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Thrombosis is the predominant underlying mechanism of acute ischemic stroke (AIS).

Though thrombolysis with tPA has been proven to be effective in treating AIS within

the time window, the majority of AIS patients fail to receive tPA due to various reasons.

Current medical therapies for AIS have limited efficacy and pose a risk of intracerebral

hemorrhage. ADAMTS13 (a disintegrin and metalloprotease with a thrombospondin type

1 motif, member 13) is a metalloprotease that effectively breaks down the von Willebrand

Factor (VWF), a key factor in thrombus formation. Previous studies have proven that

dysfunction of ADAMTS13 is associated with many diseases. Recently, ADAMTS13 has

been reported to be closely related to stroke. In this review, we briefly described the

structure of ADAMTS13 and its role in thrombosis, inflammation, as well as angiogenesis.

We then focused on the relationship between ADAMTS13 and AIS, ranging from ischemic

stroke occurrence, to AIS treatment and prognosis. Based on research findings from in

vitro, animal, and clinical studies, we propose that ADAMTS13 is a potential biomarker

to guide appropriate treatment for ischemic stroke and a promising therapeutic agent

for tPA resistant thrombi.
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INTRODUCTION

Stroke is one of the leading causes of death and disability in both developing and developed
countries (1). Ischemic stroke accounts for approximately 85–90% of all types of stroke (2).
Currently, intravenous thrombolysis with tissue plasminogen activator (t-PA) is the most
efficacious treatment for AIS patients when applied within 4.5 h after the onset of symptoms (3).
However, over 90% of ischemic stroke patients did not receive tPA due to the short time window
and the increased risk of intracerebral hemorrhage when tPA is applied out of this time window (4).
A similar situation is also observed in secondary prevention of stroke. For example, antiplatelets
and anticoagulants show limited efficacy in reducing recurrent strokes, but they significantly
increase the risk of intracerebral hemorrhage (5, 6). Therefore, there is a demanding need to further
explore the underlying mechanisms of AIS in order to develop novel treatments.

ADAMTS13 (a disintegrin and metalloprotease with thrombospondin type 1 repeats 13),
also known as the von Willebrand factor-cleaving protease (VWFCP), is predominantly
synthesized in the liver. It cleaves the ultra-large molecule—von Willebrand factor
(VWF), a key player in initiating platelet tethering and subsequent platelet adhesion
(7), into smaller and less reactive molecules (8). It is well-known that dysfunction of
ADAMTS13 is associated with diverse diseases, such as thrombotic thrombocytopenic
purpura, pre-eclampsia, acute myocardial infarction, and diabetes. Recently, the relationship
between ADAMTS13 and ischemic stroke has become a focus of stroke research.
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Both animal and clinical studies have demonstrated the
important role ADAMTS13 plays in the pathogenesis of ischemic
stroke, suggesting that ADAMTS13 might be a promising
therapeutic target for ischemic stroke.

ADAMTS13: Structural Features
ADAMTS13, originally named VWFCP, was purified from the
human plasma for the first time in 1996 (9). Its gene was
identified in 2001 and it was renamed ADAMTS13 based on its
partial amino acid sequence (10). Thereafter, information about
the structure and function of ADAMTS13 has been revealed. The
delicate relationship between ADAMTS13 and thrombosis also
becomes an intriguing subject.

ADAMTS13, a metalloprotease containing 1,427 amino
acid residues, is predominantly secreted by hepatic stellate
cells (11). It has been reported that endothelial cells also
express ADAMTS13 mRNA and protein (12). The physiological
function of ADAMTS13 is based on its multi-domain structure
consisting of a signal peptide domain, a short propeptide
domain, a metalloprotease domain, a disintegrin-like domain, a
thrombospondin-1 repeat (TSP1) domain, a characteristic Cys-
rich domain, a spacer domain, and two CUB domains (10)
(Figure 1). ADAMTS13 is the cleaving protease of VWF, which is
a large multimeric glycoprotein. VWF is released by endothelial
cells in the form of ultra-large multimers (UL-VWF) of varying
sizes, with the molecular weight up to 20,000 kDa. ADAMTS13
cleaves the Y1605-M1606 bond within the UL-VWF A2 domain
(Figure 2). Dysfunction of the ADAMTS13-VWF axis leads to
VWF accumulation and adhesion of platelets, which is the first
step of thrombosis and inflammation (13, 14).

Recently, more functions of ADAMTS13 have been revealed
with the identification of a substrate-induced conformational
activation mechanism. ADAMTS13 circulates in a quiescent
form, maintained by an autoinhibitory interaction between its
N-terminal spacer domain and its C-terminal CUB-domains
(15). Its activity is significantly increased upon binding to
the D4-CK domain of the globular VWF exposing the spacer
domain exosite, enabling efficient proteolysis of VWF. Exposure
of ADAMTS-13 to the VWF D4-CK domain results in
approximately a 2.5-fold enhancement of its activity (15).
Furthermore, it has been reported in an ADAMTS13 activation
model that the VWF D4-CK domain engages the TSP8-CUB2
domains, disrupting the CUB1-spacer domain interaction and
consequently activating ADAMTS13 (16). A recent stability
and dynamics study on ADAMTS13 conformation showed that
wild type ADAMTS13 adopted two distinct conformational
states (state I and state II) at pH 6 and pH 7.5, respectively,
whereas a gain-of-function variant ADAMTS13 showed an
additional state (state III). They proposed that low pH might
alter the tertiary structure and/or disrupt the intra-domain
interaction, and as a result, the flexibility of ADAMTS13 was
increased (17).

ADAMTS13: Roles in Thrombosis,
Inflammation and Angiogenesis
The critical role of ADAMTS13 in thrombosis is exemplified
by its importance in the pathogenesis of thrombotic

thrombocytopenic purpura (TTP). TTP is a life-threatening
microangiopathic disorder of the blood-coagulation system,
caused by the deficiency of ADAMTS13 either in quantity or
in quality (18). Mutations in the ADAMTS13 gene are one of
the key pathological mechanisms of congenital TTP, whereas,
heterogeneous and polyclonal autoimmune response against
ADAMTS13 is the critical mechanism for acquired TTP (8).

Adhesion of platelets is the first step not only in thrombosis
but also in inflammation mediated by VWF. ADAMTS13 down-
regulates both thrombosis and inflammation through cleavage
of VWF. Previous studies have demonstrated that ADAMTS13
prevents the formation of thrombi in injured microvenules and
regulates thrombosis in arterioles by altering the interaction
between platelets and VWF (19, 20).

It is well-known that rolling and adhesion of leukocytes at
the site of infection or injury are one of the main features of
inflammation, which is influenced by a variety of factors (21–24).
A study reported that VWF could promote both leukocyte rolling
and stable adhesion by providing binding sites for two leukocyte
receptors—P-selectin glycoprotein ligand 1 and beta 2 integrin
(25). It also facilitates neutrophil extravasation from blood vessels
(26). A number of molecules can influence the activity of VWF,
such as platelet glycoprotein Ibα (GPIbα), N-Acetylcysteine, and
plasmin. The interaction between GPIbα and VWF not only
initiates hemostasis after vascular injury, but also contributes to
pathological thrombosis (27). N-acetylcysteine reduces the size
and activity of VWF in both the human and the mouse plasma
(28). An in vitro experiment has shown that plasmin cleaves
VWF at K1491-R1492 in the A1-A2 linker region in a shear- and
glycan-dependent manner (29). Therefore, ADAMTS13 plays a
pivotal role in thrombosis and inflammation through cleaving
VWF. Animal and human studies have confirmed the essential
roles that ADAMTS13 plays. Deficiency in ADAMTS13 results
in increased leukocyte rolling and adhesion in both unstimulated
and inflamed veins (30, 31). Chemotherapies that decrease
vascular endothelial growth factor (VEGF) have been shown to
result in thrombotic microangiopathies (TMAs, TTP is the major
type of TMAs) (32). Deficiency in ADAMTS13 endopeptidase
contributes to the development of VEGF inhibitor-related
thrombotic microangiopathies (33). Patients with sepsis or DIC
have decreased levels of ADAMTS13 and increased levels of
VWF (34). In mice, deficiency in ADAMTS13 (ADAMTS13−/−)
leads to aggravated inflammatory and thrombotic responses.
Treatment with ADAMTS13 decreases the severity of colitis
through its anti-inflammatory mechanism (35). Similar results
were observed in a mouse study where rhADAMTS13 was shown
to protect kidneys against the ischemia/reperfusion injury by
attenuating apoptosis as well as inflammation, and rectifying
endothelial dysfunction (36). However, patients with severe
ADAMTS13 deficiency do not always develop TTP. There
must be other factors that influence the pathogenesis of this
disease. Apart from infection, the most common trigger (41%
of episodes) of TTP, excessive alcohol consumption, pregnancy,
drug/medication use, injury, food poisoning, and various others
could also trigger TTP in individuals carrying homozygous
or heterozygous mutations in the ADAMTS13 gene (37, 38).
Similar results were also found in animal studies. Motto et al

Frontiers in Neurology | www.frontiersin.org 2 July 2019 | Volume 10 | Article 772

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Chen et al. ADAMTS13: An Emerging Target in Stroke Therapy

FIGURE 1 | Structure of ADAMTS13. S, signal peptide domain; P, short propeptide domain; MP, metalloprotease domain; Dis, disintegrin-like domain; 1,

thrombospondin-1 repeat (TSP1) domain; Cys, characteristic Cysteine -rich domain; Spacer, spacer domain; CUB, CUB domains.

FIGURE 2 | Structure of VWF. D1,D2: pro-VWF, D’D3: FVIII, A1: GPIbα protein addition site, A2: ADAMTS13 cleaving site, A3: collagen.

suggested that microbe-derived toxins (or possibly other sources
of endothelial injury), together with genetic susceptibility, were
required to trigger TTP in settings of ADAMTS13 deficiency
(39). Severe ADAMTS13 deficiency in mice was not sufficient to
cause TTP-like symptoms (40). Therefore, complete deficiency
in ADAMTS13 seems to result in a prothrombotic state,
which is an important risk factor for TTP or stroke, but it
is insufficient to cause TTP or stroke by itself. Additional
genetic or environmental factors are needed to trigger TTP
or stroke.

It has been reported that the active metalloprotease domain
of other members of the ADAMTS family increases the
production of growth factors and cytokines by degrading
the extracellular matrix components. Subsequently, they can
accelerate cell proliferation and angiogenesis (41, 42). Whereas,
TSP1 has been proven to suppress angiogenesis by regulating
the activity of VEGF (43). Based on the similarity of the
structure of ADAMTS13 to other members of the ADAMTS
family, which contain the metalloprotease domain and the
TSP-1 domain, ADAMTS13 is very likely to be involved in
angiogenesis. This is confirmed by an in vitro study where
the full-length ADAMTS13 promotes angiogenesis when it
is incubated with human umbilical vein endothelial cells
(HUVEC), but it counteracts the angiogenic activity of VEGF
(44). A later study demonstrated that angiogenesis induced
by ADAMTS13 or its variants was through upregulating the
production of VEGF and phosphorylation of VEGFR2, and
the C-terminal TSP1 repeats of ADAMTS13 dominated the
angiogenic activity (45).

ADAMTS13 and Stroke
Due to the close relationship between VWF and platelet
aggregation as well as thrombus formation, research has
focused on the correlation between high levels of VWF
and cardiovascular/cerebrovascular diseases including ischemic
stroke. Prospective studies have reported that high levels of
VWF increase the risk of developing AIS (46, 47). A study even
showed the correlation between levels of VWF and subtypes of
stroke as well as functional outcomes in AIS patients (48). It was
proposed that the imbalance between VWF and ADAMTS13, a
down-regulator of VWF, might be the underlying mechanism
of growing thrombus (46, 49). Complete lack of ADAMTS13
in mice does not necessarily result in stroke, but does lead to
a prothrombotic state (40). Furthermore, ADAMTS13 mediated
angiogenesis plays an important role in the pathogenesis of
ischemic stroke (44, 45). It is, therefore, logical to anticipate a
strong correlation between low levels of ADAMTS13 and the
development of ischemic stroke.

ADAMTS13 and Stroke Occurrence
Currently, there is no conclusion on the relationship between
ADAMTS13 and the outcome of ischemic stroke. A study
reported that patients with cardiovascular diseases had a lower
level of ADAMTS13 than healthy controls, whereas patients with
ischemic stroke had a similar level of ADAMTS13 to healthy
controls (50). Another study showed that levels of ADAMTS13
in AIS patients were significantly lower than those in normal
subjects as well as in chronic cardiovascular disease patients
(51). In addition, a number of studies reported a significant
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association between low activity/ levels of ADAMTS13 and
stroke (46, 52–54). It was discovered that ADAMTS13 single
nucleotide variants were closely associated with pediatric stroke
susceptibility (55). The difference between these research results
may be explained by differences in the study inclusion criteria
because infection, excessive alcohol consumption, pregnancy,
drug/medication use, injury, food poisoning, and others can
influence the impact of ADAMTS13 on stroke (37, 38). In a
prospective cohort study, the activity of plasma ADAMTS13 was
tested in 5,941 volunteers who were over 55 years old without
a history of stroke or transient ischemic attack. It was found
that individuals with lower ADAMTS13 activities had a higher
risk of ischemic stroke than those with normal ADAMTS13
activities (52). Importantly, correlation between ADAMTS13
activities and the incidence of stroke persisted after adjusting
for common risk factors such as age, sex, diabetes and atrial
fibrillation. These indicate that low levels of ADAMTS13 are
an independent predictor of stroke. Similar results were also
found in pediatric ischemic stroke studies (56, 57). It was
proposed that a decrease in activities or levels of ADAMTS13
would reduce the cleavage of ULVWF, resulting in the formation
of larger VWF polymers and a hypercoagulative state at the
site of vascular injury. Consequently, thrombosis may occur
(52). Recently, the CHA2DS2-VASc Score (congestive heart
failure, hypertension, age≥75 years [doubled], diabetes mellitus,
stroke/transient ischemic attack/thromboembolism [doubled],
vascular disease [prior myocardial infarction, peripheral artery
disease, or aortic plaque], age 65–74 years, and sex category
[female]) is recognized as a useful tool to assess the risk of
developing ischemic stroke due to multiple risk factors. In
a prospective study, 196 old patients (≥60 years) with and
without non-valve atrial fibrillation (AF) were recruited and their
baseline information was compared. It was found that there
was a significant correlation between plasma levels of VWF,
ADMATS13, and the CHA2DS2-VASc Score in older patients
with and without AF (58). At the molecular level, ADAMTS13,
one of the extracellular matrix components, in conjunction with
phosphoinositide and calcium signaling pathways, plays a vital
role in determining the susceptibility for stroke (57). Although
there is no conclusion on the relationship between ADAMTS13
and stroke severity, Denorme et al found that the activity of
ADAMTS13 in patients with ischemic stroke was similar to
that in patients with transient ischemic attack. They speculated
that the activity of ADAMTS13 can not predict the severity of
ischemic stroke. However, they found that the VWF:ADAMTS13
ratio was significantly associated with stroke severity and
modality (51). No significant difference was found in the activity
of ADAMTS13 between different subtypes of stroke (steno-
occlusive arteriopathies, cardioembolic, undetermined) (56).

Taken together, it is clear that levels of ADAMTS13, as well
as levels of VWF, are associated with the risk of stroke in the
general population. The VWF: ADAMTS13 ratio has a stronger
correlation with the risk of stroke than either of them. However,
larger prospective studies and standardized test systems are
further needed before determining whether levels of VWF and
ADAMTS13 can be used as a clinical marker to predict the risk of
cardiovascular/cerebrovascular diseases in individual patients.

Experimental Studies: Role of ADAMTS13
in Acute Ischemic Stroke
The importance of decreased ADAMTS13 as an important risk
factor for ischemic stroke in humans has promoted experimental
trials in acute stroke models. It was reported that the volume
of the cerebral infarct was significantly reduced with decreased
VWF levels after ischemic stroke, whereas the volume of the
cerebral infarct was increased with decreased ADAMTS13 levels.
Infusion of ADAMTS13 before reperfusion significantly reduced
the volume of infarcts and improved functional outcomes (59). A
study on ischemia-reperfusion injury reported that the regional
blood flow of the ischemic cortex was notably decreased in
ADAMTS13−/−mice after reperfusion compared with wild-type
mice (60). Since thrombus formation after reperfusion is related
to the accumulation of platelets, the authors proposed that
ADAMTS13 protects the brain from ischemic injury through
mediating VWF-platelet interactions (60). Apart from decreased
blood flow, accumulation of inflammatory cells was observed in
the brains of ADAMTS13−/−mice, suggesting that ADAMTS13
may protect the brain from ischemia by regulating VWF-
dependent inflammation after reperfusion (60). Similar results
were found in another study which demonstrated increased
levels of inflammatory cytokines and neutrophil infiltration in
ADAMTS13−/−mice after ischemic stroke. Opposite results were
found in VWF−/−mice (61). It is concluded that ADAMTS13
protects the brain tissue from ischemic injury by regulating
VWF-mediated inflammation and thrombosis. As previous
studies have shown that complete deficiency in ADAMTS13
alone was not sufficient to cause TTP, additional genetic or
environmental factors were required (39, 40). This also applies
to animal studies.

There are types of VWF and they have different roles
in physiological and pathological conditions. Dhanesha et al
generated platelet-derived VWF (Plt-VWF) mice, Plt-VWF
mice with ADAMTS13 deficiency, and endothelial cell-derived
VWF (EC-VWF/ADAMTS13−/−) mice through bone marrow
transplantation to determine the function of different types of
VWF in stroke. They found that no difference was seen in
infarct size and post-ischemic inflammation between Plt-VWF
and Plt-VWF/ADAMTS13−/− mice, but the infarct size and post
ischemic inflammation were significantly aggravated in EC-VWF
and wild-type mice and attenuated in VWF−/− mice compared
with those of Plt-VWF or Plt-VWF/ADAMTS13−/− mice
(62). These indicate that ADAMTS13 protects the brain from
ischemia-reperfusion injury predominantly through cleaving the
endothelial cell-derived VWF. To further clarify the molecular
mechanism of the protective effect of ADAMTS13 on stroke,
Zhao et al tested the relationship between expression of miR-
525-5p and ADAMTS13 and confirmed that the level of miR-
525-5p in the brain is significantly decreased after oxygen-
glucose deprivation (OGD). Intracerebroventricular injections
of an miR-525-5p antagomir into the ischemic stroke rats
significantly reduced the volume of cerebral infarcts. Cell culture
experiments showed that when cells were transfected with an
miR-525-5p agomir, levels of ADAMTS13 mRNA and protein
were significantly reduced. Meanwhile, miR-525-5p was found
to bind to the 3 ’-UTR of ADAMTS13. It has been concluded
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that miR-525-5p might negatively regulate the expression of
ADAMTS13 after stroke. Downregulating the expression of
miR-525-5p and consequently increasing the expression of
ADAMTS13 might minimize ischemic injury (63).

Though ADAMTS13 does not have subtypes, it does
have different conformations. It has been reported that the
previously identified, dose-dependent activity of wild-type
ADAMTS13 in murine models of stroke could be further
improved by conformational preactivation (64). This raises
the possibility of developing strategies to increase the activity
of ADAMTS13.

Promising Use of ADAMTS13 in Stroke
Therapy
Previous studies have shown that ADAMTS13 may become a
promising pharmacological agent for ischemic stroke treatment
through regulating VWF-mediated inflammation and thrombus
formation in addition to its role in angiogenesis, the latter being
especially important for ischemic stroke recovery. Angiogenesis
can be initiated by VEGF and VEGF receptor 2 (VEGFR-2),
and vascular maturation is also reliant on angiopoietins (Angs)
1 and 2 (65). It was confirmed that VEGF-A and Ang-2 had
synergistic effects on angiogenesis (66). Deficiency in VWF in
endothelial cells resulted in increased activation of VEGFR-2 and
proliferation of endothelial cells as well as increased release of
Ang-2 (67). Other VWF-associated angiogenic regulators may
be involved in angiogenesis, such as galectin-3 (Gal-3) which
could directly bind to VWF and initiate the phosphorylation
of VEGFR-2 (68, 69). Therefore, ADAMTS13 is very likely to
become a therapeutic agent for ischemic stroke. It has been
reported that the activity of ADAMTS13 is reduced in acute
myocardial infarction (70). Its activity has also been found to be
reduced in the early phase of ischemic stroke (53, 71). Though
the relationship between levels of the ADAMTS13 antigen and
its activity remains controversial (this may be due to the fact
that the activity of ADAMTS13 varies in different pathologic
conditions, and it might be influenced by storage conditions)
(72), a study found that the reduced level of ADAMTS13 could
predict poor response to recanalization therapies in AIS (73).
Therefore, ADAMTS13 might be a valuable biomarker to guide
reperfusion therapies.

Currently, thrombolysis with tissue plasminogen activator
(tPA) remains the most effective therapy for patients with
AIS, but it has a high risk of intracerebral hemorrhage.
Although studies on the efficacy of ADAMTS13 in managing
ischemic stroke is still at the stage of animal research, it has
shown advantages and is expected to provide a new direction
for the treatment of ischemic stroke. It has been reported
that recombinant ADAMTS13 (rADAMTS13), when injected
into mice before ischemia reperfusion, significantly reduced
the infarct volume and improved prognosis without eliciting
intracerebral hemorrhage. To further explore the effect of
ADAMTS13 on ischemic stroke, the team injected tPA, VWF,
and rADAMTS13 into ischemic stroke mice and tested the
permeability of the blood brain barrier along with intracerebral
hemorrhage. It was found that 540 ng VWF increased the

permeability of the blood brain barrier, which was completely
reversed by rADAMTS13. Interestingly, rADAMTS13 alone
had no effect on the permeability of the blood-brain barrier.
Injections of tPA led to intracerebral hemorrhage and the volume
of the hematoma was reduced by rADAMTS13. Injections of
rADAMTS13 alone did not lead to intracerebral hemorrhage.
Simultaneous injections of both VWF and tPA did not
show significant differences in intracerebral hemorrhage from
injections of tPA alone (59). A study reported that ADAMTS13
reduced the expression of MMP-9 and an inflammatory factor
intercellular cell adhesion molecule-1 (ICAM-1), suggesting that
rADAMTS13 protects the brain predominantly by reducing the
inflammatory response (53). Similar results were reported by
another study (74). Therefore, the combination of rADAMTS
13 and tPA might become a novel treatment for ischemic
stroke by diminishing the neurotoxic effect of exogenous tPA.
This has shown its potential in an animal study where VWF-
rich thrombi in the middle cerebral artery (MCA) of mice
were not dissolved by tPA but by ADAMTS13 in a dose-
dependent manner. This phenomenon was observed even
when ADAMTS13 was administered 60min after occlusion
(75). A Japanese study further explored the effect of tPA and
rADAMTS13 on ischemic stroke. ADAMTS13 (0.1 mg/kg) and
tPA (1 mg/kg) were injected to mice 2 and 4 h after MCAO,
respectively. It was found that rADAMTS13 reduced the infarct
volume in both 2 and 4 h MCAO mice without incurring
intracerebral hemorrhage. Though tPA could reduce the infarct
volume, it led to intracerebral hemorrhage in 4 h MCAO mice.
Therefore, rADAMTS13 has a longer time window than tPA for
the treatment of AIS, which lays the theoretical foundation for
translational research on ADAMTS13 (76).

ADAMTS13 and Stroke Outcomes
There were few animal studies on the relationship between levels
of ADAMTS13 and the prognosis of ischemic stroke, though it
is widely believed that there is a significant correlation between
them. A recent study showed that cerebral vascular angiogenesis,
new muscle cell coverage, and expression of connexin in
ADAMTS13−/− mice were significantly lower than those in
wild-type mice 14 days after the ischemic stroke onset, and
that deposition of destructed blood-brain barrier and peripheral
serum proteins were significantly increased in ADAMTS13−/−

mice. In contrast, VWF−/− mice showed significantly more
new microvasculature after reperfusion than wild type mice.
Injections of rADAMTS13 to wild type mice 7 days after stroke
onset increased the formation of neovasculature and repair of
blood vessels, and significantly improved the 14-day prognosis
after stroke (77). This indicates that rADAMTS13 plays a key
role in functional recovery after an ischemic vascular injury.
rADAMTS13 is expected to become a new drug to improve the
prognosis of ischemic stroke.

Due to the close relationship between levels of ADAMTS13
and the occurrence of ischemic stroke, more and more
clinical studies have explored the relationship between levels of
ADAMTS13 and the prognosis of ischemic stroke. A prospective
case-control study in the UK showed that levels of ADAMTS13
in ischemic stroke or TIA patients who received aspirin were
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reduced in the early stage (≤4 weeks), but increased to normal
later (≥3 months). It was speculated that ADAMTS13 might
play an important role in counteracting thrombus formation in
ischemic stroke. In addition, no correlation was found between
levels of ADAMTS13 and subtypes of stroke. This study did
not examine the relationship between levels of ADAMTS13 and
the prognosis of ischemic stroke patients (71). The Rotterdam
study recruited 6,130 individuals who were over 55 years old and
tested the activity of ADAMTS13 and levels of VWF. During
the follow-up period (11.3 years in average), 1,868 individuals
died (30.5%), among whom 442 were due to cardiogenic death
(23.7%). The risk of cardiogenic death was high among those with
low ADAMTS13 activity or high levels of VWF, and the risk ratio
was 1.46 and 1.29, respectively. The risk of cardiogenic death was
higher in those with low ADAMTS13 activity and high levels of
VWF and the risk ratio was 1.73. These suggest that ADAMTS13
activity and levels of VWF were closely related to the risk of
death, especially cardiogenic death (49). In another study, it was
found that high levels of blood ADAMTS13 collected before
commencing the mechanical endovascular procedure and intra-
arterial administration of heparin were independently related to
poor clinical outcomes 3months after mechanical thrombectomy
(mRS= 3–6) (78).

CONCLUSION

In summary, the structure and function of ADAMTS13
have been elucidated in the past 20 years. It has been
proven that ADAMTS13 is closely related to the occurrence,
development, and prognosis of ischemic stroke, protecting the
brain from ischemia-reperfusion injury. The VWF:ADAMTS13
ratio has a strong correlation with the risk of stroke.

Complete deficiency in ADAMTS13 alone does not lead to

ischemic stroke but a prothrombotic state, and the latter
may result in ischemic stroke in conjunction with additional
genetic or environmental factors. The activity and levels of
ADAMTS13 have a good predictive value for the occurrence
and prognosis of ischemic stroke. In addition, animal studies
on ADAMTS13 in the treatment of AIS have made remarkable
progress, especially in the model of conformational activation.
ADAMTS13 is expected to become a new therapeutic agent for
ischemic stroke.
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