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The ADAMTS13 acti 吋tymay predict the cumulative survival of patients with liver 
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Abstract 

Aims: Decre 田ed plasma ADAMTS13 activity (ADAMTS13:A C) res 凶ts in the accumulation of 

unus 聞 lly large von Willebrand 恥 tor multimers and platelet 世lfombi fonnation. our aim wasω 

evaluate wheth 町ADAMTSI3:AC is a prognostic marker in patients wi也liver cirrhosis. 

Method 旨: Plasma ADAMTSI3:AC and its related parameters WI町eexamined 企om 108 cirrhotic 

patients. 

Results: ADAMTSI3:AC decreased 回出eseverity of liver disease increased (means: controls 

100% ， Child A-cirrhotics 79% ， Child ，B-cirrhotics 63% ，組dChild C-cirrhotics 31 %). 

ADAMTS 13 :AC markedly decreased in也ecirrhotics with hepatorenal syndrome ， re企actory ascites 

and hepatic encephalopathy. 百lecumulative survival time w出 the shortest (median 4.5 mon 血s)血

cinhotics wi血asev ，ぽ'eto moderate ADAMTSI3:AC deficiency (<3~25%)， followed bythose with 

a mild ADAMTSI3:AC deficiency (2仰い50%) ，and W:出世lelongest in those wi也anonnal r，佃ge

of activity (>50%). In con 仕'ast ，based on the Child~司郎0社e-Pugh (C1P) score ， Child C-cirrhotics 

had the worst survival ， but the survival probabilities did not di晶:rbetween Child A and B cirrhotics. 

Based on the Model for End-Stage Liver Disease (ME LD) s∞re， the survival w:回世leworst for 

cirrhotics 白血efOUl也 quartile ，while it W:出 notdi 自己:rent 釘nong cirrhotics in由efirstthr 田 q田 rtiles.

In cirrhotics in也esequential s加dy，ADAMTS13:AC significantly decreased wi也白eprogression of 

liverdi 尻町ban ∞.

Conclusions: ADAMTSI3:AC concomitantly decreases as the functionalliver capacity decre 出es.

百由activity may be a use 白1prognostic marker that is equal or superior to血e C1P score and 由e

MELDs ∞reωp 問dict not only 吐leshort 圃tenn prognosis but also the long 北 rmsurvival of cirrhotic 

patients. 

Key words: AD品灯S13 activi 臥C1Ps∞lre ，liver cirrhosis ， ~伍LDscore ， prognosis 
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INTRODUCTION 

Once patients with liver cirrhosis (LC) develop a decompensated condition ， the risk of early mortality 

sharply increases 1. Any patient with LC is at risk for specific life 血rea 匂ning complications such as 

variceal bleeding ， sepsis ， or hepatorenal syndrome ， and hepatopulmonary s戸ldrome. Many studies 

have examined factors that predict the survival of patients wi出LC1・7 百leChild score was originally 

designed 加国sess the prognosis of cirrhotic patients undergoing surgical 悦 atment for portal 

hypertension in 1964 2，組dthereafter its modified form ， the Child- l1町 'co 町-Pugh (CTP) score 3， has 

been widely used to prognosticate patients with LC 1. However ， this sc町eincludes some subjective 

components and does not estimate other 血ctors ，such as renal and pulmonary dys 白nction ，that are 

commonly associated with decompensated c耐hosi~' 3. Furthermore ， the CTP score is not always 

su血cient ，partiωlarly when predicting 由eshort-term prognosis of patients4• 百le Model for 

End-Stage Liver Disease (ME LD) score w出 designed 白出sess 白eprognosis of cirrhotics who receive 

a仕組司ugular intrahepatic portosystemic shunt (TIPS) and has been used as a disease severity index 

and a new liver organ allocation syst 怠:m for liver transpl 加 tほion since 2002 5. However ， the main 

causes of death ， including variceal bleeding ， ascites ラ hepatorenal s戸ldrome and hepatop u1m onary 

syndrome ， in advanced cirrhotics are not included in the 恥1E LDscore 6. Patients with advanced liver 

dise 回目 tend to bl∞d because of reduced plasma levels of several clotting 白ctors and 

thrombocytope 凶a， but they also exhibit せrrombotic ∞mplications 7. Portal or hepatic vein thrombosis 

is often observed 加advanced cirrhosis 8，9， and microthrombi formation w部品und in one or multiple 

organs in half of autopsied cirrhotics lO.百lI shypercoagulable state may not only a島ct hepatic 

parench 戸nal extinction ， the acceleration ofliver 日brosis ，and disease progression but also impact other 

organs and potentially lead to multi-organ failure. 

AD品1TS13 但昼isintegrin・like~d旦etalloproteinase with !hrombo~pondin type-l motifs .ll) is a 

metalloproteinase 白紙 specifically cleaves multimeric von Willebrand 白c加r(¥ 崎町 between the 

Tyr1605 and Metl606 residues in the A2 domain ll， 12. An ADAMTS13 deficiency ， caused either by 

mutations in theADA MI'S13 gene l1-14 or by inllibit Oly autoantibodies against ADAMTS13 15， 16， results 

in the accumulation of "unusually large" VWF multimers 収正圃VWFM) in the plasma. 百lI s

accumulation leads 加 platelet clumping and/or thrombi under high shear 跡目sand subsequent 
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microcirculatory disturbances. ADAMTS13 is produced exc1usively 担hepatic stellate cells (HSCi 7， 

although platelets 18， vascular endothelial cells 19， and kidney podocyte;O have  been 加plicated 出

ADAMTS13 ・producing cells. 百le pl硲ma levels of VWF:Ag ，也esubs 回te for ADAMTSI3 ， 

substan 世ally increases as liver disease progresse;l ・22，組d白rombocytopenia is commonly s閃 nin

patients wi也 advanced LC23-25. Previous studies reported a significant reduction in ADAMTS 13 

activity (AD 馴 TS13:A C) in advanced LC26 ， 27， while AD馴 TS13 activity 棚田changed in 

another s加が. Sub 叫醐tly ，we demons 仕ated 刷 bo白血epl出maAD 馴 TS13 訓吻削

antigen levels decreased 田也eseverity of cirrhosis increase d， and an imbalance between the decreased 

ADAMTS 13 :AC and increased levels of its substrate may reflect a期総that predisposes patients wi由

advanced LC to pla 印刷世rrombus formatio~9. In addition ， we have shown 由atADAMTSI3 :AC is 

reduced in patients wi出hepatic veno ・occlusive disease 30， alcoholic hepatitis 3I， and those undergoing 

living 圃donor-related liver transplantation 32. 百lU S，ADAMTS13:AC likely decreases as 由e

functionalliver capacity also declines in advanced liver diseases. 

h也is study ， we investigated the relationship betw ∞:n ADAMTS13:AC and 血eprognosis of 

patients with LC and examined whether 也eADAMTS13:AC is a use 白1prognostic 晶ctor for 

cirrhotic patients compared to也eCTP score and the MELD sco 悶.

MATE RlAL SAND METHODS 

Patients 

百世sstudy examined a total of 108 LC patients ， including one patient with 仕lfombotic

出rombocytopenic purp 町 aστpi 3σhble 1). Patients with a known history of coagulopathies ， 

platelet disorders ， or liver transplantation at basal evaluation were excluded. 百le origin of liver 

disease w，出 hepatitis C virus (HCV) in 67 cases ， hepatitis B virus (HBV) in 16 patients ， alcohol 

abuse in 10 patients ， p血nary biliary cirrhosis (PBC) in 4 cases ， and cryptogenic in  11 patients. 

Cirrhosis w，田 diagnosed based on physical 曲ldings and labora 旬ryteはs，加dinm 佃 yc出es w，出

confirmed by histological criteria. Ofthe LC patients ， 35 were Child A， 33 were Child B， and 40 

were Child C acco 吋ing to Child- Pugh's criteria 3. The MELD risk s∞re 侭S) w，出 calculated

according to the following formula: RS=0.957 x logc (cre 旭町 mg/dl) + 0.378 x .logc (bilirubin 

The Japan Society of Hepatology ， Tokyo ， Japan 
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mg/dl) + 1.1 20 x 10& (INR) + 0.643 x (cause of cirrhosis) in which the value for 白ecause of 

cirrhosis w出 ofor an alcoholic or cholestatic etiology and 1 for viral or other etiologies 5. The 

恥ffiLD scω 芯 progressively increased 企om Child A to C. 百leplatelet counts decreased with the 

severity of chronic liver diseases. 百lespleen volume determined by computed tomography scans 34 

increased as liver disease progressed. The diagnosis of ascites ， spontaneous bacterial peritonitis 

(SBP) ， and hepatorenal syndrome w出 made according to 出ecriteria previously described35• 

Ascites w出 easily mobilized in 16 patients and re:fr actory in 28. Ten out of26 Child C-LC with 

re:fr actory ascites finally progressed to hepatorenal s戸ldrome. SBP occurred in 10 Child C-LC wi也

re企actory ascites ， and 由iswas complicated by hepatorenal syndrome in 7 patients. Forty-one LC 

patients developed hepatic encephalopathy grade II or higher 回 described by the classification of 

Trey et a1.. 37 Sixty 圃seven LC patients had endoscopic signs of 組 impending variceal rupture 

according to the criteria of Japanese Research Society for Portal Hypertension 36. 百leincidence of 

endoscopic signs of an impending variceal rupture w:拙 higher in LC patients with Child B加 dChild 

C血an in Child A. Hepatocellular carcinoma (HCC) w出 detected in 22 patients (62.9%) with 

Child A， 16 patients (48.5%) with Child B， and 19 patients (47.5%) with in Child C.百 leincidence 

ofHCC did not di島ramongthr ∞groups ，but the Japan Integrated Staging (ns) score 380btained by 

adding the 加mor stage score ofHCC and the CTP score progressively increased :fr om Child A to C. 

百leportal thrombosis examined by Doppler-ultr 出onography (US) was detected in 3 patients with 

Child B and 3 with Child C (Table 1). 白lce patients were discharged ， they were care :ful ly followed 

up by conventional liver function tests and tumor markers including αイetoprotein and des 岡 γ

-carboxy prothrombin every mon 由回 outpatients until death ， which was the primary end-point to 

estimate survival probabilities by the CTP score ，出eMELD score and ADAMTS13:AC. Patients 

with liver transplantation were ， therefore ， excluded. Image diagnosis by US， dynamic enhanced 

computed tomography (CT)， or dynamic enhanced magnetic resonance imaging (J¥依り was

performed every three months to evalu 蹴 presence or absence of HCC or ascites. All subjects 

provided informed consent to participate in the s刷dy. 百le study protocol was approved by the 

Nara Medical University Hospital Ethics Committee. 
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Determina 姐on of ADAMTS13:AC ， VWF:Ag ， VWF:RCo ， UL- VWFMs細 d

ADAMTS13:INH 

Blood was ob凶ned 企'om patients at也et加leof admission or dmセ19their hospital s旬y. Samples 

were stored 恒例出tic tubes containing 1/10 白血evolmne of 3.8% sodimn ci回te. Platelet-poor 

pl田:m aw:出 prepared by c即位ifuging at 3000 x g at 40C for 15 minutes and stored in aliquots at 

-80 0C unti1 analysis. For 7 patients wi血LC，a second pl出:m a訓 nple w:回 tak: enbetween days 120 

and 630 (mean: 345 days) during their second hospitalization because ofhepatic encephalopathy in 3 

patients ， ascites au伊len 匂ltion in 4 patients ， and variceal rup 加re in 1 patien t. Plasma 

AD品目13:AC was determined by  ba血acl伽a

e胞回戸yme-凶eか吋-li肱n肱1虫ke吋d i凶I宜mm宜muno 凶so仙r巾be倒n凶t出蹴sa"可iy (但E凹ロS鮎，A，AD品 ITS13-act-ELISA: Kain os Inc.， Tokyoll. 

The normal values WI的 102 土23% in the VWFM assa y'9 and 99土22%in 世leact ，回ELISA 41.Plasma 

VWF:Ag was measured using a rabbit polyclonal sandwich ELISAρ ak: o， Denmark) ， and its 

normal level was 100 土53% (n=60， 20-39 years of age). VWF ristocetin cofactor activity 

れ市1F:RCo) was determined 出 describecf 2，組dits normal value was 100 土15%. In 49 LC patients 

wi血 lowl 町 ADAMTS13:AC (1ess 也an 50% of the normal control) ， plasma UL- VWFMs were 

analyzed by a vertical SDS- l.O% agarose ge1 electrophoresis system 43 and evaluated using Nlli 

image J. ADAMTS13 inhibitor (AD AMTS13: INH) was evaluatβd using plasma that was 

heat-inactivated at 560C品if 30 minu 旬SI5 ，16.αle Bethesda unit of inhibitor was de曲led 出 the

amount ofplasma that reduces ADAMTSI3:AC to 50% ofthe control 44， and its titer was de:fin ed加

be signi :fi c佃 tat >0.5 Bethesda Units (BU) /ml. 

S旬白tical Analysis 

Differenc 邸 among cirrhotics wi由 Child A， B and C， and healthy subj 切tswere analyzed wi由也e

Krus kal ・，Wa11 isrank test before pair 圃，wise comparisons (Table 1 & Table 2). If the Krus kaト，Wallis

rank test showed signi :fi cant differences in each parame 町 among groups ， pair-wise ∞mparison in 

eachpar ，出neter was evalua 飽dby Mann- whi 也eyU test for continuous variable. 百1e X2.t 回twas

used for categorical data. Differenc 図面白eADAMTS13:AC and CτP scores ob旬ined by由e

sequential s加dy 也 identical patien ぉwere estimated by Wilcoxon signed 圃ifanks test. Correlations 
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were calculated by the Sperman rank tes t.百 leanalyses w<抑制 ried 'Out山加gStatview statistical 

s'O立 ware (versi 'On 5.0; SAS In副知 te，C町~ NC， USA). 百leKaplan 一Meier analysis was used 旬

evaluate the progn 'Osis 'Of cirrh 'Otic patients acc 'Ording t'O白 edegr 田'O fthe plasma ADAMTS13 

acti 吋臥批C1Psc'Ore， and 勧 MELD sc'Oreσigure 1，2， and 3) by a l'Og-rank test using Sta tM蹴

N f'Or Wind 'Ows (AT0484 ， Advanced Techn 'Ol'Ogy f'Or Medicine & Science ， T'O勾 1'0， Japan). A 

tw'O周回 led p-value less 也an0.05 w出 c'Onsidered significan t. All data are presented 出 themean 士

S伽 dard deviati 'On (SD). 

RESULTS 

Clinical outcome σable 1) 

D田恒g a medi 佃 f'Oll'Ow-up 'Of 475 days (range; 5旬 2406 days) ， 42 LC patients died wi也恒 5 t'O 

1161 da戸 after they had provided samples. Of these ， 5 cirrh 'Otic patients were classified 田 Chi1 dA，

6出 Child B， and 31 部 Child Cσable 1). 百le 伺lU se 'Of death in Child A patients W:回 HCC 担4

patients and acute my'Ocardial infarcti 'On血 1patien t，也atin Chi1 d B patien 臼W出 HCC in 5 patients 

and ga甜ointestinal bleeding in 1 patient ， and 由at in Child C patients was HCC in 17 patients ， 

hepatic 白ilure in 7 patien 民hepat 'Orenal syn 世ome in 6 patients ， and T1P in 1 patientσable 1). 

Determination ofADAMTS13:AC and 地問:latedpar. 創neters (Table 2) 

Based 'On也eVWFM 田say ，也epl田maADAMTS13:AC w出 56土34% in LC patients ， which w出

significantly l'Ower 白an由atin healthy subjects (p<0.001). 百世sactivity progressively decre 田ed出

cirrh 'Osis advanced fr'Om Child A  t'O Cσable 2). 百le ADAMTS 13 :AC determined by 吐le

act-ELISA als 'O decreased 郎社lecirrh 'Osis severity incre 出edand w，出 c'Onsistent w抽出eresults 'Of 

也eVWFM 出say (1- 0.831 ， p<O.OOI). VWF:Ag was significantly high 町泊LCpatients than in 

healthy su対ec包，組dw，出higher in patients with Child B and C也anin th'Ose with Child A， but there 

W出 n'Odi宜:erence between Child B and Child C patients. The VWF:RC 'O values were higher in LC 

patie 凶 than in healthy subjects but did n'Ot differ 翻'Ongthe subgroups 'OfLC patients from Child A 

t'OC. 百lerati 'O  'OfVWF:RC 'O加 VWF:Ag was l'Ower in patients with LC (0.54 土0.45，p<0.001) 世lan

in healthy subjects ， but 由ere were n'O di能:rences am'Ong LC patients wi由Child A， B， and C. In 
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con 回st，也eratio ofVWF:RCo to ADAMTSI3:AC signi :fi cantly increased wi血也eprogression of 

liver disease. Wi也r田pectto 血eVWFMat 叫yses ，2 Child A cirrhotics had only degraded 園VWFM ，

8 and 5 Child B cirrhotics had degraded 圃.VWFM and normal- VWFM ， respectively ， and 6， 20， and 8 

Child C cirrhotics had degraded 幽.VWFM ，normal- VV¥哩 M，and UL- VWFM ， respectively. The 

incidence of ADAMTSI3:INH was increased 宜um cirrhotic patients wi也Child A to C (Table 2). 

百le凶曲itory activity was 2.0 BU/m t33 in one LC patient wi血1TP and 3.0 BU/ml in a patient with 

a severe ADAMTSI3:AC de:fi ciency ， but w.出血血emarginal zone between 0.5 and 1.0 BU/ml in 

曲目印凶ning patients. 

Rela 姐onship ofplasmaADAMTS13:AC to clinical variabl 回

Regarding 血einfluence of HCC ∞mplicated wi也LC on the plasma levels of ADAMTS13:AC ， 

ChildALC pa世田tswi 血HCC had a signi :fi cantly lower ADAMTS13:AC 也anthose wi吐loutHCC

(69 土22% vs. 103 土11%， p<O.OOI) ， but there were no differences between wi仕1and without HCC 

both in LC patients with Child B and Child C. Furthermore ， the plasma ADAMTSI3:AC levels 

W的 lower in patients with a ns s∞，re of4 (32 土28% ，p<0.05) and ns s∞re of5 (26 土29% ，pく0.05)

由anin patients with a ns score of 0 (67 土24%) ，score of 1 (65 土37%) ，and score of2 (69 土22%). In 

addition ，也eADAMTS13:AC levels were signi :fi cantly lower 加 LC patients wi出世le following 

clinical conditions than in those without; hepatic encephalopathy (28 土24% vs. 71土29% ，pく0.001) ，

hepatorenal syndrome (13土12%vs.61 土33% ，p<O.OOI) ， and severe esophageal varices (46 土33%vs.

75土34% ，p<0.05). Mo悶over ，patients with refractory ascites had a lower ADAMTS13:AC 

ο5土17%) than 吐lO se without ascites (70:士30% ，pく0.001) or 由ose wi也 easily mobilized ascites 

(56 士37% ，p<O.OOI). 百leADAMTS13:AC w出 lower in cirrhotic patients with po此d世rrombosis

than those without (18土19% vs. 58土34% ，p<0.005). In 7 cirrhotics in 血esequential stud y， the 

ADAMTS13:AC signi :fi cantly decreased with 血e progression of liver disturbance 

(ADAMTS13:AC 67+23% → 47+29% ，pく0.02 ，Child score 7.7+2 .3→ 8.9+2.η. 
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Relationship of p"噌 10S Isto曲eCTP score ， MELD score 加 dpl制maADAMTS13:AC (Fig. 

1，2 &3) 

Figures 1 to 3 show the actuarial curves calculated for the survival of the di自主rent patient subgroups ， 

according 白血e白reeCτPcl 出ses ，血equartiles of血eMELD risk score (血"5 tqu訂tile ，RS: (ト0.36，

second qu紅白e，RS: 0.37-0.73 ，出廿dqu 紅tile ，RS: 0.7←1.37， and four 由quartile ，RS: 1.38-4.3 2)， or 

the three ADAMTS13:AC classes (severe to mod 悶 tedeficiency: <25% of the nonnal control ， mild 

deficiency: 25-50% ofthe nonnal control ， and nonnal range: > 5似，). Child C patients had worse 

捌 vival 由an Child A and B patients (Figure 1)仔勾rank test among 御伽田 groups ，pく0.0001;

Child C vs. Child A， p<O.OOOI; Child C vs. Child B， p<O.OOOI) ， but the survival probabilities were 

not di宜erent between Child A and Child B patients. In addition ， the survival of patients 

corresponding to也efo 町血quartile of the MEill RS w;出 worse 血組曲atof patients corresponding 

to the first three RS quぽtiles ，while 吐lesurvival of吐lepatients in也efirst 白ree RS quartiles did not 

differ among them 仏og rank test among 由efour groups ， p<0.0001; fo町血 quぽtile vs. 0出ers ，

p<O.OOOI). In∞ n回st， the cumulative survival w:出 clearly di民:rent among patients wi血asevere 

to moderate AD品汀S13 :ACdeficienc y， mild ADAMTS13 :AC deficienc y， and nonnal range of 

ADAMTS13:AC (Log rank test among 批由ree groups ， p<O.OOOI; sev 的 tomoderate deficiency 

vs. mild deficienc y， p=0.0219; mild deficiency vs. nonnal range ， p=0.0287; severe to moderate 

deficiency vs. nonnal range ， pく0.0001)σigure 3). 百lemedian survival time w;田 the lowest (4.5 

months) in cirrhotic patients wi也asevere to moderate ADAMTS 13 :AC deficiency. 

DISCUSSION 

In this ほudy， we demonstrated 世Ia tcumulative survival di能red according to the levels of plasma 

ADAMTS 13 :AC in patients with LC; 吐lesur 吋val timewas 也eshortest in cirrhotics with a severe to 

moderate ADAMTS13:AC deficiency ， followed by those with a mild ADAMTSI3:AC deficienc ぉ

andw: 出血elongest 白血ose wi由anonnal range of activityσigure 3). In corr 蜘1， based on也e

CTP score ， Child C patients had the worst survival ， but 世le survival probabilities of Child A and 

Child B patients did not d国語rσigure 1). Based on也eMELD score ， survival w創出epoorest in 

cirrhotics 也血efourth quぽtile ，while it did not di低:r among cirrhotics in the first 由ree quartiles 
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σigure 2). 百leCτP score is not a1ways su血cient to predict short-tenn prognosis 4， and 廿le1¥在 ELD

score has been applied as a disease severity index to peぽonn organ a110cation for liver 

仕組splan 匂ition in patients with signi :fi cantly advanced liver diseases. R四latkably ，the median 

surviv a1 time was the lowest (4.5 mon 由吟incirrhotics with a severe 旬 modera 旬 ADAMTS13:AC

de:fi ciency ， and 也e郎刷出a1 c田vew: 回 very similar or a1m ost identic a1白血 atof patients belonging 

to也efour 曲quartile 由eMELD scoreσi 思町田 2& 3). Moreover ，血ethree cumulative surviv a1 

curv 回 S仕組:fi edby the degree of deα 右剖ein 也eADAMTS13:AC were clearly di位向ntdur 恒ga

median follow-up of 475 days (企om 5 to 2406 days). Based on previous 問ports and 0町s，也e

degree of deぽ回se in plasma ADAMTS13:AC may be a useful mark ，ぽ加 predict not only 血e

short-tenn prognosis ， but a1so the long-tenn surviv a1 ofpatients with LC. It is impo 此ant to be able 

to evaluate 也eprognosis of cirrhotic patients using only one p釘amet 民 such 出 ADAMTS13:AC ，

because bo由 the C1P score and the 乱ffiLD score are ca1culated based on a sco 出19 system 也at

encomp 出S回 seve ra1 parameters (bilirubin ， a1bumin ， prothrombin time ， ascites ， and encephalopathy 

血血e島nner ，and creatinine ， bilirubin ， pro 血romb 面白ne，and cause of cirrhosis in the la仕er).

Interes 曲19ly ，AD品灯S13:AC signi :fi cantly decreased wi出世leprogression of liver dis 加rbance

m也e 7 LC patients with the sequenti a1 study. These patients were admitted to the hospi ta1 for a 

second 由nebecause ofhepatic enceph a10pathy 血3patients ， ascites au伊len 旬tion in 4 patients ，組d

variceal rupture in 1 patien t. We p四viously demonstrated that plasma ADAMTS13:AC was 

remarkably low in LC patients with hepatic enc 叩ha1opath y， hepator 百la1 syndrome and re企actory

出cites 29. Amultivariate ana1ysis identi 宣edblood anlffioni a， serum creatinine and spleen volume 出

independent 白ctors 伽 tcon 仕ibute to 也edecrease in AD. 品，1TSI3:AC ，indica 曲19 也at

ADAMTSI3:AC is closely related to the severity ofhepatic enceph a1opath y， renal dysfunction and 

splenomegaly in LC patients29• These selected parameters ぽeintimately related to 白.ct ors 也at

comprise 血eCτP score or 由eMELD score and predict 吐le prognosis of cirrhotic patients. 

Alternatively ，由eAD 品，1TS13:AC w回 lower in 3 Child B and 3 Child C LC patients wi出抑制

thrombosis 也an those wi吐10ut ，but further  studies will be needed to elucidate the signi :fi cance of 

lower ADAMTS13:AC associated wi血 portal 吐lfO mbus fonnation 企om 也epoint of decreased 

白nctionalliver capacity in more LC patients with portal 世lfombosis.
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The levels ofVWF:Ag ，血esubs 仕ate of ADAMTSI3 ， progressively increased 白血e:fun ctional 

liver capacity decreased ， probably due to也eneocapilarization of hepatic endothelial cells 由atleads 

to liver fibrosis ， increased endothelial production induced by endotoxin 21，45 and/or increased 

S戸thesis byex 回hepatic endothelial cells 46. VWF:RCo relativeωADAMTS13:AC increased 出

chronic liv ，ぽ disease progressed ， and VWF multimers appear 吋加 shi 貴企om a degraded- to 

normal 圃，VWFM and 血lally to UL- VWFM 節也e:fun ctional liver capacity and renal :fun ction 

deteriorated ， indicating 也at advanc 吋 cinhosis may predispose patients to platelet micro 仕rrombi

form 副on29.百lemarked impairment in由een司直le旬 subs 回ieratio ， i.e. ， decre 出edADAMTS13

to increased VWF:Ag ， may lead to platelet hyperaggregability and subsequent microcirculatory 

disturbances not only 面白eliver but also in oth ぽ O屯叩s，leading to multi-organ 血ilUI ・e. Indeed ， 

portal or hepatic vein 由rombosis is 0宜enobserved in advanced LC patients routinely screened wi血

Doppler ul回sound 8，and in cirrhotic liver tissue removed at 仕組splantatio J>. Moreover ， 

microthrombi were found in one or more 0騨 sin half of cirrhotic livers at autopsy lO. 

Plasma ADAMTS13:AC may decrease in advanced 伽 hosis due to reduced AD品t1 TS13

pro 山ction in HSCS 47， enhanced consumption to de，伊de1訂gequant 耐田 ofVWF:Ai 6，and/or its 

plasma inhibiωIr 15，16. We detected plasma ADAMTS13:INH in 83% of P副ents with a severe 加

moderate ADAMTSI3:AC deficiency ， but the AD品汀S13 i曲ibi 加ryactivity Wi制面白emarginal 

zone between 0.5 and 1.0 BU/ml in most c田町依田ptone TTP patientο.0 BU/mli 3 and  one patient 

M血 asevere AD刷 TS13:AC deficiency (3.0 BU/mlf9. We could d制 IgG 圃type

autoantibodies in 5 end-stage cirrhotic patients with a seve 問 ADAMTS13:AC de宣ciency

(く3%f9. 臼le patient had charact 出stic clinical features of TTP. However ， the rlαnaining 4 

patients did not show any apparent clinical features of TτP， but were indistinguishable 量。m也e

typical 百Ppatient based on AD品t1 TS13:AC and thepresence ofanti-ADAMTS13 autoantibodies. 

百lese results indicate that some end-stage cirrhotic patients wi也extremely low ADAMTS 13:AC 

and the IgG ADAMTS 13 inhibitor might have a condition similar to TTP or have “subclinical" TTP. 

Together wi由 our p問sent results ， these findings suggest 也at 也edegree of decrease in plasma 

ADAMTS13:AC may be a useful predictor 由at is closely related 白白epa血ogen 回is of hepatic 

血ilure ，including encephalopathy and/or renal dis 加rbance ，in patients with advanced LC. 

The Japan Society of Hepatology ， Tokyo ， Japan 
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Altematively ， various c面白al∞nditions ，including infection ， malignancies ，叩dcertain 世ugs ，

C組 lead to a叫uired 百p4 8. In addition ， some p飢ien 白川世1congenital 百P油田e

ADAMTSI3:AC is extremely low (<0.5%) due to mutations in theAD AMr S13 gene showed no 

appare 国 clinical fea 加res during 世間irchildhood except mild 旬 moderate 白rombocytope 叫aduring 

s加 ssful ∞nditions such 出 infection ，but apparently developed “πP" during the 也凶制mester of 

pregnancy when VWF production 企'O mpla ∞:n tal endothelial ∞l1 s markedly increas 回49. 百lI s

condition is called “m出queraded TIP in congenital Upsha w-Schulman 明批ome". Furthermore ， 

recently ， sepsis 圃induced multi-organ failure was shown to be closely related to the decrease in 

AD馴 TS13:AC and increase in VWF:Ag50• This 血lding indicates 制 the 四 yme to subs 回Ite

ratio is ex仕'emely impo 蜘 1t in 血eformation of pla 印刷 microthrombi and subsequent 

microcirculatory disturbances that lead to multi-organ failure. In advanced cirrhotics ， endotoxemia 

is frequently detec 旬d2I， and SBP sometimes occurs35• HCC becomes highly complicated 出白e

cirrhotic stage progresses 51， which suggests that these patients 訂eat high ri虫色rplatelet 

microthrombi form 組on. 百1erefore ，LC patients wi吐1 a moderate ADAMTS13:AC deficiency 

(3-25%) who have no apparent IgG ADAMTS13 inhibitor and whose inhibitory acti 吋tyis in the 

marginal zone (0.5-1.0 BU/m りmay be especially prone to a poor ，ぽprognosis when infection and 

endo 旬Ixemia to au伊1ent VWF production 企'O mendothelial cell precipitates ， ultimately resulting in 

由eshortest survival. 

In summary ， the plasma ADAMTS 13 :AC concomitantly dec 問ases 出血efunctional liver 

capacity declines ， and 由edegree of activity is closely rela 附加the prognosis of patie 臨 wi由LC.

Therefore ， AD品，fT S13 activity may be a use 品1marker to predict the clinical ouぉome in advanced 

cinhosis. 
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Figure legends 

Figu四 1 Cumulative survival rate of 108 patients with liver cirrhosis according to 也eChild 

classi :fi cation. Child C patients had worse survival 由組 Child A and B patients ， but the survival 

probabilities were not di宜erent between Child A and Child B patients (Log rank test among 也et加国

groups ， p<O.OOOl; Child C vs. Child A， p<O.OOOl; Child C vs. Child B， p<O.OOOl).τhe red ， blue ， 

and green lines indicate cirrhotic patients wi也Child A， Child B， and Chi1d C， respectively. 

日伊問2 Cum u1ative survival rate of 108 patients wi血liver cirrhosis according to the Model 品r

End 圃Stage Liver Disease (ME LD) score. 百le s町vival of patients corresponding 加出e島町出

quartile of吐leMELD risk score (RS) calculated by也eform 叫a5was worse 白組曲at of patients 

corresponding 旬世le 曲"5 t由ree RS quartiles ， while 社le survival of the patients in the :fir st由reeRS

quartiles did not diffi 町 among them (lρgra 叫ctest among 由efour groups ， p<O.OOOl; 白山由quartile

vs.o 血ers ，pく0.0001). 百lered ， blue ， grl 悶 1，加dpink lines indicate cirrhotic patients wi由自rst RS 

q田氏ile ，second RS quartile ，出ird RS quartile ，組dfourth RS qu釘幽e，respectively. 

Figure 3 Cumulative survival rate of 108 patients with liver cirrhosis according to ADAMTS 13 

acti 吋ザ (AD 品r1 TS13 :AC). 百le survival 則 .ew 出 clearly differentiated among patients wi也 a

seve 問 to moderate ADAMTS 13:AC de:fi ciency ， mild ADAMTS 13:AC de:fi ciency ， and normal 

range of ADAMTS13: AC (lρg rank test among 世1e血ree groups ， p<O.OOOI; severe to mod ぽate

de:fi ciency vs. mild deficiency ， p=0.0219; mild de:fi ciency vs. normal range ， p=0.0287; severe to 

moderate deficiency vs. normal r加 ge，p<O.OOOI). 百lemedian survival time was 由elowest (4.5 

months) in cirrhotic patients wi血asevere to moderate ADAMTS13:AC de:fi ciency. 百lered ， blue ， 

and green lines indicate cirrhotic patie 臨 with normal range of ADAMTS13 :AC (> 50%) ， mild 

ADAMTS13:AC de:fi ciency (25-50% of 吐le normal control) ， a sev 関白 moderate

ADAMTS13:AC de:fi ciency (<2 5% of吐lenormal contro り，respectively. 
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