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ABSTRACT (250 words ) 

BACKGROUND: Plasma exchange (PE) is the fust-line treatment for pr首lary

acquired thrombotic thrombocytopenic pu中ura (aTTP) with severe deficiency of 

ADAMTS13 activity. Some patients are poor-responders to PE， raising concem over 

multiple pathogenetic pathways. 

METHODS: Based on 52 aTTP patients in our nationa¥ cohort study ， we monitored 

plasma levels of ADAMTS13 ， clinical and laboratory findings ， and ourcomes . In a 

representative poor-responder to PE， we examined an ADAMTS 13・inhibitor complex in 

plasma milieu ， by means of a large-pore isoelectric focusing (IEF) analysis. 

RESULTS: Of 52 aTTP patients ラ20were well-responders and 32 were poor-responders. 

In the latter group ， plasma ADAMTS 13 activity levels never increased to more than 

10% of normal during 14 days after PE initiation. Mean (土SD) plasma ADAMTS13 

inhibitor titers (BU/ml) were 5.7 い4.5 )before PE， but decreased to 1.4い on4th PE 

day ， and then remarkably increased to 14.8 い10.0) on 10也 PE day ， termed ‘inhibitor 

boosting' ， and then slowly decreased to undetectable level over one month. On 

admission ， none of the routinel y available clinical and laboratory markers differentiated 

these two groups. However ， elevated pre-PE levels of ADAMTS13 inhibitor were 

correlated with poor-response. We visualized an ADAMTS 13・inhibitor (IgG) complex 

in a patient plasma by an IEF analysis ， and found proteolytic 企agment of ADAMTS] 3 

antigen by a 2・dimentional IEF/S DS-PAGE analysis. 

CONCLUSION: Findings 企om this coh Olt of aTTP patients demonstrated that 

inhibitor boosting 0立en occurs in aTTP patients in Japan. Poor-responders could be 

predicted by elevated pre-PE ADA 恥1TS 13 inhibitor levels on admission ， but not by 

routinely collected clinical or laboratory data . 

Keywords: primmy aTTP， ADAMTS13 ， inhibitor boosting ， IEF ， ADAMTS13 inhibitor 

complex 

ABBREVIATIONS: aTTP = primmy acquired thrombotic thromboc 戸openic purpura ， 

ADA 恥灯S13 = adisintegrin-like and metalloprotease with thrombospondin type 層 1motifs 

13， VWF =von Willebrand factor ， IEF=isoelectric focusing 
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lntroduction 

Thrombotic thrombocytopenic pu中山a(TTP) ， a life-threatening generalized 

disorder originally chara cterized by a pentad of thrombocytopenia ， microangiopathi c 

hemolyt ic anemia ， renal dysfunction ， neurological signs and fever ， I is now primarily 

defined by severe deficiency ofvon Wil1ebrand factor (VWF)-cleaving protease ラtermed

ADA 恥灯S13 (a disintegrin-like and metalloprotease wi血throm bospondin 匂ゃe 1 motifs 

13) ヰ The ADA 孔1T S13 specifically cleaves 

unusually Jarge VWF mu1timer (UL- VWF T.の with hyperaggregability of pla telets ，5 and 

down-regulates VWF function. Deficiency of ADAMTS13 activi 守 (ADAMTS13:A C)

is either caused by gene mutations in or acquired autoantibodies to this enzyme ，6 

occasionally without a known cause ， termed primary acquired TTP (aTTp) .7 

Plasma exchange (PE) has long been the first-line treatment for aTTP ， often with 姐

adjunct of c01i icosteroid/steroid pulse therapy ，8 PE removes ADAMTS13 inhibitor 

(ADAMTS13:I NH)， UL-VWFM ，組dinf1ammato ry cytokines that mediate UL-VWFM 

release from vascular endothelial cells ， and replenishes ADAMTS 13 and regular-sized 

VWFM required for normal hemostasis. Patients with aTTP :fr equently take several days 
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to weeks of PE before platelet counts recover. However ， one population of aTTP 

patients o:ft en shows an initial increase in the platelet count that is paradoxically 

followed by secondary thrombocytopenia. These patients have been categorized as 

having 'PE ・refractory aTTP ，' but the pathogenesis of secondary 伽 omboc 戸openia is 

unclear. Bohm et a1.9 reported an increase in ADAMTS13:ll ぜHtiters a:ft er PE， but no 

systematic studies on this potentially important issue have been conducted. In addition ， 

30% to 50% of aTTP patients will subsequently relapse ， although these relapses occur at 

a time-point that is much longer than the secondary thrombocytopenia described 

herein. 6，lO Due to concems over  both short-term thrombocytopenic even ts and long-term 

aTTP relapse ， the anti-CD20 antibody rituximab ， which removes inhibitoη 

IgG-producing B lymphocytes from circulation ， 11，12 has been used recently to treat 

aTTP patients in conjunction with PE and corticosteroid ラ in an effort to reduce IgG of 

ADAMTS13:ll 、ffi with the goal of improving sho rt-term 1・esponses as well as 

decrea♀ing the rate of re!apse . 

We have recently shown that ADAMTS13 antigen (ADAMTS13:AG) in the plasma 

milieu consisted of 3 groups of bands with di宜erent isoelectric points (pI); Band 1 (pI 
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4.9 to 5.6) represents ADAMTS13 not bound to VWF; Band II (pI 5.8 to 6.7) remains 

unaddressed ， and Band III (pI 7.0 or 7.5) corresponds to ADAMTS13 bound to larger 

VWFM. 13 Further ， during 1998 ・2012 we identified 52 patients with new onset of aTTP ， 

whose plasma samples were followed for serial ADAMTS 13 level measurements more 

than 3 times within 2 weeks after initiation of PE. These patients were classified into 

れ"10groups based on the pr・e-PE levels ofplasma ADAMTS13:AC measured on the 14th 

day after PE initiation; 20 wdl ADAMTS13:AC 抽responders (ADAMTS 13 :AC と10%)

and 32 persons with poo r ADAMTS13:AC -responders (ADAMTS13:AC く10%). We 

found that poor ADAMTS 13 :AC -responders were uniformly associated with a 

tremendous increase of ADAMTS13:INH titers (IgG1 subclass) on 10th PE daぁtermed

‘inhibitor boosting '. Further ， using an IEF gel w e visualized for the first t也lea complex 

of ADAMTS13:AG and ADAMTS13:INH (IgG) ， that underwent proteolytic clea vage 

followed by clearance 企om circul ation. 百lese studies may help to understand how 

treatment shortly after PE with steroid and rituxirnab infusion works in aTTP patients 

who otherwise may develop seconda ry由rombocytopenia due to‘inhibitor boosting ' . 
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Patients ， Materials ， and Methods 

F 拘J-two aTTP patients enrolled in this nati mwl cohort stu 砂

Since 1998 ， our laboratory at Nara Medical University has served ぉ anationwide 

referral center for thrombotic microangiopathy (TMA) that analyzes ADAJ¥打 S13 as 

requested by clients across Japan . Using a chromogenic assay for ADAMTS13:AC ，14 

between January 2004 and March 2012 ， we were able to identi 命184 new patients (89 

males and 95 females) with aTTP ， based on the following criteria; severe deficienc y of 

plasma ADAMTS13:AC (<10% of normal) with positive ADAMTS13: Il'但(>1. 0

Bethesda U/ml) ， but without the underlying diseases. Of 184 aTTP patients ， 52 were 

able to have follow up determination of plasma ADAMTS 13 :AC levels more than 3 

t加les at 3-5 days interval within 14 days after PE initiation ， and were enrolled in this 

study (s乙eIhe supplerru;;ntal Tab l.e land 2). 

Patient outcome definitions 
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The study defmitions were the same as those reported by Kremer-Hovinga et a115 

and Froissart et a1.16 Remission was defined as a complete resolution of laboratory and 

clinical data after cessation of PE. Durable remission was defmed as laboratory and 

clinical resolution of aTτ 'p evaluated at least 30 days fol1owing the flIst day of platelet 

count recoveη T (>150xl0 9 I工) (this period included the time on maintenance PE). 

Relapse was considered a new episode of TTP if a patient had ach ieved a durable 

rerniss ion and subseque ntl y ぞ王手erienced i:1 !aDo ratm ヴ Death from TTP was 

deunεd as any death 出atoccurred within 30 days after a diagnosis ofTTP . 

Ass 句ISfor plasma levels of ADAMFS13:AC ， ADAMFS13:INH αnd ADAMFS13:AG 

Plasma levels of ADAMTS13:AC were measured by chromogenic 

ADAMTS13 ・act-ELISA 14 with a detection limit of 0.5% of normal ， and the 

ADMTS13:INH titers were determined by means of Bethesda method 17 using 

heat-inactivated patient plasmas ， as previously described. One Bethesda unit (BU) was 

defined as 出eamount necessary to reduce ADAMTS 13 :AC to 50% of control levels ， 

and the value of三1.0 BU/mL was assumed to be positive. Further ， plasma levels of 
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ADAMTS 13 :AG were measured using sandwich ELISA.18 

Titers of anti-ADAMTS13 IgG, I gM, and IgA autoantibodies and IgG 1-4 subclasses 

Assays were performed as previously described19, with the following modifications. 

First, microtiter plates (Nunc Immuno Maxisorp, Nunc A/S, Roskilde, Denmark) were 

coated with 100 J!L of human recombinant (r) ADAMTS13 (2J.tg/mL) dissolved in a 

coating buffer [carbonate-bicarbonate buffer, pH 9.6, Sigma C-3041 (Sigma-Aldrich, 

St. Louis, MO, USA)] and left overnight at 4°C. On the next day, 250 J!L of blocking 

buffer (Pierce protein-free T20, Thermo Fisher Scientific Inc. Rockford, IL, USA) was 

added to the plates, and incubated for 2 hours at room temperature. Then, 100 J!L of 

each diluted test sample was added to the each well and left for 3 hours at room 

temperature. After incubation, 1 OOJ!L of diluted horseradish peroxidase 

(HRP)-conjugated goat anti-human IgG, IgG1-4, IgM, or IgA were added, and the 

plates were incubated for 2 hours at room temperature. Finally, 100 J!L of 

3,3',5,5'-tetramethylbenzidine (TMB)-H202 solution (TMB substrate kit, Thermo 

Fisher Scientific Inc. Rockford, IL, USA) was added, and the absorbance was measured 
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at 450 nm with a reference 剖ter of 620 nm on a Thermo microplate reader (百lermo

Fisher Scienti :fi c Inc). Between each step ， the plates were washed with 

phosphate-buffered saline (PBS ， pH 7.2) 4 t位les. Titers were calculated as a ratio of the 

sample optical density (OD) at each dilution to the normal human plasma OD at each 

dilution. Ratios were determined for each individual dilution and compared to the 

coηesponding cutoff values ， and the resu Its were expressed as the titer. The titer of a 

sample corresponded to the last dilution at whkh the ratio was above 也ecuto 百leve l.19

IEF using an agarose-aclylamide composite gel 

In some experiments ， ADAMTS 13 in patient plasma was ana1yzed by IEF using a 

large-pore agarose-acrylamide composite gel as recently described in detai l.l3 A宜eraF ，

the isolated proteins were electrophoretically transfeηed to nitrocellulose membranes ， 

and then 也eblotted proteins were irmnunoreacted with anti-ADAMTS13 monoclonal 

antibody ("弓-I2 -11 ・1，epitope residing on the 4th thrombospondin type-l domain of 

ADAMTS13) ，20 and visualized using a chemiluminescent detection kit (perkin-Elmer 

Life Science ラBoston ，MA). Using this method ， ADAMTS13:AG from normal plasma 
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consistently shows the following 3 groups of bands ; a major Band I representing 

unbound ADAMTS13 with a pI of 4.与5.6 ，as in the case of purified plasma-deri ved 

ADA 恥1TS13 ，as well as Band II at pI 5.8-6.7 and Band III at pI 7.0 /7.5. The 

composition of Band II is not well defi ned yet ， but Band III was shown to be a complex 

of ADAMTS 13 :AG and high ・molecular- weight VWFM. 13 

Therapeu tIc l'egirnen 

The basic therapeutic regimen f01" our cohort patients wito aTTP consisted of PEラ

cor tir: osteroi cis ヲ and inii11uno-suppressant s i:i S ritu xirr冷b(see the supplementaJ 

Table 1 and 2). All patients 1Nere initiaUy treatεd with PE ¥Nith 合esh iiozen plasma 

(FFP) at a正.l ose of40 槍 60 mllkg body weight/once per 正lay ぅand mostly for the first 3 to 5 

conse cu.tive days ， :Ho¥it l仇ieL theζ""ubse quen tγeg ime n of PE the rapy vvas 町ariable beIsed 

primarily on laboratory findings of patients (platelet count and serurn LDH) ， and 

presen ce of neuro I()QicaJ tindin 迄S告

PE therapy was usually accon1panied ¥vitb corticosteroid therapy . 1n our cohort ラ 30

patients received high-dose methylpredniso!one (mPSL ， 0.5寸 g/day) pu!se therapy ， of 
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whom 23 patients 1・eceived it commonly for 3 consecutive days during 1-3 days after PE 

anc! 7 patients recεived it beyond this period. Another ， 13 patients who did not receive 

cort~í_沿stcrη id puise th erapy tecelved per os adn 注1istra uon ()f predonisol one (0.5 ぺ

mg/kg/day )、 One patie m did f¥m have corticosteroid therap y. For the rerl1ain ing  8 

patients ラ ¥-ve were unabk to retri eve information on corticosteroid therapy from the 

physicians 岨 Hトcharge.

};or imrnune=ιuppressanrs.γituxim.ab infusi on i;vas rnos t ft'(う que 討出(1 8/52

じanミηts aT??)4 Thc itEllx imfib doscw aS 375 31lg/tf weekiy tbr4 weeks ラ電波hoむgh

one patiem (patient 110.34) died SOO I1 after the fi.l' st rit uximab in和sion ，and the one 

patient (patient no.26) 1・eceived 5 infusions of rituximab. Patient 110. 28 (たmaJe) was an 

exceptio 柱、 who received a second cours e of rit uximab therapy during 75~96 days (a tota! 

of 8 rituxunab infusiuns) 予 as tbe れ3. -[1persist む1ce of high tir ers of 

AD/.¥Jv1TS13:TNH (peak of 42.6 BUlrn[ ふAn additional 10 patients !・ec己ived v:nc ristine 

(1-2 mg/body per day) one to Iour doses administered one week apart 弓 and 4 patients 

received one or two cyc1es of cyclophoasphamide (CPA) pulse therapy (500 

mg/body/ da) 小
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(one une ionむ

patJ.ent) 戸

Statistical analysis 

Labo ratory data are expressed as the mean 土SD. Compa risons between well-r esponder s 

and poor-responders wer e analyzed using the Mann- Whitney U-test or Chi-square tes t. 

All analyses were calTied out using StatView (SAS Institute Inc. ， Cary ラNCラ USA). A 

p-value く0.05 was considered significant . 

Results 

Two patient groups 0/ aTTP: wel f.・responders and poo r-respo l1ders 10 PE 

Follow -up clinical and labor 首ory findi ngs were availabl e for all 52 aTfP patients 

(be れNe en 7 and 2立607 days a:ft er the firs t admission). a_re 

su.rnrn .o.rized jn th主 SGppi 亡rn日行t記γable 1 and 2. The 52 aTTP pat ien ts were class ified 

into 臥10 groups based on comparison ofplasma leve1s of ADAMTS13 :AC mεasured 
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fourteen days after initiation of PE 20 aTTP patients are characterized as 'NeH 

ADAMTS 13 :AC .responders (ADAMTS 13 :AC 三10%) and 32 aTTP patients are 

characterized as poor ADAMTS13:AC -responders (ADAMTS13 :AC く10%).

Characteristics of these 2 aTTP patient groups are shown in Table 1. Most of the 2 

patient groups received corticosteroids. Eighteen aTTP patients received rituximab ， 

which was administered to poor ADAMTS13:AC-responders more frequently than vveil 

ADAMTSI3:AC-responders (p<0.05) . 

In well ADAMTS13:AC -responders (Fig.11eft) ， plasma levels of ADAMTS13:AC 

(mean 土 SD) increased to 15.0 土 10.9% on也ethird day of PE， with a slight dip on the 

tenth day ofPE ， and then did not decrease below 10% within 14 days a立erPE initiation. 

As for plasma ADAl¥l1T S 13:TNH titer in well ADAMTS13:AC ・responders ，mean (土SD)

ADAMTS13:INH levels were 2.5 士1. 5BU/ml before PE， decreasing to 0.8 土 0，4

BUim l on 4白 PEday ， and then increasing to almost pre 圃PElevels (2.7 土4.4BU/ml) on 

10th PE day ， followed by a consistent decrease to undetectable ADAMTSI3:ll 、ffi levels 

(く0.5 BU/ml) on the 14th PE day. Platelet recovery began one to two days later and 

mean platelet increased to 180xl0 9 IL on 6th PE day ， followed by a slight dip ， and the 
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mean platelet counts increased again to greater than 150x 109 /L on血e14白PEday. 

In poor ADAMTS13:AC -responders (Fig .l right) ， plasma levels of 

ADAMTS 13 :AC never increased to more th佃 10% of normal as measured at the 

fourteenth day afte r PE initiation . Fm1her ， mtan 存iこSD)plas ma ADAMTS 13:I NH titeI ・5

were 5.9土4.5 BU/ml before PE initiation ， but decreased to 1.4土 0.7 BU/ml on the 4th 

PE day ， and then increased to 14.8 士0.7BU/ml on 10出PEday. This is termed ‘inhibitor 

boosting'. Mean ADAMTS 13:INH titers subsequ ently decreased to undetectable levels 

(<0.5 BU/ml) over a four week period following PE initiation. Among these aTτ? 

patients ラ recoveη /of platelet count s was slow ， and the platele t count was not gre ater 

than 150xl0 9 /L in any ofthe se patients bythe 22nd PE day. 

Sequential analysis 01 ADAMTS13:INH immunoglobulin class and IgG subclasses 

A previous report 19 indicated clinical significance of the IgG4 subclass of 

ADAMTS13:INH (IgG) rather than others ， and therefore we here sequentiall y measured 

the titers of immunoglobulins and IgG subclasses in 6 aTTP patients ， including 2 well 

ADAMTS13:AC-responders (patient no.l and 3) and 4 poor ADAMTS13:AC 
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-responders (patient no.26 ， 36， 39， and 40)σig.2). 

Both the patients in well ADAMTS13:AC ・responders had IgG antibodies (IgG 1 in 

both patients ， IgG2 and IgG4 classes in one patient) and one had IgA antibodies. Over 

time ， IgG and IgA antibody titers correlated with ADAMTS13:INH titers. Further ， all 4 

patients in poor ADA お1TS 13:A C-responders had IgG antibodies (IgG 1 in 4 patients ， 

IgG2 in 2 patients ， and IgG4 in 2 patients) and one also had IgA antibodies ， but none 

had IgM antibodies. Over time ， IgG and IgA antibody titers correlated with 

ADAMTS 13:INH titers. 

Thus， in both the patient groups the ADAMTS 13 :lN H titers were consistentl y 

correlated with the IgG 1 titers ， and inconsistently with the titers of other IgG sub cIasses. 

Visualizatioll 01 ADAMTS13:AG alld its compl ，α with ADAMTS13:INH (IgG) ill 

plasma milieu during tJ・eatmellt

Plasma ADAMTS 13:ll 、ffi titers in a~口P patients correlated with titers of the IgG 1 

subclass. Further ， despite severe deficiency of ADAMTS13:AC (く0.5 %of normal) 血

aIl of our aTTP patients ， these patients genera l1y had low but variable levels of plasma 
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ADAMTS13:AG (<0.1 % to 84.8% ofnormal) (the supplemental Table 1 and 2). 

Most ofthe aTTP patients on admission had lliF pattems that di百ered 企omthose of 

normal individuals (the supplemental Fig.l). Notably ， among the 52 aTTP patients ， 3 

poor ADAMTS 13 :AC responders (patients no. 22， 26， and 47) had undetectably low 

plasma leve l of ADAMTS 13 :AG (く0.1 % of normal). We report laboratory information 

herein fo1' patient no.26 (Fig. 3). 

Before PEラpatient no.26 had no visible band of ADAMTS13:AG on ffiF gel ， and 3・5

days after initiation of PE， a new ADAMTS13:AG band was detected at pI 6.0-7.3 

(Band A). Howeve 1'， on day 10ラ the ADAMTS13 :AG band was not detected in accord 

with ‘inhibitor boosting ' During this period ， plasma levels of ADAMTS13:AC 

were consistently below 0.5% of normal ， suggesting that Band A was a complex of 

ADAMTS13:AG and ADAMTS13:INH (IgG). Band A was no longer detected after 

pass mg the patient's plasma through a Protein G column to adsorb IgG (da 臼 not shown). 

After extensive treatment with PE， corticosteroid ， and rituximab ， ADA 恥1T S13:AG

pattems almost normalized on day 100 after PE initiation ， along with improvements of 

other aTTP-related clinical and laboratory fmdings. In fact ラ aTTP remission was 
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achieved at this poin t. Furthermore ， Band B with pI >9.3 was identified as the degraded 

fra 伊lent of ADAMTS13:AG as shown by the presence of one ADAMTS13 ・related

protein band (125 kD) by 2・dimensional analysis ， using sodium dodecyl sulfate (SDS) 

ゃolyacrylamide gel electrophoresis under reducing conditions (Fig.3c) 

Although remission was initially achieved in patient no. 26， the patient subsequently 

experienced a relapse 2 years later ， that was featured by thrombocytopenia and an 

ADAMTS:13 INH titer of 4.6 BU/ mL. This relapse was successfully treated with PE 

and corticosteroids . 

Discussion 

U sing a large cohort of a T1P registry 21， we conducted a re仕ospective analysis of 

52 patients in Japan with aT1P.百 lese patients were classified 出totwo groups: 20 wd! 

ADAMTS13:AC “responders 姐 d32 poor ADAMTS13:AC -responders ， based on 

plasma levels of ADAMTS 13 :AC measured on 由e14th day a宜erPE initiation. aT1P 

patients who had ADAMTS 13 :AC levels less than 10% of normal on the 14出 dayafter

PE initiation were operationa l1y considered to be 'PE-re 企actory T1P'. We also 
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characterized the nature of ADAMTS13 :INH antibod ies ， and identifi ed a complex of 

ADAMTS13:AG and ADAMTS13: 別H(IgG) ヲusing a large-pore IEF gel analysis. 13 

our 5と1 亡.~rEt!

First ， measured pre-PE levels of ADAMTS13:ll 妊-I appeared to have prognostic 

implica tions for measured ADAMTS 13 :AC levels following PE. As shown in Table 2， 

on admission ， none of the c1inical and laboratory markers except for the pre-PE levels 

of ADAMTS13:INH could predict 1 ADAMTS13:AC -responde rs versus poor 

ADAMTS 13 :AC ‘responders. 

Secon d， Ferra ri et a1.19 reporte d that IgG4 was the most prevale nt IgG sub c1ass 也

their sample ofpatients with aTTP (90% ，52/58) ， fol1owed by IgGl (52 %)， IgG2 (50%) ， 

and IgG3 (33 %). They 白rther sho wed that patients with high IgG 4 and undetectable 

IgG 1 levels were more prone to relapse than those with low IgG4 levels and detectable 

IgG 1; they proposed that IgG4 could be a potentially use 白1indicator of patients at risk 

of relapse. In our serial study of 2 ¥村IJ ADAMTS 13:AC "responders (without inh ibito r 

boosting) and 4  poor ADAl 'v1T S 13 :AC .responders (with inhibi tor boosting) ， 

ADAMTS13:INH titers were  most strongly correlated with the IgG class ， especially the 
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IgG 1 subclass. The difference in IgG subclass fmdings between the study by Ferrari et 

al.19辺 from Europe and our stud y from Japan is unclear ， but predisposing genetic 

factors might be involved. 

百urd ，we identified a complex of ADAMTS13:AG and ADAMTS13:INH (lgG) in 

patient plasma ofpoor ADAMTS13:AC 副responders ，using a large-pore IEF gel analysis. 

Trus fmding has not been reported previo uslyラ because most of aTTP patients have low 

but a significant plasma level of ADAMTS13:AG (as shown in the supplemental Table 

1 and 2). We reported 3 patients who were poor ADAMTS13:AC ・responders (patients 

no. 22， 26， and 47) who had low levels of plasma ADAMTS 13 :AG (<0.1 % of normal ) 

before PE. Using the patient post-PE plasma level for patient no. 26， we reported that 

Band A was a complex of ADAMTS13:AG and ADAMTS13:INH (IgG) ， and Band B 

was the 企agment of ADAMTS13:AG ， as evidenced by a 2-dimentional IEF /SDS-PAGE 

analysis (Fig.3). These results indicate that the ADAMTS 13 :AG -ADAMTS 13 :INH 

complex undergoes proteolytic modification ， by wmch ADAMTS13:AG disappears 

合omcirculation. 

We conclude tna t ADAiv 打'Si 3 :INH boo sting is a frequent occurrence noted among 
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Figure legends 

Fig 1. Changes of plasma levels of ADAMTS13 activity (:AC) ， ADAMTS13 

inhibitor (到H) and platelet counts in 20 well-responder (left) and 32 

poor-respondert PE (right) 

In the 自gures ，the shaded areas show normal ranges ， and the vertical bars indicate 

values of mean 土SD.

In well-responders (le 立)， plasma levels of ADAMTS 13 :AC increased to 

15.0 士10.9%on 3rd PE day and then did not decrease below 10% within 14 days after PE 

ini tiation. Plasma ADAMTS13:INH titers decreased on 4th PE day ， and then restored to 

almost pre-PE levels on 10出 PE day ， followed by  a consistent decrease to the 

undetectable level on 14th PE day. Platelet counts increased to nOlmal level on 6th PE 

day ， followed by a slight dip ， and then re-increased to normal on 14血PEday. 

In poor-responders (right) ， plasma Jevels of ADAMTS13:AC never increas ed to 

more than 10% during 14 days after PE initiation. Further ， plasma ADAMTS 13: 別H

titer decreased from 5.9土4.5BU/ml before PE initiation to 1.4土 0.7 BU/ml on 4出 PEday ， 

and then remarkably increased to 14.8 土0.7BU/ml on 10出 PE day ， termed ‘inhibitor 

boosting' ， followed by a slow decrease to unde tectabl e level over one-month after PE 

initiation. A reco very of platelet counts was very slow ， and the count reached to more 

than 150 xl0 9正on 22nd PE day . 

Fig. 2. Sequential analysis of ADAMTS13: 悶 H immunoglobulin class and IgG 

subclasses 

We sequentia l1y analyzed the titers of immunoglobulins and IgG subclasses in 6 

aTTP patients ， including 2 well -responders (no .1 and 3) and 4 poor-responders (no .26， 

36， 39， and 40). Both the patients in well 胃responders had IgG antibodies (IgG 1 in both 

patients ， IgG2 and IgG4 classes in one patient) and one had 19A antibodies. All 4 

patients 凶 poor-responders had IgG antibodies (IgG 1 in 4 patients ， IgG2 in 2 patients ， 

and IgG4 in 2 patien ts) and one had IgA antibodies. In both the patient groups ， the 

ADAMTS 13 :INH titers were consistentl y correlat ed with the  IgG 1 tite rs， and 

inconsistentl y with the titers of other IgG subclasses. 

Fig. 3. Changes of ADAMTS13 parameters and isoelectric focusing (IE F) 
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analysis of plasma ADAMT813 antigen in patients with inhibitor boosting 

Change s of ADAMTS13 activity (:A C)， antigen (AG) alld inhibitor (l1'妊-1) in addition 

to the therapy of patient with inhibitor boosting (no.26) were shown ill Fig . 3a. Before 

PE、this patiellt had no visible band of ADAMTS13:AG on IEF gel ， and 3・5days after 

initiation of PE， a new ADAMTS13 band at pI 6.0 ・7.3 (Band A) appeared ， but on day 

10 it almost totally disappeared again in accord with 'inhibitor boosting' 出 shown in 

Fig.3 b . After extensive treatment with PE， steroid 少 and rituximab ， ADAMTS13:AG 

patterns almost normalized on day  100 a食er PE initiation . Band B with pI >9.3 in 

Fig.3b was identified as the degraded 企agment of ADAMTS13 :AGフ sho wing by the 

presence of one ADAMTS 13-related protein band (125 ゆ) by 2-dimensional analysis 

using sodium dodec yl sulfate ( SDS ) -polyacη rlamide gel electrophoresis under 

reducing conditions in Fig. 3c. 

VWD: von Wil1 ebrand disease ， NP: normal plasma ， PP: patient plasm a， 

Supplem 菅直鵠1Figures 

Figure 81. Isoelectric focusing (IEF) analysis of plasma ADAMTS13 antigen on 

admission in botb patients of weIJ -responders and pOO I'同 responders

ADAMTS13:AG exists in plasma milieu as 3 major band s shown by IEF anal ysis; Band 

1 (free 01' unbound to VWF) ， Band IJ (not featured) ， and Band 1Il (bound to 

high-mole cular-we ight VWF) as shown in normal plasma 例町. Howeve r， our aTTP 

patients in both patients with well responders (upper panel) and poor-responders (lower 

panel) had IEF pa託erns totally di百erent from those of normal individuals . Among 52 

OU1" aTTP patients ， 3 poor-responders (no.22 ， 26， al.1. d 47) had undetectabl y low plasma 

level of ADAMTS13:AG (く0.1 % of normal) . Thus ， we chose patient nO.26 as a 

represent ative to analyze an interaction betwe en ADAMTS13:AG and 

ADAMTS13:INH (lgG) in plasma milieu using lliF as shown in Fig.3 . 
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Fig.3 
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Table 1. Comparison of laboratory markers; well-responders and poor -responders to PE therapy 

?で?山 --一、 鴨 a・・・樹鴫欄

ADAMTS13:AC (%) on 14thday after PE 

;?:10% く10%

(well- responders) (poor 副 responders) p Value 

Number 20 32 

Age on admission 53(1 胸81) 48 (13-84) 0.44 

Sex 

female 13 (65%) 19 (59%) 0.91 

male 7 (35%) 13 (41% ) 

PE (time s) total 7.5 (3悶 15) 14.3 (4・31) <0.01 
during 14 day s 6.8 (3-11) 9.9 (4-14) <0.01 
after 14 days 0.7 (0-6) 4 .5 (0-20) <0.01 

Rituximab therapy 3 15 <0 .05 

5teroid/steroid pulse thera py 18 30 0.62 

← 一 一
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Table 2. Comparison of laboratory markers between; wel トresponders and poor-responders to PE therapy 

on admission at 14th day after PE 

注10% く10% 主10% く10%

(well 聞 responders) (poor -responders) 
p Value 

(well-responders ) (poor-responders) 
p Value 

ADAMTS13 

: AC (%) <0.5 <0.5 31.7 (12β “68.0) 1.9 (く0.5-12 .4) <0.01 

: AG (%) 12.3 (0.2噂84.8) 7.9 (く0.1-37.9) 0.3 9 90.3 (36.0->100) 42.1 (0.1->100) <0，01 

: INH (BUjml) 2.5 (1. 0-5.6) 5.7 (1.1-20.0) <0.01 0.54 (<0.5-0 .9) 6.9 (0.7-5 1.0) <0.01 

Neuro!ogic 0 .23 <0国01

symptoms (+) 15 (15/20) 29 (29/32) o (Oj20) 14 (14/32 ) 

(白) 5 (5120) 3 (3/32) 20 (20j20) 13 (13j32) 

Platelets (xl0 9jL) I 12.3 (3由 36) 11.6 (3-54) 0.78 1 225.1 (70 ・772) 84.6 (3-330) <0.01 

LDH (IUjml) 11696 (494-7768) 1262(478 四3126) 0 .30 I 290 (165-891) 536 (161-1941) <0.05 

Hb (gfdl) 7.3 (4.2 幽 14.3) 7.3 (4.9-10.1) 0.99 9.1 (7.0-1 1.9) 8.3 (5.1-12 .6) 0.11 

BUN (mgjdl) 23.1 (9.5 -58.7) 26.5 (8.8-122.0) 0.47 16.4 (3.7-32.0) 26.1 (9.3-83.0) <0.05 

Cre (mgjdl) 
0.88 ニニ2ょこニLニ斗ニニニ認0.95 (0.43-4 初)

0 .10 
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5upplementa l Table 1. Cli n;ca' and la bora tory 自ndings In 20 TIP p.tien ts ; well.responder s t o PE therapy (AD A M TSU: .IIC HO% 0" 14納 dayafte r P正}

Atdiag 門O以S M副nt her.l同 (afterPE)

P>ltient "'1 
同 Gend~ 

配偶}

1 l:1 F ::0.5 51 15651  5.01  2QO 

A一、. "ド < 0 .5 "げI 5.41 '91 ュー061 '1.8 1 五'.0

3  I 67f ぐ0.5 1.GI 01 101 田

、0.5 4.5 1 61 "101 7.91  16.71 0.66 

s 31F 171 17<li 

‘ 
1F ィ0.5 1フI 3.2 1  141 35601 5.81 11: .01  0.31 

7 17M < 0.5  15.21 2.6 1 121 494 

a 7M ぐ0.5 2.11 71 77681 5.41 18.9 

く05 281 5851 9.5 

10 I 48F 1.51 1.81 151 17441 8.11 2S.sl  0.74 

11 178M I <:'. :0.51  56.71  1ヲI 31 673 

12 165M J < 0.5 1.61  91 :17国

13 I SlF 1.61 91 11151 5.21 lu l 0.76 

14  1 31M 1 <0.5 15 

1S  I  SlF I  <0.5 1.51  351 7<l71 6.71 12.0 1  0フ4

16 I  66F I  < 0.51 2..;1 1.5 

11  1  68 F  I  <0.5 61 斗71'

18 178M  I ピ0.5 91 6841 14.3 

19 157 M  I  <051 1.1 1 1.2 1 91 15611  9.01 31.51 1.3 S 

団 1 S6 f  1  < 0.51 3.91  1.0 1 101  7961 9.0 1  1.4.0 

PE : þt~sma .'ltChang・ A:. PE: 合唱 hf~，!.Z:ery pla:s.m~ 4'同Qrri 1/kl/d ay

VCR : vIncru tine B潔鱗鱗議綴鱗畿務灘務機畿縫惑零 mPSl : m"向問d開isolon~ (jnfusio;)) '" {1問mg/d~) マ (SOOmg/day)

ιPA: cvdop n o~p hilmìd & マ(2501 ηg/day) マ(1lSmg /day) "1' (6助官邑Iday)ヮ(3伽司g/day) N/D :nσt thrterm in¥!d 

IVIG: Intr.l veno出 immunaelobulln E誕 Ritu xImab 375m唱/m'/d町

M O F : multipl eorganfallure 

Scho;;~ rOn札 3ï'S Greenb rier Drive ， Char!ot t¥Sl SVme， VA， 22S()' 'i 1 (43 4) ~会4-41 00

。持J4"' d'η
由詫

。出 向E

。.bs crv..ti on
S白色町'"

同州 制 。n

remt話。n

rem~oの

rtm15針。n

" m弘5露。"

間前回開

向 m“。n

"m忌説明

16mcntl 芭 }

一

"m凶 j開

陀 12p se! i!'I 官g

2 yean) 

ド出陣e !Mter

日5 _ は>Ul



Tran sfusion 

Atd ;agn 情 理$

Supplemental Table 2. Clinical and lab o ratory 自ndings in 32 TTP patients ; poor-responder s to PE ther apy (ADA MTS13 : AC < 10% on  14出 dayafter PE ) 

Maio lher ，)阿 !afterPE )
山一円前

人

P"tit l'l t I Agef 

叫 IGeoder IADAAm 13:IA.o陣.fT S13:I ADAl iI.TS日 IPl auo !由 1lOH I Hb I BυN 1 Cr(l: 

AC I% )  I A6{叫 l 附HfSU!ml) !件lO~/l.J H !Ujml ) I包JdQ Ilm ald l) 11m温/dl)

21 I 74F  I く0. 51 1.1 61 9501 8.11  1アo

22 1ηF 1 く0. 51 <0.1 1 目 21 91 10221 5.. 71  16.4 

13 I S4F I  <051 2.1 1 11.91 5 1 1450 

24 I 29 M  I <0.5 1 26.91  11.1 r 111 2203- 1  5.11 1.7 .0 

2s 125M  I  < 0.51  2.7 

可証五云函五瓦

30 hC$~il訓 days

(MOFj 

d"臼昌也edon

19hosp 陶Id."

rel.a凶 e l1lft er2years)

ベ0.51 く0.1 151 <J7s 

101 31261 6.'1 1  16.31 1.00 

，cl，戸ε{虫frl¥'e 回 l

n I 14F I <0.. 51  0.2 1  9.8 t sl 13461 6.51  19.01 Q .日

15 I  33F I く05 1 0.81  9.3 t 81 怠54

29 1日 F I  < 0.51 205 1 7.2 1 111 5101  9.01 27.3 

<osl 8.8 

" m出国防

remto;針。 η

主1 I  B F  I く 0.51 1-5 1  6.5 1 91 718 1  u l  lLOI 052 

33 I SSM I  < 0.5 1 l.S .41  $.2 1 ョI 1~3 J 9..9 1 22.0 

31 1岬 M I <0.51 3.1 1 6.2 1 161 117 ヲI 6.9 1  1).6 1  0日

rem~>sion 

<0.51  0，6 

35 1回 F 1 <051 11.41 4.8 I 91 日目 1 6.51  18.0 

36 1 47F  1 く051 ぇ61 4.8 1 71 1555 I  7.01 24..0 

6.8 1 39. 0 

dece a5edoo 

7 h~pitJl day~ 

.. 1幽 M I く 臥5 1 27，SJ 9 1 717 I  u l 30.0 

37 I 36F  I <0.51  0.21  4.4 1  8 1 859 1 5.7 1  2L71 0.59 " m出 。n

可応;;;刷
9momh~制d

由~eascd

::1.. 4 !  541 203 7 5.7 1 53.0 

， •. S I 14臼 1.1 晶1.0

2.3 121 16n 6.6 1 30。

2.3 131 647 10.1 1  U .2 

141 2615 9.21  S1.7 

2.0 6 "0 7.51 22.0 

2.0  9 1  796 4.91  14.6 

2.0 151 10 53 5.6 1 1.0.0 

1.8 S I  2317 851 47.0 

1.6 2B 895 9 3 ..1 013 1~ 
1.5 1 u l  5田 ア11 12.0 

7.31 1).0 

込.9 1 591'11 I <0.51 2.9 

‘o  155M 1 <0..51  0.9 

41 1 S9F I  <0.5 1 1.9 

42 1 631" 1 く0.5 1 1.3 

43 1  59F I く0.5

輔 } 相 M I く0.5

4S I 4~M I く 0.51 4.7 

岨 113F 1  < 0.51 2.. " 

て051 く0.1

48 I 25f 1 <0.51  37.S 

相 l咽 F 1 く0.51 1.1 

50 1 44F I  < 0.5 1 0.2 

51 1 73F I  < 0.5 1 23.3 

5'2 155M  1 く 05 L1 1  u l 16α' 1 ι31 122.. 0 

PE : pla sma exc:hange 

VCR:vin a-回tine

CPA : cyclopho$ ph;lmice 

cvA :cyclo 書porin

IVIG : Intravenous !mmun og¥o buli n 

MOF : mult iple organ tai lure 

7.11 21.3 

五E瓦面五五
四 h~p句!dJyS

" m崎slon

陀 !ilJlS e

(，免er5momh5)

remlss ion 

A .  PE:IT e5hfroze 阿，1.問 a4CJ- 6OmI/ilg/ day 

m円 l:me thがpredoni so!on e(irrfusion) 守 (l000m &!day )マ(500mgl由y)

マ(250m g/day) "9 (125rn g/d削 ". (oOmg/ dny) v (30mg/d~y) N}O : not determin ed 

C啓 附t出 lmabS75mg/m~/d叫

SctH)~翁rOn窃， 375 Grf.íe n~伯母r Driv争司 むれ設r~，(}tt$)s.vH ~~~ ¥1 f.¥， 229 む1 1 (434) 954.410{) 


