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Summary : A new assay system of the binding of vWF to collagen was established
using human Type III fibrillar collagen suspension. The principle of this method is as
follows : a small amount of sample plasma was added to a suspension containing human
Type III collagen ; after centrifugation, vVWF : Ag level in the supernatant was measured by
ELISA ; then collagen binding was estimated according to the formula :

collagen binding (%)= (A—B) / A X100
where,

A=vWF : Ag after binding with denatured collagen (heat-treated at 80°C for 1hr) and

B=vWF : Ag after binding with fibrillar collagen.

When a purified vWF sample was used in this assay, all vWF: Ag was bound to the
collagen fiber. On the other hand, addition of an anti-vWF monoclonal antibody (NMC-vW
/3), which recognizes collagen binding domain of vWF subunit, inhibited binding of vWF to
collagen compeletely, but EDTA or heparin did not. The collagen binding in 50 normal
adult plasmas was 84.09%~98.1% (93.4+2.6%) and vWF: Ag X collagen binding/100
correlated well to Rcof activity. The assay system is very simple technically and could be
useful to measure the binding of vWF to collagen.
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collagen £ & L, — I/ & G/ MEEREER
(glycoprotein; GP) Ib ¥ X O'GPIIb/Ila & #E&T 5
MAEIE MR T &% 2 bR TV 599, i vIWF 12 SDS 7
#E— A7 VBEKIKEIEES O Tz T 0.5 X 10°dalton &
Hh B 10~20 X 10%dalton 12 38 X LS EHE L 7= multimer
REE R L, 84 © multimer (X 2050 7 3 7 BEF
#FT 5 subunit BB D Lo TWAB I EHRHBR TV
59, X iz vWF subunit DEEEE N 2 £ VIO T DI
WhEDSh, Ser 1~Arg 272 23 BVIIRF#EE K A 1
v, Val 449~ Lys 728 Hi/MRENEEH GPIb #& F £
AVEIT~NSY VEEST A4 Y, 1744 225 1747 ©
Arg-Gly-Asp-Ser (RGDS) %' GPIIb/Illa fE& F 2 1 v
THDHZ EDRHB M E o 7PN, )

VWF @ collagen #&1B5 35 F A 4 viZDoWnwToD
FEHT b ED BT\ 5. Sixmaetal. k) S vy
RCHE B fragment D T48kDa DR Y 7+ |
AEIRWIz e B HRD type IR X Ctype 1T col-
lagen L EATHZ EHRWEL, £ OREREXT0~
1114 &% 2 bh, F 7= Kalafatis et al.'?1Z staphylococ-
cus protease V8 (SP-V8) it X 2 BEXRS M THE LN
F911~1365 2AFEMEIC collagen FEE X EHTH Z & R
L7z. —7, Rothetal®Z&L 7 +FA{bLic vWF
subunit D> 7 vibL T v = A FHBREWTH B EE 542
~622 & 948~998 D 2 DD IEFEBT ARV X T F F R
monomeric type III collagen ~DfE& X #H T 5 = &
ZHEL, Paretietal.id + ) v v R TE LR
52/48kDa fragment (7 ¢ / BREREE 449~728) & 55kDa
fragment (7 3 7 BERZE 730~1114) 2 & HIZVWF @
collagen & ZME T2 L xHE L. - THE
vWF @ collagen f5& LD 101X 7 3 7 BAFRZE 911~
14 b rHFIHEELBbh 52, GPIbEEF 2 1 v
A —n"=S5 vy FTLE D collagen AN AL VD
L ds X OF OB B L T in B S B oRE Ic i h
TW5b.,

D vWE @ collagen fE& N 2 4 v OBRZR T
YWF 2\ d DT, & b I#fEF o vWF D col-
lagen fE& BT AMEL LT, BEA -2 -2V
FREZELALREMT 57789%, collagen B &
B ELISA KO X o7cb D TH D, b bIfsfEHo vWE
D collagen FES WM ECTHIE L HfE & LT
bovine dermal collagen (95% type I and 5% type III)
#H\ 7z Duggan et al. " D#ERD BB E I\,

L EZEE LI F vWE © collagen 5% & UGB ©
BREYENELT, 3 b type Il collagen &\ K
¥ TD vWF @ collagen #& X HIET 5 HE LMY
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L, EFERALERD vWF @ collagen F&1 o\ TH
L.

HWERE L UHE

1. W5 20~40ROBEET 254, XFBHEO
THRELE. BLrhZhbE&oErSET>EML
7= iR R L 7.

2.8 75 AFy 78T 4 AR I AEHBIZ2 G
THetEERL, SANBRL D L0 RL ce
MIBFHEBIKILR7 =VBEF IV ALIBRDASK
75 AF v 7 BREBRE T 2 TERL, 3,000 Eix 15 4
RO L 7 = v L.
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R T EfEA RCGE (A AMRTFE L W RED 3 1 7
(BEVIER F 2,500 A7) % 25mM + ¥ 2 —0.15 M&HE
—0.25 Mi#afk.h v v A iREK (pH6.8) wEBEL,
3,000 @ 15 SO L o B REHKR <Pl
Lice7 7 e —A 4By A% 7 s (k5.5X100 em) ILFk
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4. vWA: Ag 0fI%E . $L vWF FKEHEE 1 Kk s
L, =k ¥y s — 25 vWF RESGE Y 2 KU
E L7y v F7 4 v5 ELISA (DAKOPATTS, Den-
mark) EPIZTHIE LT,
5. VA5 vazr 2 &— (Reof) : von Willebrand
¥ (Behringwerke, Germany) % Fi\ 7= BHIRAY IV
BRI X - T,
6. b type Il fibrillar collagen SEEW DESL & & b
etk type I soluble collagen (SIGMA Chemi-
cal Co., St Louis Mo.) % 0.lmol/L B TRE 1.5 mg/
mliC L 4 CTFC 48 RERTIHRL Y vBRKE =7 b Y
v AW (20mmol/L, pH7.5) T 48 BRIEN L e
4 CTFT16 BRI LB L e b type I fibrillar col-
lagen B 2 /FRLL 7c.
7. Collagen #4& (collagen binding) : M vWF o e
I type I collgen ~D#5-& DHEIZE X Duggan et al. 1D
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lagen % 80°C, 1 RFRIMBIC CAERL L7, 1.5 mlDH Y &
FUVFa— 7R, v 7 20l % fibrillar col-
lagen B % \MXEVE M collagen 20u] & ZBRAH37C
15 IR L e, EHI 14,000 iR T 15 4R
LLlZzhZtho bEFR vWF: Ag % ELISA i THIE

L7z. Collagen & XL T cEH L.
Collagen &&= (A—B) /AX100

A BIEH collagen G EiEH vWF : Ag

B ! fibrillar collagen i L& vWF : Ag

8. =V RE/ 7 m—F NP UEEORLOIERL
7z von Willebrand R ¥4 % 2@DE/, 70 —F 1
HAEORH i, B4 /7 v —F LHED VWE
subunit DFRFEIALE, NMC-vW/3 12 vWF @ SP-V8§
X AERS I TE DL SPT (B3 911~1365) 1T
NMC-vW/4 1% SP Il SP 1L DAL (R 1 ~910)
B, NMC-vW/3 i3#ii{t. vWF o collagen & %4
HL, NMC-vW/4 (XIEH i/’ % i 8% @ ristocetin %

E2NEITaHEkTHS.
|54 &
1. Collagen A& RIEE: D

Collagen & HIEDLMHR X RGO BRIz D W

TTROEE B L.

a. Collagen ¥ : Fibrillar collagen % %\ MIEZE#:
collagen % V) vEKE =7 + ¥ v a%¥K (20 mmol/L,
pH7.5) CHERL, EWAS — LM 20u] L EEBREL
EZEBEEICRIT 5 collagen A 2 HI%E L 7=. Fibrillar
collagen ¥ & »3 15.6ug/dl X b vWF & collagen & ®
RGBT s b, #EE 500ug/ml T collagen #54&
1290 %%7R L& L ORE T 95 %R THRE X
BELRRD b s Te ot BZE M collagen @ col-
lagen #&XHERELTTH Y, vWF & ORIGIZFRED
Lotz Bl X b collagen S RIERIC KT HE

& collagen B 1% 750pg/dl & L7z (Fig. 1-a).

b. RIGKHE | KIGKRE% 54, 10 4, 20 4, 30 4, 40
7, 50 4 & U, KRIGKREIZ 3135 collagen &4 % JlE
L7z. Collagen #5413 549 T9% %zl b 20 4 & Tk
95 % &7 L e DA AR IS RE 238 50 L 7o 23 W SR 7] %
AL 50 B TIX 86 % TH - I # - T collagen #E4HI
BRI BT 5 EHRIGER L1520 & kL (Fig.

1-b). :

c. vWF #4#i{b#iz X % collagen ¥4 : Collagen &
BRERTIEF A7 — v oRI b iz vWF $4H1k
¥ (RBEE 1.6ug/mD) 20u] % A\ EEE © fibrillar
collagen ¥ X OBZEHE collagen GRIEEE 75ug/ml X b
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Fig. 1. Binding of vWF to human type III fibrillar

collagen.

a: Twenty ul of several diluted fibrillar
collagen or denatured collagen was incubat-
ed with twenty ul of normal plasma for 15
min at 37°C. After centrifugation, vVWF : Ag
of supernatant ‘was measured by ELISA.
Collagen binding was estimated as described
under “Materials and Methods”.

b: Twenty ul of several concentrations of
fibrillar collagen or denatured collagen was
incubated with purified vVWF (1.6 xg/ml) by
the same methods descrived above and col-
lagen binding was estimated.

c: Twenty ul of fibrillar collagen (750 ug
/m) or denatured collagen (750 xg/ml) was
incubated with twenty ! of normal plasma
for 5, 10, 20, 30, 40 and 50 min at 37°C. After
centrifugation, collagen binding was esti-
mated.

® — o ; fibrillar collagen.
O — O ; denatured collagen.
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750ug/ml) 20u1 & JKJi U collagen %5 & % BIE L 7-.
Collagen #& & % fibrillar collagen & 75ug/ml T 90
%ERLIENU EOBETIZH BUETEL, BEH
collagen TIXAIERKE LT TH - 1= (Fig. 1-c).

d. FgEHFI 0EE : Collagen F5EHERTEEA T —
nEE (7 =vBIED oRbYig, ~-00 VI,
EDTA Ifi#f % i\ collagen #& & % W% L 7= (collagen
HAREE 7504 g/mD). 7 = v ERIMAE, ~< ) v 8, EDTA
IM#% o collagen FEEHF X TN LT 96+1.9%, 97+1.3
%, 96+1.6 % CF¥HESD) THEBEXE . B
£FERE D EDTA, ~ V) v HEWRERIC collagen &5
EERFE L1, BEZCX 5ELIIRD - 1.

e. NMC-vW/3 % X & NMC-vW/4 o collagen $5&1c
RETHEE  collagen EAMUWERTIEFE A 7 — 1~ 4
50ul 12 NMC-vW/3 5 Wk NMCVvW/4 2+t h
25u1 GRUEEE 0.8ug/ml) & 50kl GRIEEEE 1.6ug/ml) 0
2, CRBIC) VEAE=F b ) v ABW RN 2 2tk
100pl 12U 37°C 2 KR A v F = < — } L7,

NMC-vW /3 12 # B 0.8ug/ml T vWF ® collagen
HAEELTHHE LA NMCvW/4 i33m#l L e 2 »
7= (Fig. 2).

2. IEHBAD collagen #5&

5 25 %% 25 44 @ collagen & % ik D 78 CHIE
L. AR ZhZho Reof {EM & vWEF: Ag b HIE
L collagen fE& Exf b U e, BERBLA B © collagen &
H1287.5%~98.1% (93.5+2.6 %), Rcof 1272 %~
240 % (128.61+40.3 %), vWF: Ag 376 % ~220 %

(128.4%39.3%) T » - 7=. Collagen & & L 7=
vWF: Ag BE%# 73 vWF: Ag X collagen #4& /100 %
69.9 % ~210.8 % (120.4+38.5%) T Rcof & vWF:
AgXcollagen #54/100 OFEBIFREUL r=0.91, Rcof &
vWF: Ag DFEBIRENIZ r=0.90 TH - 7o. BERALZ D
collagen #5&1%84.0 %~96.1 % (93.3+2.7 %), Rcof
1256 %~152 %(113.0+19.4 %), vWF : Ag 1% 49 %~
178 % (117.2£28.8 %) T vWF : AgXcollagen #&&/
100 1% 44.7 % ~168.4 % (109.5+27.9 %) T Rcof &
vWF : Ag X collagen #& & /100 ® #HEI R H 1x r = 0.82,
vWF : Ag & Rcof DAHBAfREUL r=081 TH o 7. fEEE
BRASBZiRE D collagen #5&13.84.0 %~98.1 % (93.4
+2.6 %), Reof 1% 56 %~240 %(120+31.3 %), vWF:
Ag 49 % ~220 % (122.2+34.0%) TVWF:Ag X
collagen #& & /100 1% 44.7 % ~210.8 % (114.4+33.2
%) T Rcof & vWF : AgXcollagen #&& /100 D #HBI4E
Hixr=0.87, yWF: Ag & Rcof D HBIRE1Zr=0.86
TH-7 (Fig. 3, Fig.4).
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Fig. 2. Inhibitory effects of two monoclonal anti-
bodies, NMC-vW/3 and NMC-vW/4, on the
binding of vWF to human type III fibrillar
collagen. The collagen binding was assayed
essentially as described under “ Materials
and Methods”.

O — 0 ; NMC-vW/3 and fibrillar collagen
® — @ ; NMC-vW/3 and denatured collagen
A — o ; NMC-vW/4 and fibrillar collagen
A — A ; NMC-vW/4 and denatured collagen
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52, 13 collagen 1XMEBEDAME, LD HLEHIA
MRS ERE LCFEL, MR I EEET S
DHBRHER S R B LT\ 5B & ERHIBR T 52,

vWF (3385 MmE P TS O collagen MiffE & T
BT ERMBND X 51T ich, £&7%Ecollagen ®
VWF #5& o#ar TIIE collagen 23 b X <, MHER
DO REENS A D E IR TR YD, Fioe b
B4t @ collagen DfEA1zo\Tid Duggan et al.l”d
bovine tendon collagen type I #HWE#EL T 5.

EE e FEE X ML S T collagen &
Fu 1 vWFE @ collagen f5& & Lic. BIERICE
1% collagen O ZE P 1% 500.g/ml LL_E T collagen
FEED0 B ERRL, EBEBE L T50ug/ml TH -
fo. RICHERIIR 5 DRI T 95 B Eo#EAEZRL 20
B ECEERD LD o Tt dd 15 5 2 ERRIGRRE &
Lic. ZORIGRTERRIGRREE 1 L2 col-
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Fig. 3. Collagen bindings in healthy adults.
Normal female is indicated as open circles
(0) and normal male as closed circles (®).

lagen #&& DWA & Zi=h, Brown et al.??iXsoluble
bovine tendon type I collagen % f\~7z collagen [El#H
B X BRIERT collagen A ZBE LI & T 5, Kt
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BEERERT OERILCHEDORT TH 5 vyWF-
collagen & RIETHE O WTRTHBEB I T
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Fig. 4. Relationship between vWF: AgXcollagen
binding,”100 and Rcof in healthy adults.
Normal female is indicated as open circles
(0) and normal male as closed circles (®).

NPED 5 B collagen FEA &4 R ICEEI$ 5 NMC-
vW/3 % X Otristocetin @£ # T 5, vWF = 7 7
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o 7ek &5 NMC-vW/3 13 0.8ug/dl TABERIC KT
% vWF o collagen f5 & 2t Lo LT
NMC-vW/4 DEE IR Db Rishote. Licdio TE
ZDOPERIZE TS collagen #54 1% ristocetin binding
domain %#7%3 % vWF fragment (3% 1 ~910) 3B§5-
L 7a\~ A%, collagen binding domain #7&$ % vWF
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LCWBHHIERTHB LB 2 b,

AJIER % AVIEE KA D collagen & 2 HIE L
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oD & ZEED collagen #EA DREIERIT 20u] &
DEORGTHER R RREEORERTHY, EET
BB OIS Z & ORKEORSE BHE L L
Fice A HRD type III soluble collagen Z#Z V5
Z & T D in vivo ¥\ collagen & vWF D RG%
LZHPERTH B & Bbhi.

& B

e + i HSk o type I soluble collagen & FAVIEH
b b MR D vWE O collagen & & HIE R & HEL L 7.
1. &£EEE D collagen & IEH M s X Ok vWF @
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