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Summary : The percentage of binding of vVWF to human Type III fibrillar collagen was
determined in plasma samples from 20 patients with various types of von Willebrand
disease (vWD) and 27 patients with hemophilia A. The levels of collagen binding were
normal, ranging from 83.6 to 90.09 in 9 cases of Type I vWD. In 7 cases of Type IIA vWD
and 3 cases of Type IIB vWD, the rates of collagen binding were 42.0~76.19% and 68.0~ 80.
0% respectively. A case of Type IIC vWD showed a remarkable decrease, with 35.8%. On
the other hand, 27 cases of hemophilia A showed normal values with 91.0~98.7%.

When plasma samles absorbed with collagen and then vWF multimer in the supernatant
were analysed by agarose-gel electrophoresis, the larger multimer of normal vWF showed
the strongest affinity to collagen, while the smallest one was poor.

Changes of vWF multimer in Type I vWD showed the same results as those of normal
plasma, but Types II A, IIB and IIC vWD showed a decreased affinity of intermediate and
smaller multimer to collagen.

These findings suggest that the poor affinity of vVWF of Types IIA, IIB and IIC vWD to
collagen may be caused by abnormality of the collagen binding domain in vWF subunit.

Index Terms

von Willebrand factor, von Willebrand disease, hemophilia A, collagen binding, human Type
II collagen
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3. VWF: Ag 0fll%E : i vVWF REH 4% 1 IHik &
L, ~_AdFv g — EHH vWF KBS % 2 X
Ly v FvavF ELISA (DAKOPATS, Denmar-
k) HEOCHlE L.

4. VA +eFva7y s x— (Reof): von Willebrand
A3 (Behringwerke, Germany) % f\ 7 WERRY /MK
WELRINT X - T,

5. t b type III fibrillar collagen SREW O IEEL | 8ot
type III soluble collagen from human placenta
(SIGMA. Chemical Co., St Louis Mo.) % 0.1lmol/L &t
B CRE 1.5 mg/mlCHML, 4 CTT 48 RE#REL Y
VEBAKREZT + Y v 2K (20mmol/L, pH7.5) T 48
RFRIBHT L 7ok, OV 4 CTC 16 BRI LI IR LEA L
7o,

6. Collagen ##& (Collagen binding) : £ 1 #R2" TR~
o2 &L M vWF @ e b type III collagen ~DFEA D
HI%E X Duggan et al 2 DL TIT» 1.

7. SDS-7FHw—=A-RYT7 27 I V7 3IFrFrLrESK
B : Chopek & Girma et al. D JFEEICEESL L1z, 127X
245X 0.2mmd ¥ VA F 7 4 v 4 (Pharmacia Co.) %
130X260X 2 mm®D # F ABZIE Y 21, 125%X260X 2 mm
D= ARERREE, SHEHTARELLSRETE 7 ) v
7TED, BEX2mDH 5 AMERI, 0.1% SDS in6
MREMISBT7 2 IAT I FM1I%BTH e — AR
(Seakem HGT-P1g # 0.1 % SDS 0.1 MtV 2 =V
VBRI, DHT.0 TRUBBME L 1L DM D 33.8 mly
324g DRFE L 28.13 mldd 0.2% SDSH0.2MbE Y & »

) VRS, pH7.0 & 1.8 mld 0.6M Na,-EDTA %K
pH74 % 37TCTHMLIBRICNL, 3bI30 %7 7

YATIFMMISBAFVVYERTZIAT $ FEKI
ml, 5%BHEAE7 vE=v41.8ml, FrIAFLVVY
73V 0.3mEML TR 2WTL4TCTTHALE.
FAALBE T 5 AR RS, ¥ A DOPE % 120 X 250 nnic 7%
5 X 5HBR L7k, B0 L D 20 mDALEI 5 mfEfE T
3 X13mmD R % B, 3k 50u] ZERIN L 7. BRHI B
AR 101 IR 3E 36 mg, 1096 SDS 10x1, 0.25% 7' = &
7=/ =N7 =5 ul & KENEEK 201 20 2 65C
15 MR Licd & B e, 5B 0.19% SDS An 0.1
MYV vERBREKRPHTOZ kB B E ¥ & LLKB4:
(Sweden) BESIkEZEE % X 0 DESAGE (German)
BSHEEE A\ 10C80mV /gel T 15 ik Eh i, FL
#01%SDSM1%7Hr—A2M0. 1MV R ) VR
#EEw, pH7.0 (Seakem HGT-P % 0.19% SDS 51 0.1 M
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8. &A—rFTHI T 74— I WBRTHE, 0%V 7
v a FEERIN 50 % £ & 7 — AESHET 2 BEREIEE LIRSk
1 L 3Bt KETH L o0 12 B Lic. R\ T
1%BSA Jn0.15 M¥EALF b ¥ ¥ 250 0.01 MY YR b
Vv AEER pH7.2 (Tween 20, 0.5 ml/L) T 3 KEE

L7k, = ] B cER < 12 REAEEE L,
PBS/Tween f2E A1 24 BRI & b1z 3 % &K 2 L
Fz 24 RERR L, 0.9 % RHEK 2 LRz 24 Bsf, R
ZREK 2 LI 24 RSB L e, VAR EHBRE 2 X v 2
NS-ST 7 4 i & & Intensifying screen (Dupon Co.) %
REECERIE, —70T 6 BHERBEEE& L k.

£=nNF < —DHTFEOEE Furlan et al > D J5#k
WHE U C, #i{k IgM (Cappel Laboratories) D E &%
X BBV F ERHEL TfT o .

15 &
1. vWD £ 8RR E 3 X Ot &R A B3 I8 & o col-

lagen #54&, Rcof {EMER X O'vWF: Ag

vWD @ Type 1 9%, Type IIA 74, IIB 3%k X
Q'L C 1 Bl E 20 Bz >\~ T collagen fE& 2 HIE L
Reof &M, vWF: Ag X O'vWF : AgXcollagen 54
/100 &5 HARES L 7e.

Type I Tk Reof {EMES5 %L T~38%, vWF: Ag6
% ~46 % & hEE A L T\ collagen & & 1%
83.6 % ~90.0 %<, VWF: Ag X collagen #5 & /100 &
Reof {EHEDMEIE, 1 =0.75 THERY X <HBAL T
7c. Type IIA T, Rcof {EMIX 161D 12 %25
BLLT, vWF : Ag 1328 %~55 % & FREEIET LT\
7z. collagen f& & 1%, 42.0% ~76.1% TVvWF:AgX

oA R OB W

collagen # & /100 & Rcof I HBY % 52 % 72 7 » 7.
Type IIB %, Rcof i%tk 48 %~56 %, vWF:Ag55%
~68 % EBEDETIZEE D, collagen #41368.0%
~80.0 % T, Rcof i vWF: AgXcollagen f4&/100 &
AEBEME A 2 R 7. Type IIC i Reof &M 5 % LT,
vWF: Ag48 % TH Y collagen #5&1235.8 B EIETL
T\ 7z (Table. 1 X Ot Fig. 1).

IR A B3 274 D collagen #&13291.0 % ~98.7
% (97.0+1.8 %), Rcof iEM:IL 112 %~360 % (178+
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Fig. 1. Relationship between vWF : Ag X collagen
binding/100 and Rcof. Patients with type I
are indicated as closed circles (®), type IIA
as open triangles (2), type IIB as closed
triangles (A) and type IIC as open square

(=),

Table. 1. Collagen binding(CB), vWF : Ag, vWF : AgXCB/100 and Rcof in plasma samples from
patients with normal adult, Hemophilia A and von Willebrand disease

Collagen vWF: Ag vWF:Ag X CB/100 Rcof
binding(CB)
%) %) %) ' %)

Normal adult (n=50) 84.0~98.1 49~220 44.7~210.8 56~240

(93.4+2.6) (122.2+34.1) (114.4+33.2) (120.0+31.3)
Hemophilia A (n=27) 91.0~98.7 66~353 98.6~332.5 112~360

97.0£1.8) (181.6£75.6) (175.3£70.8) (178.7%62.0)
von Willebrand disease )
Type 1 (n=9) 83.6~90.0 6~38 5.2~41.2 5~38
Type IIA (=7 42.0~77.1 28~55 11.8~38.5 <5~12
Type 1IB (m=3) 68.3~80.2 56~68 40.3~54.4 48~56
Type IIC (=1 35.8 48 17.2 <5

(mean+SD)
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» - to. vYWF:Ag X collagen #& & /100 1% 98.6 % ~
332.5% (175.3+70.8 %) T Rcof {EM: & X <AHEAL T
Wiz (r=0.95).
2. Collagen #5&% 0 EBER OVLE & b 0B BB
% multimer B

£ REWRE D collagen & KIG# D _EE R U collagen i
W S il X ) OB M2 13 5 multimer BERLIC
DEEH L.

BAe b7 AR ERTE0%, 20 BEHRL
bR REEE 31.2, 125, 500 % X O 750ug/ml @ col-
lagen ¥ X U*heated collagen, A& & 15 ZRKEEL
Wi, KL 10u] 5\ & 0.01M PBS 12T 3 Bk
BOWERA—+ 704757 1 ORPE L. kO
BAE M7 — VIR R\ T collagen ¥ EE 750
35 X O85001g/ml TiX smallest multimer D& A3, col-
lagen B 125ug/ml T\ 2nd multimer 22HE L,
31.2ug/ml TIX smaller~intermediate bands 23 L
7z. Heated collagen ¥ X O4ER& & FUGEDIEE 7 — v
I#ECI% 0.9~20 X 108 dalton % % multimer series 7*
HE L. W X » oF 4 o yWF multimer (3 EF D
Fh &I collagen B 23 750 %5 X OV 500ug/ml T
134 multimer series 2AHELL, collagen BE A 125ug

I Supernatant

1 2 3 4 5 8

Fig. 2. Multimer analysis in the supernatant and elution after collagen binding with variously diluted
normal plasma.

A :undiluted plasma, B: 1: 1 diluted with saline, C: 1: 5 diluted with saline, 1 : control sample

plasma, 2:750 xg/ml of heated collagen, 3: 31.2 xg/ml of collagen, 4 : 125 xg/ml of collagen,
5:500 xg/ml of collagen, 6: 750 xg/ml of collagen.
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/ml 28\~ Tk smallest bend DAL 72 b,
31.2ug/ml TiX smallest band (Z44k L larger~inter-
mediate bands 23HH3R L 7z. Heated collagen ¥ X 0%
A & FUGES O P C iR 2> 7 multimer series (ZHEE L
Tehso e, FFIMEED _EEF vWF multimer (3#fkd D
vWF: Ag BEDE T & % 72\~ 4 collagen EE 12 31
% higher bands 2B Lic < /e b, Mk L » DF
H4¥ D multimer 1ZJEE TEHIR Lz < #y» 7z smaller
~intermediate bands 2%\~ collagen BEIZ K\ Th
BRI B U 7= (Fig. 2).

Type I vWD B usErho vWF (ZIEE D vWF &
Al 0.9~20 % 10° dalton 12 %5 multimer series & b B
D 37 o T\ e Ay, B 4 @ multimer band DEEXIEE O
I L#Ed - %, Collagen & RGO EEH 0
multimer (¥, collagen & B 750xg / ml T X smallest
band D% 33, collagen B 31.2ug/ml Tl, intermedi-
ate band ¥ THHBE L 7. BHHTIEIRAL b 7=
i L AREAEIEE D collagen TEBF IV MEEL
multimer series 2A\HE L7z,

Type IIA BEIm#EFO vWF 134 F& 0.9~5X10°
dalton DEIFAMIZ 4 A D smaller multimer ® bands %
HE L. 205 b EED 2 A0 band OEFITES -

Elusion
- 10X10°

- 1.0Xx10%

10X105
1.0%10°

10X 108

1.0x10°
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7o, AL 2 KD band XIEH @ smaller multimer O
Pl LU CRENEML Cie. EEd o multimer 1
collagen I 5004g/ml % T (X smallest band @ Z& %
HE L, 125ug/ml € 2nd band % T4, 31.2ug/ml T
3rd band ¥ THE L 7. BHEH D multimer BT LB
& 12 collagen ¥ B #3500ug / ml % C X smallest
band DEEEHRLRET L, £ 0% smallest multimer X
DIEXRESR L ch’, collagen #EEE 31.2ug/ml T3 smal-
lest band 2% 3 KA L 7c.

Type IBEZ M D vWF 1345 F & 0.9~8.5%
10°dalton DEIFAPNIZ 9 ~10 A multimer bands X b
BRI h T\, B o multimer 1% collagen & B
500ug/ml B kG smallest band D Z AN HEH L, col-
lagen & B 125ug / ml T % 2nd band LA F @ smallest
bands 23, collagen B 31.2xg/ml T X intermediate
bands L FA2AAHE L. BH® D multimer B 1T col-
lagen B 750ug/ml TIX, #\ smallest band & inter-
mediate band 2AHE L, collagen EEIMET T % 124t
\» smallest band 2> BJEXRHEER L 1e.

Type IIC B IMm#frh O vWF 134 F 8 0.9~4 X 10°
dalton DEEFMNIZ 4 ~ 5 A D smaller multimer bands

Supernatant

ITA

B

Ic

1 2 3 4 5 6

oA RO

AHE L. D5 H smallest band (XIEH @ smallest
band DEFICH L TEHCBENHEL, Thi) EH
® band DEFIHICE ) 5 72, _EFEH O multimer 13,
collagen & 750xg/ml Tl 2nd band LA Lo series %
DT o7, Collagen BEDIE T & & i, 2nd band
Ll E® smallest band 23MHE L, collagen #E 31.2ug/
ml T 4th band ¥ THE L. BEHHO multimer #K
% collagen ¥ ¥ 750 g / ml T 2nd band L & @ series
& FEH 1\ > smallest band 23 E, L 7z, Collagen EE
1251g/ml T 2nd band LA k@ smallest bands 23HEL
L, 31.2pg/ml TP 7 3rd band LA k@ smaller
multimer 2338% b hvie (Fig. 3).
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vWF 53R M8 P BT AR~ o /Nl D K W AR
DIMFERTFTH B = &1k, Baumgartner et al. 290 [
WEEE Y v FBIRA 2 A W BIRERIZ X 9, von
Willebrand % (VWD) o Ifi/’MR4 M4 DR TR
TR D MO 2MET LTV 5238, vWF R
IOVEFEMTEZENDHALME o vVWF LA
3% I B TR D E B4 VX collagen fiifE < I ~VI
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Fig. 3. Multimer analysis in the supernatant and elution after collagen binding with plasma of von
willebrand disease. 1: control sample plasma, 2 : 750 xg/ml of heated collagen, 3 : 31.2 xg/ml
of collagen, 4: 125 ug/ml of collagen, 5: 500 xg/ml of collagen, 6: 750 xg/ml of collagen.
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# collagen @ 5 HINE collagen 23 b FE A2\~ 2 &
BHIBLRD X it . vWD O£ RE 0N T
i~ I/ INES & % Baumgartner 0¥ SEBEE T rou-
tine WHET5 2 L XEFH TRV, FHTe MVERLD
85 #iz type I fibrillar collagen ® vWTF & 2358
ZErFEBLC, Mo vWE @ collagen &4 2 HIE
THEHEEREBEL, TOFEROCERMFEFRD vWF D
BEHEEZDOWTE I R TR, > 3\WTSHE, vWD B
EROMAHABEMEEF O collagen FEA IO W THK
L7

VWF:AgENX S BLUT~9% LETT2H
multimer #BIXIER TH -7 Type 1 vWD 9 #io it
4 vWF @ collagen #5413 87.8+2.4 % ¢, IEH MmigED
ThEZERITDnh o fo. KE Tikcollagen & E
750ug/ml THERE I T EEPCRET S vWF:
Ag B L& 1D Is v in# collagen & KIG#H © L&
vWF: AgEB D22 X b collagen & &2 KD % A?b DTH
%. Collagen & Rt 5 IigHh o vWF : Ag BEAVMET L
TWBEE, ZoORIGHEBHICER e ST
5B 7 collagen IZfEA & & h collagen #5441 IEH fE
wRTZ &b, Type I vWD Tl vWF: Ag 2%
ET L T\ T multimer R ILIER TH % D T col-
lagen ~DFEEHIEEER LI DEELLRS. #
o> TABKB VWE : Ag Bi2xf s L7 collagen ~DfE &
FREL TV BHRTRAEVDT, FIRBCE L ke
#R¥» B L vWF: AgXcollagen §4/100 TRL 5 5.
Type 1 B3 © vWF : Ag X collagen %54 /100 1 14.4
+11.9 B CEFERAD114.4+33.2 %It LEL <K
fE%m L. vWF BEHOBREE ORI Type 11E
B Eh 55, 05 blarger & Ointermediate
multimer 23R A0 L 23D ristocetin L NE L L E T T
% Type 1A @ 8 fICik vWF : Ag 1% 28~55 % & iREE
AL T L T\ 7. Collagenf & 1262.1+£11.9% T
vWF : AgXcollagen #4&/100 1% 28.0£8.6 % %=L,
Type I X b EMETH o 7. TypelIB X larger
multimer (3R I03 % HMEREEE O ristocetin T Il /)N %k
ENFRINLREcHS. 340 Type IIB B IMmaE
T X collagen & & 1% 76.0+£11.0 %, vWF:Ag X col-
lagen #54/100 1% 46.4+7.3 % T Type IIA X b &fE
#7~ L. Type IIC X multimer #H T single band %
K1 L B> smallest multimer 23803 2 8@ % H T 5%
21 B0 B3 M4 D collagen #5 & 1% 35.8 % TVWE:
Ag X collagen & /100 1% 17.2 B 12K TF L T\ f.
Type Il vWD X vWF EHOXINT %A T, vWF:
Ag BIIEZ L ETT 5 dARKEEE M D collagen
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A TAE LB 7.

Il &% A B3 27 o M2 o collagen #4112 97.0+
1.8 %< vWF : Ag X collagen #5 & /100 1% 175.3+70.8
% EIEHAD114.4£33.2 % X b REEZR LA, MK
WAD VWF: Ag BEAEEALVEML WS LItk
EE Lz bhi.

kD&, AEkic X %1% vIWF @ collagen #54&
X vWF: Ag 2ME T3 % % vWF multimer BB D IE %
7z Type | YWD TWRIEEMEZRL, vWF:Ag&E 2
Type I X bH#EINL TWABIZhdd b3 vWE multimer
B O R %#7RT Type IIA, IIB % X ¢° [IC T
vWF @ collagen & 1METT5 Z L @Dl Zhbd
DFF R vWF @ collagen #5 & 28 vWF multimer # 5
LEBECBERL VL EER BT HIOTHD. HE
1% vWF @ collagen # & 23 vWF multimer series ® &
DR EBIE L T2 oW CiE L. IEH AMSE
IR EE 31.2, 125, 500 3 X O° 750 g/ml @ collagen %
WL, fEA®RE Ihiz vWF: Ag ® multimer series
DI FER OREB ORI oOWTEET S &
5 LB D multimer OEB)IT X < G L TV ie. col-
lagen # E 31.5ug/ mI TR A®E X h 5 vWF
mﬁltimer i larger ~ intermediate bands T smaller
multimer X% 7% & 3B FF L collagen EE 500ug/ml
P ETiX smaller band % %3 S hre. MmifEs A& T 50
%, 20 %1icF 3 5122 vWF multimer 1% collagen
T X < ®% & hocollagen ¥ B 31.2ug / ml C smaller
multimer 2\EE SN TBETHDOHRTH T

VvWF: Ag 8414 %D Type 1 vWD BEE D col-
lagen W75 RBEE (3 IE % I %% o F i AL L collagen
B 500ug/ml T larger multimer 23%%& & 1% % smal-
ler multimer (3% L Ty 723 5004g/ml Tl inter-
mediate multimer %% & hfz. Larger multimer &
O intermediate multimer# /R { Type IIA vWD &E¥&
T % 2nd multimer (% collagen ¥ & 125ug/ml THR &
Thd 750ug/ml THE\ - smallest multimer 23HIE L
7z. Larger multimer #/&X < Type IIB vWD &E&E %
collagen & & 31.2ug/ ml T X intermediate multimer
RE X3 750 g/ml Tl smallest band D HRAHE,
L 7z. Larger multimer 23K L B 0% intermediate ¥
X O'smaller multimer t% mono-band T % % %% smal-
lest band 23N L T\~% Type IIC #®E T collagen
P 125ug/ml T\ smaller multimer 2AH B L
750g/ml T % 8858 L 7= smallest band 23328 b hie.
%> T Type I vWD @ vWF multimer series ® col-
lagen affinity \XIEH LREETH Y, D 5 b larger
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multimer ® affinity 2% % B i T H - 7z 23 larger
multimer # /&  Type II TiX multimer series @ £ H
HER b collagen ~® affinity HIET L T\ e,

Type II vWD iz TiE vWF larger multimer ®
RANZIA 2T, intermediate & % \ % smaller multimer
DENREND band DEERELFET L LHAHLA
T\Ww5. vWF multimer ® subunit 237 3 7 BRERE
911~1114 i collagen binding domain 23F4EL T\
5283053 "Type IIA, IIB, IIC @ collagen & & 1k
subunit level iz %51} % collagen binding domain O’BEHRJ
BN collagen EEREEEL TS D L HEX
hic.

& B

vWD & B X KR A BE o vWFE O col-
lagen A R BET 5 & & BT, collagen EAICHES
vWF multimer #B O#ERB 102 THE L 1.

1. vWD B3 D collagen #£4&1% Type I vWD 83.6 %
~90.0 %, Type I1A 42.0%~76.1%, Type IIB 68.0%~
80.0%, Type IIC 358% TH - 7z. MAHRABZED col-
lagen #5 & 1%91.0% ~98.7% (97.0+1.8%) TH »
7o,

2. IE# vWF multimer # B IZ ¥ 1F % collagen & D
affinity ¥ larger multimer 23 $ 5% <, intermediate,
smaller multimer DJEIZ/EF L7z. Type I vWD 0%
multimer band (XIE%H & 1ZIEREED affinity 2R L.
Multimer series DE#E %#%E % Type II vWD Tix
intermediate & 0F smaller band ® collagen ~® affin-
ity iIMET LT\,

AWML DOBEE, 28 51 Bl H RMPEFESBRITI TR
£ L. ok, APFFRIEREHRN 63 4 K OB IGAE B S0
BRI E S (@t RE OS5 AW &
ZDRRIGAE] DB &5 .
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