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Summary : Sandwich enzyme-linked immunosorbent assays (ELISA) for von Wille-
brand factor antigen (vVWF : Ag) were developed using three anti-vWF monoclonal anti-
bodies (MoAbs), NMC-4, 2-2-9, and 40-1.- In these ELISA, polyclonal rabbit anti-vWF
antibody (IgG) was used as a captured antibody and the peroxidase-labeled MoAbs as the
second antibody. MoAb NMC-4 recognizes platelet glycoprotein (GP) Ib binding domain
(residue 449-728 of vWF subunit), whereas the epitope of MoAb 2-2-9 locates on the
residue 1926-(2050), and that of MoAb 40-1 on the disulfied-linked two polypeptides of the
residue 1781- and 1926-(2050). The results obtained by NMC-4, 2-2-9, or 40-1: ELISA
showed a good correlation with those by the double polyclonal ELISA in 30 normal plasmas.

In 7 patients with type I von Willebrand disease (vWD), vWF : Ags measured by NMC
-4, 2-2-9, and 40-1: ELISA were 22.0£16.0u/dl, 21.9+17.2u/dl, and 24.34+19.2u/dl respec-
tively. In 7 patients with type IIA vWD, the respective values were 40.9+16.4u/dl, 24.0+
8.4u/dl, and 40.1+16.8u/dl. Thus, the significant lower value in type IIA patients was
noticed when it was assayed only by 2-2-9 : ELISA. In 3 patients with type IIB vWD, those
values were 53.3+8.6u/dl, 51.0+8:0u/dl, and 53.0+8.3u/dl respectively, and no discrepant
value was obtained.

In 30 normal plasmas, the values of vWF : Ag measured by NMC-4 : ELISA were well
correlated with both the activities of ristocetin cofactor (Rcof) and botrocetin cofactor
(Bcof). In 7 patients with type I vWD, the correlation coefficient between the vWF : Ag
values by NMC-4 and Rcof or Bcof was r=0.7635 or r=0.5929 respectively. In 7 patients
with type IIA vWD, Rcof in all these patients was too low to determine the correlation
coefficient, but that value between vVWF : Ag levels by NMC-4 ELISA and Bcof was r=
0.5831. In 3 patients with type IIB vWD in the same family, the coefficient was r=0.9899
or r=0.9997 respectively. Thus, the values of vWF : Ag by NMC-4 ELISA appear to reflect
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Bcof activity rather than Rcof activity.
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von Willebrand BRFGWR ikt b ZefafkNol2 Eo
VW BETF DR % 52 I8 N MR I OVE B A Bk
ETARShAEAEEAE CH 5. M vIWF (2 SDS
T H R — AP VEKIKEE DN THFE 0.5X10°~10
—20X10°kDa % X S L 7o multimer BE & B
L, 184 o multimer (%2050 ®7 § 7 BEFI R ET 5
subunit BRI o T B T ERE BT 50299,
vWF subunit ®#8E domain 12>\ T DB b D b
h, Ser 1~Arg 272 13EEVIIR F#54& domain®®, Val 449
~Lys 728 Hfi/MBEZE A (GP)Ib #4 domain X 0O he-
parin & domain”~V, Gly 911~Glu 1365 1% collagen
% & domain'®™), 1744~1747 © Arg - Gly - Asp - Ser
(RGD)ZGP II b/l a A domain®ThH 5 & & At
B B AT iR - e

vWF ZEH OJIE X Zimmerman et al. (1971 X b
e MR T /VWE S EE2RBCRELTEDLR
Fe B (E Y 7 m > — APk, poly Ab) % F i Lau-
rell 1T X B B BN BRI ERATh B L LT
K B b TE L. 1970 FABFIIE poly Ab AW
7o [E #H 40 &2 ik &Y A8 U 2 Bk (solid phase
radiometric assay, IRMA) & %\ 13, BERE# A% A
\~7z enzyme linked immunosorbent assay (ELISA) 7z
E, Laurel 5 X W RE OB WHBEREE HERE I L
7210, iz 1980 Rz E 7 7 » T — AFik(MoAb) PE
B R ILFEN S H b BAZh, vWF itk 258
% O MoAb 2MEE. & h, VWF: Ag DJIED H iz b§
vWF D &BEEE domain D48, SHEIBEAIRS X

ST g o TN,

HECTIHIESA8)ORVWF LT % 5 BEO
MoAb ZfER Licdy, & D 5% NMC-4 ¥ ristocetin 7
T b %/ MRIIEE O /MR SR 2 11% 3 5 5k
Hote. THFE, R S1E NMC-4 i1 ristocetin K OB
botrocetin iI2 X h FHE I h 5 vWF & fi/ME GPIb &
DFREERIGEIHT 254 TH D NMC-4 O epitope 1%
vWF subunit ® GPIb & domain(7 3 7 BFR & 449~
2 EeHB EEHEBNC LY, i, FEZIEXVWF
subunit @ C Rl % T % 2 B D MoAb, 2-2-9

il

immuno-

CKRE Scripps RN 3 X 0 40-1(RBE B # 5 X h
SR,

ZEXe rMEFDOVYWF: Agn BB B b,
ELISA R T, —X¥&E LTHERL VB poly Ab %
AwCmEVvWEFHH#HE L, —_XkHfE s L TRB
domain @ B 2: 7z MoAb % i\~ #i¥ domain A D B
BB ITHERE R R L 7o vWF: Ag BRHIEL 5 5DT
B WHhEBELI. DX 57z &b, MoAb NMC
-4, 2-2-9 BB\ T L0-1 Bk E Lt TR T D
ELISA Rz X 5 IE'HE K O' vWD £ 5% 1 /8 3 ifn 8§ o
vWF: Ag &% B L.

X iz, NMC-4 # i\ iz ELISA ki X 5 vWF: Ag
& GPIb #4 domain @ in vitro Io 31} % A ER9TE M
% X Bt 3 % Ristocetin cofactor i& # 72 & OV ic
Botrocetin cofactor i&# & ZIEH 7z b O vWD £
B 8 e TR ES U 7.
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1) X% :von Willebrand % Type I 7%, Type
IIA 7 %1, Type IIA 7 #, TypeIIB E—%% 3 #lico\
THRER LT 20~40 ROBBERABT 154, T 154
ERBE LT

2) AR 21 GHESEEEE LTI RF v 78T
4 ARFIAERBE AT, HEIRE D200t
WMLl IBx3.8%7 =vBF Y T ALIBDOAS
75 ATy 7 BHBRE TN, X5 protease in-
hibitor & U CHEE ImM leupeptin, 5mM N-ethyl-
maleimide, 5mM ethylenediaminetetraacetic acid
(EDTA), 200 KI unit/ml aprotinin #jn 2EF L,
3,000 [EEx 15 RO L2 B, hbomiEs )
EBEPFOoSS5RAF vy 75— GHEL, RBRELET
—80°C TR L. '

3) vWF %X ' Fragment II Offi{tdy : 7 v + 7 v
FE 5 — b+ X o vWF ofifh, X O'vWF o sta-
phylococcus aureus protease V8 S f##4) C#H % Frag-
ment II 1% Girma et al. ®FEE2IC X0 fEB L 7e.

4) Botrocetin ® i 1t : ¥ 84 Bothorops javaraca
venom(Sigma Co.) %> b ® A4 botrocetin Dk i
Fujimura et al. D FEPICEL, DITOHEICTIERL



GPIb#E&E F £ 4 v is b 0N C RS #7858k 5 Hivon WillebrandHFVWF)

%/ 7 v F— AR RWIYyWFHRRE O JIE

7z. Bothrops jararaca ¥ % HFHF k& L DEAE Se-
pharose CL-6B 12T 0.1 M4 5 0.7 M&E CHEE IR
Bz R iny, MVMUREEEORD bhicsE Y 7
—2 L, £h%w HPLC TSK G 3000SW+G 2000SW %
L T HPLC phenyl-superose # 7 47 v< b+ 277 4
— I THRBL, ®EBIC SynChropak RP-8 ##E 27 » <
b7 5 7 4 — I TCA$H botrocetin Ffifk. L 7=,

5) b~y VEIEM/MIOTER | BRBIA X b #RE
L7411 & ACD(acid citrate dextrose)# % 5% 1 &
WEAIL, 2,300rpm 30 &L L, BiE %l MR % ik
(platelet rich plasma, PRP) & L7=. PRP Ic#K¥EEE 5 ¥
fr/ml&ies X517 €7 — €U/ ADP Bx#fs
SEHNEIFD (Sigma Co.) & 2 7o, #KRE 10mM & 7o
%X 51 EDTA %0 %, 2,300rpm T 15 fEEO L, ¥
Bx &4 e — FREKREHESICEFES . o
BHRFE 3EHE DR L 7cth, MED2%+H1<) vIng
1 v — FigE®ROEHTDZM%, 37C 1R A v F 2=
— b LB 4 Cre#iE, BH Z0REMEK % 2,300rpm T
15 4REOL, hiEa 0.02 %%y — £y v EREE
¥ (PBS) (pH7.3) THFEE X € 5 #(F% 3 EfT\, +iv
<V VERM/PNEE Uie. M/MRB 1X108/ul & 755 X
SHRELIELICHREL.

6) Ristocetin cofactor(RcoDiEHE D RPE © A v~
) VEZM/NMEE AR O FERICERNL 7. Ris-
tocetin(Lundberg Co. ) D#EE X Img/ml A\ .

7) Botrocetin cofactor(Beof)i&M:DFIE : Bk D
Reof &M HIE & ABEDRIZ X - 7=. botrocetin KIERE
V3 5ug/ml R LT ’

8) #HvWF = v = MoAb : IE 2D fEHL L 7- GPIb
% & domain(7 ¢ BR R H 449-728) % B &%k L, ris-
tocetin . O\ 3 botrocetin 1 X % vVWF & GPIb & o
A RIGREET %5 MoAb TH 5 NMC-4"% AL
7c.

¥ 7z, vWF subunit ® CHRIRAIZRH#HL, V X b &F
VROWEEA b r T VERIMMORESE, collagen bind-
ing, /)M IIb/I1la ~® binding % X O F. VIl binding
%, Bao vWF e B8 x5 2 W_BHD
MoAb ® 5% 2-2-9xDr. Theodore S. Zimmer-
man & 9, 40- 1 i3 1L K (SEEE, KEM) X bt
%%, Zhbofifko epitope D FEMIT B 1
Tk~ B, IgGl BT %4 MoAb DFE#IX Protein A-
Sepharose CL-6B # 5 & %\ T, Eyetal??DhHEkic
H#ELTT-T

9) Iodination: MoAb 40-1 % Franker & Speck ®
JFEENCHE U, Todogen BEic T 2] R 21T » 7o, 1251 2
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U7z 40- 1 D HeiE M 1% 0.64 X 10°cpm/mg TH - 7.

100 <A F v & — LEH MoAb X O polyAb D fE
% . Nakane & Pierce® D HEIEL TRV A F 2 & —
CEEREPR R R L.

11) Enzyme - linked immunosorbent assay
(ELISA)% i \» 7z vWF : Ag ® Jll & : Yoshioka et
al?McHEL, UTDHBERTH VY F 1 v5 ELISART
HIE L. Hi vWF %5 poly Ab »EHb—X¥ifk & L,
HRE 1gGl0ug/mlEic X 51 0. IME R B % H K
(PHIITHFMRL AV 2+ v v & microtiter well
(Nunc. Denmark)iz 200l 324 L, 4 CT—F&
wWa—54 v 7 Lic. R well & 200x1 3520 0.05%
Tween 20 & 0.01 MV v EREER (PBS/T20)= T 3 E
YL, BEEEE TSR BRWictk, MED 1% bovine
serum albumin(BSA) & 0.1 ME KEREER (pH.6) %
AELER—EMiITs» vy +v 7L, PBS/T20 12T
3EPEE Lic. 1% BSA 4 PBS/T20 io TEEFHRL 7o
EH 77—k X OBE M E K« 100p] well 0
2 BRI T 2 FHEIKE Lo, %% L, MoAb NMC-4,
2-2-9, 40-1 Q' poly Ab &=+ F v & — CIEH =K
Ptk & USRI Sug/ml & 7e% X 51 PBS/T20 & TH
L&« 100p] % well iohn 2 BT 2 BREKE Lk
#%, T OWEE L, o-phenylene diamine 2&&GIHEH & L
THWVWF: Ag BE2HIE L 7=,

12) MoAb 2-2-9ic X 5 ['*1] 40-1 OEH{L vWF
~DOREEFEE | Bl vWF K& poly Ab ZE#EL—X bk
L, WEBE 1gG10ug/ml & 725 X 512 0.1 ME KEEKE
ER QHIILTHERL >4 7 F¥F 2 — 712 5001 352
BEL, 4CRT—BRa—F 417 L. KEETF =
— 7% 1ml$2D 0.06% Tween 20 5 0.01 MV v ER#E
¥ (PBS/T2001=C 3 EI¥E% L, &K 240D By
7o, A& D 4% bovine serumlalbumin(BSA)& 0.1 M
BERBBER pHI.0) 25 LER—RMc T » v +
v 7L, PBS/T20 iz T 3 E¥EHE L. 4%BSA &Y vk
BEWE CHRIEESOug/ml I %R L &k vWF %
300ul FOLBELEV 4 CleT—RBRKE L. HEH
REEIRA 1 mlT 3 E¥E% LKRE 234 « 100, 50, 10, 5,
1, 0.5, 0.1, 0.05, 0.01xg/ml & 725 X 5 I\ Pb¥ REEK T
ZFI U7z MoAb(40-1, 2-2-9)%, ¥R E LT
b A r SR T Y Y MoAb DFERII D IR EK
DHZE K% 300ul TOFEL, &SI ] TEH L 40-
1 GRIEE 05ug/mD%EIN% 4 CeT—BRKE L, %
FBER A Iml T3 EBRE Ly ~h v v & —THl
E L.

13) NEKW7 3 7B H NRwW7 3 7 Bk
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Applied Biosystems 470A Protein Sequencer(Applied
Biosystems, Foster City, CA)IZ X » TfT» 7.

14) Electrophoresis : SDS-polyacylamide gel B
k& (SDS-PAGE), Western blotting #, #— b 5 <4
75 7 4 —{¥ Fujimura et al D HECEL TIT- 2.

ﬁi iz}

1. vWF x93 % MoAb 40-1 %5 X " MoAb 2-2-9
o epitope D fEH : MoAb 2-2-9 & MoAb 40-1oD
vWF subunit - @ epitope 1% \» 3" 11 % vWF % sta-
phylococcus protease V-8(SP-V8) TH{LL TH L h
% Fragment II(7 3 7 BR%&Zk 1366-2050) LicFFET 3
ZERBEL MBI ENT WY, W MoAb @ epitope 2%
Fragment II ® £ ORI B % 03E B LM T5 BT,
vWF-Fragment II % subtilisin \2 CEEE# 5% H 100,/
11T 37C 2 R =Xk ML, EHFI TSK 3000SW -+
2000 SW(Toyo Soda, Tokyo, Japan) % fH\ 7% LIE
BHPLC e THBEL, 2-2-93%X0M40-1 &\ Fhic
L RIGT 5EHE peak 2157 Cov—2 %7 - L, B
i« BHTH, BEEREL, X512 SynChropak RP-8 %
Ve HPLC IRk 57 b= VL 0—>60%7 5

A |

T= v T 2 O 0 major peak ¥ (Fig. 1). &
D5H, mEIDOE —27(B)% 5~20 % SDS PAGE #,
Coomassie Bluefta % T o & & 5, EBTICT
97kDa/60 kDa, &Iz T 22kDa/15kDa #7=~3 2 oD
7572V BH(Fig. 1, inset). o —27(B)%
western blotting #, A — b 52427574 —T2-2-
9TV 40-1 L DRERIEEEBRF Lickh, 2-2-
9 FERILEAF T 97kDa % X 00 60kDa @ band &, &
TE&eME T 22kDa @ band & D CRERIGE R L.
— 7540~ 1 W JEE It & © 97kDa % X 1860kDa D
band & BRI RN Lch, BLEMET CREIGH
ERDIgh o Te. Z0ed, FRTEHTIE LI 7,
60kDa @ band &G 7 & F A4k L, Cosmosil 5C8-300
(Nakarai Tesque, Kyoto) & fH\ 754 HPLC i & %
TEr=bIN0=60%7 0=V  EHTEHES
BEL 7 & T A 320 major peak 8 7.

MoAb 2-2-9 L BLEGHETFT CREREEZRL
22kDa ® band DNFR 7 3 VO E R eotc s &
5, 73 7 BEEFIE Arg-Val-Thr-Gly-Cys 7R L, 2
-2-9 @ epitope 137 3 7 BRERE 1926-(2050) L FFE
THZEEHELME LB —7,40- LEIERTEHET T
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Fig. 1. Separation of subtilisin-digested fragment II on reversed-phase HPLC

using SynChropak RP-8 colunm.

Subtilisin digest of fragment II was first separated by size exclusion
HPLC on tandem TSK 3000 SW and 2000 SW columns (not shown),
then the fractions reactive with MoAbs 2-2-9 and 40-1 were further
purified (marked as “ B” )by reversed-phase HPLC on a SynChropak
RP-8 column using a gradient elution of acetonitrile from 0 to 60%.
(Inset) SDS-PAGE (15%) and western blotting analysis of protein
peak “B” undernon reducing conditions (NR) and reducing condi-
tions (R). Left: coomassie brilliant blue stainning (CBB). Middle:
western blotting using MoAb 2-2-9. Right; western blotting using

MoAb 40-1.
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BRI Y R L 97,60kDa band &G 7 v F A4l
Li# HPLC IT X » THEH &z 3 2D major peak
DONKRIET 3 7V BEOH T, 7 3 7 BRERE 1781 bR E
% fragment &7 3 7 FAERHE 1926 2 HIA % % fragment
RE LRIz, R T 40- 11k disulfide BFEH TR IR
7z conformation epitope ¥R T B L LD EFD
epitope b WFhhD 75272 v b bbb &
PHEE & hic (Fig. 2).

2. [EHEILVWE ~o ['%1] MoAb 40-1(IgG) D&
X3 %5 MoAb 2-2-9 DFHERE

MoAb 2-2-9, 40-1 ORI BEET 57D, £V
AFV vEF 2 — F12H vWF poly Ab 2EHMLL, il
L. vWF ZIGH, 121 2255 40-1 MoAb k&8 L
BDiz. T DEE, FEESD MoAb 40-1 & 5\~ MoAb 2
“2-9%, FRBELTHE by A r 2R T Y v MoAb
R RN L, 251 823 40- 1 OF5Asa3 5 MR
PRRE Uic. B vWE ~125] 3 40- 1 ofs& 13k
BEE 10pg/ml L k0 JEEE# MoADb 40-1 %INC X b 58
IEMEl I htes, FE#H2-2-9 TR ZOR/E R
100xg/ml T 50 BBHE E hBHMCHH I h B 0HT
Hole. BELTHVWEIE P AIrZTrTY v
MoAb THE K MEI S hich - %(Fig. 3). #- T
MoAb 40-1 & MoAb 2-2-9 @ epitope (ZITEEIZH 5 B
DDEI->TW5H EHEESI NI,

3. ZKEpoly Ab wEMIL—X¥ifke LTH, 3
# vWF Hitk(MoAb NMC-4, 2-2-9, 40-1 %.0* poly
Ab) B EE# Kk $ik & L7 enzyme linked immunosor-
bent assay(ELISA) % i\~ CHIE L BERA LD O

CEARBEBEMFICR TS vWEF: Ag &

A Y AF v v microtiter well I vWF poly Ab
REALL, BRI RIGHR, ~rrFs g —HET~
N R B4R & L T epitope & 7s B HHE D HLYWF
MoAb(NMC-4, 2-2-9, KX 0'40- 1) % FH\T ELISA %
TV, #timsE & < w vWD BEifEFo vWF: Ag B
MESHEICHT 5 epitope DAL R KB L T % 17D
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FHEE L. WBELTpoly Ab B At Fo i —¥F
SAZKYiEE L THWARELISA X 5 vWF: Ag &
WEHTT > fe.

a, ELISA RO XkiifkoZERIC X 5 EF M+
vWF: Ag BEORE | BERA 0% 154, £154)
1Zo\WT poly Ab %~ X#ifk e LT\ iz ELISA
(Poly-ELISA) e THlIEE L 7= vWF : Ag3100.1+24.7
u/dl(% 107.6+21.6 u/dl, Z 92.6+25.3 u/dD) <, NMC
-4, 2-2-9R0U40- 1 BB _RIELE L TRV
ELISA(NMC-4-ELISA, 2-2-9-ELISA, 40-1-ELISA)
CTHEIE LR vWF: Ag 2221 108.4+31.8u/dl
(5 110.0+33.8u/dl, % 106.7+29.6u/dD, 118.9+

< 1007
j =
3
[*]
om
T
2
T 504
X
0 T T T T
0.1 1 10 100
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Fig. 3. Inhibition by anti-vWF MoAbs on the binding
of [**°I] 40-1 (IgB) to solid-phase vWF.
A total of 500 1 [*%°I] 40-1 (IgG 0.5 xg/ml)
was added to each tube coated by vWF with
or without IgGs from MoAbs 40-1 and 2-2-9.
Anti-thyroglobulin MoAb (IgG) was used for
control experiment. After incubation, these
tubes were washed three times and radioacti-
vity bound to the tubes was measured as
described in “ Materials and Methods ”. Open
circles show MoAb 40-1, open triangles MoAb
2-2-9, and open squares anti-thyroglobulin

MoAb.
GP I b binding domain
P
1 449 728 1781 1926 2050
W% VWF subunit % %
T
40-1
NMC-4 2-2-9

Fig. 2. Schematic representation of the identified epitopes of three anti-vWF
MoAbs, NMC-4, 40-1 and 2-2-9, on vWF subunit.
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31.3u/d1(% 124.1£29.9u/dl, % 113.7+31.8u/dD, b. NMC-4-ELISA & 2-2-9-ELISA CTHIE L -IE
103.1+25.5u/d1(55 110.1£21.6 u/dl, % 96.1+27.2u  HAR X O vWD BEMmEFDO vWF: Ag & | BHERA
/dDTH o 7. Poly-ELISA & NMC-4-ELISA, 2-2-9- 30 flic %135 NMC-4-ELISA i CHIE L 7« vWF : Ag
ELISA, 40-1-ELISA iz & 5 vWF : Ag & DHEBICRE R & 2-2-9-ELISA i CHIE L7z vWF : Ag BEiRo &
OEJRERRE T Eh r=0.7618, y=1.06 x—2.03,(p< {THotedd, TEOMHBRREXCERERIZhER

0.0, r=0.7874, y=1.17x+1.56,(p<0.01), r= r=0.8981, y=1.10x+0.12,(p<0.001)TH - % (Fig.
0.9850, y=1.03 x+0.85,(p<0.01)TH - %= (Fig. . ¢ 5, left).
o> TERERATIEWTho ELISA Rick\\wTh vWF: vWD B & Ifi#f 5+ 0 NMC-4-ELISA 1c X %5 vWF:
Ag CERIRBD BRI - . Ag 1% Type IvWD 7 #ICi% 22.0+16.0 u/dl, Type IIA
200 r— 200 — 200 -
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VWF : Ag by Polyclonal Ab ELISA (U/dl)
Fig. 4. Sandwich ELISA for the measurement of vWF : Ag using three anti-vWF MoAbs, NMC-4, 2-2-9 or 40
-1 (from left to right) in 30 normal individuals.
Plasma vWF : Ag levels in 30 normal individuals were determined by sandwich ELISA, in which Poly
Ab was used for captured antibody and three MoAbs (NMC-4, 2-2-9, 40-1) for the second antibody as
described in “ Materials and Methods ”. Each X-axis shows the results obtained from sandwich ELISA
using double Poly Ab. Closed circles show normal female, and open circles normal male.
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VWF : Ag by NMC-4 ELISA (U/dl)
Fig. 5. Relationships between the plasma levels of vWF : Ag in normal individuals (left) and vWD patients
(right), measaured by 2-2-9 ELISA (Y-axis) and NMC-4 ELISA (X-axis).
Closed circles (normal female), open circles (normal male), open asterisks (type I vWD), open triangles
(type IIA vWD), open squares (ty IIB vWD). Regression lines are indicated as follows ; normal plasma
(—), type I vWD (------), type IIA vWD (——-— ), type IIB vWD (—--—-- -.
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7 BIC1X 40.9+16.4 u/dl, TypelIB 3 I Ti%53.3+8.6
u/dl TH - 7z. 2-2-9-ELISA iz X %5 vWF : Ag 1% Type
I vWD 7 #ICi%21.9+17.2u/dl, Type IIA 7 #ITiL
24.0+8.4u/dl, TypelIB3 i 51.0£8.0u/dl TH
o t. NMC-4-ELISAwc X 5 vWF:Ag & 2-2-9-
ELISA1c X % vWF:Ag & OAEBIRE R OCEIFERR I
Type I Ti&r=0.9830, y=1.05x—1.32,(p<0.001) &
7 ELISA iz X 5 vWF: Ag 3EELHEZRL, &
FELWHRE#EEZEL T, Type ITIA TEMHE X r=
0.9594 & RIFCTH - 72y, BEIRFERILy=0.54x+2.15,
(p<0.001)T, 2-2-9-ELISA iz X 5 vWF : Ag DB b
E T 233D bhie. Type IIB TRE—FKRHITED S
A r=0.9715, y=0.97x—0.48,(p<0.2) T ELISA %
THOVWEF: Ag 3B RMHEBEERL, BIEELWHEME
#E2 L T\ (Fig. 5, right).

ERBBEZELCOWTNMC-4 RV 2-2-9 THIEL
72 vWF : Ag 0 H(2-2-9-ELISA/NMC-4-ELISA) &3
»5HE, Type 11£1.01£0.20, Type IIA X 0.61+0.08,
Type IIB 1% 0.99+£0.03 TH o 7. #- T, TypellA T
EEKE 1 % THEAFNCAEEREMEZRL, Type
IIA w3135 vWF subunit @ CK#ifl & MoAb 2-2-9
EDRBRIGHEIMET L TWARDEE bR,

C. NMC-4-ELISA & 40-1-ELISA C#IZE L 7-1E
AR IO VWD BEsEFo vWF: Ag & §iifo
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& < MoAb 2-2-9-ELISA iz X % Type IIA B3 Mg
D vWF: Ag 12 NMC-4-ELISA i X {8 X b {EfE% R
L7zD T, vWF subunit C K% &35 % » MoAb 2-2-
9 LT R B ERALIC epitope MEIET B L E 2 bR
% MoAb 40-1% f \~ 7% ELISA % f7\», NMC-4-
ELISA & B L 7.

EEEBRA 30 M) 5 40-1-ELISA c THlEL &
vWF: Ag 1%103.1+25.5u/dl TH», NMC-4-ELISA
& 40-1-ELISA = THIE L7 vWF : Ag O HBIRE R
OEVREHF 1L r=0.7726, y=0.94 x—1.23,(p<0.001)T
» - = (Fig. 6, left).

vWD B o 40-1 ELISA 1wk % vWF: Ag it
Type I vWD 7 fICi% 24.3+19.2u/dl, Type IIA 7 %
T3 40.1£16.8 u/dl, -‘Type IIB 3 I TIX53.0+8.3u/
dl THot. NMC-4-ELISA iz X %5 vWF: Ag & 40-1
-ELISA It k5 vWF : Ag & OAEBIRR R OEIRE 1%
Type I Tixr=0.9830, y=1.19x—1.79,(p<0.001),
Type IIA Tixr=0.9957, y=1.02 x—1.35,(p<0.001),
Type IIB TiXr=0.9896, y=0.98x+0.93,(p<0.1)T
»b, Typel, IIA, IIB 3XC<H ELISA %2 TD vWF:
Ag BEESHEBEEZRL, BEELVWHEEZEL TV
7= (Fig. 6, right). Z® X 51 Type IIA &I\ T 40-
1-ELISA CTHIZE L 7= vWF : Ag X NMC-4-ELISA T
B 5 hicfE & ik discrepancy E7e o te. DT & X
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Fig. 6. Relationships between the plasma levels of vWF : Ag in normal individuals (left) and vWD patients
(right), measured by 40-1 ELISA (Y-axis) and NMC-4 ELISA (X-axis).
Closed circles (normal female), open circles (normal male), open asterisks (type I vWD), open triangles
(type IIA vWD), open squares (type IIB vWD). Regression lines are indicated as follows ; normal
plasma (—), type I vWD (------ ), type ITIA vyWD (—-—-— ), type IIB vWD (—--—-- -).

)



(444) " H

Y, Type IIA vWD @ C Rufllic & 13 % SRBE UG DK
T, MoAb40-1 £ 2-2-9 D=t + — FOHEEFTICH
BT EDBTRBRI NI,

4. BEERALLO vWD FREEE MBI KT 5
NMC-4-ELISA iz X 5 vWF:Ag & Rcof 7z b OV I
Bceof & mBAHEM:

EEBR AR T NMC-4-ELISA CRIZE L7 vWF :
Ag 13108.4+31.8u/dl, Rcof 1%112.7£31.9u/dl,
Beof 1% 93.4£20.2u/dl TH - 7.

NMC-4-ELISA THIZE L7 vWF: Ag & Rcof RO*
Beof & D#MEBIREIE N Z r=0.7011, r=0.6917 TH
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Fig. 7. Correlation of the plasma levels of vWF: Ag
measured by NMC-4 ELISA vs Rcof activities
(top) or Bceof activities (bottom) in normal
individuals.
Closed circles (normal female) and open cir-
cles (normal male).

A

- 7o (Fig. D.

Type I yWD M Mm# <12, NMC-4-ELISA Tl
L7z vWF: Ag 1%22.0+16.0 u/dl, Rcof 1%11.0+ 6.4
u/dl, Beof 1%10.3+7.1u/dl TH - 7=. NMC-4-ELISA
THE L7 vWF: Ag & Rcof J 0 Beof & DFBIFRET
FFENREN1r=0.7635,r=0.5929 ThH - 7= (Fig. 8, top).

Type IIA vWD @3 #f ¢ 13 NMC-4-ELISA CTHIE
L7 vWF: Ag 1% 40.9+16.4 u/dl, Rcof 134415 u/dl
LLF¢, Beof 127.0+3.1u/dl % » 7z. NMC-4-
ELISA THIZE L7 vWF: Ag & Rcof ofEicii4 <
BEMEI1ZFRD b T, Beof 12 r=0.5831 &8\ 7e a3 b H4H
BEME 7R L 7= (Fig. 8 middle).

Type IIB yWD 3 i1 <13 NMC-4-ELISA 5
L7z vWF: Ag 1% 53.0£8.6 u/dl, Rcof 139.7+2.1u
/dl, Bcof 1%21.3+4.5u/dl TH - 7. NMC-4-ELISA
T X 5 vWF:Ag & Rcof & @ B8 & # 1k r =0.9899,
Beof & DB FREUIr=0.9997C - 7=(Fig. 8, bottom).
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Fig. 8. Correlation of the plasma levels of VWF : Ag
measured by NMC-4 ELISA vs Rcof activities
(left) or Bcof activities (right) in vWD-
patients.
(Top) open asterisks (type I yWD). (Middle)
open triangles (type IIA vWD). (Bottom)
open squares (type IIB vWD).
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von Willebrand(1926)1c X © R\ ~7 X 7 H af R Rl
ERTRE#E T HHEROGERHERBISH, vWF#
BEFORM L 5 vWF EHOERN 8\ LA & REE
DB A X b von Willebrand BGWD) & L TEIE X h
T3, BFE vWD ixEEmifEF o vWF multimers O
A& —=vhb Type L I, Il ik kFl & T\v5. Typel
1% vWF multimers O 45 AR RB ¥ X OCHREIXIER TH B
%, 183 vWF O RIGETH#RT S0 Th%. Typell i
I TV BEERE 2787 large multimers DR Z 2V
B 7eREL CREE D subtype AEEL TWA., D5 H
Type IIA 12 vWF : Ag £t L, Rbof IEM#EAIMET LT
W BRI G, Type IIB (1 in vitro CHE3E M/ MR % M4EH
{EREE D ristocetin THHEE T HHHERFTHRETH
%. Type L ix¥Egutaihs#:, F.VII/yWF complex #%
MEDZE L MET, vWF-multimer bands D &R 403458 &
T HRETH B2,

4o, EHIIEFEMDER VYWD Type I, TypelIA 7z
b O Type IIB & Mo vWF . Ag BlzoWnC,
EML U 7e#i vWEF KR M5 (poly Ab) TIi#E vWF %
WL, —X¥ifk s LT GPIb#4 domain % # T %
MoAb NMC-4 % % \ % vWF-subunit ® C A % 2258
T % MoAb 2-2-93% X 0840-1 % A \» 7= captured
ELISA O3 THEHE L.

Scripps #42RT® Dr. Zimmerman X b #28t% 5 7=
MoAb 2-2-9 1% vWF #i{k4 % V-8 protease THILL
T4 7= Fragment II(7 I ~ B % 3£ 1366-2050) L i
epitope 3D Z EBBEINTE LY, i, EEER
IWBEE & » X iz MoAb 40-1 % 4k Fragment
II iz epitope 235 % Z E MR I T\ e, EEI1TE
7, ™ MoAb o epitope DFHEMIME L VIBET S &
A&7z vWF-Fragment II @ subtilisin {4{t#% »° v
JE® HPLC % L O%#H HPLC THBEL - EBHY — 27 1T
DT 2-2-9 BLU40-1 & DRBERIGE R L,
RHRII 2 -2 -9 D epitope 1L CKR¥G7 § » Bk
1926-(2050) EDFE e —KBEEXREL, —FH 40-11%7
IV BBREND 18l 2B IA % % fragment £ 7 § /B
Bk 1926 2»HA % 5 fragment % disulfide f& 10 <%
B & huic line £ TR BT % conformation
epitope R L TW5B EE 2 bh BT R E .

Bk NMC-4 # = Xkfifk & L7 NMC-4-ELISA 1T X

BIEEB AL 30 Bl vWF : Ag 3—XR#ifths L 0=

KH LS poly Ab % H B\ 7 poly-ELISA i k%
vWF:Ag & X<MHBA(r=10.7618,y=1.06%x-2.03,(p<0.01))

(445)

LT\, %70 2-2-9- ELISA KO 40-1 ELISAiC XL 5
vWF: Ag 3 #hFh poly-ELISA DfE & X < #HBIG=
0.7874,y=1.17x+1.56 (p<0.01), r=0.9850, y=1.03x
+0.85(<0.0D)L T, - T, BERATE
Wi h o ELISA RieB\\Td vWF: Ag wZERITF
Db b T,

vWD £ % o B3 M 0 4 ELISA Ric & 5 vWF:
Ag 3 TROZEL THho T

Type 1mB&Z M7 HlicksF s NMC-4-ELISA »
vWF: Agi322.0+16.0u/dl CIEE MO Fh X b iX
ET LT Wi, 2-2-9-ELISA % X 0°40-1-ELISA @l
EEL X <HEBIL T\ . Type IIA B 7 flo B3l
#TUX NMC-4-ELISA © vWF: Ag1%40.9+16.4u/
dlTH o, 2-2-9-ELISA fiE1%24.0+8.4u/dl T
NMC-4-ELISA fEX D {EF L T\ LaL. 40-1-
ELISA fEIZ NMC-4 ELISA{E & 13iE—& L T\ 7o
Type IIB &% 3 6l o i 8 © 1 NMC-4-ELISA ©
vWF: Ag 1% 53.3%£8.6 u/dl T, 2-2-9-ELISA & X O*
40-1-ELISA JIFEE & 121F—8 LT\ e $6- T, Type
I X OType IIBEEMmMBTREILERERLD
ELISA RIzEWTH vWF: Ag RZRIRD LRI,
7273, Type ITA B3 If#E <% 2-2-9-ELISA fE 1k
NMC-4-ELISA {E% X 0V 40-1-ELISAfEX WK F L T
AV

MoAb NMC-4 O FERHAL X vWE subunit © GPIb
$E4 domain(7 § 7 BRZRAL 449-728) LI FHET 5%, &
o domain % ristocetin & % \~ 1L 5 botrocetin TH
a5 /NEEE Eo GPIb & ofEf, BWERIGICEES
T AHERALTH B. ristocetin FEE F TR I N B Z DHERE
domain J&E#EIS Reof {E#: 1L Type IIB vWD & D £\
TR—RECETFTTHZEIEDLR TS, Type I
vWD B3 7 gl m#Eic o\ T Reof 1311.0£6.44 u/dl
TIETF L T sy, NMC-4-ELISA iw X 5 vWF: Ag &
OFEBIFREUL r=0.7635 THE L <HHBIL T e, E
7z Beof 1310.3+7.1u/dl © NMC-4-ELISA & X %
vWF:Ag & 0B r=0.5929 CREDEM R L .
Type IIA B3 7 6)Tix Reof 1342415 u/dILAF&EL
AET LT i dd, NMC-4-ELISA 1= X 5 vWF : Ag 1%
40.9£16.4u/dl TE& < HBEHERXRD LN d 5 o,
Beof 12 7.0+£3.1u/dl © NMC-4-ELISA i & % vWF:
Ag L DMHBEIZr=0.5831 TH HBREMHBEAMH X R L 1.
Type IIB B % 3 BI-TH - 725, Reof 1339.7+2.1w/
dl, Beof 1%21.3+4.5u/dl T, NMC-4-ELISA 2 X %
vWF: Ag & O MBI BT E Tr=009899, #H Cr=
0.9997 L\ Fhd I <ML T o T, NMC-4
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THIEE e vWF: Ag EiX Rcof X » d¥s L 5 Beof
L X AL TV

Type IIA © vWF multimer # 5 (% large 8 X O
intermediate multimer # /K &, M. W. 0.5X10%~3Xx10°
Da @ small multimer bands & DB DL - T\ 5. ris-
tocetin F#7E F C D M/ MREESE 1T large multimer 23 3
B THBIDRFITO Reof ZFLLEFLTWS
D EHEZI N TS, —7F, botrocetin X large ~
small 12\~ 7z % multimer band & KJE3 % 7c DA FRH
Th Beof HHERDHBEERIND IO EEbNh 5.

E4E, VWF D& EHEEE domain IR 520 E
WL vWF MoAb 2EH & h, ThbEBW s TREYE
BORIMOEENREA LI T W5, Sultan et al. %
ristocetin Y 2R 48 & # I 3~ 5 2 B © MoAb(4F91C5 -
IgGl, 202D3-IgG2a)% A\~ 7 e 7 & + & &
ARMA) = X 5 vWF : Ag 1 Type 111 $iE4I, Type IIA
6 %1, TypellB 4 fcitHl vWF KR (poly Ab) iz
X% IRMAfEE X <HHBIL7%3, Type IIA 54Tl
MoAb-IRMAfEWEfERX L b T2 L #BEL .
Chand et al.'®1%, GPIb #%4& domain ¥+ % 28D
MoAb(RFF-VIl : R/2, RFF-VIl : R/1) % A\ 7z IRMA
% X O'ELISA ti CHRIE L7 14§l ® Type A &1
%5 vWF: Ag X poly Ab % i\ 7 Laurell # X v {&fE
AL, I X< Reof EHBALI-Z & X b, ZFifkT
functinal epitope ZEE TX 5 AREM X LD L, Type
ITA subunit @4 F# & 2% 28 GPIb 4 domain k1T
BT HAREMEER L. Lo L Type HA FEGNICIT
HHHEDORBIBEORBEEL IR -> T 5. ZDER
ZOWTIE, 1. Type IIA ¥ — Tz < hetero-
genous 7t group X Y7o TWw5b. 2. \WThd GPIb
%4 domain #FR#T %5 MoAb TH-Th, ThEho
epitope Z—XEFIH 5 W IFEXHEER IS LS8
oo TWBHZ LIttks. 3. BEDOBE L TypellA 1T
F\ T X GPIb # 4 domain EOK & iR M OFEE T
BDHHLNT, TOWMAICITKE LEERT IHFEST,
ristocetin, botrocetin D €Y = v — & — & GPIb &
domain & OfEEFREEETbI T, BEROBXEE
Bl BLTEEYE L TWB R EOTEEIEGE SN
5. TNbOEEDIENT, S5EFEE L Type IIA vWD
TRCHRSER Z B % MoAb 40-1 b b IFEHD
VWF:Ag i NMC-4 2\ 3B& L AR TH o 7ot
MoAD 2-2-9 Z W& X ERIGHIMET T 52 &
BEHELI. TDZ &ix Type IIA Tix MoAb 2-2-9 &
MoADb 40-1 o ZkE Mz vz, Blb3kic vWF subunit @
CHR¥i_ bz epitope FEFET H%H 2-2-91X40-1 X »

® M

b X ) CRMANCRBITMEHE L, Type IIA TlZ—%
B 5 WET R OMICEERENFEET 5D TR
R EHEINS.

—77, Type lIBvWD 23\~ ClE, K& 7Rtk
DIETRBZE I hith o .

& B

HL vWF FRIME (Poly Ab)Z—XfFifk e L, ZRH
f& & L€ vWF-subunit ko GPIb # & domain % 72
3% MoAb NMC-4 ¥ X 08 vWF-subunit C 5K % 5%
T %% D MoAb; 2-2-9 & 40- 1 7= ELISA %
TIEE R X O vWD £ERIEE RO yWEF: Ag %
HOlRES L e,

1. MoAb 2-2-9 @ epitope (X vWF subunit ® 7 3
7 BpBFE 1926-(2050) EicFFEL 7. —7, MoAb 40-1
o epitope (% disulfide fE& Lic7 3 7 BB 1781 225
T % % fragment & 7 I 7 FAEREE 1926-(2050) 2> 78 B
fragment DFEEGY L HFETHIDOLEE L DN ARE
Thote.

2. HE# NMC-4 #=Xk#ifk & L7 NMC-4-ELISA
2 X AIEHE AImSE 306 ovWE : Agld, 108.4 +31.8u/dl
T—XRPEB L O ZKkFifk L b Poly Ab AW
ELISA & r=0.7618 TX < #HBA L 7=. 2-2-9-ELISA
X5 vWF: Ag (3118.4+31.8 u/dl, 40-1-ELISA &
X% vWF: Ag1%103.1+25.5u/dl ¢, ZhZh Poly-
ELISA & r=0.7874, r=0.9850 & X < HHBIL T\~ 7z,

3. Type I vWD & 7 Blo Ao NMC-4-
ELISAw X 5 vWF:Ag1%22.0+16.0u/dl, 2-2-9-
ELISA £ 21.9+17.2u/dl, 40-1-ELISA {& 24.3+19.2
u/dl T332 X < HBIL T\ . Type IIA vWD B3 7
Flo Mgt o NMC-4-ELISA iz X 5 vWF : Ag 1%40.9
+16.4u/dl, 2-2-9-ELISA f 24.08.4u/dl, 40-1-
ELISA{£40.1£16.8u/dl T3 FH X X <AL T\
23, MoAb 2-2-9 i2 3\~ THA b A In S UG DK T 43
R bhiz. Type IIB vWD B3 3 o s NMC
-4-ELISA @ X % vWF: Ag 1% 53.3%+8.6 u/dl, 2-2-9-
ELISA {# 51.0%8.0u/dl, 40-1-ELISA {& 53.0£8.3u/
dlT3ZISHBL, WFhitk\WTh RERIGHI
ERIDBDOIed T,

4. EF AMm#Erso NMC-4-ELISA i© X % vWF:
Ag ¥ Ristocetin cofactor(Rcof)iE # & r = 0.7011,
Botrocetin cofactor(Beof){&E#: & r=0.6917 THHEI L
T

5. Type I vWD & st cix, NMC-4-ELISA T
HE L7 vWF: Ag X Rcof & r=0.7635, Bcof & r=
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0.5929 THEIL T\ 7. Type IIA vWD BEIMMETIE
NMC-4 ELISA CHIZE L7 vWF : Ag & Rcof Ofdicix
£ HEBEMETFRD BT, Beof 13, r=0.5831 &8\ /s
25 LB 2R L. Type IIB vWD BE 143,
NMC-4-ELISA iz X 5 vWF : Ag ¥ Rcof & r=0.9899,
Beof & r=0.9997 TX <fHBIL T\ /e - T, NMC-
4 THIEE N vWF: Ag X Rcof X » ¥¢ L 5 Beof %
IS EBRLTWBEE 2 bR,

BEkzBEehich, 73 7 BEIIOMITC ZBE-
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