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Abstract

The mechanism of bleeding in acquired von Willebrand syndrome (a-vWS), which is associat-
ed with several kinds of disorders, is not established. This report investigated the pathogenesis
of a-vWS associated with essential thrombocythemia (ET) and systemic lupus erythematosus
(SLE). Bleeding times lengthened in 6 of 8 patients with ET ;the ristocetin cofactor activity
(RCof) decreased in 6 other patients, while von Willebrand factor (vWF) large multimers
decreased in all patients. In three cases these abnormalities improved after platelet counts
decreased following administration of busulfan. The decrease of vWF large multimers correlat-
ed with the platelet counts, but not with the plasma concentration of plasmin or elastase.

In a case of SLE, plasma from an untreated period inhibited the RCof of normal plasma,
suggesting that the paﬁent plasma contained an inhibitor to vWF activity. The inhibited RCof
fraction was purified with sephacryl S-300 gel filtration, DEAE sephacel column chromatogra-
. phy, and Mono Q column chromatography, and the molecular weight shown SDS-PAGE was
ZAF 1 ER 9 %108 138
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about 1000kd. Electrophoresis with anti-human IgA antibody confirmed this fraction to contain

IgA. The RCof activity improved with the addition of anti-human IgA antibody to the patient

plasma.

This study shows the possibility that anti-vWF IgA type autoantibody or the decrease of

vWF large multimers associated with the increase in platelets may cause a-vWS.

Key words : Von Willebrand factor, Acquired von Willebrand syndrome, Essential thrombocyth-

emia, Systemic lupus erythematosus.
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HIMERROGHHE, RORBOWBREREES
TRERTHY, FEHIER O R EEA L
THRERET D, bIERERBCAHLT, &
KD von Willebrandfg iz 8L L 72 H I 438
WrE &3 ZeBb b, =AM von Willebrand
FEREE (acquired von Willebrand syndrome :
a-vWS) EMEh 5, EEEE L LT, HC
SRR, BERR Y v SR B E R
ThY, B oVHE, S, B oM
HIMR, 1EtEREEEtERE (CMPD | &iE
BEME M, ANEEMEI/ MR, EiESME L
E)EHFT 5y, %, BEREBICERELE
#ilve ciprofloxacin i FH® £ - 7 fE B 03 #e 5
ENTw3, LaLurs, 2OEKIZDOWT
ERIHER OB B IR TH B,

Bz i, IIHRC & B MR 1 3
3 2 AREEHM /R ME (essential
bocythemia: ET) B X UIMRIEZMHED 2 & D
HVEEHELY 5<% h—7 X (systemic Lupus
erythematosus : SLE) 1Z§8% & % Hilfi %
FicEHL, ZhoORRBICE T 505 von
Willebrand 7 (vW F) 05 & 2 DRI D
WTHET L 72,

throm-

V] &

1. ¥R : i, 1/10503.8% 7 = BT b
V7 LERWTTY, M2 08T T AP

-80°CICERFEL 720

2. vVWFHIZE : siJFi & WWF:Ag) %#vWF
assay Kit IMCO#%t, Sweden) T, % 7z4&YE
% 4 mg/ml ristocetintEB L VRV~ >~
& % ML/ EREHR (30x105/ 1) % FH 7z ris-
tocetion cofactor (RCof) Mk TK®D 729,

3. vWF multimerf##7 : Ruggeri & Zimmer-
man® FEIZHEL T0.1%SDS, 1.2%agarose
gel electrophoresis T{TVy, BERUELE THRE
Utz %72, vWF large multimer #8EEHIZ 7
Y MA—=F—THIEL, BRLD 5 K%small
multimer, XD 5 & %intermediate, £ kD
Fefi L D %large multimer bands& L7z (Fig.
Do

4, BERMAE - MM Dukerk T, F7-5E
FEFEVIIRTEME (VI : C) (& Testzym VIII:
C kit (BF—fbF¢h) THIEL 7z, plasmin-a2-

VAV
- \
BN )
SR 1111111 &3
fo—st t —s]
L M S

Typical multimeric components of plasma
von Willebrand factor analyzed by a den-
sitometer.

Fig. 1
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antiplasmin complex (PIC) ¥, «2-PL com-
plex [74 Y > ] EIA kit (74 Y >#) T,

elastase-al-antitrypsin complex (EIC) i3,

PMN

elastase MERCK

Immunoassay

(MERCK#:, Frankfurt, Germany) %\ T

HIE L7z,

65

(1) AREHEMm/MRMIE S & T %1%

*§ 2

K& Polycythemia Vera Study Group®#Z
WrEL# (1986) ®%W/-TET8 % (B24, &
6 44, FHIEAR59.3F) B L L7z (Table 1),

5. vWFHIHIRF DR R | BERFRIMER
% Reof i1 % #I %€ L 7% % & Sephacryl S-300
(1.6x30cm, Pharmacia, Sweden) Z X %gel
filtration, DEAE sephacel column chromato-
graphy # fT», %% 1 Mono Q column
(Pharmacia) #H\W/:HPLCTZBEL 72,
6. HIFHFOREE : HAsr B 2 BEF D S
BRI/ > T 9 %polyacrylamide gel & 7z
SDS-PAGE ¥ X U'#ii human serum ¥ &
(SIGMA #t, USA), $Hihuman IgA Hi &k
(SIGMA), #i a2 macroglobulin, $1 #
(SIGMA) % Hw»7zelectrophoresis THET L
720

ZWTRF DX R EBE O /MBI, 163.01+73.5
x10*/ul (mean+S.D.) THo7z, 3FHDEHE
1 DWW T IR O k& H B Thusulfanic &
EEEITY, HEHIR TORINFHNELE T
B L7z,

& x

1. NREFOEMFERRERSSE

A), ZWkE I VIII:CB X UVWF : Agl3, 1IE
HHFANTH - 7225, RCofiEM L 2 FEH % B>
TERBRRCHEAL Twi, —F4, vWF large
multimerf I, 8EMEFIICBVWTET%:
Tz, HIMEERTIX6.8+4.55> LR ZFED T2

Table 1 Laboratory findings of coagulation system in ET cases
a) at diagnosis
. large bleeding plt
Pt Age Sex WBC Plt VII:C - vWF: Ag  RCof multimer time  aggregation
4 [¢) o, (o)
(/uD) (x10%/uD) (%) (%) (%) (9%) (min.) Risto.
1 32 M 20900 338.0 87 78 25 2.1 18.0 D
2 60 F 9500 214.8 148 91 40 5.5 8.5 D
3 58 F 5500 137.6 121 62 25 10.2 5.5 D
4 71 F 17200 136.8 100 125 81 10.0 6.0 N
5 61 F 10600 140.0 98 72 57 9.9 4.0 N
6 68 F 7400 96.5 105 106 22 10.6 5.5 D
7 66 F 6200 119.1 70 61 33 6.4 6.0 D
8 58 M 12100 121.5 118 91 76 8.2 2.5 N
mean+SD  11175%5075 163.0+735 105.9+22.1 8574207 449+221 79+28 7.0+48
normal range  3500-9300 12-40 50-154 65-150 62-148  17.0-22.6 2-5
b) after therapy
. large bleeding plt . platelet count
Pt (xlg}; D VW([;/')Ag IEE/:O)f multimer  time vWF :von Willebrand factor
# ° ° (%) (min.) Risto . : ristocetin
1 32.5 90 87 19.9 5.0 Epine . : epinephrine
3 42.5 71 72 16.2 nt N - normal
4 38.3 125 83 17.9 4.0 D + decrease
mean 37.8 95 71 18.0 4.5 nt ot tested
normal range 12-40 65-150 62-148 17.0-22.6 2-5
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2, 2HEGITCTRIEFEGHENTD -7z, M/IMREE
HEEMRE TIE, ristocetin® & Wepinephrine &t
EEREDET 2 ZhZ N 5EHNCFED - (Table
1-a),

B), i{5#%% © busulfanic & V iGN THO Lz
3BT, M/IMREIE37.8+7.1x104/ 4l & A
L, ERIZEWRCofiE M, vWF large multimer
DOFERLEL D IEF &I AR L 7z (Table 1-b),
2. vWF large multimerf#&sZ A DO HEEA I

DV T DOIRET

vWF large multimer#&i& Lt & M #Eprotease

a
) 2.0+ o
?
£
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Fig. 2 Relationship between vWF large multimers

and PIC, and EIC. Closed circles show values
before ET therapy, and open circles are the
values after the therapy. a) There is no
relationship between vWF large multimers
and plasmin-«2 antiplasmin complex(PIC).
b) There is no relationship between vWF
large multimers and elastase-«1 antitrypsin
complex(EIC).

WZBEMEEED S5 hE PR LT, PICHE
2, 0.8+0.21/ml (EEHBRIZ0.8pg/mlLF),
—%, EICH#H13132.6+55.1ug/1 (IE & &ipH :
92.7+26.9ug/l) THY, THZhvWF large
multimerfBE Lt & OFBEIZFE D 2 - 72 (Fig.
2-a,b)e %7, vWF large multimerf#pktt iz,
/Mg & Oz AOHEE =&Y (Fig. 3-a),
RCoftEM: & ORI X IEDMEBE 258 ® 7> (Fig.
3-b)e TbbH, vWFIEMIX, large multimer
DEETHFIL, »OMAMIBOEE L2 2
ZEDBTBR I NI,

a
) w
L]
g 30 n=i
& r=-0.88
X P<0.01
S 200- 2
o e : at the time
5 of diagnosis
ig o ; after therapy
® 1004 * e
.
normal range
0 T Y T T Y
0 5 10 15 20 25
large muitimer (%)
b) 200+
5 n=11]
5 i r=0.68
S 100 P<0.05
. L]
> o : at the time
of diagnosis
° . o : after therapy
L]
0 T T T T v
0 5 10 15 20 25

large multimer (%)

Fig. 3 Relationship between vWF large multimers
and platelet counts, and RCof activity.
Closed circles show values before ET ther-
apy, and open circles show values after the
therapy. a) There was a reverse relationship
between vWF large multimers and the
platelet counts. b) There was a significant
relationship between vWF large multimers
and RCof.
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(2) 25%T) T2 -FRE 25K
xt 2

B R OMTRIRRE 1 C HMEFRE O ZE R % $5h5
SNI:SLERE (40, &) kvBEohnizh
MM REHRE O M4 B & SLEGEZ O M
WhYy AN E Lz,

= R

1. HROBMFHRETR

BEEFRAMRA AT R % Table 212783, Hi I AFRE
131243 L IER U T 7248, M/IMR DristocetinE
ENEL AET LT3 LA RBERREICE
HERBDRDP oIz, VWFOIEM (RCof) 133 L
CIETLTEY, HiiE WWF: Ag) Dz
R >R Tz, % Izlarge multimer DFEREL X
REANLHEART L SETOREML Tz, A4

XL 7V R =i &k EEEITWSLEDTE
B0 HE LR T, 2o OISR
HIiZEL T (Table 2),
2. RCof mixing test
BEMBL2EEAN T —VIEE—EDEET
BHML, ZDRCofiEMZHEL 72, BEMEEZE
DEHMT %5 Z L TRCofldELWVET 2R,
BEMEBFPICRCoIHEEDIHINFLEES 5
AfREMEE R L7z (Fig. 4).
3. vWFEHIIHIEF DR R
A), Sephacryl S-300i2 X 2% V%5 . BH
#%200.1% Sephacryl S-300 T V2L 7z,
BAH LT AN 7 — VI 2B LRCofiE T
ZHI%E L7z (Fig. 5-a), BEMFEEELVWF %
a7, &4 L Tris buffer saline & DIRE
W DRCof 2 HIE L (Fig. 5-b), RCofilHIAFI&
M % (a)-(b) TR 7z, 53 HI19-2212 RCof I HITE 14

Table 2 Coagulation data in an SLE case

(on admission)

Bleeding time 12 mm.
Clotting time 6.5 mn.
platelet count 26.3x10%/ u1
PT 11.9 sec.
aPTT 31.3 sec.
Fbg 160 mg/dl
Plg 5%
AT-III 76%
a2PI 168 mg/ml
a2M 156 mg/ml
platelet adhesion 31.2%

Platelet aggregation

on admission

after treatment

normal vange

Epinephrine (1xM) 56 67 65-150%

ADP (10M) 62 66 62-148%

Ristocetin (0.6mg/ml) 0 4 0-10%
(1.0mg/ml) 0 73 55-125%
(1.4mg/ml) 65 60-160%

von Willebrand factor

on admission

after tretment

normal range

vWF: Ag 188 90 65-150%
RCof 43 100 62-148%
VII:C 142 128 51-154%
% of large multimer 24 .4 20.6 17.0-22.6%
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Rz (Fig. 5-¢)o

B), DEAE Sephacel column chromatogra-
phy : gel filtration TH & L7z 2018 % B AT ALE
%%, DEAE Sephacel columniZapply L, 0.4M

Mixing test

RCof(%)
100

50

Normal 200 180 160 140 100 0w
plasma
Patients 0 20 40 60 100 2000:2)
plasma

Fig. 4 Mixing test on RCof in an SLE case. The
RCof of normal plasma was strongly inhib-
ited by the addition of 1/9 volume of patient
plasma.

Gel filtration with Sephacryl S-300

(a) RCof activity of each fraction+normal plasma

oD 280 ?g; (%) sample : patient plasma before
3.0 the therapy for SLE
RCof column size :1.6X30cm
20 100 ! s flow rate 2 12me/hr
. oo fraction volume : 1.4me
50 ,,' N\ gel filtration buffer :
1.0 / . A 280 0.05M Tris HCI, 8.15M NaCl,
0 ;"“ ‘\‘/ 3.8% Trisodium Citrate pH 7.4
(1 G J R Qe e
- T - T
0 20 30 40 60
Fract. No.

Fract. No.

Gel filtration with sephacryl S-300. a) RCof
when each fraction from the gel filtration
was mixed with normal plasma. b) RCof
when each fraction from the gel filtration
was mixed with buffer. ¢) Inhibitory activity
of RCof obtained by subtracting b) from a).

DEAE Sephacel chromatography

sample : Fraction No.19—22 (Gel filtration)
column volume : 8m¢
flow rate : Tme/hr

OD 280 fraction volume : 4m¢
0.4 bufter : 0.05M Tris HCI pH 8.0 0.4 Naci(M)
sample
0.2 0.2
0 0
' 20 4 T80
Fract. No.

(a) RCof activity of each fraction + normal plasma

RCof (%)
150
100 ﬁ‘\/f\
50
[y - v ' ' r . .
0 20 40 60
Fract. No
(b) RCof activity of each fraction + buffer
RCof (%)
100
SOI _a,
0 -r T -
0 20 40 60
Fract. No.
(c) (a)—(b)
RCof (%)
150 —_
100 v‘*""\/‘/\
50
(R T v v
0 20 40 60
Fract. No

Fig. 6 DEAE sephacel column chromatography.
Inhibitory activity on RCof, show in c¢),
obtained by subtracting b) from a), like in
Fig. 5.

HPLC with Mono Q

sample : Fraction No.26~31(DEAE)
column volume : 1ml

RCof (%) flow rate : Tmil/min NaCl(M)
oD 280 . fraction volume: 1 mi
0. sample buffer: 0.05M Tris HCI pH 8.0 r 0.5
100 final product
—

0.2

Fract. No.
Fig. T Mono Q column chromatography with
HPLC. Fraction 23-27 performed the inhibi-
tion of RCof.
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Fig. 8 SDS-PAGE of the final product. R : reduced

sample, NR : sample not reduced.

NaCITHEHR L7z, &8z /N7 — v

(Fig. 6-a) B & Ubuffer (Fig. 6-b) &EAIL
RCofiEMEZHIE LTzo A) L FERIC L TRCoffll
HIHEME 2 KD T2, EI26-3112 RCof kNG M %
7z (Fig. 6-¢),

C), Mono Q% HWw/:HPLC: B) T/ oLz
53 % BEHTALE, Mono Q columniZapply L,
0-0.5M NaCITHH L7z 51z D> TRCof I
BFEME R SRD T & 2 B, SME23-2712 RCoHTE

f patient's -plasma S

an 9 Electrophoresm of the final product. a-HS:
anti-normal human serum antibody ; a-a2M :
anti-human «2 macroglobulin antibody ; a-
IgA : anti-human IgA antibody.

HEEERD, mikomEE L THE: (Fig 7.

3. RCof#IHIRFD[FE

#4438 % Centriprep 30 (Amicon, USA)

TiB#E, SDS-PAGEB & UM iEE Sk E) T
MU Tz, FEEBICY > NV B W 2SDS-PAGET
HI800kDIZ, F JEICY > SN Tid#I45, 50,
19038 & U'380KdIZ /N> K 258 7z (Fig. 8). ¥l
t b a2-macroglobulin (a2-M) §if&, X U0
b MgAPUEE v RSB KKE Tl E
DILRERR %R (Fig. 9), FEFICIEa2-ME X
ClgABEEN2 2 L BNTEH S hiz, 22 CH
t MgAFAS L UHE b a2MEUE(G0ul, 0.1
ug/ml) % B MACEIN L RCofif 1% % flE L
7z 2%, HlgAREOFEMTHREMEDREED
RCofiHEM IXIHEL L7z (Table 3) . A E L D,
KEE BT 2vWFEEOMHE FI1X, vWF
Xt BlgAdifRIc X 3 L Bbhtz,

Table 3 Effect of a-IgA Ab and a-a2M Ab on the inhibition of RCof

RCof (%) buffer a-IgA Ab a-a?M Ab
patient plasma 41.1+£10.2 95.0%£12.7 45.4+9.9
normal control 109.5+16.1 103.3+22.5 103.8x11.4

(n=4, mean+SD)

(267)



70 Masahiro IEKO, et al./The mechanism of acquired von Willebrand syndrome

] =

a-vWSOFRERF IR S0% »wh, FH
SNBHEAE LT, 1) MHICvWEIZX Y 257
BEES 2554, 2) REEAEEERERT 3
Z L2 & Y vWF#iclearance & N 3558, 3)&E
EHRESRECVWF2RE S 558, 4)
VWFDELE E 72 3 PEE SN HBE, 5)
%A S O T X L7z proteased’
MM#EvWF, & < iZlarge multimerkéid # B4
L8R EDBFEZ 5N D0, KKE T, protease
WL BEEB L OVWFRIS T 25k & 3R
EDOREME & FEEA L1572,

ETD% < IZFEIK T H % 23, HimnfEm i b
WIBERE DR WA THE & S 4, 18-32% 80 51
5 EDWMEVRDH L, TORFRKRDOVDEDELT
avWSOEFBEZ SN T b, £ 2 TEXA
X, ETIERICEDHT 2a-vWS%EZVWEF  large
multimerfE LD T &5 2, Z DA D
THE LUz, EERZER & L Tplasmin, elas-
tase’s £ Dprotease DG 13%E 2 5538,
FEDOEZAEFMIITEHTH %, Jelenska 521
XD, invitroTOEBT, t hiFHERelastase
DiVWF Omultimer % 53 L7z & 3 5 & 03 7%
&Niz, F7xb bFactorVIII/vWFiEHE Al &
t M iFhEkelastase #IBFI9 % & elastase €
# 17 P 2> D incubation FF [E] #& 7% ¥ 1 large
multimer D& F 2B L EL T b, Bx
DO TIXEICHE =7, Miffelastase DS
BEEH¥ Tz, L L, vWF large multimerf&ik
HFIMAFPICO &% & FIMAHEIC & b B ELH
BI#ZFEES % 2 L3 T& 9, large multimer®
WA DERITFFE TE S o7z, MHPIBWT
X al-AT 7% Eelastase inhibitor lZ & 53 WX FEFE
LTHY, in vitroTREN7zERkICVWF large
multimer 2%} 3" % elastase D EEITEF 25, in
vivo T b [EFRICE & TV 2 E IS D 2
EZATHS,

Tatewaki 5 38 & #ME A ks (CML) fiE
Bz D W»THRE L, X & [FE#EIZ plasmin ®
elastase®Slarge multimeri&E L OB ICHEE
BHBEEZRIBVEEZHREL TV 5 ETHEEIC
B2 MHEVYWF large multimer DA 13, Fa-
bris 5z & % & 13614 9 B (69%) TRHRD 7z &
LTw3, RXOBE Tid £ Bl Tlarge
multimer DA %588, Z ORERLEL I /ML
LIRS &R Uz, Tatewaki 59 & R D5 5
2/ TCBY, M/MIOEM»vWEF multimeriZ
BELTWARIEDRBINDD, EDLIk
BEFF Tlarge multimer 343 % O XAREHT
HBo W oEty SHERT N, M/IMRORE
% %% 3CMPDIZ, X Ta-vWSE&H 3 %0
REMEDH 2 LEZ 5,

— 77, yWEEMER I H R & 2a-vWS D Hg
% S SN T W B8, K iFIgGr 7 A
OPETH D151, BEL 2 F-HPH TIXIgAdl
BIC L % b DEIABIZ &0 T 3ERFOTH-
720 B FE2ZKADOVWFIZMF T4 FEH
0.8-20x10?KdORY ~—2FELTEBY, b o
EHVWFEM O 8 WS &, % O large
cmponent CH %, £7IgAdb RV v —%2FEHL
BTN E LD, [gARHEEICVWEFEL %
T AR E 2D 2 2AREED S 2 L Rbh
120 BE DIBERMEE OVWF large multimer i
L ABEMERD Tniz, THIXBEROIEE)
PEDEIMAE S MR & » MR EMEE L S
vWERIMMA il & ufz oo e Bbiu s, 88
MU 72 vWF IR RIEESEOE £ > T 3 BHK
WTHIERIB L 2 D, KEFITIXIgAY 4 7D
VA EEINT DD EHRITE 2,

avWSOER I TERKBEDRETH Y,
HEEEBROUEE & i1ca-vWSO A b HE T
5 ZElE, WAOMEITHRERI NIz, ThL
iz, BRTFIMEE I B v T 1-deamino-8-D-
arginine vasopressin (DDAVP) % v T—HK
72 a-vWSDOEEICHIN L 72 ;E b b 522,
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£ 7RI, Immunoglobulin® K &#& 5 »3
IR o1 T 2HmED H 220, Lr Ly
SOIRBEETII R, PRYEREROBER
BRITRETHS I,

B2 WA UIERIZa-vWSO—ERTH Y, %
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