120

102

AAERR RS L LR (Vol. 36 No. 2)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

Sadler JE. : Biochemistry and genetics of von
Willebrand factor. Annu Rev Biochem 67 :
395-424, 1998.

Matsumoto M, et al.: Platelets treated with
ticlopidine are less reactive to unusually large
von Willebrand factor multimers than are those
treated with aspirin under high shear stress.
Pathophysiology of haemostasis and thrombo-
sis 34(1) : 35-40, 2005.

Zhang X, et al. : Mechanoenzymatic cleavage

of the ultralarge wvascular protein von
Willebrand factor. Science 324(5932) : 1330—
1334, 2009.

Uemura M, et al. : Localization of ADAMTS13
to the stellate cells of human liver. Blood
106 (3) : 922-924, 2005.

Soejima K, et al.: Analysis on the molecular
species and concentration of circulating
ADAMTS13 in Blood. J Biochem 139(1) : 147—
154, 2006.

Zheng X, et al. : Structure of von Willebrand
factor-cleaving protease (ADAMTSI13), a
metalloprotease involved in thrombotic throm-
bocytopenic purpura. J Biol Chem 276(44) :
4105941063, 2001.

Soejima K, et al.: A novel human metal-
loprotease synthesized in the liver and secreted
into the blood : possibly, the von Willebrand
factor-cleaving protease? J Biochem (Tokyo)
130(4) : 475-480, 2001.

Soejima K, et al. : ADAMTS-13 cysteine-rich/
spacer domains are functionally essential for
von Willebrand factor cleavage. Blood 102(9) :
3232-3237, 2003.

Banno F, et al. : The distal carboxyl-terminal
domains of ADAMTSI13 are required for regu-
lation of in vivo thrombus formation. Blood
113(21) : 5323-5329, 2009.

Zheng X, et al. : Cleavage of von Willebrand
factor requires the spacer domain of the metal-
loprotease ADAMTSI13. J Biol Chem 278(32) :
30136-30141, 2003. :
Kokame K, et al.: VWF73, a region from
D1596 to R1668 of von Willebrand factor, pro-
vides a minimal substrate for ADAMTS-13.
Blood 103(2) : 607-612, 2004.

Akiyama M, et al.: Crystal structures of the
noncatalytic domains of ADAMTSI13 reveal
multiple discontinuous exosites for von
Willebrand factor. Proceedings of the National
Academy of Sciences of the United States of

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

America 106(46) : 19274-19279, 2009.

Kasper CK, et al.:Proceedings: A more
uniform measurement of factor VIII inhibitors.
Thromb Diath Haemorrh 34(2) : 612, 1975.
Scheiflinger F, et al. : Nonneutralizing IgM and
IgG antibodies to von Willebrand factor-cleav-
ing protease (ADAMTS-13) in a patient with
thrombotic thrombocytopenic purpura. Blood
102(9) : 3241-3243, 2003.

Matsumoto M, et al.: Acquired Idiopathic
ADAMTSI13 Activity Deficient Thrombotic
Thrombocytopenic Purpura in a Population
from Japan. PLoS One 7(3) : €33029, 2012.
Kato S, et al.:Novel monoclonal antibody-
based enzyme immunoassay for determining
plasma levels of ADAMTS13 activity. Transfu-
sion 46(8) : 1444-1452, 2006.

Ferrari S, et al.:Prognostic value of anti-
ADAMTS 13 antibody features (Ig isotype,
titer, and inhibitory effect) in a cohort of 35
adult French patients undergoing a first episode
of thrombotic microangiopathy with undetecta-
ble ADAMTS 13 activity. Blood 109(7) : 2815-
2822, 2007.

Ferrari S, et al. : IgG subclass distribution of
anti-ADAMTSI13 antibodies in patients with ac-
quired thrombotic thrombocytopenic purpura.
Journal of thrombosis and haemostasis : JTH
7(10) : 1703-1710, 2009.

Bettoni G, et al. : ADAMTS~13 activity and au-
toantibodies classes and subclasses as prognos-
tic predictors in acquired thrombotic throm-
bocytopenic purpura. Journal of thrombosis
and  haemostasis : JTH  10(8) : 1556-1565,
2012.

Isonishi A, et al. : Anti-ADAMTS13 Inhibitor
Boosting During Plasma Exchange Therapy
Often Causes an Intractable Acquired
Idiopathic TTP. Blood (ASH Annual Meeting
Abstracts) 120 : Abstract 1086, 2012.

Klaus C, et al.:Epitope mapping of
ADAMTSI13 autoantibodies in acquired throm-
botic thrombocytopenic purpura. Blood
103(12) : 4514-4519, 2004.

Pos W, et al. : An autoantibody epitope com-
prising residues R660, Y661, and Y665 in the
ADAMTSI13 spacer domain identifies a binding
site for the A2 domain of VWF. Blood 115(8) :
1640-1649, 2010.

Pos W, et al.: Residues Arg568 and Phe592
contribute to an antigenic surface for anti-

Presented by Medical*Online



A - H1 ADAMTSI3 Fik & M MR P 5RB0R 103

40)

41)

42)

43)

44)

45)

46)

ADAMTSI13 antibodies in the spacer domain.
Haematologica 96(11) : 1670-1677, 2011.
THEEYT, BARER]. von Willebrand R+ &
ADAMTS13. W& 110(1) : 87-90, 2012.
Zheng XL, et al.:Multiple domains of
ADAMTSI3 are targeted by autoantibodies
against ADAMTSI13 in patients with acquired
idiopathic thrombotic thrombocytopenic pur-
pura.nHaematologica 95(9) :1555-1562, 2010.
Vomund AN, Majerus EM. ADAMTSI13
bound to endothelial cells exhibits enhanced
cleavage of von Willebrand factor. J Biol Chem
284 (45) : 30925-30932, 2009.

Matsumoto M, et al. : The Japanese experience
with thrombotic thrombocytopenic purpura-
hemolytic uremic syndrome. Semin Hematol
41(1) : 68-74, 2004.

Bell WR, et al. : Improved survival in throm-
botic thrombocytopenic purpura-hemolytic
uremic syndrome. Clinical experience in 108
patients. N Engl J Med 325(6) : 398—403, 1991.
Scully M, et al. : Guidelines on the diagnosis
and management of thrombotic thrombocyto-
penic purpura and other thrombotic microan-
giopathies. Br J Haematol 158(3) : 323-335,
2012. ,

Scully M, et al. : A phase 2 study of the safety

47)

43)

49)

50)

51)

and efficacy of rituximab with plasma exchange
in acute acquired thrombotic thrombocytopenic
purpura. Blood 118(7) : 1746-1753, 2011.
Froissart A, et al. : Efficacy and safety of first-
line rituximab in severe, acquired thrombotic
thrombocytopenic purpura with a suboptimal
response to plasma exchange. Experience of the
French Thrombotic Microangiopathies Refer-
ence Center. Crit Care Med 40(1) : 104-111,
2012.

Gutterman LA, et al. : Rituximab therapy for
refractory thrombotic thrombocytopenic pur-
pura. Blood Cells Mol Dis 28(3) : 385-391,
2002.

Chemnitz J, et al.:Successful treatment of
severe thrombotic thrombocytopenic purpura
with the monoclonal antibody rituximab. Am J
Hematol 71(2) : 105-108, 2002.

Kosugi S, et al. : Rituximab provided long-term
remission in a patient with refractory relapsing
thrombotic thrombocytopenic purpura. Infer-
national journal of hematology 81(5) :433-
436, 2005.

Tandon NN, et al.: Anti-CD36 antibodies in
thrombotic thrombocytopenic purpura. Br J
Haematol 88(4) : 816-825, 1994.

Presented by Medical*Online

121



122

WY THER U AR R BRI IR 4 I/ MOR AN
5% (TTP) @ 1 fll—U YT T/S5DYA = TICD
WCTDELR—

SH HEV M aEC A BEC bt @BEY
ZH ZF° JIE :=X® WX AP BN S0
s Bz

£ =]

FEFNIL 36 3%, M. U ¥ F 2= THRSICTERICE o /BRI P /MR A RS BERS (TTP)
D1 BlEREER L7z, MEEHBRRICHIADAMTSI3 HiES L ULDOFE LA 2 R /- 5 Tl & JlT
L, W= 7&&E8 L7 ZoO#R B30 ICMEZE2 L CE, $18 1B iCbi b ERLH
FL T, BEEFRREGSETTPIC B W TS BRRE OBLAD AMTSI1S Hufifii B & LDO L7585
BTEOHRICEHRATH L LEZ L.

(HA4EE 102 : 147~149, 2013)
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ma Y, IREGERICEERES). MWESICE
FrL., TRICGEEZL, RREld ). BE
FTR : WBC 4,600/ul, Hb 6.2 g/dl, Plt 0.6 73 /ul,

E B

B 36 %, L. X5 B AR BERERE -
FKIRHE : BRECEE L L. BIFRAE 1 20114 2 Arh
A7 5 B IMEIR B X OB MAERASHER, 3 A FFa
ICRTERIC T A & /MR A 2 feis s i,
FHSEEARE 7o/, IBIE : EEIFH, mE
92/58 mmHg, MRIH 88/4, 1&iR 37.2°C, SpO2
97% (room air), FPR#L 21/45. BRIGAEMEICH

Ret 8.7%, WHRINER 1.9%, LD 811 1U/1, BUN
17 mg/dl, Cre 0.70 mg/dl, T-Bil 24 mg/dl, I-
Bil 1.8 mg/dL N7 F U ¥y RELT, B/
M#er — A Bl ADAMTSI3 {EH<05%,
YLl 1.8BU/ml. BRI BER B T3
RFICEEZROT, FIRoWERL.

(%5 196 ELESM TS (2011/12/17) ) (5% 2012/09/06, $#H 2012/10/01)

D RTREAHERLER, 2 B Bref, 3 ZREVERKXERIML

Case Report ; Successful treatment with rituximab in a patient with refractory thrombotic thrombocytopenic purpura.
Yumi Yoshiil), Yayoi Matsumural), Shogen BokuD, Yuri Kamitsujil, Takashi Yasuda®, Yoshio Kawase2), Masanori Matsu-
moto3), Yoshihiro Fujimura® and Nobuhiko Uoshimal) : DDepartment of Hematology, Matsushita Memorial Hospital, Japan,
2)Department of Dialysis, Matsushita Memorial Hospital, Japan and 3 Department of Blood Transfusion, Nara Medical Uni-

versity, Japan.
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Rituximab

ADAMTS13 (375 mg/m?) P
== I\
Gorm 6 , g LD G5 )
| 457 ] [ ADAMTS 137t | .+ 1:400
40+ 140
6+ o 41,200
| 35 = 0 ]
I
4+ 25 \l'l' 'l'l'l'l' 1800 1
- e #4 -
o0k o ADANTS 1337 | . M | 59 120
2r 12 # 1400 :10
| sl e S {200 |
O L O\ '/( D( I NS S W N i T Dx‘ ISR T S N DN NUUROY SN DRI NN AU BN N | O o O
S (b{b@ S R I R I S R A I R IS
S S I e I R R N N N R GRS
% 31 % H I3 B fiid 06 BU/mlE CTIETF L,
FEEREE (3) ZDHPSLEBHRAPILCE - BAEH 18 A

AR MLBR & 2F 5 F A 2 i & o & /R
WA % 58, ADAMTSI3 HEHEDOET & Hiiii D
L7/ X0 et MR RS (TTP) &
FW L7 E5WBICRROERBEES I HIE,

FHPORAT A NV ZBER OISR
EEBB L. MR, BREEIIREL
LDHET L7720 8WmMENLIETL F=vn
> (PSL) 1l mg/kg TR L72. £ ORBICHE
BRIREE L 22 ) LDIZREUC E5A, MmiEsc# %8
HA4T9 %% 11 9% H D ADAMTSI13 FufEfiix 5.8
BU/ml & MAEARHRBALART & T R 27 7.
Z O/, M/MREE & BT ROS%EIZERD
Zarole. LB OREETUE L HIRTL, %13
W HMAEASIRBIC Y X U T RIS Lz A
WCE T ROWEE, /RO EF, Bl ok
T 2R, £ 30 7 H I mHEscH % 8 © X 7.
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DD EREEFLTB)EBHERTH 5.

Z =

TTP® KK Zvon Willebrand ¥ (VWE) @
HEYINTEEE TH 5 ADAMTSI3 OEMEET
(ZL BHEDEEIZL D) THYHY, BELSTF
BVWFZ% % & (UL-VWFM) #SADAMTSI3
ORBIZX QPRI E NGV T & Cl/MRIDEZE
PEAET S, EESEEIATOA FRSB X UM
R TH L. MAFERIED HIZOADAMTSI3
WAk D B FE @OADAMTSI3 @ # 75, @UL-
VWEM®DZE, @ILMIZHELRY 4 XOVWE
DHTE, OKEEET 1 P4 VIEDORIER
ETHBH. L LAEAFID X S I IMERRBEITER
BERITEFIFIEEL, FOERO—D2II:BE
RYREEAE T T, IEEF IS N 5 ADAMTSI3
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12 X b $uEd%boost E #1.5 (inhibitor boosting) 72
DEEZOLNTWABY, 2D XS REFMIIGIMIE
ZRHITIMZ, R E AT ABMle r BERET
Y YEFIITOWRGEVERTH DB L OEED
R INE KFTHY Y FI T TOHEEE,
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%2R, T & R ADAMTS13 HUiMG o,
HEEDO LR ZROERE 2o 7.
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Be /K Il #%&55:1

WMERER —Bfr OIRFERE (/MR - BE - BIERERE) —

M2 M/ NRE D 14 5L DR

- R DI R /NS
N BT, = H

AR xR, ANKRFEL

o

Key words : TTP, ADAMTS13, VWF, USS

[EC®IC

1924 4, #E® Moscheowitz? 1z k- Tz < 2
S OMBIRICHSEZ e 7Y VEMRE E L TEY]
CHEINEZEER B 1966 41 Amorosi &
Ultmann® 12 & % BB FI D EF 271 FIOEITIC T, #m
EREEREMEREm, /ML, /MR
KB RBHEEE (FICBEETS), BEL, L TH
RIS EREEEO 5 BUE (pentad) ZRELET DEN
REN, MR/ NMEAMEERBER  (thrombotic throm-
bocytopenic purpura, TTP) @& 3z,

—5., I PN B MR T B8 4 X 0 B von Willebrand B
T (VWF) BEKRSFHEEZFDILOKRTFTH 50,
2000 EICZ DO VWF OB EMNYBEBERETH D
ADAMTS13 (a disintegrin-like and metalloproteinase with
thrombospondin type 1 motifs 13) AEE XN, &
BT TTPEM @ 2/3 L LA, Z® ADAMTS13 {E %
RIEIZKD, mMFPITRBEECOBEKRK VWF LEMK (un-
usually large VWF multimers, UL-VWFM) MEHEL, Z
NICXOHMENTET 5T DRI FITRREZ /MK
BENEL, 2BEEBRBINGISEIINDIENLEL
HHEINDEDWIT ok, ZOHRITEZIZON N F
BOESZ2IRDED &, TOBEHORFICWEERS
1D THER EERROMAERORERBERIHLOEE
HEBETHDTH D, KHETW, IO TTP DIFEMR
AN DEMBEIBEIIDOVWTENL, BRICHEER
L TWBBERITDW TR S,

'RBRRVERKE B
*ENLIRIRERIS L > & — T A TREER

KRE—{4D VWD-TTP A KFESR

von Willebrand Ji (VWD) 31924 7 4+ > 5 > FA
Eff Erik Adolf von Willebrand iZ & - T[EE Bothnia &
Mo Aland BT, MEREEZEDETRE THLEmE
WCHERE T AR EHOEZERE L TRIIKEE S H
79, ZOEENS VWD BIZE O EITILER PO R E
L, 1950 EfRIC A 7 = —F > @ Inga Marie Nilsson %5
139 VWD B E TIEE VID BEFEENEKETLTWS
%, VWD BFC VI FFiEHEZ R < AR A %5
M9 3&, VIDRFEENHEL, ULHdZomdE
HMELIEVWEWDIFEREZ L, 1964 FIZKED
Pool & Shannon®® 2577 U 7k 0 4y BEB A 2 RESL L,
NI VIIEFEENEEREENSEERL, &
DOHANNMER A DBEEBEICAWSNS LDk,
1970 FERiEIC Yy Ho—R Forav sy 574 —To
U e s VID B FEEEFOERNSMEICER
ENFE, TOHBEHFEICTA S > ¥ D van Mourik %%
132 R 8 VI /74 IS VWD 1T R S 5 i /NROES
ERETEHETAEANDZEEL2RMLZ, £/, kK
E O Zimmerman %13, & VII RFEEEHICHT
DERABILEFEOERZE L THAMK A & VWD
BREZENICENLD>D5FER2RLE, LML, T05
VI [’ & it /INREE S BERR RIS PRI R 10 F D28 2 k1T
THENSY, INSER—SFLICEETSEEZDS
Nk, D VIHEFAEEZRTELDGSE VIO ETFE
HEHIE (VIrelated antigen: VIIR:AG) &IEITN 2 LS
WZixol, BEMNICIZZOERRIIEED T, VIIRAG &
HEINZHDIF VWEF HE TH o 7=, 1985 EFG#2IT VIII
& VWF OWEBHED cDNA 70— 7 3frbhi,
BENBERS>FEATHLIENHELRD, VIIRAG O
£ FRT 1986 FICER MR LM F A OEBEE(LEES
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-B K M ®-

(Scientific and Standardization Committee, SSC) TIEZ
IEEIEE N /=152,

van Mourik 5 3% 1974 4E12 VIIRAG I D WT, —
DOFRFEBBBHREZREL T, Fhid, BEL~
VIIRAG BE RS FHEEZEFEDODENRBIN, RUT
ZUNT I REINVBRIXKE TR NV EHEMSDT ML
DREICBBEI LN, ZOY > TV EBEA & 2 HRERE
B (BARWICIEE NaCl IBERE) K—B&RSBHL T
B EESFEL, [FIANERSEDERNS R (fast
moving component: FMC) &, BSED N R (slow-
moving component: SMC) ® =D (Fig.1) MNHHFH L,
L& DN RidH VIIRAG Hitk & —A 0 gk
B EZERT D, BEWDONY RIZEELRAVNENS
FEEHIIERD] EWIBDTHo =, ZDHE%, FF
TN —TNBIEIDEEEHETE BRI OE
Bidiahoi,

1980 £, Scripps 25 FF @ Ruggeri & Zimmerman®
WD SDS 7 HO—XFINVERIKEIZLS VWFEH
DFENTIENHEY Z N, EFEIMEF O VWF 1341 & 500

kD~15,000kD ® £ ZICH 7= 5 £ E R (multimer, M)
BEEHOEINRENL. —F, HLDVWF N RIZ
1EDENREFQOLETIREL 1ERKDY TS 1 RN
EDNO 7R3 =FHEEERTENS, BEATRNTS
in vivo proteolysis 23%H 5, F /= type 2 VWD Tld &4
F& (high molecular weight, HMW)-VWFM 73/R& LT
NBENG, D EBHE TIIEIEE D proteolysis 23 7TiE
LTWwaEEZLNDLDITR D, FEEE, 1987 FiC
EIAZER @ Berkowitz 2132 i VWF £/ 7 0 —F L
HERWT, BTRETTOSDSRKRY T ZUNT IR
FIIVBLIKEH% O western blot 12 TARD VWF ¥ 71
Zw TR 250kD 2 LT, type 2A VWD B 8%
PO REZTESFELZ 176 kD & 140kD Y
TaZw MNRERa b O—VIZHL T, K0ELE
ETHEEREL TS, T 512 T KO Dent 132
type 2AVWF 28 L, BHEICR SN DEEN VWF U
Ty N OATICT, FOUBERAIIL LR VWE
BTy NERERT D 2050 7 3 EEFRE D Tyr842-
Met843 (& & cDNA LN D7 I JEBERETIE

Dialysis against NaCl (mM)

150

Fig. 1

150 90 60

30 0

Slow
moving

component
(SMC)

Fast

moving
component
(FMC)

Large-pore polyacrylamide gel electrophoresis of the “purified factor

Villrelated antigen (VIIIR:AG)” (later shown as VWF). Human
cryoprecipitate was separated by agarose gel chromatography, and
the “purified VIIRG” (VWF) was eluted at the void volume. Because
of the high molecular weight nature of “purified VIIIR:AG” (VWE), it
did not enter the gel. However, after dialysis against the low ionic
strength buffer (pH7.4) over night, the “purified VIIIR: AG” (VWF)
turned to two protein bands, namely slow-moving component (SMC)
and fast-moving component (FMC). This phenomenon was a clue to

discover ADAMTS13.2V



Tyr1605-Met1606 IZ/H%) #AETHH EERHLE, L
MLENSE, ZORTFREAEYEN VWFCP
(ADAMTS13) EWHEBERICI> TRINTVNBEEER
L7=DiE, #BRO X >1Z 1996 4£@ Furlan 4%, 7L T
Tsai %2 T&H %, 513 VWE-CP (ADAMTS13) &1tk
HIEE 2L T, TTP 0L < OEFITIE Z OIEHEN
ERLTWBENWSI T L= 2N —2BH L=, BB,
VWF #EENT 3 & 5 & HIMER SR IS H T VWD &
120, WY ED S MEERABENTTIP &35,
BETBHE, VWD ITTPIIHEEY (two-sided coin) @
BicH B, Z2hEib, EQ VWFCP L Z 0EN
LIES R EEZBND, FIFLO van Mourik D
13, HENBEL = VIIRAG 1 Z DEE D 99% 8
VWFE T, BE@ VIIFEFZ 1% ICHEZRWEBETH> .
ZUT, 20O VWF #8775 VWF-CP/ADAMTS13
DUBTE (%) LTHD, MBI RET TESE
WRERRBE L - LB TE 3,

ADAMTS13 FHAEEDES

HMW-VWFM IXHEME Y X bEF O HFETIIRN
f/NMREEZERT 5, —FH, HMW-VWFM I3 E 1k
a7 —-FrADEERbE L, I5ITM a1 IVER,
cone plate, % L T parallel plate flow chamber 72 & T,
BT OINNEETICREET S &, ADAMTSI3ICXL 5%
ARG EZ T TR TFIL, BERIENTHET S &,
VWE I N K E CRFED 2BED I I —ICR L 2E
25, kv, FHO ADAMTSI3 & HHEIEEICE
HL2RbDONERINEZD, BRHELZEORERET
i, DU R MeF of/MRESRET, 2)VWF 712y
PO NEKifE CRKEERFT B0 VWFHEEZ RNV
enzyme-linked immunosorbent assay (ELISA), 3) 15—
5 SRS ELISA®), 4)SDS-7 A — X BRIKE™, 5)
SDSRU 7 Z YUY I REXKKED, FlchEIns,
4 H, HMW-VWFM 3 & 3T O R AT TEER NI
ADAMTS13 THMEINDENH SN TVDN, Z0OF
TORATTOHERTRESRETENHEL W, Th
, BIERTOHENEITONTVDY, ZOBE,
HEIHEE HMW-VWFM 2 i TWwa 720, EREO
RnE2BETH5EE, L VWFRELIhRENWESKZ
1L5mol/l BEORZERLIT TV VEBRBEOEREN
FlEMA 2 BENRD > T,

1996 ££1T 2 A @ Furlan 3% VWF-CP & MBI E %
DHESTZREL, TTP TEHINNEERL TWBEER
Uize TOHBRZ TV -0 ZN—ThHo M, BIERE
D& RTFTAC van Mourik 2° OMEN B H DT,
EhEE, BE VWEF, ERMEFRELTIEERE &
JEE 1.5 mol/l R, 10mM Pefabloc (%V > 7057 —

R PR m #,55:1
CHER) #EML, E123258E (0mol/I NaCl) #&
BT 3TCTICEN LS 24 BB RMILNERT
DEEIBDTHom., TORIEYTFE D% VWEM
WEFROTHETZLEIKRMEBEEODDTH
7ze —, EIEREEICT AU B @ Tsai S13EEE ML
Z 15mol/l 77 =V UEBTICfT W, Kin#E SDS R
U727 UNT I R NVBRIKETRIT2T5ERDH
EERELTWS, L%, Furlan %® & Tsai £ 0=
DORFE Y IV — T DA 1998 £ NEJM 17 B BF 8 #;
N, TIPPHEFOEEHESIK XDz 7,

Cruz %3V 13, ADAMTSI3 T @ 4 W7 &8 47 13 VWE-A2
KA1 W (Tyrl605-Metl606) T, /= DfEESDL]
B2 Z B type 2 VWD OBEFEENIDRAL >
NIcH2ENDS, £ His B VWFA2 B X 1 >
(Gy1481-Argl668) DEMLTHRIFEBEHEMERL, ZOH
BHNEEIER TEAZHRIEGFETIC ADAMTSI3 THIKT
ENBEERWEL, ELISAC kL 5BEEEHHERZ
BT U /-, Kokame &% |3 VWF-A2 R A N TOHE
BRe/NMEEED, BRAYIZ Aspl596-Argl668 @ 73 7 2
JBBRENBNEBELRDEERL, 20 Gnl599 i
HEE Nma 2, F 7= Asnl6l0 2 %% Dnp 2B AT
5HZ &Ik, FRETSVWE73 &\ 5 8 CHEIEE 2 ST
L72%, A&, 4 H ADAMTSIS i& 4 Hl & @ gold
standard ¥ & U THAMICERL TW3, LML, &
FERERNEFOFEBECUIILESDAETOE DR
BEZFLENEHEINTER, INED, BiF, #8%
MEREINSYE, WP EOTEERZELL, 4
EERY pH 44 F CHIE T AE/R FRETS+VWEF71 & & i
5N BERIE D Muia %0 I &> THE SN,

EELFIN—F I RTOREMLEE X, chromo-
genic ADAMTSI13 actELISA 2 B H L /=%, Z N id
ADAMTSI13 Il TA U 5 VWF73 Oliim Y X/ BRFRE
Tyrl605 ZREMICEHT DU AT/ 7 oF—)LFik
N10 (IgG) #BE I EICXDEREINE, KEOHE
REET <05% (E% 100%) 88T, RiGCEEME
DEEEZTRWV, —H HOBREHEEEL T
GST-VWF73-His # & B IC H\», SELDITOF-MAS Tl
ETBHHES BWEINTNWDE, BHRKENDT
HDIENSPHEEICOWTIIEENES, 8, BNt
T ADAMTS13 {EHEIE OERRBRIFBTD U 7 IV & 1 L
EEEBFICAN, 2EHBHEESERINDDH D, —
DIMbEFRYGE, oo REEET, Zhb2Fh
FIZHIZRTEE NIOFEEZFIALZHDTH 5. HIER
MiZnwdnbd 10 958 T, EOBMOTERELIEAD
NTHBY, SBOERNFEND. £FBTIE
ADAMTSIS iEHEEF DA > EY —HIEITRTE, EHE
RBWAT TEFEESNDDH S,
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AIFICBF2meEMNDEREE (TMA) £E
B EBTIRIR O update

Z# 5103 1998 ££12 Furlan & D VWFM #EiIc L %
VWE-CP/ADAMTS13 {EHRIEE & A A TRAITILE b
0, 20, 2EOEERHRD SEKESINBREICD
WThH, ZOUEEEZHETHEIT/R> /=, 2001 FLIKE
BHEERAEESREBWICHEL UYIROF—LR—-D
(http://www.naramed-u.ac.jp/~trans/) ZBEER L, BE
ZUANE AT AMEUZ, E£72 2005 F 4 B S 13ET
SO HE B L 7= chromogenic ADAMTS13 act-ELISA
X BEERIEERD AN, FHICHREE ST
NEFOHOWNIHERERRTES AT LBBETE
7o

JFHIE LT ADAMTS13 & 03& 0, GBH <5%) L,
1 ey —0RIET, BROBEERLGOETE
KETTIP (FREUSS) LB TEZd01E, WHEESR
B> CENEREBRIZE Y > % —T ADAMTSI3
BRTETZ2ERL TW5D, —JF, ADAMTSI3 I Y
ZEHLTHBET, EEFAAEEY—BRETH D,
TMA EEDOKEM, FKEHENED 5N DD OIEREEK,
FHEERAREOHKME TMA (congenial TMA with the etiol-

ogy unknown) & L TWEA, HRE, HEERZNE
BOFERECHERNEER - WOWMNR O ELREDN
Rl E7a D, BN MMERBIEEER (atypical HUS,
aHUS) OBWHEEMNERI N, ZhucLd &, FTe
NEERFOLTME TMA EHEL TWEEBEDHREN
FRMEaHUS D5 TY =1 ADEN RN, KK
# aHUS I3RS R T ORRTFEEICTEL,
BEEERITEE, ERAREETHS, Zhicl, &
K TTP (USS) OEEHRIIEREFSERDOT, &
FEDEBEEET aHUS R USS 2@ NI Lo <R &z
TWwa, Bk 15 FRIICEFTOEEKE NS VWF-CP/
ADAMTSI3 EHIEZKEI N, ERL ZRERISE
KT, EHEIN/AZTMABEFHITI 20124 12 AKT
L1499 TH o7 (Fig.2)e TN B DHNR%Z Table 11
R,

S E % TTP (Upshaw-Schulman syndrome, USS) :

2 REOBBES ;
ANEIMREMEICE > T, USS O hallmark &1, [47
A IBH1IZ Coombs i EREME OEERENH D, Z#’Wi
MG TG EN DD, FOBBEIM & f/MUED
EBHECEEL, Ihns oERSmEERmnIC CENIC%E

1400

1200 -8

E. coli 0157
% Pregnancy
- Hemtopoietic SCT

1000 013:6:
64 aHUS-pts B Malignancies
Clinical diagnosis . Connective tissue disease
800 1733 aHUS-pts Drugs
Hemolytic assay [[] others
600 Gene analysis B vvc
“ o TC/CL
Idiopathic

400

200

B nus

B aHus (n=55)

B uss (n=49)

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Fig. 2 Cumulative number of TMA patients in NMU registry.
Since 1998, our laboratory of Nara Medical university (NMU) has been functioning as a TMA
referral center in Japan through analyzing VWF-cleaving protease/ADAMTS13 activity. Until
the end of 2012, the cumulative number reached to 1149, which included 104 patients of
congenital TMA (49 with USS and 55 with aHUS). Abbreviations: SCT, stem cell
transplantation; MMC, mitomycin C, TC/CL, ticlopidine/clopidogrel.
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Table 1 Plasma levels of ADAMTS13 activity and ADAMTS13 inhibitor in 1149 patients with TMA, registered to our laboratory of NMU between 1998 and 2012.

Congenital TMAs Acquired TMAs

(n=48) (n=55) (n=361) (n=119) (@=25/n=2) (n=12) (n=3) (n=75) (=19) =37 @=56) (n=1148)

(n=48) (n=43) (n=313) m=50) (=24/n=2) =9 (n=3) (n=206) (n=32) (n=26) =9 (n=22) (=30 (0=817)

() Sample number determined

1

¥

T:663 W



130

— B KK m ¥ -

THEE| Tholz, ZOEEOFHEMICDONWTIIHET
HELTNDOTHET Y. £ USS OREMHAIC
HELK OWEEHEOEB N H > /=W, Upshaw &
Schulman D4 DARFINSGHBEOTNEDIE, ZD
T DA 1960 4£ & 1978 4E1T, A MR M &8
WEDZRTENTNORFICH LT, /MR T
e < Mg R D, M/MREMNEL BINT 5E2H
HUAEIT L B0, SMERT i 88 T i /R EE A R
F (platelet stimulating factor) WHEET HEERMEL T
Wiz, ZDEZ, #%4E thrombopoietin (TPO) A3[E
FEEHN, USS EOBEIIERICEESINL,

LEET 1998 FLARE, A&FR USS BE 3 HKRD VWF-
CPiEEZ8A-~, BEFIIEEIEWL, RERIEEN
BEFHERTHNEERTHEZEND, MERNERARK
SUEEERTHDIEE2RELEN?, ZT06 s A%
Levy 712 & D ADAMTSIS iz Fnr/o—=> 7 X
N, USS 2 ADAMTSI3 ERBETOHMERICLBE
MREN-, BfE, MR TUSS BFEH 150 ZFES
NTWBD, EFHITIERFT 2012 F£RIEZIZ 494 DFREB
FHEREE L=, USS BETHE SNz ADAMTS13 Bfx
TERZ Fig. 31RTP, FHITRNEFIMKTRREIN
FEBREARETREBRDETHD, £k, KIHE

FEOHES (natural history) Z2ZEHT 3 & Table2 D k&
S sd, TITRHETEL, B ® USS hallmark
THETHBIMZNEET 2 X DR EREESEEZR
9 early-onset type (RHIFERERY) &N 39X DEEHITL
MRSENBVWHEE, USS OBERITHEREERSERDT,
BERIIAR, BLFERKEEEINDN, B
WERMICZHEMNTH S, I USS ZHEDEHE,
FIRIZE D TTP RIENFEINZOT, HIEEKET
BB~ FEITEARINGWI LItk b, —F,
USS BIEICIICOEGHBE TERICEHEIN T A HIZ
72, 40~45F2BATHO TCTIP HEEZKIL T2
MENTWSFNHREIND, 2H 5B late-onset
type BEEIFHERD) LERBINTWS,

Taguchi 5% 25 2012 41T RE L 7= B fEH] 2 late
onset type QM EIF] & L T Fig. 4 N9 5, EHIL
1931 E4 T, ¥ERFIZ 63 F ThHoz. BRI OES
THSHTTIPREZRK U TR LN, ERIZISMm
SRS HER O ST, F R mEEEsSEE T 2170
7o UMUERICHEKER EREBEBORFITE LintkE
NH 5N, LI TTP FERIC MBEHED S THEL
TWwiz, U Uik &460c TTP S(EEE B #EmML, 77
FHR (2007 ) WI/NEIEEERE I L, ZORBRT

W28Lfsl 179M W390C L5956Gfs | C754Afs | C908Y | W1016* | R1206*
Qaax  V88M W390* A596V C758R | C908S | C1024G | C1213Y
v8sL R398C A606P | G760Afs | GY09R | C1024R 112177
A95P R398H R629Efs A793Pfs | R910* | R1034* R1219W
H96D €.1244+2T>G A631V Q929* | R1060W | 61239V
E98Pfs C438Y Y658C C351G | C10675fs Ww1245*
R102C P671L Y1074Afs | L1258Vfs
€.330+1G>A 1673F
Ri"zg,';s €977_R979delinsW
"4};‘;;]9"‘ Y304C  C.1309-1G>A R692C  E812* W1081* D1362V
riogw  G311Y Q449* Q723K AB19Lfs C1084Y Q13745fs
Tios 312 PA57L D8506fs $1085Cfs E1382Rfs
soo3p 163226 R507Q Q1105* Q1302*
7R R c508Y R1123C R1336W
c2aec  F3241 G525D
686+1G>A 3475 R5286
c.687-2A>G R349C  c.1584+5G>A
1232q .. P353L G550R
H234R W365_R370de!
H23aq  G38SE
D235H
G241_C242del
A250V
$263C
S$263F
R268P
€.825~10_843del
Fig. 3 ADAMTSI13 gene mutations responsible for congenital TTP (Upshaw-Schulman

syndrome, USS).

The description of protein sequence mutation follows the recommendation of the
Human Genome Society (WWW .hgvs.org/mutnomen/recs-prot.html). Mutations in
red were identified in Japanese patients®.



Plasma
infusions
600

500
400
300
200
100

o Platelet (x 10%/L)

3000

2000

1000

e LDH (IUL)

500

90
75
60
45
30
15

e BUN (mg/dL)

Fig. 4

e B M #W55:1

Table 2 Summary of natural history in 49 patients with Upshaw-Schulman syndrome in Japan.

Family:

* 43 families

o Female predominance (31 Fand 18 M)
e Up to 79 years of age

EXBT to severe newborn jaundice: 19 pts/49 (39%)
Hemodialysis for CKD: 5 pts (3 pts were dead)

Aggravating factors:

e Severe infections such as FLU _

* Pregnancy: 23 occasions in 13 female pts (1 pt was diagnosed after death)
* DDAVP

e interferon

¢ heavily drinking alcohol

* Aging

ADAMTS13 gene analysis in 47 pts: 9 homo. and 38 compound hetero.
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URI ﬂURl ﬂnanaltrafﬁc Infarction
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Il 7 [Tuwi il s
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Mar/85  Mar/'97 Mar/'99 Mar/01 Mar/'03 Mar/'05 Mar/07 Mar/’09 Aug/'10

Clinical course of a representative case of Upshaw-Schulman syndrome (USS) with the late-onset
phenotype. This Japanese male patient first developed a TTP-bout at the age of 63 years and was admitted
to a local hospital, where plasma exchange was not ready available, and so he was treated with plasma
infusion, which dramatically improved his clinical conditions on the following day. Since then, he had been
treated with plasma infusion on demand at TTP-bouts, but its frequency became quite often with aging. At
age of 77 years, he had cerebellar infarct, and on that occasion ADAMTS13 was analysed, that disclosed a
moderate deficiency of ADAMTS13 activity (2.4-3.4% of the normal) and a homozygous ADAMTSI13 gene
mutation of p.C1024R. His parents were indeed the first cousins. As for his natural history, he worked as a
business man until the age of 60 years and received health examination annually, but he never had
appreciable abnormalities in both labolatory and clinical findings™.
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ADAMTSI13 ## #7 %2 £ & L, ADAMTSI3 & {4 &
24~34% LER L, £/ ADAMTS13 Bz FEHF T
p.C1024R DR EBABMERNFAE S Nz, ZhE&D
FHRBZ2EHMCERE T2 LEZOMUEEITNE JIBT
bHol. FEFRRMLEL L TERLZYBL, TOME
EERIRREBE 2 T\, BICER 2RI Nk
FRlhozEnd, KEFIZIDOHE 79 F T/NKEE
OBERIEE TH EIND, AEF I IS late-
onset phenotype ORFBEBFEEZRLUAZEBELT, DH
1, (2) ADAMTS13 JE1E1E 24~34% S Eh N Sl
ENBHTHoM, O2ENBTENSE, JHILTTP
REOZEIIRIEDOL DI, MERNEMEENS O UL
VWFM SR BEICR B EEZ 5N TED, L
TR, FICHEEBININCHTIIESD, Bz
BHT, 40F 28X 5E VWFBIFEHOEFIE 151
WWHEZ T BENASNTNSDT, BT OEEH
JE (40~602F) TTTPRENFHKL, USSHENFER
TNBWEBBHINS,

BEE] USS B85 O L EI W ER 2 M
1 B DOEE TEHN FFP 87 (6~10 mi/kg BW) %%
FTWnW5, Zhid ADAMTSIS fE i & IR o i 5
Mg 25 A Th2EEL, EmMBICMm/IMIEL 7~10 HE
TE—J2WEIBERDIT—IIREDINTNS, BEE
0% ADAMTS13 1 > E EY —FHEADOREFNIRED &
TAEETH DN, BredTF—F TEP01LHEITHRER
U7z USS B3& 43 vk 7 41 (16.2%) 1< IgG B DIk in
FEABHEEINTWBDOT, 458, TRFEOREEICD
WTHEEBEIRRT o TOSBEENSHDEELZT NS,
—7%, BARTFLOMEEANTDNWTIE 1988 F£LIRE
NS HCVRENEA XN TWAY, THNLIEIH S M
BFETEE 21T TS USS fBF Tl HCV BEREE B 1
3, B, BEFHRI ADAMTSIS &% Phase I BEEK
EBRPHCETHRIBINZEBAONTNDDT, TR
REFAEAOECNIZERENDEANHFEIN TN S,

BRMTTP : 2 & BEOBES

TTP BE D 90% LA 3R TTP T, Z0gZmid,
ADAMTS13 {35 & ADAMTS13 12 %43 % i& S f
itk (gGBlA > bESY—) HDWIRIEPFIER (FiC
IeG &) NBHEOKETE2NINSE L, ADAMTSI3
TEVERMEIE Y ThH > TH MY 5 BE (pentad) TiRE
NDBFO2END D, EFFTHMFLRKITER TTP,
BEEEER TIP EIEATNSE, JEFR TTP i3Ik
By 14 R BEEEARERE (atypical hemolytic uremic syn-
drome, aHUS) & O&EFMHEET, %7z aHUS IZITER
P EBREDWEND B8, HRMETIP TEMEIE
FROBHEEGIIREZFITL O TRES AR D, £ES

—100—

A% 1998~2012 FDORIIC R R EXRMET THE L 7 1,149
Z0 TMA BEDBITHRTIZTIPIZ 361 £ TTMA &
R 31.4% (361/1,149) THD, ZD>H 745% (269/
361) IFZERTIP Tholz. TIP ORAEHEICDOWVWTIX
ADAMTS13 FEALIANIZ, AD 100 FAEEZD 47 N &
WOEFENHIN TSN, RETIEINIDDHENMN
EVWHEELHEEINDS., EE S HTR/MRESEE
mAsdé 0, ADAMTSI3 EMEFREIHERE T NNE, h
TERTIP L2HaNTW5, BXKE - 8 TTP TiX
BERERENEWE, ERIEERTTIP TR INNDIINE
HIFEREEINTND, —F, BREOEMKUIEER
TIP DWW TNHD, —KiE BEREMP TELEBDL,
Hupmil, EY), BESICHEEL T RERELSBO
NdH D, iz, BRE-EB TIP IZHKET S IgG &
ADAMTSI3S 1 > bEEY —OIZE F—7RHEBEL T
Spacer KX 2HAICH D, T DB AT 43 VWF Gk
2, TORBZHRETHICEERIMLEEZSNTS
D, Pos BOSD I Z DI h— DM MNTICT
Spacer KA D57 3 JEEHEE (Arg568Phe592-
Arg660- Tyr661-Tyr665) 2SI EE TH HHER LT,
BE] (1)MEERHE (plasma exchange, PE) : %X
PR TTP 12359 5 firstline {5%1X PE T& %, PE
DFHAITDODNTIE, © ADAMTSI3 f > b ESY —KRE,
@ UL-VWFM D%, @ ADAMTSI3 OfFF, @I1EMmic
WERIEE YA X0 VWFM O@7, %L TOREMEY
A RA12OBRE BRETHEINTNE?®, EhHEld 1
B 40~60ml/kg (1 H¥ D EERMK () 20
1~15 ”é_?) BEWET 5, BBLU T3S HMIZ1IBYSAZDE
BiE (4 E0 15 8/ETEATI. FhEDESF
TRF0OA4 RMEFASLATOA RIVVAERE (Bid) 236
&3, PE ORI M/MMRE, #ER LDH&RE
DEMEZSY —28HEUARRNSHETL, RIGHNETIUI
SHMERTSES LIELIEH S, BHITPEICHT 24
B siE 3|, Ly Al 12E, B3 >BURE
WHHIRNH D, UL, BROLDICERMYE - 88K
TTP 2BV T4 Ix &gk & PE Ot AR
EoTROSNBENLIILIES D, ABRESOHME
EHEIZCDODWTE, BERRELIIBEEEZELZTVWS,
@2YRFOA REEX  ZOEFIT, X501 K)NVILA
FEik& L C PE RIBHIAIN b RIES N T WS, TOFHE
X, PERTERBICAFIN L ROV O 1,000mg %4
EAE/KI00m ICEMRL, 1H1ER 11BN TH
WEET 5., CNE3AMERL TITS. 4 HEM»BIE
TV RZ8 Gmg) & 1mg/kg, 4 1 THRERIBET 5,
FD%, BRERERENSEFICEHET S, ()M
INREE © PE I TI/MREMEE LR 2R GEEA
A RZA 2T 50,000/ul LA L) ICERANEREN, 1)



BHAE7AEY > (100mg) 148 71 BREER,
OFERANHERIN TS, FOMELT, 2V HF
> (100mg) 3 & 73 (RBEAIN) b 54, Him
REZEENEREIND, &Kil, HOEWERASDRNWE
Z, TTPHEOH L WHI/MUEERIE L TER SR
TWB0H, HIaAFY—) (100mg) 24 72 (&

R ORR ML #&55:1

BEMI) THs, UL, INEE£TOHRM/MEENC
DWTH, TORRBEIEOBEENER> TS, (4)EA
1% TTP (CX9 A8 : PEBEICIRITME 2 R R IR
L, BBEBATH A, DI 7O0XRY UFOEE
(REERSN) WAEF) 2F—F )5 TE) 6 mg/kg
433 RBRERSY, 2)> 70k A 7y 2 RigOEE 0
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Fig. 5 The clinical course of ai-TTP patient with ADAMTS13 inhibitor boosting by

plasma exchange.

A 67-yvear female was admitted to our hospital with complaints of
thrombocytopenia (platelet count 10 X 10%/1), hemolytic anemia (hemoglo-
bin 8.6 g/d! and lactate dehydrogenase 703 IU/I), unconsciousness, and
fever (38°C), without any known etiology. At that time, plasma levels of
ADAMTSI13 activity and inhibitor were <0.5% (of the normal). and
4.7Bethesda U/ml, respectively. Plasma exchange was performed for the
consecutive 3 days with a steroid pulse therapy (methylpredonisolone 1 g/
day X 3) that resulted in an increase of ADAMTS13 activity (13%) and/or
platelet count (100 X 10°/1). However, soon after this, both platelet count
and ADAMTSI13 activity dropped again, and the inhibitor titer was re-
increased up to 18 Bethesda U/ml (inhibitor boosting). Rituximab was then
administered from the day 7 after plasma exchange initiation, with a dose of
375 mg/m?’ per week for 4 times. Then, the clinical and laboratory findings
rapidly improved to remission.
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FH) T RFT 8 G0mg) 28 72 REREAN,
EZYZXF> (VCR) & #IE 1~2mg &, 18
FI%% 1 mg BIERE (REBEERAN), DU YFITHEL
[ 375 mg/m? 138 1[6, RE#E 4~8[E (RERE
A5 (BICEER), HEEAEND Z, GIRIHRD
TIP & # 2 & &, B K T I3 recombinant ()
ADAMTS13 # & D Phase | BB BA I Nz —F,
ADAMTS13 13 ULVWFM D& - e 2L —F —
T, fER¥WE X ULVWFM T& %, ULVWEM {& 7%
BT ORNERD/MMUEEIIBWTIE, VWP /MR
FEEH GPIb 8 KSR R ER &
RTEEZALNTNVNDS, ZOEIBSFENEEEL
T, AWJ2 ITREEND VWFAL R A1 VBT A S
Fiik, Bk S5 ~ T4 X #17= nanobody (AKX-0681,
Abylynx NV #, Belgium), VWF-Al KXo > 7 7 < —
(ARC 1779, Archmix #&, Boston) Z&2H 5, N5 D
20, B THEBRREBNREEISNTNS,

[V # < 7 & Inhibitor boosting] U Y F <7
134 BRI Y > NBEOREETH 50, AFIHH
KUY - EETTP ISR L THMD THZ TH 59 Lkt
BY 2002 ELRE, ZEBMESN T3, INnkD,
0R2FWKTIADTMAL 77 L2 AE2E—F)—
TWCEo>TPE EPFHLZY Y F I THEHRITDN
T, 22410 TTP 2 U TRIAHIIFFE N IR S N0,
ZOROUYF I THRERIT 375 mg/m? T, EE
S4B ETEREICHEL TWB A, HEHIEZTIP 2WH
2XETBE, KX+H3,X+7,X+14) HEEGO 23E
BILANIZ 4 ERE5THRICIR>TWS, #HRIZ, D if/h
WEDEEIESCHT, BRIKEL LT TOHMMNERL
7, 2EMB 1 ELNOBFBREPEETH-Z, 301
FEHIR ., ADAMTSI3 IEHIZY VF < THEATX
DEE, ERREES G Tk DIERME & ORRNTR
XN, LML LFHEICRLT, YPE OmEHEHEICD
WTIIEMTEZEDT, £/, 5FRMO B YU /NEk
FHEBHEO » AXB U NRETOHRAERLCTHo 7=,
IheEMITLEDIT, EE oSBT oBRIIEE
Thoke LML, OOEMRELIFEBADLERAN
14% (3/21, 1HNIREMFEE) K5k,

FaVTEE, B TIP 0—KBA L LT, PERIC
IgG B D ADAMTSI3 1 > EEY —HlinN& LR (n-
hibitor boosting) 5 bDMNH HEEHERL = (Fig.5).
BEBRBIOBRME - 2 TTP TR 0% N Z DB ZRL
72 Z @ inhibitor boosting 2RI N5 &, BED PE
BRBECZ 701 RIUVAREO A B EERAT2
{723, MWNBHEITIZPE LU YF I TOHAITHE
EEZTNWD, BalREL -HEF T, PEBER
CEWAL e EY—Hffi (>2 Bethesda U/m) &RL
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7o BMEFIIT ADAMTSI3 iEHEE B H) T, PE EfES5
HREIEHBYT 2 bEKEROKEDRND D, H5WNWiT
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A 68-year-old woman was admitted to the regional hospital because of hemolytic anemia,
thrombocytopenia, and neurological abnormalities including unconsciousness. One week
before admission, she suffered from diarrhea and subsequently passed out and hit her face
on the ground. She was suspected of having TTP and was transferred to our hospital. We
performed the assays of ADAMTS13 activity and anti-ADAMTS13 antibody titers, and con-
firmed the diagnosis of acquired idiopathic TTP with total deficiency of ADAMTS13 activity
with its inhibitor. She was initially treated with plasma exchange combined with cortico-
steroids, however, we were forced to substitute plasma exchange with fresh frozen plasma
infusion due to procedure-associated complications. The infusion of fresh frozen plasma
was known as less effective and more likely to boost inhibitor titers compared to plasma
exchange. In this circumstance, we could successfully switch the plasma therapy under
close monitoring of ADAMTS13 activity and anti-ADAMTS13 antibody titers which pre-
cisely revealed the disease status of TTP in our patient, and eventually she achieved com-
plete remission with normal level of ADAMTS13 activity and no inhibitor. Our experience
suggested that the measurement of ADAMTS13 activity and inhibitor titer might be valu-
able not only for making the diagnosis but also for guiding treatment decisions by precise
evaluating of disease status in patients with the acquired form of TTP.
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).

1. Introduction

integrin-like and metalloproteinase with thrombospondin
type 1 motifs 13) activity has been identified in patients

Thrombotic thrombocytopenic purpura (TTP) is a life-
threatening systemic disorder characterized by the clinical
pentad of microangiopathic hemolytic anemia, thrombocy-
topenia, renal failure, fluctuating neurological signs, and
fever [1,2]. Severe deficiency of plasma ADAMTS13 (a dis-
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with TTP, but not in patients with hemolytic uremic syn-
drome (HUS) [3,4]. ADAMTS13 is a metalloprotease that
specifically cleaves the Tyr1605-Met1606 bond in the A2
domain of von Willebrand factor (VWF) [5-9]. In the ab-
sence of ADAMTS13 activity, unusually large VWF multi-
mers (UL-VWFMs) are released from vascular endothelial
cells, which accumulate in the circulation and induce the
formation of platelet thrombi in the microvasculature un-
der conditions of high shear stress, resulting in thrombocy-
topenia and multi-organ dysfunction [10]. TTP consists of 2
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distinct clinical forms, congenital and acquired. In congen-
ital TTP, Upshaw-Schulman syndrome (USS), ADAMTS13
deficiency is due to mutations in ADAMTS13 [11-14]. Ac-
quired TTP is caused by inhibitory autoantibodies against
ADAMTS13 [15,16]. Plasma exchange (PE) combined with
steroid therapy has been established as first-line therapy
for acquired TTP [17]. Combination therapy should be ini-
tiated as soon as possible when TTP is suspected; however,
it was often delayed due to difficulties in differentiating
TTP from HUS unless ADAMTS13 activity is measured. Con-
venient and highly sensitive assays of ADAMTS13 activity
and titers of its inhibitor have been developed [18,19],
and they have been confirmed to be quite useful for mak-
ing the diagnosis of TTP. However, the usefulness of mon-
itoring these values to evaluate treatment response
remained unclear.

Herein we describe an elderly patient with acquired TTP
who was successfully treated with PE and corticosteroids
followed by plasma infusion while ADAMTS13 activity
and inhibitor titers were being monitored. Our experience
suggests that close monitoring of these ADAMTS13 param-
eters might be helpful for the precise evaluation of treat-
ment response in patients with TTP.

2. Case report

A 68-year-old woman was admitted to the regional hos-
pital because of hemolytic anemia, thrombocytopenia, and
neurological abnormalities including unconsciousness.
One week before admission, she suffered from diarrhea
and subsequently passed out and hit her face on the
ground. She was suspected of having TTP and was trans-
ferred to our hospital. On admission, she had a disorder
of consciousness, purpura on her face and extremities,
and icterus. Laboratory findings included an increased
white blood cell count (13.3 x 10°/L) with immature gran-
ulocytes and erythroblasts, decreased red blood cell count
(1.49 x 10'2/L), increased reticulocyte count (0.16 x 10'%/
L), and severely decreased platelet count (6 x 10°/L). Schis-
tocytes (5%) were detected on the blood film. The levels of
aspartate aminotransferase (114IU/L), alanine amino-
transferase (401IU/L), lactate dehydrogenase (1714 IU/L),
total bilirubin (5.2 mg/dL), uric acid (8.7 mg/dL), blood
urea nitrogen (58.7 mg/dL), and creatinine (1.3 mg/dL)
were elevated. Haptoglobin was under the detection limit.
Hemostatic tests showed increased levels of fibrin degra-
dation products (FDP, 17.6 pg/mL), D-dimer (8.7 pg/mL),
TAT (24.4 pg/L), PIC (1.5 pg/mL), and thrombomodulin
(TM, 4.1 FU/mL). Levels of fibrinogen (217.7 mg/dL) and
anti-thrombin 1II (103.9%) were normal. Stool samples
were negative for enteropathogenic Escherichia coli, Shiga
toxin, and O-157 LPS. Bone marrow examination revealed
no abnormalities. We suspected acquired idiopathic TTP
because she fulfilled the clinical pentad, and immediately
initiated PE combined with steroid pulse therapy. On the
second hospital day (HD), assays of ADAMTS13 activity
and ADAMTS13 inhibitor titers were performed. Plasma
levels of ADAMTS13 activity and ADAMTS13 inhibitor ti-
ters were measured by a chromogenic ADAMTS13-act-ELI-
SA (Kainos Inc., Tokyo, Japan) [19]. The ADAMTS13 activity

of pooled plasma samples from normal controls was de-
fined as 100%, and the detection limit of this assay was
0.5% of the normal controls. The ADAMTS13 inhibitor titers
were expressed in Bethesda units (BU), where 1 BU was de-
fined as the amount necessary to reduce ADAMTS13 activ-
ity to 50% of control. A titer of <0.5 BU/mL was considered
to be negative. We confirmed the diagnosis of acquired idi-
opathic TTP with values of ADAMTS13 activity and inhibi-
tor titers, which were less than 0.5% and 1.4 BU/mL,
respectively (see Fig. 1). ‘

Although the patient was treated with a standard regi-
men of PE combined with steroid therapy for idiopathic
TTP, she developed severe convulsions followed by apnea,
necessitating mechanical ventilation. Computed tomogra-
phy of the head did not show any intracranial complica-
tions such as hemorrhage or infarction, and we continued
PE for 5 consecutive days. On HD 2, ADAMTS13 activity le-
vel rose to 8.8% and ADAMTS13 inhibitor titers dropped to
0.9 BU/mL. These results suggested she responded well to
PE plus steroid therapy. Subsequently, her platelet count
gradually increased without any transfusions of platelets,
reaching 50 x 10°/L on HD 5. On HD 7, the platelet count
was increased (98 x 10°/L), plasma levels of lactate dehy-
drogenase were decreased (396 IU/L), and the red blood
cell count was increased (2.50 x 10'?/L). We were con-
vinced that her clinical condition was remarkably im-
proved because the values of ADAMTS13 activity and
ADAMTS13 inhibitor titers were 5.8% and <0.1 BU/mL,
respectively. Although these results strongly suggested
that her clinical condition was improving, we were forced
to substitute PE with fresh frozen plasma (FFP) transfusion
(400 mL/day) because her circulatory system was unstable
during PE. We also carefully tapered the steroid dose.
Mechanical ventilation discontinued on HD 8. Subse-
quently, schistocytes were not detected on HD 10, and
the platelet count normalized by HD 14. ADAMTS13 activ-
ity increased to 25% on HD 15, 50% on HD 23, and 75% on
HD 41. Based on these results, we decreased the frequency
of FFP infusion to 3 times a week on HD 26, and discontin-
ued it on HD 51. She was discharged from our hospital on
HD 62.

3. Discussion

Herein we presented the case of an elderly female pa-
tient with acquired idiopathic TTP initially treated with
PE and corticosteroids that was subsequently changed to
FFP infusion due to procedure-associated complications.
PE was established as first-line therapy by randomized
clinical trials for acquired TTP [20]. The treatment objec-
tives of PE are not only to remove anti-ADAMTS13 neutral-
izing autoantibodies, UL-VWFM, and harmful cytokines
from the circulation of TTP patients, but also to replenish
ADAMTS13. In fact, urgent introduction of PE reduced mor-
tality to 10% or less. In this context, it was acceptable to
initiate PE even when not all of the diagnostic criteria were
fulfilled. Corticosteroids are used in conjuction with PE to
reduce the production of specific inhibitors against ADAM-
TS13. PE is sometimes associated with complications re-
lated to venous access, including bleeding and infection.
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Fig. 1. Change of laboratory data and clinical course in the patient with acquired thrombotic thrombocytopenia purpura. She was diagnosed as having
acquired idiopathic TTP because her ADAMTS13:AC and ADAMTS13:INH) were less than 0.5% and 1.4 BU/mL, respectively. She was introduced to standard
therapy for idiopathic TTP, including plasma exchange and steroid pulse. We continued PE during five consecutive days, and her platelet count reached up
to 50 x 10°/L on the 5th HD. On 7th HD, she showed increased platelet count (98 x 10°/L), decreased plasma level of lactate dehydrogenase (396 IU/L), and
the values of ADAMTS13:AC and ADAMTS13:INH was 5.8% and <0.1 BU/mL, respectively. Because of the complication associated PE procedures, we changed
PE for the infusion of fresh frozen plasma (FFP) (400 mL/day) every day, and carefully tapered the dosage of steroid. Fortunately, she recovered from apnea
on the 8th HD, schistocytes were not detected on 10th HD, and platelet count normalized on 14th HD. The values of ADAMTS13:AC increased up to 25% on
15th day, 50% on 23rd HD, and 75% on 41st HD, respectively. Based on these results, we changed FFP infusion 3 times a week on 26th HD, and successfully

stopped on 51st HD. Finally, she discharged our hospital on 62nd HD.

Sometimes it causes major complications such as hypoten-
sion and transfusion reactions [21,22]. PE might not be tol-
erated by elderly frail adults or young patients with TTP
because it is associated with systemic circulatory insuffi-
ciency, which can result in stroke, cardiac complications,
and renal failure.

In fact, our patient developed cardiac insufficiency due
to PE. Thus, we modified her treatment, changing PE to
FFP infusion, and carefully observed her disease status un-
der close monitoring of levels of ADAMTS13 activity and ti-
ters of its inhibitor. It is known that some patients with
acquired idiopathic TTP do not respond to PE. Such patients
usually have relatively high titers of ADAMTS13 inhibitor
which remain present throughout treatment. Furthermore,
some patients have a boost in anti-ADAMTS13 inhibitor
levels after initiation of PE. Recently, Isonishi et al. reported
6 Japanese patients with acquired TTP with increased titers
of anti-ADAMTS13 inhibitor after PE treatment as demon-
strated by monitoring. They demonstrated that rituximab,
a chimeric monoclonal antibody directed against the CD20
antigen on B lymphocytes, was highly effective for the
treatment of those patients [23]. These results suggest that
measurement of both ADAMTS13 activity and levels of its
inhibitor might be important not only for diagnosing TTP
but also for guiding treatment.

Currently PE combined with corticosteroids would be
implemented as first-line therapy in all patients with ac-
quired idiopathic TTP and continued until resolution of
their clinical symptoms and normalization of their labora-
tory data. In clinical practice, platelet count and lactate

dehydrogenase level are usually used to assess disease sta-
tus and treatment efficacy. Recently, Yang et al. reported
the clinical usefulness of measuring ADAMTS13 antigen
levels during the course of treatment |24 ]. They found that
ADAMTS13 antigen levels are more variable when ADAM-
TS13 activity is severely deficient. They also showed that
severe deficiency of ADAMTS13 antigen at disease onset
and poor recovery of this value during therapy are associ-
ated with poor prognosis. Thus, they concluded that mea-
suring ADAMTS antigen levels provides useful
information for the management of patients with acquired
TTP. However, the measurement of ADAMTS13 antigen
levels is not yet commercially available, making monitor-
ing inconvenient. In this context, monitoring of ADAMTS13
activity and inhibitor titers would provide useful data for
the management of patients with acquired idiopathic TTP.

In conclusion, we successfully treated an elderly frail
patient with acquired idiopathic TTP under close monitor-
ing of ADAMTS13 activity and inhibitor titers. The mea-
surement of these parameters might be valuable not only
for the diagnosis of TTP but also for guiding treatment
decisions.
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