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Essentials 

• ABO(H) blood group may influence the susceptibili旬 ofvon Willebrand facor 

（丸市TF)to ADAMTS13. 

• We have developed a quantit剖iveELISA ofVWF-degradation product (VWF-DP) 

by ADA孔1TS13.

• Production of VWF-DP after exposure of high shear stress was validated in VWF 

multimer analysis. 

• Blood group antigen A on VWF is more protective against ADAMTS 13 cleavage 

than antigens B and H. 

Summary・Background:ADAMTS 13 specifically cleaves the peptide bond between 

Y1605 and M1606 within the von Willebrand factor (VWF)-A2 domain. 

Objective: VWF contains ABO(H) blood group antigens, which may influence the 

susceptibility ofVWF to ADAMTS13. 

Methods.・Usinga unique monoclonal antibody recog凶zingthe Y1605 residueラ wehave 

developed a sandwich ELISA to quantitatively analyze the generation of a VWF圃

degradation product (VWF”DP) by ADAMTS13. 

Results.・Productionof VWF-DP after exposure to four di百erentdegrees of high shear 

stress was validated in comparison to the reduction in high molecular weight multimers 

using VWF multimer analysis. In analysis of plasma from 259 healthy individuals, 

plasma levels ofVWF antigen (VWF:Ag) were significantly lower in blood group 0 than 

in the other groups, and were significantly correlated with plasma VWF-DP levels. The 

ratio between VWF-DP and VWF:Ag was significantly higher in blood group 0 than in 

blood groups A and AB. The ratio in blood group B was also significantly higher than 

those in A and AB, but did not differ from blood group 0. Finally, to examine whether or 

not ABO(H) blood group antigens contributed to VWF cleavage, 82 plasma samples were 

exposed to high shear stress using a cone-plate shear stress inducer. The difference in the 

VWF-DPNWF:Ag ratio before and after high shear stress in blood group 0 was 

significantly greater than those in groups A and AB. 

Conclusion: These results indicate that blood group antigen A on VWF was more 

protective againstADAMTS13 cleavage也anantigens B and H. 

Key words: ABO(H) blood group, ADAMTS13, Shear stressラ vonWillebrand factorラ

multimer analysis 

2 



Introduction 

von Willebrand factor (VWF) is a large, multimeric plasma glycoprotein that plays an 

essential role in regulating hemostasis and thrombosis [1]. Each VWF molecule can bind 

to several plateletsラ whichthen aggregate to fom1 a platelet plug under high shear stress 

conditions. VWF is exclusively synthesized in and secreted企omvascular endothelial 

cells as unusually large VWF multimers (UL-VWFMs) [2]. Larger VWFMs bind more 

actively to platelets under high shear stress [3]. In this conditionラ VWFis specifically 

cleaved by ADAMTS13 within the peptide bond between Y1605 and M1606 of the A2 

domain [4]. Cleavage by ADAMTS13 down-regulates the function ofVWF. Regulation 

of the molecular size of VWF is important for proper hemostasisラ becausecirculation of 

UL-VWFM due to ADAMTS13 deficiency results in thrombotic thrombocytope凶c

pu中ura(TTP), and a lack of high molecular weight VWFMs (HMW-VWFMs) results in 

bleeding disorders such as type 2A von Willebrand disease (VWD). 

A 250-kDa mature VWF subunit consists of 2050 amino acid residues and contains 13 

N-linked carbohydrate moieties that expressABO(H) blood group antigens [5]. There are 

two N-linked carbohydrate moieties within the VWF-A2 domain [6]. Therefore, ABO(H) 

blood group antigens might affect the cleavage of VWF by ADAMTS13 [6, 7]. The 

antigens of the ABO blood system consist of complex carbohydrate molecules known as 

the A, Bラ andH determinants [8]. The A and B alleles of the ABO locus encode A and B 

glycosyltransferase activities; these modi命theterminal sugar moiety of the precursor H 

antigen to produce the A or B determinant by addition of α－N-acetylgalactosamine 

(GalNAc) orα－D-galactoseラ respectively.Individuals with blood group 0 lack the 

transferase enzymes and have the basic H structure with a solitary terminal企uctose

moiety. 

It is well established that plasma levels of VWF antigen (VWF:Ag) vary紅nong

individuals with different ABO(H) blood groupsヲ inthe rank order O<A <B<AB [9]. In 

people with blood groups A and BラplasmaVWF:Ag levels of homozygotes (AA or BB) 

紅 ehigher than those of heterozygotes (AO or BO) [10]. In 2003, Bowen conducted a 

VWF multimer analysis and predicted that the rate ofVWF proteolysis by ADAMTS13 

was greatest in individuals with blood group 0, and decreased among those with other 

groups in the following order: 0三B>A三AB[11]. RecentlyラRauchet al [12] used a novel 

e回 yme-linkedimmunosorbent assay (ELISA) to demonstrate greater VWF proteolysis 

in group 0th姐 non-group0 individuals, but they did not characterize the epitope of the 

monoclonal antibody (mAb) they used. 

We previously succeeded in developing a unique mAb termed Nl 0 that recognizes the 
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Y1605 residue exposed by ADAMTS13 cleavage [13], and here we describe the 

quantitative analysis ofVWF proteolysis by ADAMTS13 with a sandwich ELISA using 

NlO. Our previous study showed that NlO did not react with intact VWF, but rather with 

the monomeric and dimeric N-tenninal VWF polypeptides (residues 764-1605) [13]. In 

this study, we validated the results of the novel ELISA using plasma exposed to very high 

shear stress conditions. We also fo国idthat blood group antigen A on VWF was more 

protective againstADAMTS13 cleavage than antigens Band H. 

Methods 

Sample collection 

Citrated plasma samples obtained from 259 normal healthy volunteers were analyzed 

(Table 1). This study was conducted with the approval of the ethics committee of Nara 

Medical University.鴨川tteninformed consent was obtained企omall participants. 

Reagents 

The anti-ADAMTS13 monoclonal antibody AlO (IgGlーに） [14] was used for inhibition of 

ADAMTS13 activity. AlO-IgG completely inhibited ADAMTS13 activity剖 afinal 

concentration of 50 ug/mL in the static assay [ 14]. Blood group A trisaccharide and blood 

group B trisaccharide were purchased企omDextra Laboratories, Ltd. (Reading, United 

Kingdom). 

Quantitative ELISA toαssess VWF proteolysis by ADAMTSJ 3 

The quantitative sandwich ELISA used to estimate the amount of plasma VWF-

degradation product （九司TF-DP)generated by ADAMTS13 w出 perfonnedas follows. A 

96-well microplate was coated with the primary mAb NlO (IgG, 10 μg/mL) [13]. Plasma 

samples were diluted 20-fold and applied to the coated plates. VWF-DP was detected by 

anti-VWF mAbラwhichrecognized the N-terminal region ofVWF. A value of 100% was 

defined as the創nountofVWF-DP in pooled plasma企omnormal healthy volunteers. 

Meαsurements 

Plasma levels of VWF antigen (VWF:Ag) were measured by sandwich ELISA using 

rabbit anti-VWF polyclonal antibodies (DakoCytomation, Copenhagen, Denmark) [15]. 

Plasma levels ofVWF collagen binding activity（＼司TF:CB)were analyzed by VWF:CB 

ELISA (PROGEN Biotechnik GmbH, Heidelberg, Germany). 
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Generα！fion of high sheαr S悦 SS

I) Syringe method 

To examine the e宜ectof various degrees of high shear stress applied to plasma, we 

created an original instrument (Fig. S 1) in which two 1・mLsyringes (Terumo Corporation, 

Tokyo, Japan) were connected with an 18・gaugein ection needle with an inner diameter 

of 0.47 mm (Terumo Corporation). Every second over aιminute period (360 times）ラ

plasma was transferred back and forth between the syringes to generate high shear stress. 

Shear stress (t）τ＝ 4μV/r 

μ: viscosity, V: average flow velocity, r: vessel inner diameter. 

Assuming th剖 plasmaviscosity(μ) was 2.0 mPa ・ s [16］ラVwas 634.5 mm/second for 108 

dyne/cm2 of shear stress. 

Plasma volume (PV) to be replaced in one second = V・町2

The PV s in this instrument were 440, 660, 880, and 1100 μL for 108, 162, 216, and 

270 dyne/cm2 of shear stress, respectively. 

2) Cone-plate method 

This was performed using a cone-plate she紅 stressinducer (Toray Medical, Tokyo, Japan), 

as previously described [17]. 

VWF multimerαnαrlysis 

VWF multimer analysis wぉ performedaccording to the method of Ruggeri and 

Zimmerman [18], with some modifications [19ラ20].Multimers were classified as HMW-

VWFMs if they co紅白pondedto bands > 10 in the VWF multimer analysis [21]. The blots 

were scanned and subjected to densitometric analysis using ImageJ (National Institute of 

Health, Bethesda, USA). The HMW-VWFM ratio was calculated as the density of HMW-

VWFMs relative to total VWFMs. 

Stαtis ticαlαnαdysis 

The values are expressed as the mean (mi凶mum嗣 maxim田n)because the distribution was 

not normal. Comparisons between the four blood groups were calculated using the 

Kruskal-Wallis H test. Significant di百erencesbetween the four groups were further 

analyzed by the Mann吊TbitneyU test. Correlations between two variables were tested 

by Spearman rank correlation. A p value less than 0.05 was considered to be significant. 
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Results 

E酔ctsof various degrees of high sheαr stress in citrα:tedplasma 

Using the syringe method, various degrees of high shear stress (108ラ 162,216, and 270 

dyne/cm2) were applied to normal citrate plasma samples obtained 合omone healthy 

volunteer (blood group AB). The experiments were repeated five times on di首erent

occasions, each time under three different conditions: citrated plasma alone [without 

ethylenediaminetetraacetic acid (EDTA) and AlO-IgG] or citrated plasma with either 

EDTA (final concentration 5 mM) or AlO-IgG （五nalconcentration 50 μg/mL). 

In citrated plasma alone, Htv何人VWFMsclearly decreased with increasing shear ratesラ

as shown in Fig. 1. In contrast, HMW-VWFMs were almost unchanged in the presence 

of EDTA or AIO (Fig. 1). These results were conf・irmedby densitome仕icanalysis of 

HMW-VWFM ratios as shown in Fig. 2A, 2B, and 2C. HMW-VWFM ratios in plasma 

with EDTA or Al 0 did not correlate significantly with the degree of shear stress (0 to 270 

d戸時Icm2). In contr出 t,in citrated plasma alone, the ratio decreased significantly with 

increasing shear stress (p<0.001ラFig.2A). 

ELISA quantification of円VF-DPgenerαted under various high shear stress conditions 

To validate our new ELISA method for the quantification of VWF司 DP,we measured the 

plasma levels of VWF-DP using samples obtained from the abovementioned syringe-

based experiments. A strong positive correlation (r = 0.92,p < 0.001) was found in citrated 

plasma alone between the plasma levels of VWF・DPand shear stress (Fig. 2D). On the 

other hand, VWF-DP was not gener剖edin plasma with either EDTA or A 10-IgG (Fig. 2E 

and 2F). ADAMTS13 cleavage of VWF was enhanced by high shear stress. Therefore, 

these results strongly suggest th国 thegeneration ofVWF-DP is mainly dependent on the 

cleavage of VWF by ADA孔1TS13.

Differences加 VWF:Agand VWF-DPαmong the four ABO blood groups 

Plasma levels ofVWF:Ag were significantly different among the four groups (Fig. 3A). 

The levels in blood group 0 were significantly lower than those也groupsA, AB, and B. 

The ranlζorder of VWF:Ag plasma levels was ABとB>A>O,which is consistent with the 

results of a previous report [9]. Plasma levels of VWF心Palso di百eredsignific姐 tly

among the four groups (Fig. 3B): those in blood group 0 were significantly lower th組

those in groups A, AB, and B. Notably, there was a significant relationship between the 

plasma levels ofVWF:Ag and VWF-DP (Fig. S2). Thus, we analyzed the ratio ofVWF田

DP to VWF:Ag (VWF-DP/VWF:Ag ratio). This ratio differed significantly among the 
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four blood groups. Specifically, the VWF-DPNWF:Ag ratio in blood group 0 was 

significantly higher than those in blood groups A and AB (Fig. 3C). The ratio in blood 

group B was also significantly higher than those in groups A組 dAB. Interestingly, the 

ratio in blood group B did not differ significantly from that in group 0. Our novel ELISA 

clearly indicated that the degree of VWF proteolysis in normal individuals occurred in 

this rank order: O=B>AB=A. 

Effects of high sheαr stress on VWF-DP in the four ABO blood groups 

Plasma samples企om82 healthy individuals with different blood groups (Table S 1) were 

exposed to high shear stress generated by a cone-plate shear stress inducer. These 

individuals were a subset of the abovementioned 259 volunteers, and the samples were 

企eshlyprepared for this experiment. VWF-DP was measured both before and after 

exposure to high shear stress. In the 82 individuals, plasma levels of VWF:Ag in blood 

group 0 were significantly lower than those in other blood groups (Fig. 4A). There were 

no differences in VWF-DP before and after high shear stress exposure (Fig. 4B). We then 

analyzed the ratio of the differences in VWF-DP and VWF:Ag before high shear stress 

（~VWF-DPNWF:Ag). The VWF-DPNWF:Ag ratio w拙 significantlyincreased after 

exposure to high shear stress in all blood groups (Fig. S3). The~ VWF-DPNWF:Ag ratio 

varied significantly among the four blood groups (Fig. 4C). This difference ratio was 

significantly higher in blood group 0 than in groups A and AB. It was also signi白cantly

higher in blood group B than in group AB, but was s出rilarin blood groups B and 0. The 

r紅lkorder of the di茸erenceratios was OとB>AB= A, which was identical to the rank order 

of the VWF-DPNWF:Ag ratiosラ asshown in Fig. 3C. These results indicate that blood 

group antigen A was more protective against ADAMTS 13 cleavage than blood group 

antigens B and H. 

Effect of blood groupα凶 igensAαnd B on ADAMTSJ 3 cleαvαge 

To analyze the effect of blood group antigens A and B onADAMTS 13 cleavage, we added 

blood group A or B trisaccharide (1.36 μM each) to blood group 0 plasma (0-plasma). 

Each plasma sample was exposed to a high shear stress of 270 dyne/cm2 three times using 

the syringe method. Differences in VWF-DP before and after shear stress were not 

significantly different between 0-plasma with blood group A trisaccharideラ 0-plasma

with blood group B trisaccharide, and 0-plasma alone (Fig. S4). 

Discussion 
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In this study, we measured VWF-DP cleaved by ADAMTS 13 using a novel ELISA based 

on monoclonal antibody NlO, which specifically recognizes the Y1605 residue exposed 

by ADAMTS13 cleavage and does not react with the VWF-A2 domain before this 

cleavage [13]. In 2016, Rauch et al [12] reported a similar ELISA using a different, 

commercially available monoclonal antibodyラ butthey did not report th剖 antibodyラs

precise epitope. We identified the exact epitope of N 10 in a previous report [ 13]. In this 

studyラ wevalidated the quantification of reduced VWF-DP levels caused by high shear 

stress created with a syringe method (Fig. 1 ). In generalラ itis di旺icultto detect the 

cleavage products of multimeric VWF due to their heterogeneous lengths. However, this 

assay showed good correlation with the reduction of HMW-VWFMs after exposure to 

high shear stress. 

This study confirmed previous findings that plasma VWF levels correlated with the 

amounts of A and B antigens on the VWF molecule [22ラ 23].The ABO blood group 

carbohydrates linked to the plasma VWF molecule may influence its clearance企om

plasma, as may VWF biosynthesis by and secretion from vascular endothelial cells [24]. 

A recent study indicated that neither synthesis nor secretion of the VWF molecule was 

affected by ABO blood groups [25]. Therefore, plasma VWF levels were mainly 

controlled by the clearance of VWF from plasma. It is reported that plasma VWF:Ag 

levels紅 einfluenced by clearance via hepatocytes [26] or macrophages [27] in an 

ABO(H)-dependent manner, but this theory remains unaddressed and thus far no 

corresponding receptors have been identified [28]. The susceptibility of VWF to 

proteolysis by ADAMTS13 is another mechanism ofVWF clearance [29]. Thus, plasma 

VWF levels are assumed to be partially regulated by ADAMTS13 cleavage, which is in 

加m influenced by ABO determinants [29]. 

It is highly conceivable that the ABO(H)-bearing carbohydrate moieties on the VWF 

molecule affect its susceptibility to ADAMTS 13 cleavage [30]. In this study, VWF in 

individuals with blood group 0 was most sensitive to this cleavage, consistent with 

previously published results [11]. Furthermore, our ELISA using the mAb NlO also 

clearly indicated th剖 VWFin individuals with blood group B was more sensitive than也

those with blood group A. Bowen [11] already reported that the carbohydrate of blood 

group A was more protective than that of group B. Our sれidyconfirmed this observation 

using a novel and specific method. In fact, the difference between blood groups A and B 

coπespond to the sugar chain structure on the protein or glycolipid. The blood group A 

antigen contains a terminal αー1,3-linkedGalNAc, whereas the blood group B antigen has 

anαー1,3-linkedgalactose, suggesting that the N-acetyl group of GalNAc in the blood 

group A structure plays a key role in ADAMTS13 proteolysis via steric hindrance or 
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charge e百ects.

We examined the e妊ectof blood group A trisaccharide (GalNAc-a・1,3-[Fuc-a-1,2]

Gal) or B trisaccharide (Gal－か1,3[Fuc-a-1,2]Gal)onADAMTS13 activity in blood group 

0 plasma (Fig. SS). There was no difference in the amount ofVWF-DP induced by shear 

stress in the presence or absence of the trisaccharide, indicating that the企eeA or B 

凶saccharidemoiety by itself has no e妊ecton the proteolytic activity of ADAMTS13. In 

addition, the blood group H antigen on VWF in blood group 0 plasma was converted to 

the blood group A or B antigen by glycosyltransferase A or B. The converted blood groups 

A and B showed no difference in VWF-DP production following exposure to high shear 

抑 essusing a syringe method (data not shown). The紅nountof blood group antigen A 

converted from blood group 0 might be insufficient to affect ADAMTS 13 proteolysis of 

VWF. Moreover, these results might be affected by antibodies against the antigens of 

blood groups A and B in blood group 0 plasma. However, in the experiments involving 

shear s仕ess,results were greatly a町民tedby the properties of the solution, such as velocity. 

Therefore, we created shear stress in plasma using the syringe method in order to maintain 

consistency. We訂enow trying alternative methods to confirm the effect of the blood 

group A antigen. 

This study had several limitations. First, the amount of VWF-DP was not quantified 

using a specific standard for measurement of degraded VWF by ADAMTS13. VWF-DP 

exists even in the plasma of healthy individuals, but its amount is extremely small relative 

to the amount of intact VWF. It was di伍cultfor us to detect VWF・DPin a dose-dependent 

manner without using the ELISA method. Therefore, we quantified VWF-DP under four 

degrees of high shear stressσig. 2D), and demonstrated a relationship between VWF-DP 

and VWF cleavage by ADAMTS13. A second limitation is that we could not analyze the 

c百ectsof high shear stress using a cone-plate inducer in all 259 samples due to the 

relatively large pl出 mavolume necess訂yfor this assay. Therefore, for this experiment we 

collected fresh samples from only 82 subjects. The third limitation is that we used two 

di百erentmethods to generate shear stress.百iesyringe method can induce much higher 

shear stress than the cone-plate method. While shear stress is generated via oscillatory 

motions using the syringe method, it is generated continuously with the cone-plate 

method. However, the degradation ofVWF by ADAMTS13 due to high shear stress was 

observed with both methods. 

ELISA for quantitative analysis ofVWF-DP might be useful for the diagnosis of type 

2A VWD and acquired von Willebrand syndrome (AVWS) induced by nonphysiologic 

high shear stress. Some cases of type 2A VWD are caused by a mutation in the VWF A2 

domain th瓜 increasessusceptibility to ADAMTS 13 cleavage. Excessively high shear 
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stress in the blood stream, leading to AVWS, may be caused by the use of mechanical 

circulatory support systems as well as by various cardiovascular diseasesラ suchas aortic 

stenosis and congenital structural disease. Heyde’s syndrome is a well-known disease 

characterized by calcific aortic valve stenosis and massive gas仕ointest出albleeding with 

no identified cause [31]. High shear stress arising from passage through a narrowed aortic 

valve enhances the proteolysis ofVWF by ADAMTS13 and causes AVWS (32]. To date, 

these types of type 2A VWD and shear-induced AVWS征 ediagnosed by VWF multimer 

analysis, which identifies a lack ofHMW-VWFMs. However, VWF multimer analysis is 

time consuming and difficult to perform in ordinarγhospitals. The ELISA method used 

to measure VWF-DP in this study can be completed within 4 hours and is sensitive to 

VWF cleavage by ADAMTS13. Moreover, quantitative results might predict the severity 

of type 2A VWD and shear-inducedAVWS. 

In conclusion, we developed a novel ELISA technique that uses a monoclonal antibody 

targeting the VWF岨 YI605 residue to quantitatively analyze VWF・DPcleaved by 

ADAMTS 13. This system showed that blood group antigen A on VWF was more 

protective against ADAMTS 13 cleavage than antigens B and H. 
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Figure Sl. Syringe-based technique to generate high shear s仕ess

We developed an original instrument to analyze the effects of various degrees of high 

shear stress. Two 1-mL syringes were connected with an 18・gaugeinjection needle. 

Plasma was transferred between syringes every 1 second to generate high shear stress. 

Figure 82. Changes of VWF collagen binding activity 

We analyzed VWF collagen binding activity (VWF:CB) using VWF:CB ELISA in the 

same plasmaぉ Figure2. First, we confrrmed the change of VWF:Ag after high shear 

stress. VWF:Ag did not significantly change with shear s仕essin citrated plasma alone or 

in EDTA (n=5 for each shear stress) (Aラ B).Both VWF:CB and VWF:CBNWF:Ag 

decreased with increasing shear stress in citrated plasma alone (C and Eラp<0.001).In 

contrastラ incitrated plasma with EDTA, VWF:CB decreased with shear stress (Dラ

p=0.016) but VWF:CBNWF:Ag did not (F). These results indicated由atthe HMW-

VWFM ratio corresponded to the VWF-CBNWF:Ag ratio. 

Figure 83. Correlation be何reenVWF-DP and VWF:Ag 

Plasma levels ofVWF degradation product (VWF-DP) significantly correlated with VWF 

antigen (VWF:Ag) in 259 healthy individuals (r = 0.736,p<0.0001). 

Figure 84. Differences in the VWF-DP/VWF:Ag ratio before and after high shear stress 

The ratio of the VWF degradation product (VWF・DP)to VWF antigen significantly 

increased after exposure to high shear stress (108 dyne/cm2）也 allfour blood groups 

(**p<0.01). Differences were analyzed by the Wilcoxon t-test. 

Figure 85. Effect of blood group antigens A and B against ADAMTS 13 cleavage 

To analyze the effect of blood group antigens A and B against ADAMTS 13 cleavage, we 

added blood group A trisaccharide (1.36 μM) or blood group B trisaccharide (1.36 μM) 

to plasma企omblood group 0 individuals (0・plasma).The syringe method was used to 

expose plasma samples to high shear sむess(270 dyne/cm2); this was repeated three times 

per sample. Differences in VWF・DPbefore and after high shear stress were not 

significantly di百erentbetween the 0-plasma with blood group with A凶saccharideラ 0・

plasma with blood group with B trisaccharide, and 0-plasma alone (control). 

Comparisons between the three groups were made using the Kruskal-Wallis H test. N.S.: 
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no significant difference. 
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Table 1 Subject characteristics 

blood group A AB B 。
number 87 45 52 75 

age (median) 23 23 23 23 

age (range) 18-33 20”40 18-33 19-35 

male/female 56/31 30/15 34/18 48/27 
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Figure legends 

Figure 1. VWF multimer analysis of citrated plasma with or without EDTA or A 10 after 

exposure to high shear stress 

Ci仕atedplasma s紅npleswere subjected to four degrees of high shear stress (108, 162, 

216, and 270 dyne/cm2) using a syringe method; for each shear stress level the experiment 

was repeated five times. VWF multimer analysis showed that the amount of high 

molecular weight VWF multirners (I-払.1W-VWFMs)in citrated plasma without EDTA or 

Al 0 (citrated plasma alone) gradually decreased with increasing shear stress. In contrast, 

there were no apparent changes in HMW-VWFMs in citrated plasma with EDTA or A 10 

(inhibitory anti-ADAMTS13 monoclonal antibody). 

Figure 2. E百ectsof high shear stress on HMW-VWF組 dVWF田 DP

The HMW-VWFM ratio was calculated as the density ofHMW-VWFMs relative to total 

VWFMs. In citrated plasma alone, the HMW-VWFM ratio decreased with increasing 

shear s仕ess(n=5 in each shear stress) (A, p<0.001), and the VWF-DPNWF:Ag ratio 

increased with increasing shear s仕ess(n=5 in each shear stress) (Dラp<0.01).In citrated 

plasma with either EDTA or AlO, the HMW-VWFM ratio (B, E) and VWF-DPNWF:Ag 

ratio (C, F) did not significantly change with shear stress. A significant relationship 

between the HMW-VWFM ratio and the VWF-DPNWF:Ag ratio was found only in 

ci仕atedplasma alone (n=25)(G, p<0.001). The relationship was not found in citrated 

plasma with neither EDTA nor Al 0 (H, I). 

Figure 3. Comparison of VWF:Ag and VWD-DP in ABO(H) blood groups 

A total of 259 healthy individuals (blood group A, n = 87; ABラn= 45; B, n = 52; 0, n = 

75) were analyzed. (A) Plasma levels ofVWF antigen (VWF:Ag) in blood group 0 were 

significantly lower those than in the other groups. Those in blood group A were 

signi白cantlyhigher than those in groups AB and B. The rank order ofVWF:Ag plasma 

levels was AB三B>A>O.(B) Plasma levels of VWF degradation products（＼司TF-DP)in 

blood group 0 we問 alsosignificantly lower than those in other groups. (C) The ratio 

between VWF田 DPand VWF:Ag was calculated in each group. The ratio in blood group 

0 was significantly higher than those in groups A and AB. The ratio in blood group B was 

significantly higher than those in groups A and AB. The rank order of the ratios ofVWF-

DPNWF:Ag was O=B>AB=A. 

The values are expressed as mean (range). *p<0.05，料 p<0.01.

Figure 4. Differences before and after high shear stress in ABO blood groups 
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Eighty-two plasma samples (blood group A, n = 24; AB, n = 18; B, n = 20; 0, n = 20) 

were exposed to high shear s仕essgenerated by a cone-pl瓜eshear stress inducer. (A) 

Plasma levels ofVWF antigen (VWF:Ag) in blood group 0 were significantly lower th組

those in other groups. (B) Differences in VWF degradation product (VWF-DP) before 

組 dafter high shear stress did not differ但nongthe four blood groups. (C) The ratio of 

the differences in VWF-DP and VWF:Ag (i.e., .6.VWF-DP/.6.VWF:Ag) in blood group 0 

was significantly higher than those in groups A and AB. The di旺erenceratio in blood 

group B was significantly higher than that in group AB. The rank order of the difference 

ratio was OとB>AB=A.N.S.: no significant difference.牛pく0.05，料p<0.01.
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