Online publication October 3, 2011

@i

EIIJI:I

[ TR - ARk, BEERE 3) FE v 2R

ADAMTS13

R T

E B : ADAMTSI3 |Z von Willebrand [N 7- (VWF) 45 BEG U)W, IMUAEHERS O MiAR M I/ M
AR (TTP) OJHR & 7 2B HE TH Do 72, ADAMTSI3 & VWFE Oz 1 /MR
M X ABUNMEBREE 24 U, Koo 2R BORBEHREERICEE TH 5, RKETIETTP OIF
W, E, AEZE, A 7 Vv oW EEAL, BERREIRIC AT A IRE, 2 L ORI
W#ERE & ADAMTSI3 OBEIZOWTRIEDHA M/ L, £7: VWF B2 IR ICRET v %

D EIEOBIERITIC O W TN %o,

(J Jpn Coll Angiol, 2011, 51: 321-331)

Key words: ADAMTSI13, UL-VWFM, microcirculation disturbance, thrombosis, inflammation

OIS

ADAMTSI13(a disintegrin-like and metalloproteinase with
thrombospondin type 1 motifs 13) i, IR von
Willebrand K7 (VWF) DFEEIGYINTIES T, 2001 4212
ADAMTS 77 3V — &3 AHAI Ay u 777 —8
ELTHE B ERICRER SN,

VWF £ 2050 7 X/ iR o e 2 H—H 7 2= b
AN HKigFL, F7-CRFERLOKNTI AV T 4 F
WAL, MERESFEESELRD, S5 f= VWF
% # 4K (unusually-large VWF multimer; UL-VWEM) & L
TEA SN 5Y, ADAMTSI3 I VWE 7 2=yt
Ty842-Met843(cDNA i Tld Tyr1605-Met1606) i & %
FERMICYIM§ 25281250, VWF O TEF A X%
L, ZAUIT UL-VWEM |2 X 256 7 If /MR %
Bk L, [T IEE Y Ch 525, FRryIeTE
& b I FRETT 2 ER 2 F50Y,

ADAMTSI3 1, Ak, MEEER T 5 Mt i/ i
IR HEEEBER (thrombotic thrombocytopenic purpura; TTP)
DIRK & 2 BEIEFR L L CHESND, ZOEEDH
TEMRRA ORI TR S 202 S 72 ADAMTSI3/VWE (35 /
) OB ERERE I L AR IS 12 £ 2 Mg SR
E NI A P BEOFEBERREL TR L TW D 2 EHHS
Mo TEe ARFTIEELIL, BREBLOBRRME:

TTP, #4E, WHHZE, 1 7V FEEL BEHS
IR G RS 2 AR & BRE, & L CHB R I A5 P 26 ]
(disseminated intravascular coagulation; DIC) &
ADAMTSI3 OBJHIZOWTIRIEDHIREZ/MA L, £72
UL-VWFM HREZ RIS L, Jmny MR o
TERAE HET 23 LT ADAMTS13 BAIRH L
ORGSR DRSS ROV TIEA T 5o

TTP fRRED KA

ADAMTS13 M : ADAMTSI3 # {5 T34 tafk
9934 12H Y, cDNA 29 exon 2*57% 1), BlIEI K>
SIEIEa R FT4281 bp T, 73/ HETIE 1427 B L
WHORELEAETH Do £7250FHIZ 10D Asn i
BTURESEASD Y, 7 TR OFEHIK 190 kD L7425V, —
UHEEIL N K5 £ D signal peptide(S), propeptide(P),
reprolysin # 4 7' ® metalloprotease KA1 >~ (MP),
disintegrin-like ¥ * 4 > (D), thrombospondin type-1
(Tspl)motif (T1~8), cysteine-rich K £ A > (C), spacer
A A (Sp), FHE Tspl motif DEVIKL, Z LT C K
D220 CUB K AL VIZEL (Fig. 1)o FEERED Asn i
AERESH TN & D IERRICEE L E 2 5T
%Y, ADAMTSI3 DA & L TR A 2 &
N, EEAMILE UM IH Al O A5 e S
7o FFEANITARAE S M~ O T B 546 % 8 U CJF il
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Figure 1  Structure and functional domains of human ADAMTS13.

Human ADAMTS13 cDNA consists of 4281 bp from 29 exons, and the enzyme con-
tains 1427 amino acid residues, including a signal peptide (S), a propeptide (P), a metal-
loprotease (MP) domain, a disintegrin-like (D) domain, a thrombospondin type-1 (Tspl)
motif (T1), a cysteine (Cys)-rich domain, and a spacer (Sp) domain in order from the
N-terminus. In addition, ADAMTS 13 has seven more Tspl motifs and two C-terminal
CUB (complement components C1r/C1s, urchin epidermal growth factor, and bone
morphogenic protein-1) domains. The calculated molecular mass of the polypeptide is
145 kDa, whereas the apparent molecular mass of the polypeptide is 190 kDa. This dif-
ference is largely due to glycosylation. ADAMTS13 has 10 potential N-glycosylation
sites and 7 potential O-glycosylation sites. (From ref. 4 with a slight modification.)
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L CE D podocyte 122 DHEFENHEENTWD, T
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Sido (DFERMEARAERSHE CREF R ZS 2 FE - 72
KB E Tl ADAMTSI3 i AT 20~30% AR
L, MR, /G, BRI ESE, ket
o/ NI 5 B S5 (thrombotce microangiopathy; TMA) O3
HATRCH D 3MIEZ R D, BEIAERITFBMEAT
WAEKTHE, iR TMA FTRAER T2, (2)FIC
RURF 4202 X 2 PR ZE e N B O BRPRE TR o0 3 5 2 13 1M
" ADAMTSI3 {1 & FATL, F-KWFIClaZ ok
13 20~30% MK 59,
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DOIFEDGELENNIIFHE TR S, BESN 27—
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FRSh, FLOHBUC XIS id, WPB I
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AEL, MM 250K elycoprotein Ib(GPIb) & & i
VBB L, IR Z T L3 % %, UL-VWFM
BB OIS E & L C, EMSAEEE T TR T E AT
VIERELEZONLY, ToOMIZOWTIEHS T
e —F, TRABREE T CORMISE & LTiE, FER
TAETL YV (DDAVP)?, IL-2, IL-6, IL-8, €L C
TNFo 25D A " A 2P F72 X Dbl I3RS 7S
BEEEZOND LI h o7 MENEMIEA D5
WETHEENL L, EHICWPBIZIFHEIN TS
UL-VWEM & P-selectin 2SHINIEZE I FEE L, P-selectin
A UL-VWFEM % BEEEICERA (T v 7)T 59, 2005
WHT, MBEIRTELLZE TR IEZIT 5L,

UL-VWEM (I RS2 LA B L, BRIk 5 M EA
IZHE L %0 COMERL7Z VWF-A2 RAA Y ERIET 5D
13 ADAMTSI3-DTCS N A1 Y23 580 exocite T
HbHo ZOB, ADAMTSI3 (IE PR AE 18 2 E A
ILENTHLEDOL DA, #EERIO L O L) KR
UL-VWFM Z I+ 2 2 Z 26N T&7 2O
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PURDH 80% DB TR S D [ &) BR S 2 i
H524T - TV %, CD36 & thrombospondin-1(Tspl) D5
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TREIHE TS %R L7727 (Fig. 3). %N
12, COREFIIIEYE ADAMTSI3 A3E B I A 2 BEAFE
® UL-VWFM I L, F 72 M AN A 587212
FEAE S B UL-VWFM % bRIRMICYITTE 62 L%
RL72bDEER B,
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Figure 2 Proposed mechanism of platelet thrombi under high
shear stress in the absence of ADAMTS13:AC.

Unusually large von Willebrand factor multimers (UL-VWFMs)
are produced in vascular endothelial cells (ECs) and stored in
Weibel-Palade bodies (WPBs). UL-VWFMs are released from
WPBs into the circulation upon stimulation by cytokines,
hypoxia, DDAVP, and epinephrine. P-selectin that co-migrates
from WPBs anchors UL-VWFMs on the vascular EC surface.
Under these circumstances, high shear stress changes the molecu-
lar conformation of UL-VWFM from a globular to an extended
form, allowing ADAMTS13 to access this molecule. In the
absence of ADAMTS13:AC, UL-VWFMs are left uncleaved,
allowing them to excessively interact with platelet glycoprotein
(GP) Ibo and activate platelets via intra-platelet signaling, which
results in the formation of platelet thrombi. The dotted circle
indicates a VWF subunit, which contains a set of domains that
bind with factor VIII, subendothelial collagen, platelet GPIbo,
and integrin ollIbB3. (From ref. 57.)

DI, ADAMTSI3 I IEHHER IVWE-A2 F A1 ZHE
BIZIFFEE CER VI L EZRLCnD, ZOEZHESH
VZ3ERE L 720075, Zanardelli 5O ADAMTS13-VWE #/]
HIGOMEIAEICBIT % 2 BERIGHLTh b, Tl
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ADAMTSI3 @ Sp KX A ViR &% 5, Ih
2T ADAMTSI3-MP F A A 275 VWFE-A2 F A A 2
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ADAMTSI3 DIEEFTRXTOR AL N LTEL ) B
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Figure 3 Effect of fresh frozen plasma (FFP) infusion on
platelet counts, ADAMTS13: AC, and VWFM patterns in
patient USS-N.

A total of 160 mL of FFP was transfused into a female patient
USS-N (BW 33 kg). As shown in the top panel, her platelet
count increased from 23 x 10°/L before the FFP infusion to
251 x 10°/L at 11 days after the infusion. The middle panel
shows the plasma levels of ADAMTS13:AC that were re-
examined using a chromogenic act-ELISA (ref. 56) and deep-
frozen plasma samples. Note that 4 days after the infusion, the
plasma ADAMTS13:AC decreased to the pre-infusion level
(<0.5%). In the lower panel, the pre-existing UL-VWFM lev-
els before the FFP infusion rapidly disappeared 24 hours after
the infusion, and 4 days later, the UL-VWFMs re-appeared in
the plasma. Note that the platelet count began to decrease con-
comitantly with the re-appearance of UL-VWFMs. (From refs.
17 and 57.)

EERIRLIZ, LA L, W#HIZIZH ADAMTSI3 HEHT
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Figure 4 The proposed 2-site initial binding inter- A
action mechanism between VWF and ADAMTS13.

(A) A schematic diagram of ADAMTS13 that shows
its domains. VWF is represented in its globular con- c
formation. The ADAMTS13 cleavage site in the

VWF A2 domain is buried in the center of the mole-

cule and not accessible to be cleaved by the metallo-
protease. However, a binding site in the C-terminal
region (D4CK) of VWF is constitutively exposed,
allowing interaction with the ADAMTS13 distal
domains (TSP5-8 and CUBs). (B) Under conditions

of high shear, VWF unravels. The initial anchoring

of the distal domains of ADAMTS13 to the C-termi-

nal region of VWF may help expose the VWF A2
domain binding site and favor the correct positioning

of the ADAMTS13 spacer domain. (C) Once the
higher-affinity interaction between the spacer domain

and the A2 domain is established, the ADAMTS13
protease domain can access and cleave the
Y1605-M1606 bond in the A2 domain of VWF.

(From ref. 19.)
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ADAMTSI3 {GHERIBIETH 5 2 DO RSN, fE
WITFEY L 72,

1998~2008 4D 7% BIE KM E COEFTIE, 2o
HIFNZZW - B LTV b USS BB HIZ 4 % THo
7225 F72, 25 USS BE D natural history TIEFFSS
A /NG A 14 25 3E9% (idiopathic thrombocytopenic
purpura; ITP) L FEBII STV ABIHR L NI s, B
HFEHIEPIZE VDO LR SND, FFE, USSITH
PR UEEERT, WmBIZ 11 ThLrRET
A, BERE 41 ZOEIET 15 7K 26 T, WHEEMT
oo ZOMRIFIHEEDEMNITO—DOTHLEED
I2, USS LIRS 5 & /MR AR TTP 2834
BCTHHILIZED, BHELIDIFERIARLT I LN
EZoND, WkDH LI LI, —mPEOREINFEERHE
FERARVIRL, O, MMEIIR KRB E] % 23T
ENB[HR LRI % FEIE L TRA SN /2/NE Uss f
bbb, [F72, HikD X912 USS L TIE 20~30 1%
B ORANFIR I 2208 4 2 e IR 2 £ 9 TTP
BRI TH, USS DIEMERZIIN R ST
&, EE IR A PR AE T & A T ° HELLP i 5
(hemolysis, elevated liver-enzymes, low platelets
syndrome) & 2 SNAG A LS. —TF, BHETIL S0~
60 i DRI EEHH 2 G 5 2 BRI, I 2R R
NEFEOFEEMBEGIHEL AL, USS LBlsnb, D
ORGSR OMR RN/ NS A BB 2B 5L
72BZIZ ADAMTS13 (EMEZMIE L, TTP RER =YL
TBLZEOEEMERT,

14 & R AEOER

2008 412 Chauhan 521X ADAMTSI3 A3IliAE & 42 E
DR E% down-regulation LT\ 5 & DREGEE S L
720 ThbbH, S ITEER~ Y ZOM/NEIIR ClE M
R AR & HIERATE R T —1) ¥ 7 L2055 Tt
BB L CT\2%%%, ADAMTSI3K/O ¥ 7 AT, A%
I VRS CIMAEN R AIL A S UL-VWEM % M55 £ w2
FHERR S L L, AIEROIMEERRIcOT—1 ¥ 78
FLCHGL, HEDTEL, §l&kivCHIMERO M
Al (JHE) AR 5 2 L AR L 72 24U UL-VWEM
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B2 LICLY, BAIMERE SRR L &) iR
WA TE, Litokimotidrns,
ReitEZE e & U TOFEEME

ADAMTSI3 (3 ERED T E <, Pt & PriIED MAE
HLELTWBIEDIRENSZ DD, NHIEDHE
HELTHLEREINL LI o720 T4bB, Zhao
522 C Fujioka 53~ 7 A KINBIIREIZE €71
TR MR R A ATy, A ZE 2 N CROICPERCL,
MR SE ARG 2 BT L 728 2, BAER< Y 22T
ADAMTSI3 K/O <7 AZA M\ i 2R A L
722, F7o, MNHZERLS OMEATR ClE, K/0 < A%
TN D % <, SHEMITBOREA S Z & 5 HERR
ENTze INHOIMEIL VWE 2 B FI2E&ETMETH 5D
CEDTREN, K/O YT ATHMHZEDHPHIRKE o
7oREE LT, VWF 2% < &S vMRIivE & HIiLEkD
W T B 2 EDE SN, 512, HER~Y
ANR LT, FHERBERNICHEETEIE b ADAMTSI3
R A G-9 5 &, IEEHPIDH RIS/ TAZ L)
G XN, DT, vy ZEBROMR LD,
ADAMTSI3 BRI OJHEZEIGHE B L PR L LTow
REMEAVR S 72,

17 NVIHEE(REDRE

AV TNLFRA T IVL AT 7 5 A8 B
LT TTPIRREAVE L B 2 L3I Hi K b SN TE
7225, Wb ADAMTSI3 DGIZ DWW TR S 7z
REZ I, =T, AT VI FIEREA A A b
HAYDOMHENORERE, Thbbdh A1 A
F=2ZRITHREREO—DOTH S,

PO IR, AV TIVT U A BRI ALK
PEDERI TTP(ADAMTSI13 {18, ADAMTSI3 {if
PERRIE CHURRE ) & BIRIHIND A > 7 )V T2
JEGZ L B IRER TTP(ADAMTSI3 G R EACT, [
PURBEYE, VWE 5% 0 2 RO 2 i L7zo i
HOFERM) TTP 1 ADAMTSI3 (A 14 2 HOHT
KHEETH LI ELL, ZOMAKIE N— 711
ADAMTSI3 Sp FAA ViZhbEEZBNL, TOEH
ELTA Y TNI DT AN ARAGKE 4 Pk %
419 % universal epitopes™ & L CHEREL, ZDHI2id
Sp K AL v EMIEMEDDH 2 ¥ b — 7 (Bl 2 ALHIFED Sp
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FAALYND 37 3B Arg660, Tyr661, Tyr665 7 &)
MWEFNTNLOTIIEHER SN S, FoBmEOIER
TTP (& ADAMTSI3 il B REANT & VWEF A5 1),
COFOFER | HE AWML, BT VIS T TIERE
N EEZ BN b, SHIZ, 4y 7V Fid
BN A TIZS =B (TS —E)iEEEFL WL
O, T EEAERD 187% % HESDNE D D VWE LK
Y M C 2 O MRIFEFEOVEM 220, By 7 VERL
ENDLIENEZOND, DD VWE T asialo-VWFY
ENFIEN B 7S, [T VWE O —HET, I/MRIEZ%E
& GPIb ISR &3 DHE) D B Do T, asialo-VWE
M EN D L, VWE-GPIb BEAF O /M B4 13
JUEL, MMM S5,

EC, A Y INVEYREIIREREAPEO—D>TH
DS, GER, SN TWAE I, DIMHBERZET Ty
ANVZADPRINEN L Z L3 TH S, DMME TR LI
LIRS RS e AS S5, 3)DIC Z&BFL R \vy, &
TdH5*, DIC IFEEIMAESFART, MMM A 5
O TTP &R & W3 525, M/ (3 588 [ A o
[(#le7:0 9 BDT, TTP 75 DIC ~OBIHFLIFLIE
HY )%, LA L, DIC A5 TTP NEW) HEATIZE 2
12\ v Thbb A A AM—LIERT S
TMA, Z L CZHUIEHFT % DIC FEOMyIMEBRIEE )
BARESED A ¥ T VT P EEALO ST R IC B &
ZLTWALOTIERW e E W) EEME L TE72,

HIRESE TMA

IR AR A A PHED S\ e COBHE LT,
IR T OB ERETTE L SR IKT b I o
TW2Y, MM TIZE & F 5, S -1k
MEFOHRT, &by VI EF(VIILEC) & von
Willebrand KT U (VWE:Ag) I3 AR i | 2 35 HE 9
Bo MR FEIC BT E OB EATL T b
W, HBEIICBWTII VWEAg ROBINAE L <,
VWE:Ag/VIILC id 1 205 212 FAH-3 2 (TR o m
1 VWE (3 300~500%23401)* £72, ADAMTSI3
1 D IR D Z5 (612 2 W T 2004 4E 12 Sdnchez-
Luceros 575, #&# e & ITMLT L, #RERARIICIE
58%ICE T T35 Ladit L7z

TR 7 TMA & L CHIEO HELLP SEEREAS
B Do AAE L AT R 75 LT A 4% B (pregnancy-induced
hypertension; PIH © [HEEARHIFEAE) OH TN, I HERERE
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fE AT L, O ADAMTSI3 iG1E1E 31% (12~
43%), 71%(48~105%), Z LT 101%(45~152%), &
HELLP EFEHE THEEIIRT L TWA I 2L
7oo LAL, ZORTHOWTIIZH ADAMTSI3 A ~
LUy — 3RS N o7, E5I2, VWF:Ag B3
LIl Tw/z2s, UL-VWEM I3 S -7:2
L5, ADAMTSI3 i PE O EE R T I FEEIC X B
LOLAEFL T b, —F, Hulstein 5L VWF-AlL K
AA (/MR GPIb A& B AL V)29 T RECHEH L
T L NEHER VWF AR 3233 55T VWE nano-
body (i) & FERL L, =% F\7-il58 % C, HELLP
FiE 1 T 0 LT PP PR T VWE AT IE # 40 0 2.1
%, FTHEEE END L, L6 ML CwAsZ L E
#ieti L7-o 72 HELLP JEBERE Tl VWF:Ag & VWF 7
ORTFREFWLTHLEDT, TNHEFZITBWTIL
M PN E AR AL & EEEE D ADAMTSI13 (KT IS
Lo, MEWH VWF DA Z S SIS, Zhds
M/ MROFEFMERAZ L TMA 251&#82LTn»5
EHERR LT o

EC, IR OE R TTP OFSIE BRI S KM
(USS) L R E D3 Do USS LHIIITARIZ X 0 I/ IMK
WAIVEET, ZOFEMLZETE ADAMTSI3 DY) 7
AT TR\, M TIE TTP BIEA L5
T, EMRRAITIERRE, JEE, RAEREDERLE %
5%,

B FARREE TMA

M 72 B E R O —F6i T & % SLE(systemic lupus
eryhtematosus) & 27 $L1¥) 5 #41% (classic pentad) TREHI S 1L
BIIHITTP O MICEF 2 BRI H 5 2 £ 131939 412
Gitlow & Goldmark|Z & o THRANIHE SNz 1999
4E1Z Brunner 5*ZEBEE] 5 Gloo/NBHATHITTP &Sk
M HAFHNTZ 30 BIOFEZ IOV LIz 25, 9
B1(9/35, 26%)1% SLE Zlif#ETH % >4 ACR %iii/z L
TBY, F7/-841(8/35, 23%)i% SLE FHEMIHE R D
BIlrliR7z, 51, SO BRERE S BId, 3 H1E 3
FLNIZSLE s, 250 2800 4 DAL
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B e DIC & DESE

2006 4£12 Ono 51 ZHLIMAETE DIC E# 109 B17% AT
L., o9 b17#117/109, 15.6 %) (& 1H#ll %€ #: ©
[VWEM 7 vt A JT5BUTFEER L TnBTE, F/2
[ P25 20% LUF % 7 9 51 517 26 $51(26/51, 51%) 12
UL-VWFM %t L7c E3iE L7ze S0 T T
NI TR HRD & RE R & ORI ERE D
BEETHo7b\v ), —J, ADAMTSI3 1 > e sy —il
FEIZDVTIRHR SN TE ST, HEEFROFEKO—>
ELCDICHIZMIEENSE T I AI VR hur by, b
VANE Vg PR S A o bAs byt
£ % ADAMTSI3 D5 fHIZE B D DO TId ARV LR L
TWhe, B, INs7u7r7—¥I2L% ADAMTSI3
DO YJH E IR T Hiura 512 X W FEE SNz KIS
Nguyen 513/~ 8 o B ifit i P DIC B 21 B2 D w
T, ADAMTSI3 iz 70 =7 vt A | CHll%E L7235
&, 30% VLT K 2 AT & R 9 E B 7 67721,
31%) T, FDOFEHMEIZ9.2~287% Tho- AL
TWhe ME51230% LT OIETEALT %2 5 (severe
deficiency)Jk?E%‘/iL“C\ﬂéﬁ“ ZOT7u—=T v Al3P

BIHEETH LI LI ETRETH D, T4b
J"o Z D% 2007 4E12 Kremer-Hovinga 5V 1& M A
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Figure S VWF-AI aptamer ARC1779.
ARC1779 is a therapeutic aptamer antagonist of the A1 domain of VWF, the ligand for receptor glyco-
protein Ib on platelets. This figure shows a proposed secondary structure of ARC 1779, which is a syn-
thetically manufactured, modified RNA aptamer conjugated to a polyethylene glycol (PEG, molecular

weight, 20 kDa) moiety at the 5’ terminus. (From ref. 53.)
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ADAMTSI3 is a metalloprotease that specifically cleaves a Tyrl605-Met1606 bond of a von Willebrand factor (VWF)
subunit and plays a key role in the pathogenesis of thrombotic thrombocytopenic purpura, a generally life-threatening dis-
ease. Further, an extreme low ADAMTSI3/VWF (enzyme-to-substrate) ratio generates microcirculation disturbances
through the formation of platelet thrombi under high shear stress. These platelet thrombi often aggravate various underly-
ing clinical conditions such as inflammation, cerebral infarction, influenza, collagen disease, pregnancy, and disseminated
intravascular coagulation. This review introduces the recent progress in these research fields and the development of
molecular-targeting drugs that specifically block VWF from binding to platelet glycoprotein Ib to prevent platelet thrombi
formation.
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