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Abstract

Increasing evidence shows a potential role of ADAMTS13 deficiency as a
risk factor for the high prevalence of portal vein thrombosis (PVT) in cirrhotic
patients. This deficiency, due to myofibroblastic transformation of hepatic
stellate cells (HSCs), the source of ADAMTS13, is responsible for the prevalence
of ultra large molecular weight multimers of von Willebrand factor (UL-VWF)
in the hepatic microcirculation. This phenomenon would favor the pro-
haemostatic function of VWF, which, together with an elevation of coagulation
FVIII, which is associated to VWF, could sustain microcirculatory thrombosis
in the liver. These phenomena, triggering an increase of the intra-hepatic
pressure, would cause a slowdown of the portal flow, favoring the occurrence
of PVT. Although this scenario is justified by retrospective observational
clinical studies, it will be mandatory to clarify the ADAMTS13 expression in
HSCs associated with the activity of plasma ADAMTS13 in different stage of
liver diseases. Hence, a prospective clinical trial (ClinicalTrials.gov Identifier:
NCT03322696) is ongoing to unravel the linkage between all the actors involved
in the complex phenomenon of PVT occurring in cirrhosis.

Introduction

The liver plays a central role in the control of blood coagulation,
as it produces the pro-coagulant vitamin K dependent factors I,
VII, IX, X, in addition to factor FV, FXIII and fibrinogen, as well as
the physiological anticoagulants protein C, protein S, protein Z and
antithrombin!. Moreover, the hepatic reticuloendothelial system
contributes to regulation of coagulation by clearing activated
clotting and fibrinolytic products, most notably tissue plasminogen
activator (tPA), whose concentration is often elevated in acute and
chronic liver diseases'. In the context of this scenario, the richness
of endothelial cells pertaining to liver circulation aids to further
regulate haemostasis by producing and secreting von Willebrand
factor (VWF) multimers, tPA, thrombomodulin, tissue factor
pathway inhibitor (TFPI) and urokinase'. Thus, it is not surprising
that numerous coagulation abnormalities were reported in clinical
settings characterized by acute and chronic liver disorders.
Viewpoints concerning the clinical consequences of the hemostatic
disorders in patients with liver failure have consistently changed
over the last decade. Patients with chronic liver failure and abnormal
routine coagulation tests, such as prothrombin time, do not
necessarily undergo an increased bleeding tendency. On the contrary,
thrombotic complications may even occur in these patients?. This
apparently unexpected phenomenon may be even responsible for
the progression of liver failure due to intrahepatic thrombosis3*.
Among the relevant clinical complications deriving from coagulation
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abnormalities occurring during chronic liver disorders,
thrombosis of the portal vein (PVT) is one of the most
severe complications. In fact, this vascular disorder
complicating liver cirrhosis, causes a deterioration of the
general clinical conditions of the patient and may often
hamper the possibility to receive an orthotopic liver
transplantation (OLT). The prevalence of PVT in cirrhosis
is associated with worsening of liver function and has
been reported to be as high as 15 % at pathological
analysis of the explanted liver in patients who undergo
OLT®. Several studies have investigated the association of
classic thrombophilia risk factors with occurrence of PVT
in cirrhosis and chronic liver diseases®!!. Unfortunately,
no clear association was found in this field. The reduction
of blood flow in the portal vein was the only factor to be
significantly associated with the development of PVT!213,
The possible contribution of VWF and ADAMTS13 to the
pathogenesis of PVT in this setting was addresses in a
few studies only (see below). The scientific rationale
for investigating the role of ADAMTS13/VWF in the
pathogenesis of PVT arises from the fact that ADAMTS13
is produced and secreted mostly by the stellate cells of
the liver'®. The fibroblastic differentiation of the stellate
cells causes a almost complete defect of ADAMTS13
production. An relevant functional consequence on
VWEF activity stems from this phenomenon. In fact, the
functional capacity of VWF is normally strictly regulated
in the circulation by the zinc-protease ADAMTS13, as
VWEF reactivity towards platelets is directly proportional
to its multimeric size®. The cleavage by ADAMTS13 of the
peptide bond between Tyr1605 and Met1606 in the A2
domain of VWF, reduces in fact the molecular weight of
the multimer and limits its pro-haemostatic potential. The
relevance of this regulation is so high that patients with
congenital or acquired ADAMTS13 deficiency undergo
severe thrombotic episodes in the microvasculature,
causing the disorders globally referred to as thrombotic
microangiopathies (TMAs)!*7. TMAs are characterized
by microangiopathic hemolytic anemia with red cell
fragmentation, thrombocytopenia and signs of organ
dysfunction due to disturbed microcirculation. The
severe forms of thrombotic microangiopathies referred
to as Thrombotic Thrombocytopenic Purpura (TTP) may
be congenital, due to mutations of the ADAMTS13 gene
(named also Upshaw-Schulman syndrome)'® or acquired,
when associated with the production of anti-ADAMTS13
autoantibodies'®. In both cases, the lack of ADAMTS13
leadstothe persistence ofultralarge (UL) VWF multimeres.
In the presence of additional triggers causing shear stress
and unfolding of VWF (pregnancy, infections, certain
drugs, surgery, etc.) enhanced platelet aggregation with
the UL-VWF multimers occurs. These platelet aggregates
affect the blood flow in the microcirculation and cause
organ damage and clinical symptoms*°.

The Role of Flow

The classic thrombophilia risk factors were investigated
as main cause of PVT occurrence, but a really strong
association was never found®®!?, although the G20210A
mutation of prothrombin gene was proposed as a risk
factor for PVT in cirrhosis in a single study'®. Our center
also addressed this issue in a previous study and, although
an extensive research was carried out on a wide spectrum
of thrombophilic risk factors potentially associated with
PVT, only a low blood flow (<15 cm/sec) in portal vein was
found significantly associated with PVT in a consecutive
series of cirrhotic patients!2 Low blood flow belongs to the
classic Virchow’s triad of factors strongly associated with
venous thrombosis and this finding suggests that secondary
haemostasis is strongly engaged in the pathogenesis of PVT,
as low blood flow facilitates the local persistence of high
concentrations of activated coagulation factors. Although
this finding provided a significant association between
portal vein flow and PVT, no mechanistic explanation for
the thrombotic complication emerged from that study. In
particular, whether the reduced blood flow in the portal vein
is either the cause or the effect of PVT was not explained in
that study, due to its merely observational nature.

The Role of ADAMTS13

Previous studies showed that the principal site of
ADAMTS13 production is liver and, in particular, the liver
stellate cells (HSC)'*. HSCs are in the space of Disse adjacent
to endothelial cells of hepatic sinusoids. This histological
location is of relevance because HSCs, through production
of ADAMTS13, can regulate the sinusoidal blood flow and
maintain homeostasis in the microenvironment of the
hepatic sinusoid®. Moreover, HSCs have other functions,
including vitamin A storage and liver fibrogenesis?.
ADAMTS13, through proteolytic processing of VWE,
synthesized and secreted by endothelial cells of the liver
sinusoids, limits the pro-hemostatic and procoagulant
activity of VWF. In fact, the higher the molecular weight
of the VWF multimers, the higher their ability to interact
with platelets and sub-endothelial collagen. Previous
studies, including one of our research group, showed that
liver cirrhosis is associated with a significant decrease of
ADAMTS13 plasma levels, especially in advanced stages
of the disease??°. Thus, the transformation of the HSCs
in cirrhotic liver is really associated with a decreased
production of ADAMTS13. Whether this association
is sufficient per se to promote PVT or it acts through a
perturbed homeostasis of VWF is still to be unraveled.

The Role of VWF and FVIII

In patients with liver cirrhosis, a remarkably high level
of plasma VWF has been reported by different research
groups3®?l. Immuno-histochemical studies showed that
VWF multimers are present in the sinusoidal lining cells
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Figure 1: Flowchart of the proposed pathogenetic mechanisms leading to portal vein thrombosis in liver cirrhosis. Abbreviations:
HSCs: hepatic stellate cells; UL-VWF: ultra-large von Willebrand factor; FVIII: coagulation factor VIII.
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and at the scar-parenchyma interface in cases of liver
cirrhosis®. The presence of VWF is particularly abundant in
the sinusoids at early stages of alcoholic steatohepatitis®.
This finding reflects the capillarization of the sinusoidal
endothelial cells, a phenomenon likely deriving also from
the activity of VWF multimers on vasculature$. On the
other hand, chronic liver diseases leading to cirrhosis are
sustained by inflammatory mechanisms that are associated
to massive endothelial activation, secretion of VWE, and
adhesion and deposition of VWF-platelet thrombi in the
vasculature. This mechanism can involve not only small
vessels, but large arterial as well as venous vessels®.
Considering the global scenario whereby a strong decrease
of ADAMTS13 production parallels a significant increase of
UL-VWF multimers synthesized by transformed vascular
endothelial cells, the deficiency of plasma ADAMTS13
activityduetotransformed HSCsincirrhoticlivermay playan
importantrole in sinusoidal microcirculatory disturbances.
Thus, this pathological phenomenon would represent
a risk factor for both microcirculatory disturbances
and thrombosis as well as subsequent development of
liver injury. The microcirculatory disturbances may also
influence the portal vein flow, which could be slowed down
by the thrombotic phenomenon generated in the liver
microcirculation, as showed in an observational study!*!3.
Moreover, another aspect remains to be clarified to explain
the potential role of VWF in the pathogenesis of PVT and
concerns the role of coagulation FVIII. This issue stems
from the strong interaction between VWF and FVIII®.
The striking increase of VWF levels in cirrhotic patients is
accompanied in fact by FVIII elevation®”. It is known that a
persistent elevation of FVIII is now considered a risk factor
for venous thromboembolism and even in cirrhosis?”.
FVIII may compensate the decrease of vitamin K-dependent
factors level in cirrhosis, accelerating the coagulation
pathway in such condition®”. The contemporary decrease
of ADAMTS13 activity, which favors the presence of ultra-
large VWF multimers, the strong increase of FVIII level in
the presence of low portal vein flow may thus represent a
risk factor for the development of PVT in cirrhotic patients.

The flowchart shown in Figure 1 depicts this pathogenetic
mechanism.

Conclusions

Although there is quite compelling evidence that
outlines a potential role of ADAMTS13 deficiency for PVT
occurrence in cirrhosis, it will be mandatory to clarify the
intralobular heterogeneity of ADAMTS13 expression in
HSCs associated with the activity of plasma ADAMTS13
in different stage of liver diseases. Hence, prospective
clinical trials are needed to unravel the linkage between
all the actors involved in a complex phenomenon, such as
PVT in cirrhosis. To address this point, our research group
is performing a prospective clinical trial (ClinicalTrials.
gov Identifier: NCT03322696), aimed at assessing the
mechanistic roles of ADAMTS13, VWF levels, thrombophilia
risk factors, and portal blood flow in the pathogenesis of
PVT in a large cohort of cirrhotic patients.
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