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Abstract

Background ADAMTS13 deficiency leading to excess

ultralarge von Willebrand factor (VWF) multimers and platelet

clumping is typically found in thrombotic thrombocytopenic

purpura (a type of thrombotic microangiopathy). Idio-

pathic noncirrhotic intrahepatic portal hypertension

(NCIPH) is a microangiopathy of portal venules associ-

ated with significant thrombocytopenia and predisposing

gut disorders.

Aim To determine whether the portal microangiopathy in

NCIPH is associated with ADAMTS13 deficiency.

Methods Plasma levels of ADAMTS13, anti-ADAMTS13

antibodies, and VWF were compared between cases (NCIPH

patients) and controls (with chronic liver diseases of other

etiology) matched for severity of liver dysfunction. Eighteen

NCIPH patients [median (range) MELD score 12 (7–25)] and

25 controls [MELD score 11 (4–26)] were studied.

Results ADAMTS13 activity was reduced in all 18

NCIPH patients and significantly lower than controls

(median, IQR: 12.5%, 5–25% and 59.0%, 44–84%,

respectively, P \ 0.0001) [normal range for plasma

ADAMTS13 activity (55–160%)]. ADAMTS13 activity

was\5% in 5/18 NCIPH patients (28%) and 0/25 controls

(P = 0.009). ADAMTS13 antigen levels were also

decreased. Sustained low ADAMTS13 levels were seen in

four NCIPH patients over 6 weeks to 11 months (highest

ADAMTS13 level in each patient: \5%, 6%, 6%, and

25%), despite two patients having MELD score 12.

Although nine cases had low titer anti-ADAMTS13 anti-

bodies, there was no significant difference between cases

and controls. Abnormally large VWF multimers were

observed in 4/11 NCIPH patients (36%) and in 0/22 controls

(P = 0.008).

Conclusions Sustained deficiency of ADAMTS13 appears

characteristic of NCIPH, irrespective of severity of liver

disease.
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ADAMTS13 A disintegrin and metalloprotease with a

thrombospondin type 1 motif, member 13

VWF von Willebrand factor

MELD Model for end-stage liver disease

TTP Thrombotic thrombocytopenic purpura

Introduction

Though different terms, mostly describing pathological

features, are used to denote idiopathic noncirrhotic intrahe-

patic portal hypertension (NCIPH), including nodular

regenerative hyperplasia, idiopathic portal hypertension,

noncirrhotic portal fibrosis, incomplete septal cirrhosis,

partial nodular transformation, hepatoportal sclerosis, and

benign intrahepatic portal hypertension [1–3], there is

increasing consensus that NCIPH is best viewed as a single

clinical entity [1, 4, 5]. The primary causative lesion in

NCIPH has been shown to be obliteration of portal venous

microcirculation on corrosion cast injection studies [6], dis-

section of intrahepatic vasculature [6], morphometric studies

[7], and histological studies of operative wedge liver biopsy

samples [8] and of whole liver specimens at autopsy [9].

Microvascular hyaline thrombi of terminal arterioles and

capillaries are characteristic of thrombotic thrombocyto-

penic purpura (TTP) which is associated with deficiency of

ADAMTS13 (a disintegrin and metalloprotease with a

thrombospondin type 1 motif, member 13). von Willebrand

factor (VWF), secreted from vascular endothelium as an

ultralarge molecular weight form, is normally cleaved into

smaller molecular forms by ADAMTS13 [10]. The physi-

ological role of VWF is to facilitate platelet adhesion at

sites of endothelial damage. Mutations of the ADAMTS13

gene are seen in congenital TTP, while antibodies to

ADAMTS13 are found in 95% of adult acquired idiopathic

cases [11]. Decreased ADAMTS13 activity and persistence

of ultralarge VWF at the endothelial surface and in circu-

lation is thought to predispose to platelet clumping, causing

microvascular occlusion and other features of TTP.

A similar imbalance in VWF and ADAMTS13 levels, if

confined to the portal microcirculation at the point where

hepatic arterial blood pressures are superimposed, would

provide a mechanism for obliteration of terminal portal

venules which is characteristic of NCIPH. The hepatic

portal microcirculation is the prime target for any low-

grade constitutive depletion of ADAMTS13 activity by

virtue of its upstream relation to hepatic stellate cells which

are the primary [12], perhaps exclusive [13], source of its

de novo supply.

Patients with congenital TTP, despite having ADAM-

TS13 mutations, may present with adult-onset disease. This

suggests that some added trigger (such as pregnancy) is

required to induce clinical disease [14]. Similarly,

ADAMTS13-knockout mice develop TTP only when chal-

lenged by infection or elevated VWF levels [15]. Hence, we

postulated that, in NCIPH patients, local factors operant in

the portal circulation may predispose to selective occlusion

of terminal portal venules by platelet-rich thrombi.

We have documented that NCIPH is associated with

intestinal pathology such as adult celiac disease and

ulcerative colitis [16, 17]. How can inflammation (in the

intestine) predispose to thrombotic microangiopathy (of the

portal vein branches)? Serum proinflammatory cytokine

levels are significantly higher in patients with active celiac

disease [18]. Inflammatory cytokines such as interleukin 8

and tumor necrosis factor a stimulate release of ultralarge

VWF from endothelial cells, as does interleukin 6 when

complexed with its soluble receptor. Interleukin 6 also

inhibits ultralarge VWF cleavage by ADAMTS13, under

flowing but not static conditions [19]. Inflammatory cyto-

kines also inhibit ADAMTS13 synthesis in hepatic stellate

cells and endothelial cells [20]. Accumulation of hyperre-

active ultralarge VWF in plasma and on the surface of

endothelial cells can induce platelet adhesion and aggre-

gation to the vascular endothelium. Thus, it is plausible that

cytokine-stimulated release of ultralarge VWF within the

portal circulation in conjunction with nadir concentrations

of ADAMTS13 may predispose to microvascular occlusion

of portal vein branches characteristic of NCIPH.

One confounder in studying ADAMTS13 deficiency as a

possible pathogenic mechanism for NCIPH is that

advanced severity of liver disease per se is associated with

markedly reduced plasma ADAMTS13 activity. In one

study, mean plasma ADAMTS13 activity was decreased to

79%, 63%, and 31% in patients with Child score A, B, and

C cirrhosis, respectively. Of 109 patients with cirrhosis

studied, ADAMTS13 activity of\3% (severe ADAMTS13

deficiency) was seen only in 5 patients with Child’s C

cirrhosis [21].

To address this issue, we conducted this study to look

for ADAMTS13 deficiency in NCIPH cases and disease

controls (with chronic liver disease with other etiology)

matched for severity of liver disease.

Materials and Methods

We conducted this case–control study to compare plasma

levels of ADAMTS13, anti-ADAMTS13 antibodies, and

VWF between cases (NCIPH patients) and controls

(patients with chronic liver diseases of other etiology)

matched for severity of liver dysfunction. Patients were

informed about the study, and consent was obtained from

them prior to recruitment into the study.
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NCIPH Cases: Case Selection, Demography, Liver

Histology, and Laboratory Parameters

The idiopathic NCIPH population consisted of 18 patients

(8 F, 10 M), aged 44 (24–64) years [median (range)], who

had previously been diagnosed and were under long-term

follow-up in the Liver Unit at Queen Elizabeth Hospital,

Birmingham. Study inclusion criteria were (1) evidence of

portal hypertension, (2) patent hepatic and portal veins

on Doppler ultrasound at time of diagnosis of NCIPH,

(3) absence of cirrhosis or bridging fibrosis on liver biopsy,

(4) exclusion of conditions causing cirrhosis by conven-

tional diagnostic criteria (such as chronic viral hepatitis,

alcoholic hepatitis, etc.), and (5) exclusion of conditions

that may cause portal venous lesions similar to NCIPH on

histology such as congenital hepatic fibrosis and sarcoid-

osis. All NCIPH study cases met these five criteria. Study

exclusion criteria were (1) predominant histological fea-

tures of another disease process in addition to portal venous

insufficiency, (2) NCIPH that developed after liver trans-

plantation, and (3) hepatic malignancy. Fifty-four healthy

normal subjects were also studied.

Initial presentation was variceal bleed (10 patients),

splenomegaly and thrombocytopenia detected on routine

investigation (4), investigation of bruising (2), and throm-

bocytopenia detected during pregnancy (2). Associated

medical diagnoses included adult celiac disease (two

patients, one of whom also had ulcerative colitis), and

common variable immunodeficiency, Felty’s syndrome,

and previous pre-eclamptic toxemia (one patient each).

Of the 18 NCIPH patients, liver biopsy showed nodular

regenerative hyperplasia in 10 patients. Focal abnormalities

in portal vein branches within the portal tracts were seen in

13 NCIPH patients: atretic portal veins (5 patients), absent

portal veins (8 patients), ectatic portal veins (4 patients),

thickened walls of portal vein (2 patients), portal vein

thrombosis (1 patient). The other findings noted were small,

incomplete portal tracts (3 patients), focal mild sinusoidal

dilatation (3 patients), and mild focal perisinusoidal/

pericellular fibrosis (4 patients). Mild biliary changes (in

five patients), were deemed to be secondary to portal venous

insufficiency. In addition, moderate siderosis within the

sinusoidal cells was seen in one patient, and moderate fatty

change with some features of steatohepatitis was seen in

one patient. No patient had cirrhosis or advanced fibrosis.

At the time of assaying plasma ADAMTS13 levels,

other laboratory parameters in the 18 NCIPH cases were as

follows: hemoglobin 13.6 (8.8–17.6) g/dl [median (range)],

white blood cell count 4.3 (1.1–8.9) 9 109/l, platelet count

74 (21–436) 9 109/l, serum bilirubin 41 (4–133) lmol/l,

serum albumin 37 (29–50) g/dl, international normalized

ratio (INR) 1.2 (1.0–1.8), serum creatinine 88 (38–130)

lmol/l, and MELD score 12 (7–25).

Disease Controls: Patients with Chronic Liver Disease

The 25 disease controls (14 F, 11 M) consisted of con-

secutive patients seen in a follow-up clinic for patients with

chronic liver disease unrelated to chronic viral hepatitis B

and C. Etiology of liver disease was alcohol (10), auto-

immune hepatitis (3), primary sclerosing cholangitis (2),

primary biliary cirrhosis (2), fibropolycystic disease (2),

Budd Chiari (1), and miscellaneous cases with a diagnosis

of cryptogenic liver disease (5). These 25 control patients

had median (range) MELD score of 11 (4–26) at time of

ADAMTS13 assay.

Assays for ADAMTS13 and Its Inhibitors

and Antibodies in Plasma

Citrated (0.105 M) whole blood was taken by clean vene-

puncture with minimal stasis using the Vacutainer system

(Becton–Dickinson, Oxford, UK). Platelet-poor plasma

was prepared by double centrifugation at 2,000g for 15 min

with the top two-thirds of the supernatant removed after

each step. The plasma was then aliquoted and frozen at

-80�C until assay.

ADAMTS13 activity was determined by the residual

collagen binding activity of pure VWF after incubation with

plasma samples as described by Gerritsen et al. [22] and

modified by Yarranton et al. [23]. For inhibitor detection,

patient plasma was mixed 1:1 with pooled normal plasma

and incubated at 37�C for 1 h. Residual ADAMTS13 activity

was measured by collagen binding activity assay. Presence

of an inhibitor was defined as reduction of ADAMTS13

activity by [50%. Some samples were also assayed for

ADAMTS13 activity using either the fluorescence resonance

transfer assay (FRET) method (Actifluor activity assay;

American Diagnostica Inc., Stamford, CT, USA) or a peptide

substrate chromogenic assay (Technozym activity ELISA;

Technoclone, Vienna, Austria). ADAMTS13 antigen was

measured using Imubind� ADAMTS13 enzyme-linked

immunosorbent assay (ELISA) kit (American Diagnostica

Inc.). ADAMTS13 activity-to-antigen ratios were calculated

after converting the antigen concentration from ng/ml to a

percentage of normal plasma.

IgG anti-ADAMTS13 antibodies were measured using

Imubind� ADAMTS13 Autoantibody ELISA kit (Ameri-

can Diagnostica Inc.). IgA and IgM anti-ADAMTS13 were

measured by a similar method, using microplates coated

with r-ADAMTS13 (American Diagnostica Inc.), a 1/20

dilution of test sample, and polyclonal a- or l-chain

specific antibodies conjugated to horseradish peroxidase

(Dakopatts and Sigma–Aldrich, respectively). Results were

calculated by comparison of optical density of patient

samples with that of healthy normal subjects and by ref-

erence to known positive samples.
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The normal values were: ADAMTS13 activity by col-

lagen binding assay (55–160%), FRET assay (60–140%),

and chromogenic assay (40–130%); ADAMTS13 antigen

(485–1,242 ng/ml); IgG ADAMTS13 antibody (B11 AU/

ml).

Assays for VWF

VWF antigen (VWF:Ag) was measured on an automated

coagulation analyzer (CA-1500; Sysmex, Kobe, Japan)

using an immunoturbidimetric assay (VWF:Ag reagent;

Siemens Healthcare Diagnostics, Marburg, Germany). VWF

collagen binding (VWF:CB) activity was measured using a

method similar to that for ADAMTS13 activity assay, but

without prior incubation with pure VWF, inhibitors, and urea

[24]. Normal values were: VWF antigen (50–150 IU/dl) and

VWF:CB activity (50–150 IU/dl). Multimeric structure of

VWF was determined by agarose gel electrophoresis (Phast

System; GE Healthcare, Amersham) followed by Western

blotting [25]. The results were assessed subjectively by

comparison of the migration distances of HMW multimers in

patients with a pooled normal plasma tested on each gel.

Fibrinogen was measured by a modified von Clauss method,

using reagents from Siemens Healthcare Diagnostics (Mar-

burg, Germany) on a CA-1500 analyzer.

Statistical Methods

Data were assessed for normality using Shapiro–Wilk test,

and nonparametric data were compared using the Mann–

Whitney U test and Spearman rank correlation, using a

statistical software package (Analyse-it Software Ltd.,

Leeds) for Microsoft Excel. To facilitate statistical analy-

sis, values of ADAMTS13 activity of \5% were taken as

5%. We compared plasma ADAMTS13 activity with

severity of liver disease (assessed by MELD scores) in

NCIPH cases and disease controls. Clinical associations

were tested using Fisher’s exact test (FET).

Results

Plasma ADAMTS 13 Activity and Antigen Levels

Were Markedly Reduced in NCIPH Patients Compared

with Disease Controls

Thirty-three samples from 18 NCIPH patients who had not

received recent treatment with blood products or undergone

liver transplant were investigated. Median ADAMTS13

activity (Table 1), as measured by the collagen binding assay,

was decreased in all 18 NCIPH patients (median, IQR: 12%,

Table 1 Plasma ADAMTS13 and VWF in patients with NCIPH

Case MELD ADAMTS13 VWF

Activity

(%)

Antigen

(ng/ml)

IgG Ab

(AU/ml)

VWF:Ag

(IU/dl)

VWF:CB

(IU/dl)

VWF multimers

1 12 \5 232 17 126 110 Slight increase in HMW forms

2 7 26 215 19 172 143 Normal distribution

3 19 26 278 11 298 159 Normal distribution

4 14 22 235 6 280 229 Normal distribution

5 15 12 239 12 302 231 Normal distribution

6 12 36 461 13 158 125 na

7 10 31 353 16 924 46 na

8 10 11 328 27 210 89 Normal distribution

9 21 \5 123 11 332 275 Increased HMW forms

10 12 \5 181 9 325 263 Slight increase in HMW forms

11 8 26 556 10 242 155 Normal distribution

12 13 21 344 12 240 199 Slight increase in HMW forms

13 14 \5 110 7 675 497 Normal distribution

14 10 18 452 23 255 239 na

15 25 7 162 6 na na na

16 12 28 433 29 na na na

17 16 \4 188 9 na na na

18 12 18 233 11 na na na

Normal values 55–160 485–1,242 B11 50–150 50–150

Median results for each case

na result not available, HMW high molecular weight
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5–25%), with 10 patients having levels\20%, and was sig-

nificantly lower than in disease controls (median, IQR: 59%,

44–84%, P \ 0.0001), among whom activity was reduced in

only 11/25 subjects, with only two having a level \20%

(Table 2). Five NCIPH patients (28%) and none of the disease

controls had B5% ADAMTS13 activity (P = 0.009, FET).

Only one NCIPH patient, on a single occasion, had normal

(66%) ADAMTS13 activity level (Fig. 1).

A corresponding reduction in ADAMTS13 antigen

(Tables 1, 2; Fig. 1) was also observed in cases and disease

controls (236, 184–391 versus 584, 442–831 ng/ml,

P \ 0.0001), although the NCIPH patients showed an

excess of ADAMTS13 antigen over activity compared with

disease controls (P \ 0.0005) and normal subjects

(P \ 0.0001) (Fig. 2) (median, IQR for ratio of activity to

antigen: 0.34, 0.28–0.55 in cases, 0.75, 0.51–0.87 in con-

trols, and 1.05, 0.87–1.27 in normal subjects).

ADAMTS13 activity (studied in all 18 cases and 25

disease controls) was also reduced in NCIPH using other

types of activity assay utilizing peptide substrates derived

from VWF, although the absolute values were slightly

higher than those in the collagen binding assay, in both

cases and disease controls: FRET assay (47%, 30–74%

versus 101%, 62–137%, P = 0.0002) and chromogenic

assays (36%, 31–55% versus 63%, 55–92%, P \ 0.0001)

(Fig. 1). The median activity-to-antigen ratios for the

FRET and chromogenic assays were 1.03 and 1.13,

respectively.

Platelet count was reduced in 15 of 18 patients

with NCIPH (median, IQR: 74, 46–113 9 109/l) and

lower than in disease controls (123, 85–193,

P = 0.0153), showing an inverse correlation with MELD

score in the controls (rs = -0.53, P \ 0.01), but not in

cases.

Table 2 Plasma ADAMTS13 and VWF in disease controls (chronic liver disease of varying etiology)

Code MELD ADAMTS13 VWF

Activity

(%)

Antigen

(ng/ml)

IgG Ab

(AU/ml)

VWF:Ag

(IU/dl)

VWF:CB

(IU/dl)

VWF multimers

1 7 43 469 31 na na na

2 7 44 308 7 na na na

3 8 52 460 11 304 234 Normal distribution

4 16 12 364 21 297 227 Normal distribution

5 4 90 784 12 108 105 Normal distribution

6 10 81 505 14 244 235 Slight reduction in no. of HMW forms

7 14 48 612 11 343 254 Normal distribution

8 18 80 651 18 312 241 Normal distribution

9 15 68 997 13 230 223 Normal distribution

10 12 63 584 9 301 292 Normal distribution

11 12 52 479 10 329 303 Normal distribution

12 8 91 858 14 152 159 Slight reduction in no. of HMW forms

13 7 26 494 6 248 237 Normal distribution

14 6 107 1,054 56 476 428 Normal distribution

15 10 18 382 10 230 206 Normal distribution

16 24 57 392 26 344 311 Normal distribution

17 10 75 1,000 44 435 320 Slight reduction in no. of HMW forms

18 14 109 817 129 252 255 Normal distribution

19 26 51 407 25 513 457 Normal distribution

20 15 95 862 9 na na na

21 8 43 551 9 231 226 Normal distribution

22 18 59 628 7 603 628 Normal distribution

23 23 25 405 14 390 432 Normal distribution

24 5 98 677 15 120 123 Normal distribution

25 Warfarin 66 1,049 8 146 127 Normal distribution

Normal values 55–160 485–1,242 B11 50–150 50–150

na result not available, HMW high molecular weight
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Deficient Plasma ADAMTS13 Activity Noted

in NCIPH Patients Irrespective of Severity of Liver

Disease (Even at Low MELD Scores)

ADAMTS13 activity was deficient at all degrees of severity

of liver disease (assessed by MELD scores) in NCIPH

cases. ADAMTS13 activity and antigen in NCIPH cases

showed a trend towards inverse correlation with MELD

score (rs = -0.46, P = 0.06 & rs = -0.54, P = 0.02,

respectively), but this was not seen in disease controls,

despite MELD scores being similar in both groups.

NCIPH Patients Lack Inhibitors or Significant

Antibodies to ADAMTS13 in Plasma

An inhibitor to ADAMTS13 could not be detected using

mixing tests with normal plasma, although IgG antibody to

ADAMTS13 was detected in 9 of the cases (Table 1) and

14 disease controls (Table 2). Overall median IgG antibody

level in cases was only 13.5 AU/ml, and values were

mostly only borderline positive. IgA anti-ADAMTS13 was

detected in 3/17 cases and 16/23 controls tested, while IgM

anti-ADAMTS13 was detected in 2/7 cases and 3/10 con-

trols tested (data not shown). There was no association

between decreased ADAMTS13 activity and presence of

IgG, IgM, or IgA anti-ADAMTS13.

One-Third of NCIPH Patients Have Ultralarge VWF

Multimers in Plasma

Increased high-molecular-weight VWF multimers, larger

than those seen in normal plasma, were detected in plasma

in 4/11 NCIPH patients tested (36%) and in none of 22

disease controls tested (P = 0.008, FET); rather, 3 control

patients had a slight reduction in the higher-molecular-

weight multimers.

VWF:Ag and VWF:CB activity (Tables 1, 2) were nor-

mal or increased in NCIPH patients (median, IQR: 255,

168–312 IU/dl and 159, 119–243 IU/dl, respectively) and

disease controls (299, 230–348 IU/dl and 239, 222–312
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Fig. 1 ADAMTS13 activity

and antigen data in all blood

samples from NCIPH cases,

liver disease controls, and

healthy normal subjects. Left
panel NCIPH results, middle
panel liver disease controls,

right panel healthy normal

subjects. CB collagen binding

assay, FRET fluorescence

resonance transfer assay

(American Diagnostica), Chrom
chromogenic assay
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Controls = liver disease controls; Normals = healthy normal sub-

jects. The box and whiskers are defined as in Fig. 1
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IU/dl, respectively). Although the VWF parameters showed

good correlation with each other (r = 0.95, P \ 0.0001),

neither correlated with ADAMTS13 activity. There was a

correlation between MELD score and VWF activity in

cases (rs = -0.55, P \ 0.05) and in controls (rs = -0.59,

P \ 0.01). There was a trend towards higher VWF activity

in patients with lower platelet counts, although this did not

reach significance in the cases (rs = -0.49, P = 0.075

and rs = -0.63, P = 0.002, in cases and controls,

respectively).

Fibrinogen levels (data not shown) were generally nor-

mal in patients and did not correlate with ADAMTS13

activity, confirming that hepatic synthetic capacity was not

grossly impaired.

Sustained Deficiency of ADAMTS13 Activity

in Plasma Documented in All Four NCIPH Patients

Studied

Four NCIPH patients had serial assays of plasma

ADAMTS13 levels: Case 1 was studied four times over

11 months, and the highest plasma ADAMTS13 activity

was 6%, with IgG ADAMTS13 antibody levels of 16, 17,

and 55 AU/ml during these 11 months. Case 9 was studied

three times over 6 weeks and consistently had \5%

activity of ADAMTS13 in plasma. Case 13 was studied

three times over 9 months with plasma ADAMTS13

activity levels up to 6%, while case 14 was studied three

times over 3 months and plasma ADAMTS13 activity was

14–25%. These four patients had median (range) MELD

scores of 12 (10–21) (Table 1).

Plasma ADAMTS13 Levels in NCIPH Patients Were

Not Significantly Increased in Hepatic Vein Compared

with Peripheral Vein

In five patients, blood samples obtained from the hepatic

vein at time of hepatic venous pressure studies were

assayed for ADAMTS13 and compared with paired sam-

ples obtained simultaneously from peripheral veins.

ADAMTS13 activity was identical in four of the paired

samples, while the fifth case showed a slight increase (\5%

versus 9%). IgG anti-ADAMTS13 was higher in hepatic

vein samples from three of the patients (median, IQR: 12, 3

versus 25, 38 AU/ml).

Correction of Plasma ADAMTS13 Deficiency

in NCIPH by Infusion of Fresh Frozen Plasma

and After Liver Transplantation

One NCIPH patient (case 1) received infusions of fresh

frozen plasma on two occasions and demonstrated a rise in

ADAMTS13 activity and antigen levels of approximately

50%, despite having IgG anti-ADAMTS13 levels of 55 and

34 AU/ml. Activity levels remained elevated 72 h post

infusion. A further patient (case 9) was studied before and

after liver transplant, and ADAMTS13 levels were normal

post transplant and remained normal at 15 months.

Discussion

Significantly low plasma ADAMTS13 activity in NCIPH

patients compared with patients with chronic liver disease

(of different etiologies) matched for severity of liver dis-

ease is the main finding of our study. ADAMTS13 activity

of B5% was noted in 28% of NCIPH patients and in none

of the disease controls. ADAMTS13 functions as a VWF

cleaving protease, and deficient ADAMTS13 activity is

characterized by noncleaved, ultralarge molecular weight

VWF multimers with increased platelet binding activity.

We found abnormally large VWF multimers in 36% of

NCIPH patients tested, but not in disease controls.

Though the measurement of ADAMTS13 in several

series of patients with chronic liver disease has yielded

inconsistent findings [26–28], Uemura et al. [21] con-

vincingly demonstrated that ADAMTS13 activity was

reduced progressively with increasing severity of liver

disease. However, this does not explain the low ADAM-

TS13 levels seen in NCIPH patients without severe liver

disease (as per MELD score); in our study, five NCIPH

patients with MELD scores B12 had \20% ADAMTS13

activity, and two of these patients had B5% ADAMTS13

activity (Table 1). While the liver slowly atrophies in

NCIPH, functional reserve is initially well maintained [29]

and 5-year survival following endotherapy for variceal

bleed reaches 100% [30].

ADAMTS13 assays are currently poorly standardized

with no internationally recognised reference materials

available [31, 32], so the choice of assay technology remains

controversial. However, we confirmed ADAMTS13 defi-

ciency in NCIPH using other types of activity assay based on

small peptide substrates modeled on the VWF cleavage site

as well as ADAMTS13 antigen assays. The degree of defi-

ciency in peptide substrate assays was not as great as seen in

our assay based on full-length VWF substrate, but remained

significant. Although plasma bilirubin concentration can

cause overestimation of ADAMTS13 activity in assays

based on fluorescent substrates [33], this did not account for

the observations in our patients. The discrepancy between

assays might be explained by in vivo degradation of

ADAMTS13 protein, or altered concentrations of other sub-

stances that bind to ADAMTS13 or VWF. This is supported

by the fact that ADAMTS13 antigen levels were decreased in

NCIPH, with lower ADAMTS13 activity-to-antigen ratios

than in disease controls and normal subjects (Fig. 2).
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Our observations are compatible with several different

explanations linking NCIPH with ADAMTS13 deficiency.

ADAMTS13 deficiency could be due to ADAMTS13

mutations and polymorphisms, as in congenital TTP [34],

but this has not been investigated in NCIPH. Repeated

estimation of ADAMTS13 activity in four of our NCIPH

patients with low MELD score (in the absence of overt

symptoms of TTP) yielded consistently low results in the

absence of ADAMTS13 autoantibodies, suggesting that

reduced ADAMTS13 activity in NCIPH is not the conse-

quence of either advanced liver disease or of a fluctuating

TTP-like illness. Our inability to detect an incremental rise

in ADAMTS13 concentrations within hepatic vein blood in

four of five NCIPH patients tested is consistent with low

secretory rates. Similarly, our half-life studies of infused

ADAMTS13 in NCIPH patients also support the notion

that its deficiency is not due to excessively rapid clearance.

It is likely, therefore, that low levels of ADAMTS13 may

have been a lifelong and primary characteristic of our

patients, putting them at risk of developing NCIPH.

In the presence of nadir concentrations of ADAMTS13

in hepatic portal microcirculation, the formation of platelet

strings on ultralarge VWF multimers at the endothelial

surface would account for microvascular occlusion beyond

the site of admixture of portal venous and hepatic arterial

blood, the pressure of the latter being a requirement for

unfolding of VWF multimers which attracts adherent

platelets. These localizing factors would account for the

lobule-to-lobule variation in patency or otherwise of portal

tract vessels and corresponding variability between adja-

cent lobules which characterizes hepatic nodular regener-

ative hyperplasia. Studies in animal models with vascular

stenosis or endothelial stimulation by histamine suggest

that VWF and ADAMTS13 may have roles in venous

thrombosis and inflammation [35, 36], hence high shear

rates are not always essential for VWF unfolding, and

ultralarge VWF-mediated platelet attachment may play a

role in hepatic pathology in lower-shear vessels.

Our current series includes two patients with celiac

disease, one of whom also has ulcerative colitis. In a pre-

vious series of NCIPH patients, we reported that 9%

patients had ulcerative colitis and 16% had celiac disease.

We also noted that survival in NCIPH patients was sig-

nificantly worse in those with undiagnosed and untreated

celiac disease [16]. Accordingly, the trend towards inverse

correlation of ADAMTS13 levels with MELD (rs =

-0.46, P = 0.06) in our current series of patients would

support the view that hepatic atrophy from longstanding

NCIPH may produce an accelerated phase of hepatic

decompensation as progressively lower levels of ADAM-

TS13 complete a vicious cycle. In India, where it has been

reported to account for 7.9–46% of all cases of portal

hypertension, NCIPH is more prevalent in populations

from the lower socioeconomic strata in whom tropical

sprue is common, and its incidence declines as hygiene

improves [37]. Having confirmed this association of

NCIPH with intestinal pathology [16], we measured IgA

anti-ADAMTS13 antibodies as well as IgG and IgM clas-

ses. We did not find anti-ADAMTS13 antibodies in suffi-

cient frequency or concentration to account for the

reduction in ADAMTS13 protein concentration and activ-

ity observed in NCIPH.

We also observed a disparity in activity-to-antigen ratio

for ADAMTS13 between NCIPH cases, disease controls,

and normal subjects, which may indicate the presence of

proteolytically degraded forms of ADAMTS13 [38].

Abnormalities of glycosylation could potentially contribute

to disparity between various activity and antigen assays.

O-fucosylation and N-glycosylation are necessary for effi-

cient secretion of ADAMTS13 [39, 40], while conversion

of N-glycans from oligomannose to complex types

enhances proteolytic activity for VWF [40]. The status of

N-linked glycans of VWF has also been shown to modulate

cleavage of VWF by ADAMTS13 [41]. Since abnormali-

ties of glycosylation have been noted in many forms of

liver disease [42], these could contribute to ADAMTS13

deficiency seen in NCIPH.

In typical nodular regenerative hyperplasia, portal ven-

opathy and hepatic lobular atrophy are singularly accom-

panied by absence of an inflammatory response and

fibrosis. The major source of ADAMTS13 is the hepatic

stellate cell, which typically responds to hepatic injury by

transforming into a collagen secreting fibroblast. Thus,

ADAMTS13 deficiency and lack of hepatic fibrosis in

NCIPH may be manifestations of abnormally unresponsive

hepatic stellate cells.

We therefore believe our series represents a novel par-

adigm of pathogenesis in diseases caused by ADAMTS13

deficiency. Constitutively low levels of expression expose

the afferent portal venous circulation to risk of ADAM-

TS13 deficiency, causing gradual attrition of terminal

portal venules within the liver, potentially exacerbated at

times by a leaky bowel as in inflammatory bowel disease

and celiac disease. This contrasts with the abrupt systemic

manifestations characteristic of TTP where low ADAM-

TS13 activity has been associated with severe systemic

consequences due to microthrombi in brain and kidneys, in

particular. In addition, liver dysfunction was not reported

in two large registries of TTP patients from the UK and

USA [11, 32].

When ultralarge VWF is exposed at the surface of

damaged vascular endothelium, the shear stress provided

by arterial blood exposes epitopes to which platelets avidly

adhere, a process which explains rapid and widespread

systemic capillary occlusion in TTP. By contrast, the

reduced blood pressure at the confluence of hepatic arterial

Dig Dis Sci (2011) 56:2456–2465 2463

123



and portal venous blood flow may lower the shearing force

and explain the indolent time course of several decades of

NCIPH pathogenesis. The mechanism which we postulate

as a primary cause of NCIPH may conceivably contribute

to the advancement of numerous other liver diseases which

culminate in cirrhosis even when another causative agent

such as alcohol has been clearly recognized. If so, and in

accordance with Wanless’s theory [43], a tendency to

ADAMTS13 deficiency may predispose certain individuals

to portal microvascular occlusions and parenchymal col-

lapse promoting cirrhosis although the primary cause of

hepatic inflammation is unrelated.

Our study is compatible with the notion that, in NCIPH,

persistently low levels of ADAMTS13, either congenital or

acquired, confer susceptibility to progressive occlusion of

portal microvasculature in the absence of any other hepatic

pathology and that this susceptibility is more likely to be

unmasked when it coincides with pathological conditions

affecting the gastrointestinal tract.

Conflicts of interest None.
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