D, &
W L L B AR L BR D W FR R ML/ MR DR A 72 &
EBRBLTCITLNLERETH D,
ADAMTSI3VEMEVBHEE L (EETE S &
NIl oD, ZOEHEED 2R O—IHE
MR SNBTHA D,

V. TTP » & im0 i 4 B 5 e

(thrombotic microangiopathy) ™

FERMERHEREDO TTPEF I T HMA
MREFESI NS IZHEV, ADAMTSI3 DRI
TTTIPASRIET S EWVWHIEZ ST TN
LIEFIASERE S NBO 72, B TEENFEE
ENTHEETIPEEDITE A SIXIHAER
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5. ¥ A 1008290 ADAMTS135E514 (B 455, TEs58)

HICEED LAEFEEOFELRL, 20
BRI EL DB A DR SN B HY, 2018 F
TEDE ) BRIERER S 2 WEISR S/,
¥ 7z, —ORMEBEIR (Ifkk) T23 5% & 24 FEER
I ADAMTS13 O B CHLED A U TTP % S8 4E
L72AA ZADHFITIE, BHFEAICAD TTP D
FERA % { %2> Td, ADAMTSI3{EMHEDZE
WASHT 7o, 75 v ADEB T,
ADAMTS I3 E(EZT 2R URENFEET S I
Lomb 5T, 14RO IT MR % /B
& T BB B MR ML/ INMIE DR ADR 5
B, 18D EAERIICHEIm IS 1 %
FE 72 f/MRER O (80 X 10°L) 2SR & h
LT THEBIILELE LT wny, F7-,
MEIL ADAMTS I3 BIZFRIE~ 7 A & {EH
L7=A%, RNEBEEET Y ZFIEFICHERE
L, TTPERDEREZ RS Gdrolze THED
EHE, ADAMTSI3{EMEDZF R /2 TTTP
WHEIETHSDOTIER L, MOERD A
5352 xRLTWEEEZ N,

VM. &9

AR/NMAE 12 MR I AR 2 2 RS A TTP i,
FTRMED L 1B RMED ADAMTS 13 K I8/E
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M Ve i /AR A PE SR BE A & T IR R T AR AR RS,
WL /MR A - E v B L AR E e B AR
BT, MREBIIEREE: LTELOLIENTE
B FEMAEEEIRASEEO 5 N AUE TTP, BEHREREE D
BHETHIITHUS L AL EINTELD, MFEORHH
2%, TTP/HUS &itsnaZ e dbdhsb. KREL
TAHREZ Wb DO, TRNENOFIERMA T 1L N
WTHMTEL L) IZRoTE T

/KeyVWXd :
ARV IR M E SR BER
MM FREBEAEIREE §
M2/ MEREAE |

ADAMTS 13

AT R AME 4305% (thrombotic thrombocytopenic purpura :

TTP) & BRI FREFETEIRE (hemolytic uremic syndrome : HUS)IZ,
MUNRE A BB - B EEEEE Mo THRETH D, IR
MEREERE (thrombotic microangiopathy : TMA) &7 2 &HT
#%. LhL, MEEORERRICEATHHANEDICON, BEEED
EHMEEERT > TVWB I EHHESMNCIEYTERE, TTPRT72EILD
52 REF(von Willebrand factor : VWF) 217 Uz IIMRO BEEsEH
FERTH2. —%4, HUS OF L IRREXBEIC KDEERERNERT
HHH, —ERO HUS [FEIFROHIHMESE THETEEDITHD. EED
MOUBEJFE LD AT, BEWESHESLUBERERRTHC L

1. TTP DOEEFREIR

TTP &, MM - 6 P 2 i - B RE I & - Bh a1
BRI - B3 & v ) SERE EWE T A EELE
BMEBTH DY, 1924 I, HE L LRGBHETRET
L7z BEORMMBHTR L L Citl E N0 RIOHR
EHTH LY. RWOM/PMIE IR R e 7Y ¥ IREd R
W& Ty, 1985 4, M/MEAERDMBTH 5
T EMRENT.

MM S BIER SN 5D &, M/MEATHEE Sz
FER & LIS BIE R o /MRS T 5. AR
Lo TH U2 MBS A % s 5 &, ARkl ng i
S G/EEEE AR M) . Mg Uz id
Tl E RS 5. FIMOM/ N LSS ET 5 &'
PERERE A, KM OM NN AHIZET 5 & ATl
FEIRASIHIL B . OB RS o /MR IAg 13 E ARSI 5

* KOKAME Koichi/E R m 7> ¥ — 5
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TTP & HUS (G MEREE TMA ThD

T
N RN
T ><g ADAMTS13
BEHTFEVWFT)LFT—
MEPIS R BET R
Heris
/)R B R e
TP

He VWF-ADAMTSI13 & TTR(EE{ER)
mMEAEME»SSMENTEBESTE VWNE VT v — i,

ADAMTSI13 ¢

WKLo TSN E., BEFEFEDSVIZECHAK

XD ADAMTSI3iEHAERT S L, VWF 24 L M/MEO BT

BEMET Y, TTP 23ET 5.

ZEbHBHDOT, —HRRHEMHERIRET LI L
bhHY, BfEEEVIBRKELS.,

2. TTP & VWF

Edldizid, VWF & S IEN 5 MEHEEEEAAR
HRTHAH. VWF IR FEE 5T LHETHILT,
WMo L) efkEltR9. $hbb, MEESMEFLT
WET2T =7 llrBELT5 &, £IICVWE 23
&3 5. VWFIZM/MIEROBEERDE GPIb & bisa
ThHLD, TOMAEMNLTI/MESHET S, O
% BB CHU/NMRASERAL T 5 &, & 6 IZi/MUEEHE
GPIIb/Ila 28 VWF &EHET B L)1, O VWF
ELNOMAEBFEETS. COLICLTVWE %
A U2/ MEEREIESTE R & I, — RIEMASER S 1L 5.

VWF B b I EREMI TSN B, HWE
BIBESFEFRETILF T — (> 20,000 kDa)
LTwa., —7, fERILETO VWF T E 05 F &
(500 ~ 20,000 kDa) # b 2>< WV Fv—& LTHAET 5.
SF Y, PR, SHMSNBESTE VWE 2L

— &, P THEEICH LS Tns, SV Fe—

1 THDOE)T—HEhLEnEY, $hbbolTs

TR EVIIE, MR O R E B EEEEE .

32(210) 7 F AL i

VWF BIZFIETFEINF T —DRTELRVWER

BhHo720, BECHRILSNAEREPH S L, MM
BEPREEICR B0 HIIER 2R3 (74 Y EN
752 AL, #i, BESTELVFT—3Y)
e FIicEET oL, MMIDEELRLT LD, &
N TTP TH 5 (B@). 1982 £, Moake H" H° TTP
BEOMBFERICBESFENF -2 RAMLAEILT
B O h o,

3. EXMETTP & ADAMTS13

1996 #£, Furlan 5% B X ¥ Tsai? {2 & H VWF T
EHOMEENFE SN, ENE I VWE DS
MM E I, cDNABERFIARE S L2, —KiE
BEOH#H» S, ADAMTS 7730 —-D—8& LT
ADAMTSI13 Ly sz, HEE, X% TTP %
RRADBICTFEHEBATH» 5D ADAMTS13 2522 & 1b o
SY (WALLR

v b ADAMTSI13 &, 4@k 9q34 I CfET 5
ADAMTSI3 BIZT ko Ta—FERTHED, BHIZ
IR THBML T A, 1427 7 3 VBERENSRY,
(DbDF AL Y THBEN TS, VWF YIHENE*
BT A, MR AL VB A= —F AL v F
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THLITH B W,

TTPERRE L HBREICRIN S NS, ThE TR
ENERME TTP BE DITIFTXTIZ ADAMTSI3 #
BEFERNFESNTBY, AFITH50 2 FTilnizs.
ERM TTP BEMBREERE TS D4, FEK
ADAMTSI3 DA OB EHERLPLERER D Do T
WBELED, HEDE ZARHTH 5.

4. XM TTP & ADAMTS13

TTP OKPRBRETHY, 3LAEOBHMEEC
ADAMTSI3 12K ¥ A IGURER AN RE S G, O F
D, TTPOKEEHCRERBELLOXHTLLTE
B IBIRSE- BEENE  RRY IEUR-E RER A AR S
ER—RERE LTHhITON25EE, EERAHOES
HTHBHENDH LD, WITN S BREE DR IR
STy, FRRPUEE LTRSS NI TORVE
1A%, MSH2OBERTHEE LTRRSNBIRIFES
B2DTHAH. HEHENAOIE b—TIL, Y274
Yy F/ A== R X4 VZER L Th s wem,

AARACIE, B5%07 L VEETHET 241
P475S8 A TFFES B9, FREIAC DR S 15 2N IR
<, BRARZEE oo tilishZwny, ZOBR T
ADAMTSI3 DEHEZ KT 8¢ 545, RETRE L2
5EVoTTTP 2ETEDITTIEEW. LaL, #
RYETTP R IO MARVERE L BET 2w kA dH
D, SHOWEEETH 5.

5. ADAMTS 13 OjEEAIEE

RO SN EREE, Furlan 5% & Tsal® 12 &
HBERIETHH. wIhd, VWE U F<—%1i
eSS, BRIKBRICY =AY 70y bEBC
Y. INSOHEE TTP WD % Bl 7295,
BIEPIEMETH 0, RRRE L NV TERT 213
Bhb, DB, 37 —FUREEHRINEE, ¥ 1y
FELISA G, VAMEFYa7 77 7 —iHElNEER
EFEADBE SN, K HELETENEEh TV,

Hivbhwid, 737 3 /B%REN SR 25 VWE #49
METIAY ADAMTSI3 ORE L % B /NEIETH B 2 &
R L7 ZofisE VWF73 L LATWS, 3512,

5L
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1 BE/MBEOSFREETORR

VWE73 D 25 BB L7~ 7F F FRETS-
VWE73 # & Lzw, Zhid, d5HmT AL ¥ —iz
#% (fluorescence resonance energy transfer | FRET) #
& FH L 72HerEiEs A E Thh, ADAMTSI3IZL
BT LB L THOGRBEAS N 2. Thix Hv7zill
EHEIREDNEECTH L7720, HERE LNV TOER
PR SN G.

6. TTP DiaE

SR TTP OYd, FEESHEIE (fresh frozen plas-
ma . FFP) oliiE TERIZSEST A, L2L, 2~3#4
WZ—BEON— ZATHEE < VETHLENSH ), CUIFX
HEBRIEDO) A A, BELCRKEBELTVSD
ADAMTSI3 ##iFTT L L) BHOFELZOT, #Ein
Tl 2 ADAMTS13 #HIDSBS$ I FFP ik & &
EhbBTHA).

BRYE TTP OBE, BEOPLIIMERIRTH S,
BEMEICE TN DH ADAMTSIS H kel &5
FEVWF NV Fv—%lEd 5 LRI ADAMTSI3
EWTETHEV) BRVH S, 3~5 HHEHTHB I %
W, MAMUBROEFE 2R L 226 BHEHLT. &
RLAZLICHAZTHERETLHIEPHLOTERERT
5. MBERDADHBRREE LT, BEIHIH 05
RMEFHLDSE R TH o 7L H 525, WL L iR
HBIZl o T,

FRKM:, BRME, WTRICBW TS, M/MIRIILE
WEBALSEDWHEENEL, £ Thb.

7. HUS OERREEIR

SHERZEMETHAERLERL —RIIERSI LT
5. 1955 FI2, HEMHBEMEBALAETRCTLLZEED
HERHT AL LCRESh -0 mIomETH 7.
ML IAE, BIROMNMERENFEMARE STV D,
HUS B/MNEoaMSRenEEE U TR L HEIEY
AT, ERAYRTEEE/LLRLT V. TTP L FH
B, R E HREICHTE 2%, fim b, B
(& eth) & JRILR (IR AN I E N B S EHE
ZFNEFI D + (diarrhea- positive) HUS, D- (diarrhea~
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negative) HUS & &K s 5.

8. HMAWHUS £ 0157 1 H7

MRy HUS &1, BHICHIEEREGH ORI L 5
L TR & ) HUS 2383, HUS BE D 94l
,/0% REE R R EAT AIBE IR

157 : H7 DIRYETH 5
BRI, NuERed idh, TEERELD
IY—FRELTWEY, Wb, #3207 3
BEILLD AV T M E, 907 3 /R
oL BYF Ty TR S NS MIREENEA
LThDH. HEMBRTGOL 7 ¥ — Gb3/CD77 % 4
THIBAWZERAL, 60S VRV —2DIEEEEZHET S
ZETHROEREARZFLSED.

B RIGHBGEAL3 L b HUS FEREIC DR W 5 D
TR, F72, HUS BEOHRE S W R > Ty
B, BfEOL A, BAEKERIME NI R
BN, HIRkZ SWCEAL, MRS M4 v
B ERL, ZOEFEE LTA L BN
BEENHUSEROFERTH A LHEEIN TS,
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9. JEHBIE HUS &R

JEMENY HUS &k, WRERBEOEEZED RV
HUS #4854, FE@EIN HUS o—HIEKELETH Y, &
HEEERERTHE L EEREERX 2R THEIN5
nTwa

1998 4£, Goodship H® 7 N — 72 i, HUS KH D3
SRIEAT A & 1 FREARNIC HUS & i < B 5 I

wRML, 361, FOHEBICETINS CFH BETI
IALVAERERRE LK. BE, Landau 5D 7NV -
72 FEREO T ETHEBEETICHNO I 22y AEEZF
& L7z, CFH BIZFI3HiAREF factor HZa— FLT
WAHH, OB T b bR EE 1932 IIEERO
MR BIET AT . B, 2003 412 Goodship
BOT V=79, MCPERFIZH HUS BRZER T R
WML7. MCPEETF A HI#E T CD46/MCP %
a—-FLTW5

iR, WERES - Wik L 7y — -l RH R 7
E30 B FOBAEHAL o TEY, BALLH

24 (212)

AW ORERR W, AMROB R R &2 Ho T b, i
FRIEBLIC=Z=008KE, ThbbiiliiEk Lo+

vRRRE - AU RS (55 2 IR AT A (K@) . bk
KIIURMAE S ERICHEE s Cl a3 528 T,
Lo g o3 sEyRnoEsic L s F oA T4
Z & T, BRI HAEY RO O KR C3b A E
TAHIETHEHLS N, wIhb C3OEMHIL(C3 —
C3a + C3b) 2 %25, {UBRIKIE C3EM (Lo ET
BIREEIZ S o TWD, WTRORETLMAEYL S
¥ C3b TE#mES LI IR, Wikl Ty —
bofMIc XTI hs, F7o, C3DiEHII
BRI ES BB A RO DR, T
A EERIET .

C3b DARBE~OFEAIIIEFERBTHY, £/, M
REGEEEEARIECHIRLBIEL ) 20T, WAk
OEHLEIEECTICRE SN B LENDH L, C3b DB
RIS % B 7z DI R factor I 283726V TW0 5
2%, FOHBETF & LT factor H ASFFET 5. factor H
FECHROREICHEE L, HAEELZ 90 2 Pk
bboTwa, 5612, BOMMRICIEMHERD 2 NGk
TAMMNEEEFE LT, CD55/DAF, CD46/MCP,
CDS9 B L Tw5D., TN SHHIERTOMEENMET 3
5&, MERPERIEHEEILLTLES.

10. factor H& CD46/MCP

factor Hid, 1231 REOMPBEBEELTETH Y, 2018
® SCR (short consensus repeat) FA A Y2645,
C3b A8 ¥ EEET B BB O AR I E &
NTWwab. BIE, # 30 FFED factor H FIZFREMNR
Wtk d B \VIZIFEN HUS BH IR 2o Tw b, &Y
12, CERMICHET S SCROWCERMNERFLTVWET
i, BEWFEE RS ZTHKREY. HUS 55 &
T 2B HEL R IRE S LTS,

CD46/MCP &, 392 BH Ml E@EHATH D,
factor T & & H 12 C3b & C4b #YIMAHT 5. 21
T, HUS3 HARIZ 2 » TOBETREVRBEIN T2,

factor H D #EEFREFRLIM SN Z 0L, MR
HUSB# D 1~ 28T 5. CD46/MCP DBInT R
L, AL 1EBENL S THAH. JEUBR HUS IZIE,
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CEAMEELH B, BRXKMETTP 0IZIT£HT
ADAMTSI3 ZEE S MHE N D ERE Y, HUS 5
Db b BIEFERIISZHIZO 200 Uit

11. HUS o
WA HUS O¥ &, BREREISTRT 5 o0l

WRENE Vo o REEENBI bl s, 2AUER
MEATEIELHLDT, 1 H2EMUEOMEIRE
B Iifigshcwsd, MENz > bo— b E
BTHD., MPELWEBIRbNDEI L L H 0,
B HUS IS 2 H ML SN T i wn., B0l
B, XEELEEBI o TWwAEI BITHET . H4E,
AR hURZE 7B REP L HIERT ST
[AREEN

Ly

—77, NI HUS o4, W% 38T 55867
HY, FHIPENEAIYH S, Lo X A1, factor H

S I

| BR/MREOSFREETORE

BRI

H® WHirRE HUS(EEER)

HILRERE, L2 B, AEREERIC LY, M
DS (O) A& 5. C3b ik AL
YWoORE#, Coallk s ailzodys, MBkfgE
WHREERIC L BMEYORBIHERO EE
ETHLH. MER,L BT RET 5701,
14 oA HE T (8) »FEET A2, 09
factor H B & U CD46/MCP D @&fzAYRIBIE HUS
DERAE %5

RZZEBAHHRFERDOTESFERE %o TR LHA
FFP OHiE TR ARG 2L &N, FRIFE .
D& AT EH Db Lk, ICK
iT, FESLENEY HUS BE O 4212 factor HICHT 5 HD
TEERE L TV BB RO o722, SEEIHEELED
B AN TBFEOBIRPE R 5000 LItk v,

Bhbic

FReFEA T TYE, TTPEHUS#ED L)

WXL T - RS v e od, B ZHUH
e Bbhs, BEHEOMFARDL HEHDY, B
DIFERLIEZ I I BN HTH B,

BHETLH7L 91, TTP & HUS % BERAEIRD &
POENTAORIEMETLLT AL VW EAH L.
ADAMTSI3 G AW, L T iud TTP Th 5 Ll
TE&, RIBHEGA & 2 W58 0 TRz 58 L Tw
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Development and Application of a New ADAMTS13 Assay for TTP Diagnosis

Koichi KOKAME*? and Toshiyuki MIYATA*?

A plasma glycoprotein, von Willebrand factor (VWF), is essential for normal platelet aggregation. In
healthy individuals, the homo-multimeric forms (VWF multimers) are partially cleaved by a plasma metallo-
protease, ADAMTS13. Congenital or acquired deficiency of ADAMTS13 activity leads to the accumulation
of hyperactive large VWF multimers, inducing a life-threatening disease, thrombotic thrombocytopenic pur-
pura (TTP). As measuring ADAMTS13 activity is important in TTP diagnosis, a number of assay methods
have been developed in the past few years. However, the time and skill required for these methods prohib-
ited the progress of clinical usage. Recently, we have developed a fluorescence resonance energy transfer
(FRET) assay for ADAMTSI13 activity. A synthetic 73-amino-acid peptide, FRETS-VWF73, which is now
commercially available, is used as a substrate. Cleavage of this peptide between two modified residues re-
lieves the fluorescence quenching in the intact form. Incubation of FRETS-VWF73 with normal plasma
quantitatively increased fluorescence over time, while TTP-patient plasma had little or no effect. The meas-
urement can be achieved within a one-hour period using a 96-well format in commercial plate readers with
common filters. The FRET assay will be useful not only for TTP diagnosis but also characterization of

thrombotic microangiopathies.
[Rinsho Byori 53 : 639~645, 2005]

*1National Cardiovascular Center Research Institute, Suita 565-8565

[Key Words] thrombotic thrombocytopenic purpura : TTP (A& tE /MR 285E5), ADAMTS13, von
Willebrand factor : VWF (7 + > L7 5 > FIEF), platelet (fii/MR), fluorescence resonance energy trans-
fer (B e 3L0H = 1L ¥ — )
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Figure 1 Cleavage of VWF multimers by ADAMTS13.

I. TTP %4 & ADAMTS13

iz, 7477 FIEF (von Wille-
brand factor : VWF) & FE{E AL 2 i S0 B2 (1 T AN TETE
T5, MEEOHEICL>THEHLEZaT 7R,
M/RREDEZARBEAEICELSTDHI LIZL-T,
MR % R S A 2 b0, F2IT S N BCHING
TEHEBRIN TP~ 50, Wil
VWF [E 23 N #im-N ¥, Ci#-CUg Ty ALT 4 K
HALE, BERREwLFv—iEaIEm L T
% (Fig. 1), VWF =L F v —DHF RN KEWNTY,
Tibb, HELTWATTa=y MR EWNEL
M/ NREEERET RV, BH, HIFET 5 VWF
U)W B% 2% ADAMTS13 T OBNIC I &5 Z &I
S o THEHECHA{ban TR Y, IEH 2 IEfmgEaEMN
HiFF S h T b,

1982 £ Moake 5%, TTP BHF 0 MiFIc R 28
ESFREVVNF <A F<—%RHELEY, TTPER
DIEE L BESF8& VWF = L F < —OEEIZH
HENPRLONI-Z L, ZOwLFw—NTTP
AEEEITHESRESN, BELZOLIIZE
AbNTWD, Tihbbh, M/ REEROSVEBSE
DFE VWF = L F = —RH A IS B0 TR R
M/REEAEER - T LI EZTHS,

2001 i b | VWF UIWri# e oo BB RS I scsh L
cDNA S RPN E S =2Y, —kibhE &, 2R
Ta T T =¥ THDHADAMTS 77 I U —IZBL T
Wafedh, FO13EBO A L R—E LT ADAMTS13
EfAENE, R TTP HHRZOWEEMTTL E
{L#ETF & LT ADAMTSI3 REIES Y, =0 2
ADAMTSI3 6 9 Tlo/m—= 7SR T DY,
ADAMTSI13 RIEIZFE DK K& & ot &g o
72D, 1996 FICRFINTEEHREEOEELETH
27297, FRKtE TTP O FERIE ADAMTS13 #EimzFO
LRIZLD VWF QIE®O XK IMTH 9999, %K

—640—

£ TTP DR (L ADAMTS13 (x4 S ISP E 1 B
CHEOHETH D,

II. fEEDMmiE ADAMTS13 JEHRE %

ADAMTS13 @ VWF UIWHG M4 JES 5 ks L
T, ¥PTLUTOZ 20K ENRIE I, WIFd
VWF & UllHrdy % 7T 4 L T ADAMTS13 75 & Y
H D,

A. SDS 7 HO—R YN BRKELE

1996 ££1Z Furlan HiC k> TH&E S =Y, 74~
BT T o NREE oMK VWE 238225 721297
bhdwnF=—00ERAT 56, IMREBLV
10mM ¥l Y U L EEaEE TP TR e -
VWF & Sl 2084 L, 37°CC 24 MG &
B, INEIERITSDS 7 H o — AL VEKKET
SEEL%, = lotio—2E~ES L,
VWF ik v/ =224 73 NTVWF < /b
Fo—% BT 5, ADAMTSI3 &I U TS &
—MESFEMA~ T b5,

B. SDSEKRUFTH LTI FHILERKENE

1996 fE4Z Tsai - Lk » TGS & /=", 1.5 M ik
TT=ZP o Thom UM L= N VWF %,
S5mM b v b E E iR S T RO &
BAEL, 37°CT 1 MK ST, ThiiE&T
SDSHRY T 7 UAT I KT WERKIETHRELT-1%,
Z b —AM~IEE L, B VWE fiiE%E v
x24T ay hTVWFE R Z2BHET 5,
ADAMTSI13 JiEPEIZ LS © TR 350kDa D73 RV HER
15,

INHZONHEILLST, ThETEERIIEL
BN o - VWE UIEiEE % (=ADAMTS13) O fF1E
MWEATEIC 22D, UHEOBRSLso—=v 7 ~iEUD
We, LovL, FRREREESTLHETHLD
WL ~ATIRFERAEASNLOD, BERV LT
LREEDDIERETH-T2, TZT, UTDOLD

—191—



RAERRB SN,
C. as—4F sl

1999 4E1Z Gerritsen H Iz & » THE S 7219,
VWF v A F v —DHFEP/NSSRDITET —
FUERRNEETAMEENE TS5, VWF 24
SEREL L FUS S B T2%, HErLHaT—FrTa
— ML/ 9 vz T L—RMZEBML, BE&LE
VWF &% ~L4% 4 —CiZ#H VWF i CEER
+ 3, miEsEl o ADAMTS13 EMEICIG U TL A
X —EEMENMET 5,
D. MEFRMBEY Y R v Fik

1999 £E{Z Obert HiZ Lk » THE S /=Y, VWF
O Cuflle NSl EhFhictd5€ /7 a—F
NEEFRTS, UareF v b VWF % igER
BE R EE%, 5D VWF © Cimicxtd
BHEETI—FLZ96 T =2V T L— MNMIEMT 5,
WIZ, BEHEZ NV LR NBREE2RIG S, &
A LIHATEEERIET 5, miF ADAMTS13 i&#4
W06 U CREEE R BT 5,
E. UX beFU/pREERRE

2002 £z Bohm Hic k> CH&E Eh =2, VWF
TN TF T —DOHFENNEL 2 HIE Ef/MREEERE
METFTTH5Z LE2FIAT S, VWF 2 R & K
JRERTE, VA MEFURMZ X B I/MREET
A b #4T5, ADAMTSI3 FEHEICh: U Cif/ MR EESE
DRI B,

TIETHRALEE2OFEX, Wb VWE
OYWEIGEED D - DICEERBREOEAEEMK
BRFHD VI ST =2 0) B HEMT 5 LEN
Hd, i, BEETHD VWF OyxFEEEZEL
EEBDEEZLNTWS, 2F Y, ADAMTS13
2 & o THIF SN B Tyr'®®>-Met'™ R#EA 134 FH
BICENATEY, RIS SEDITIFANBICE
HEELILERHDEWVWHIEZLTHD, VWFILE
TOVIENEEZD LB ENRT < RD I LR,
VWF OMNEHETFAL - 0EZ2T/HTH, £k,
WTNOFETS 2 HERA A2 0Md 5, figh
A ERER T uT 7 —€ TH D ADAMTSI3
DIEEERFETA20LEILNDN, TOHED
HEHMICOWTHASRETPEDTH A,
ADAMTSI3 |Z & %5 VWF I ASFEAEAY 224K A A
VEIREE A GFTe T b b BRIEW,

UEDFIEICMZ, LY invivo iIZIEWHR TORIE
ELERIRL TNV,

—53 :7-2005—

F. TR IO—F v wN—

2002 4E1Z Dong HIC L > THE SN, HEEM
B bz VWF = Vv F~w—%5 L CTREA L/ R D
ADAMTSI13 IEHEIC L » THERL T 2 R 2 B8 5,
VAT 7 1 —F ¢ L /XN— N CHEE L= & B
e XRZ IV EEMTHE, BERAITFTEVWE <
NFw—RENMAREICRREIND, T2k
Fi/MRETRT &, RRF R & FATIORRICERR
Tef/MNRPBEENSE, 2F0, KRB
VWF v L F <= —{Zip> CHEEDOM/MMRBFEE L
RETH D, Z ZICmiFRAB 25+ &, ADAMTSI3
EHIZS U T(EZELL VWF v v F=— 0388 &
AU) M/ MRASBERL L T <,

U EDFEEEEOWER S N— 7 THEFMET D
RLnz a9, LT b ADAMTS13
EHEREE LCTHEATRETHY, TTP OZEICER
THDHIEBRINR, FERD D FHEI NV
—7EIC LB EPEREEOEL2E LA LN,

III. VWF #5851 %R AY 5EEREX

ADAMTS13 = & % YIBFERAL X VWF D A2 B A A
VEREN B EBNICTEET D, A2 KA A T,
Fich/MEEREEAE GPIb AT H AL KAA
Ve, BERa TS ERHETH A RAL IHE
FNTW3S,

A. A1-A2-A3 FA A U%FBTHHE

2002 £E1Z Remuzzi HiZ & » THEESRZY, B
MRS TR X7 AL-A2-A3 F A A > (#) 80kDa)
FRJBGEAET TR & KIS & ¥, SDS-PAGE @
%, FLA3 FAA UHikERAWLv =R F Ty
NCRET 5, M4 ADAMTSI3 EHICE L TH
30kDa Wi K o 3y RMRHET 5,

B. A2 FAAL UERAT BHE

2003 £z Whitelock Hic & » TH#E SN, N
#iZ 6xHis # 77, C @12 Tag-100 Z 7' & {FMm L 7=
A2 FAA UV ERKIBECRESE, HRT D, Zh
Eoy A4 Ca—bLZ9% V=T L—F
FCemERE & RIS S, RiERE, Vo UICREAL
7= BE %91 Tag-100 Fitk & S~ A4 F ¥ —EiFE# 2
WA CRET 5, Mo ADAMTSI3 EHIZAE L
TNV AF O —PEENMETT 5,

C. VWF73 #FRT 5H%

2004 EICEFE S BRE LY, NIkIZ GST # 7,

C Uiz 6xHis # 7 &M LT-FE % D& & D VWF

—641—

-192 -



l ADAMTSI13

340nm

Figure 2 Cleavage of FRETS-VWF73 by ADAMTS13.
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