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ABSTRACT: The extracellular matrix (ECM) is an environment that has various enzymes attended in
regeneration and restoration processes which is very important to sustain physiological and biological functions
of central nervous system (CNS). One of the participating enzyme systems in ECM turnover is matrix
metalloproteinases. A disintegrin-like and metalloproteinase with thrombospondin type 1 motifs (ADAMTS) is
a unique family of ECM proteases found in mammals. Components of this family may be distinguished from
the ADAM (A Disintegrin and Metalloproteinase) family based on the multiple copies of thrombospondin 1-
like repeats. The considerable role of the ADAMTS in the CNS continues to develop. Evidences indicate that
ADAMTS play an important role in neuroplasticity as well as nervous system pathologies such as Alzheimer’s
disease (AD). It is hopeful and possible that ADAMTS family members may be utilized to develop therapies for
CNS pathologies, ischemic injuries, neurodegenerative and neurological diseases. To understand and provide
definitive data on ADAMTS to improve structural and functional recovery in CNS injury and diseases, this
review aimed to enlighten the subject extensively to reach certain information on metalloproteinases and
related molecules/enzymes. It will be interesting to examine how ADAMTS expression and action would affect

the initiation/progression of above-mentioned clinical situations, especially AD.
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A glance for ADAMTS genes and proteins

Alzheimer’s  disease (AD) is a  progressive
neurodegenerative illness affecting the elderly population
and the most common cause of dementia. The
neuropathological characteristics of AD contain
extracellular deposition of B-amyloid (Af), which is
originated by proteolytic cleavage from the Ap precursor
protein (APP) and intraneuronal accumulation of aberrant
forms of hyperphosphorylated tau as well as synapse
dysfunction [1]. Following the identification of the

ADAM family members, a new group of ADAM-
associated protein being shown by Kuno et al. [2], for the
first time. This new cDNA clone, recognized as a
cachexigenic tumor selective gene, encodes a cysteine
rich protein, which displays a sequence resemblance to
that of thrombospondins and metalloproteinases of snake
venoms. They named this cDNA clone as ‘A disintegrin-
like and metalloproteinase with thrombospondin type 1
motifs’ (ADAMTS) which consists of six domains,
including a metalloproteinase, a disintegrin-like, a
thrombospondin (TSP) homologous domain containing
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TSP type | motif, a spacer region, and COOH-terminal
TSP sub-motifs [2]. Also, a few ADAMTS have a
protease and lacunin (PLAC) domain [3] and a
complement C1r/Cls—urchin epidermal growth factor-
bone morphogenetic protein-1 (CUB) domain at the C-
terminal [4].

ADAM(s) include either an epidermal growth factor-
like or transmembrane domain. In contrast to the ADAM
family members, none of them (ADAMTS) are located in
the cell membrane. ADAMTS1 is a putative secretory
protein that has a spacer region in its COOH-terminal
half-region and TSP type 1 motifs [2]. TSP was
discovered the first angiogenesis inhibitor which is
associated with platelet membranes [5] and released from
platelets in response to activation by thrombin [6]. Instead
of these domains, ADAMTS1 was represented a new type
of ADAM family protein [2]. Nineteen members of this
new protease family were revealed by the complete
sequence of the human genome [7].

The roles of metalloproteinases including MMPs,
ADAMs, and ADAMTS are known in the process of
extracellular matrix (ECM) damage and repair. ADAMTS
family is a subgroup of newly identified zinc
metalloproteases play a key role in adhesion, cell fusion,
signalling, proteolysis and ECM degredation [8].
ADAMTS, a member of the M12 Metallopeptidase family
[9], is involved in many physiological processes that
associated with ECM proteolysis such as morphogenesis,
angiogenesis, ovulation [7] as well as tissue deterioration
in diseases such as AD, arthritis, cancer, and a range of
inflammatory circumstances [10]. Also, ADAMTS has
functions in maturation of procollagen and von
Willebrand factor (VWF) [7].

Clarification of the relationship with the diseases and
ADAMTS which is degraded proteoglycans at the
ECM, are expected to make significant contributions
either diagnosis or treatment, in the near future.
Determining the factors of ADAMTS inhibition and the
signal transduction pathways will enhance the clinical
uses of ADAMTS. Some proteoglycan fragments that
occur as a result of ADAMTS proteolytic activity are
estimated to be used the development of new drugs [11].

The functions of tau proteins

Tau protein is a neuronal microtubule-associated protein
(MAP) that is able of producing some features of an
axonal shape and an axon-like organization of the
cytoskeleton of cell. It was discovered in the Alzheimer
neurofibrillary tangles [12].

Tau proteins consist of a family of proteins, which
associate with microtubules in vivo and are induced
during neurite outgrowth. Tau is coded by a single gene
on chromosome 17 that are generated by substitute

splicing of its MRNA. Previous studies show that tau is a
tripartite molecule composed of a C-terminal tubulin
binding region with different numbers of repeats, a
constant middle domain, and variable N-terminal
domains. The heterogeneity of the N-terminal domains
has implications for the role of tau in mediating
interactions with other components in the cell [13].

Tau takes role as a potent promoter of tubulin
construction in vitro [14]. The essence of the connection
between tau and microtubules is ionic, as is evident from
the many basic residues within the tau binding domain and
the communicating of this domain with a glutamic acid-
rich region at the carboxy terminus of tubulin [12]. The
normal tau protein is highly enriched in neurons as noted
by both immunohistochemical investigations [15]. Highly
elastic paracrystals that become rigid when tau is
phosphorylated by calcium/calmodulin-dependent protein
kinase have been pronounced in pure tau preparations
[16]. Study has shown that tau phosphorylation regulates
the microtubule dynamics and microtubule affinity of the
protein [17]. Phosphorylation is the regulation of its
binding to microtubules that is the post-translational
modification of tau [12]. Extremely phosphorylated tau
assembles in the somatodendritic part of neurons,
aggregates and ultimately forms neurofibrillary tangles
[18].

The mechanisms of accumulation of -amyloid in the
brain

The AP collection is believed to be a primary phenomenon
leading to eventual cognitive and motor dysfunction in
AD. Formation of AP demands proteolytic cleavage of a
large type-1 transmembrane protein, the APP [19]. APP is
cut out by three types of proteases, which are designated
o-, B- and y-secretases. Processing by - and y-secretase
cleaves on the N- and C-terminal ends of the AP region
respectively, liberating AP, whereas a-secretase cleaves
within the AP sequence. Gama-secretase cleaves at a
number of neighboring sites to yield AP species
containing 39-43 amino acid residues [20]. AP occurs in
two predominant forms with different COOH-termini,
AP40 and AP42. Overproduction of AP42 has been
proposed to be the cause of familial early-onset AD [21].

APP genes are located on the long arm of
chromosome 21 in humans. o-secretases cleave APP
within the amyloid sequences, whereas - and y-
secretases cleave on the N- and C-terminal ends,
respectively. The transmembrane aspartyl protease BACE
has been recognized as -secretase and several proteases
(ADAMI10, TACE, PC7) may be a-secretases [22]. APP
is proteolyzed to the monomer AP and sAPP by - and y-
secretases. The monomeric AR forms oligomeric and
fibrillar AP caused by the obstruction of the dismissal
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transport and peptidolytic mechanism of AB. The
collection of neuronal AP seriously provides to tau
hyperphosphorylation, and may produce a series of
neuronal signal transduction events. Intraneuronal Af
peptides are the critical factor to start neurodegeneration
and form senile plaques. The accumulation of
intraneuronal AP peptides manifests earlier than
extracellular AP peptides. According to several
researches, AP peptides are secreted from the neuronal
membrane by - and y-secretases, eventually AP peptides
are derived from the membrane and go into the
extracellular fluid [23].

Normal healthy human body has clearance
mechanisms for AB peptides available, and the created AP
peptides are identical to the cleared AP peptides.
Clearance can be achieved by way of two major pathways:
proteolytic cleavage and receptor-mediated transport
from the brain [24]. Amongst the diverse A species with
variable C-terminal lengths, AB42 is regarded to be the
most neurotoxic and aggregation-prone species [25]. An
inadequated removal of neuronal AP manifests in the
sporadic forms of AD, and the production and removal of
AP peptides are out of equilibrium. A lot of AB peptides
will gather and form senile plagues in neurons [23]. In the
exterior of the cell, the AP peptide aggregates into clumps
called oligomers, which gather and produce deposits
called amyloid plaques [25].

Mature APP is metabolized by two competing
pathways, the a-secretase pathway that causes sAPPa and
(83, and the B-secretase pathway that resulting in SAPPf
and C99. Some B-secretase digestion is displaced by 10
amino acid residues and induces sAPPB and C89. All
carboxyterminal fragments [C83, C99, and C89] are
substrates for y-secretase, generating the APP
intracellular domain (AICD) and, respectively, the
secreted peptides p3, AP, and Glul1AP. AP aggregates
into tiny multimers known as oligomers. Oligomers
appear to be the strongest neurotoxins, while the end stage
senile plaque is comparatively inert [26].

Genetic proofs demonstrate that accumulation of A}
in some biophysical form is damaging to the brain.
Metabolism and trafficking of APP are firmly controlled
events, and it is completely possible that surplus AB42
production and/or accumulation is an preliminary
symptom of some other primary problem that is itself
independently neurotoxic. In such a framework, it
remains possible that AR gathering is a second, parallel
pathway, which is accepted as toxic. Dissection of the
genesis of the AP accumulation phenotype is important in
order to point the way to any upstream, primary lesions.
The development of effective anti-amyloid treatments
prevails a key goal, the attainment of which is needed in
order to illuminate the role-played by cerebral

accumulation of toxic A oligomers in the clinical picture
of AD [26].

Biochemical enzymatic degradations in extracellular
space that ADAMTS can afford

The roles of metalloproteinases including MMPs,
ADAMs, and ADAMTS are known in the process of
ECM damage and repair. As discussed before, ADAMTS
family is a subgroup of newly identified zinc
metalloproteases plays a key role in adhesion, cell fusion,
signaling, proteolysis and ECM degradation [8].
ADAMTS proteases consist of a protease domain and an
ancillary domain by which second one provide substrate-
binding specificity, and first one provides cleavage site
specificity [7]. Thrombospondins bind to cell surfaces and
matrix macromolecules such as heparan sulfate,
proteoglycans, fibronectin, laminin and collagen [27].
The structural proteins of the ECM such as collagen,
versican and aggrecan are degraded by ADAMTS
proteases, and tissue inhibitors of metalloproteinase
inhibit ADAMTS proteases [28].

Some members of the ADAMTS (1, 4,5, 8,9, 15, 16
and 18) are classified as aggrecanases [29] having the
ability to degrade aggrecan. It is also known as cartilage-
specific proteoglycan core protein that is a major
component of cartilage [7]. ADAMTS4 [Aggrecanase-1)
was named for the first time in 1999, and then ADAMTS5
(aggrecanase-2) [30] was found and also named as
ADAMTSL11. Their implication in aggrecan degradation
in arthritic diseases has been reported [30]. ADAMTS2,
ADAMTS3 and ADAMTS14 known as procollagen
restriction enzymes [31] translate procollagen to collagen.
Additionally, ADAMTS2 mutations cause Ehlers-Danlos
syndrome [32].

Aggrecanases also degrade other lecticanes such as
versican and brevican. They are involved in the
pathogenesis of musculoskeletal disorders such as
osteoarthritis [7, 31, 33]. Aggrecanase levels increase in
osteoarthritis. ADAMTS5 deficiency in fibrous tissues
results in a limited repair response due to the cumulation
of aggrecan in the pericellular matrix of fibroblast
progenitor cells. Tissue repair signaling suggests a critical
role for ADAMTSS that apart from other members of the
ADAMTS family of proteases [34]. Cartilage oligomeric
matrix protein (COMP) is a matrix glycoprotein that has
influence the structural integrity of cartilage and the
interactions with other ECM molecules. COMP levels
were significantly higher in patients with aggressive
arthritis. ADAMTS7 and ADAMTS12 degrade COMP in
vitro, and they are significantly overexpressed in the
cartilage and synovium of patients with rheumatoid
arthritis [35].
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ADAMTS9 and ADAMTS20 constitute a subset
provided their strong resemblance to the GON-1 protease
[7]. GON is a metalloproteinase that expressed in the
embryonic development. GON-1 is required for
morphogenesis of the gonadal somatic structures [36]. A
large adhesion molecule VWF allows the adhesion of
platelets that expressed of the endothelial cells and
megakaryocytes [37]. ADAMTS13 cleaves the peptide
bond between tyrosine and methionine amino acids in the
central A2 domain of the VWF molecule, and smaller
VWF occurs which is necessary for coagulation [38].
ADAMTSL13 is the molecular mechanism responsible for
TTP, and it is in charge enzyme for physiologic
proteolysis of VWF [39], which is expressed in hepatic
stellate cells [40]. ADAMTS1 and ADAMTS4 also have
the ability to degrade versican in human aorta [41],
whereas ADAMTS4 is responsible for brevican
degradation in glioma cells [42].

The ECM is important for structural and functional
development and maintenance of CNS. In studies, CSPGs
degradation by ADAMT4 showed that ADAMTS4
overcomes inhibition of axonal regeneration and
promotes neurite outgrowth through a proteolytic
mechanism [43]. ADAMTS4 caused a decrease in
phosphocan accumulation [44], and ADAMTS4 increased
the neurite outgrowth on rat neuron culture [45].

Another study, which conducted by matrix events in
CNS injury, suggested that ADAMTS1 and ADAMTS4
transcription and protein expression are stimulated in
astrocyte culture in response to IL-1. Therefore, essential
aggrecanese ADAMTS1 and ADAMTS4 are candidates
responsible for the increased proteoglycan degradation in
early phase of injury [46].

The proposed functions of ADAMTS in CNS

Unlike ADAMs protease enzymes, none of the ADAMTS
proteases are integral membrane proteins. Currently 19
mammalian ADAMTS proteainases have identified in
Fig. 1. One of the biological functions of ADAMTS is
proteolytic activity against ECM proteins, including
proteoglycans (aggrecan, versican, neurocan and
brevican) [7]. As a member of matrix metalloproteinases,
ADAMTS play a critical role in the degradation/repairing
of ECM. The essential substrates of the ADAMTS
peptidase enzymes are the aggregating chondroitin
sulphate proteoglycans (CSPGs), including brevican,
versican, and aggrecan, which are known to be the total
integral components of ECM of the CNS [47, 48].
Proteolysis of proteoglycans by ADAMTS enzymes can
have destructive effects, producing matrices with
disrupted cell-matrix communication, matrices with
impaired fibrillary networks, or matrices with altered
biomechanical properties [11]. After numerous

comprehensive studies, ADAMTS expression has been
found in the CNS [49-60] and is known to be changed in
disease conditions [44, 51, 53].

ADAMTS are expressed in several CNS structures,
including hippocampus, temporal lobe, frontal cortex,
cortex, striatum and spinal cords detected by direct
immunohistochemistry, Western blot, RT-PCR, and by
using ADAMT S-specific neoepitope antibodies [33, 50,
53, 54, 56, 57, 60]. Roles of ADAMTS proteoglycanases
in CNS are suggested to be both physiological and
pathological such as neuroplasticity, inflammation,
regeneration, remyelination, neurorepair (CSPGs
degradation), and angiogenesis [61].

Recent studies indicate that expression level of
ADAMTS and CPGs may be change after spinal cord
injury in animal models [58, 59, 60]. Demircan et al. [60]
reported that ADAMTSL, -5 and -9 expression levels were
found to be upregulated following spinal cord injury (SCI)
in mouse. However, expression level of ADAMTS4 was
not altered in this report. Another study demonstrated both
increased ADAMTS4 protein and aggrecan cleavage
following SCI [58]. ADAMTS were detected in the
astrocytes implying its cellular source in SCI by means of
immunohistochemistry. Total aggrecan amount was
shown to be decreased and aggrecanase-generated
versican and brevican fragmentation was also observed in
SCI in mouse [60]. Normally, ADAMTS13 protease
cleaves VWF. Another study indicated that ADAMTS13
was increased in astrocytes and microglia following SCI.
They cannot detect any expression of ADAMTS13 in
intact spinal cords. The proteolytic activity of
ADAMTS13 was increased after SCI. Therefore it may
have a critical role in the CNS, particularly after neuronal
injuries. It was hypothesized that increased ADAMTS13
degrades VWF and regulates blood-brain barrier (BBB)
permeability to reduce secondary inflammation after SCI
[59].

Cross et al. [54] examined expression of ADAMTSL,
-4, -5 and tissue inhibitor of metalloproteinase (TIMP)-3,
by Western blotting, immunocytochemistry, and real-time
RT-PCR in spinal cord from animals’ subsequent
experimental autoimmune encephalomyelitis at varying
periods of disease progression. They revealed a decline in
ADAMTS4 mRNA and protein expression. TIMP-3 was
declined at the mRNA level although protein amounts
were elevated in the animals that have disease. They
displayed changes in the expression levels of ADAMTS
and TIMP-3. These results may be significant in tissue
damage during inflammation as well as in tissue
remodeling and repair. They consider a decrease in
ADAMTS resulting in decreased degradation of CSPGs
and leading to accumulation of ECM proteins and
formation of glial scars [54]. Matrix damage is seen
during in human immunodeficiency virus (HIV)
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encephalitis and simian immunodeficiency virus (SIV)
neuroinfection and lentiviral infection induced microglial
and macrophage expression of ADAMTS1 and -4 in
brains of 12 macaques infected with SIV. Authors suggest
interventions to keep brain ECM proteoglycans might
prevent or delay retroviral-induced neurodegeneration
[51]. Levels of TIMP-3, ADAMTSL1 and -5 mRNA were
decreased in multiple sclerosis (MS) cases. Protein levels
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of ADAMTS4 were notably elevated in MS cases.
Additionally, expression of ADAMTS4 was associated
predominantly with astrocytes manifesting increased
expression  within ~ MS  lesions  detected by
immunohistochemical methods. Authors suggested that
ADAMTS4 might have a role in the pathogenesis of MS
[44].

s

Figure 1. Domain structure of ADAMTS proteins (It was adapted from Apte SS [7] and Stanton et al. [11])

Ajmo et al. [55] described the distribution and typical
immunoreactivity for the ADAMTS-directed cleavage of
brevican, and compare this with Wisteria floribunda
agglutinin (WFA) binding in the rodent CNS. They
noticed a considerable discordance between the two, with
the great width of allocation of the ADAMTS-originated

brevican fragment being much expansive than that of
WEFA reactivity, which is an ordinary reagent needed to
identify perineuronal nets of undamaged matrix and a
marker which is thought to be a hallmark for regions of
relative neural stability [55]. Yuan et al. [50] reported the
evidence of the increased expression of ADAMTS1 and
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4. Therefore, ADAMTS-cleaved brevican fragments in
these regions of kainate-induced seizures is pretty high.
ADAMTS1and -4 mRNAs are elevated after excitotoxic
damage in kainate-sensitive brain areas, and the secreted
protease(s) degrade brevican potentially in perisynaptic
regions in response to injury. Additionally, a loss of
synaptic density in the dentate gyrus 120 h after
intraperitoneal injection of kainite was found. Results
suggest that the perisynaptic localization of brevican may
be important to the short -and long-term structural
plasticity that takes place in reaction to kainic acid [50].
Another study indicates that ADAMTS activity in the
dentate outer molecular layer was examined for 2, 7 and
30 days after lesion. Proteolytic processing of brevican
appears to be a significant extracellular event in the
remodeling of the dentate after entorhinal cortex lesion,
and ADAMTS may modulate the process of developing
and/or synaptogenesis and the recovery and repair after
neuronal and/or synaptic loss [52]. Recently, Howell and
collaborators [56] has been explored role of
CSPGs/ADAMTS proteoglycanases to regulate plasticity.
Results demonstrate that the synaptosomal-associated
protein 25 (SNAP-25), postsynaptic density protein 95
(PSD-95) and synaptophysin were declined in the
developing frontal cortex of ADAMTS-1 deficient female
mice, but not in male mice, suggesting in vivo ADAMTS1
knockout leads to sexual dimorphism in frontal cortex
synaptic protein levels. However, the decline in
expression of synaptic proteins was not attended by
deficits of learning and memory in the adult female
ADAMTSL null mice. They were thought that
ADAMTS1 might play a role in regulating neural
plasticity [56].

The proven functions of ADAM proteases in AD

A type | transmembrane glycoprotein, APP, is processed
by three types of proteases, which are designated a-, -,
and y-secretases. The APP proteolytically processed by j3-
, and y-secretases occurs neurotoxic AP peptide [22].
Cleavage of APP by a-secretase releases a large, soluble
N-terminal ectodomain, soluble a-secretase-released N-
terminal APP domain (sAPPa), into the extracellular
space [62]. Several studies have reported that a secretases
exerted proteolytic effects on APP preventing production,
and accumulation of A proteins in AD [22, 62-65]. The
important roles of ADAMS9, -10, and -17 in these
processes such as APP amyloid cascade, functioning of
pathogenetic processes, and subtypes of amyloid proteins
are already known [22, 63, 64]. ADAM group of enzymes
are termed as o group secretases. These proteases prevent
production, accumulation of A proteins from APP, and
antagonize the activities of amyloids via various
mechanisms with potential trophic effects on nerve tissue

[22, 64, 66]. Additionally, several groups have been
reported that the levels of ADAM10, which is especially
effective on proteolytic processes involving APP,
decreased in AD [65, 67, 68]. An increase in ADAM10
levels in a mouse model corresponded to a decrease in AP
plaque levels [69]. APP is processed by B-, and v-
secretases to produce AP in platelets [67, 68].
Alternatively, platelets can be cleavage by o secretase
within the B-amyloid domain [67, 68, 70]. Tang et al. [68]
investigated blood platelet levels of AP peptide, [-
secretase, a-secretase (ADAM10), and APP isoform
ratios from AD patients and control subjects. They found
elevated amounts of AP4, escalated activation of f-
secretase, diminished activation of o-Secretase
(ADAM10) and reduced APP ratios in AD patients.
Authors thought that APP processing might be a useful
biomarker for diagnosis of AD, and for monitoring drug
responses in clinical trials [68]. Rosenberg and
collaborators [70] reported that APP isoforms were
quantitated with the use of Western blot methods in the
blood from control and patients with AD. The mean ratio
of the 120-130 kD APP isoform to the 110 kD APP
isoform in blood platelets in patients with AD is
significantly lower than that of control subjects in whom
genotyping of apolipoprotein E was performed [70].
Colliaghi and collaborators [67] reported that levels of
sAPPo and ADAMI0 are decrease in platelets and in
cerebrospinal fluid (CSF) in cases with AD patients by
means of Western blot with a specific antibody. This
substance (sAPPa) could be used as a marker in cases with
AD. This results show that the correlation between
peripheral and central compartments is extremely
important. Additionally, they demonstrated a decrease in
the levels of ADAM10 plays an important in vivo role in
the molecular pathogenesis of AD, and asserted that if its
levels could be increased then important advances could
be achieved in the treatment of AD [67]. Another study
has been reported a positive association between
cerebrospinal fluid levels of sAPPa and cognitive
performance in rats. Therefore, sAPPa may be involved
in the spatial learning and memory [71]. Using
immunohistochemical techniques, ADAM10 brain
immunostaining is lower in different neocortical areas of
the AD patients compared with control subjects [72]. In a
transgenic AD mouse model, overexpression of
ADAMI10 was also demonstrated. Increased sAPPa
concentrations by a non-amyloidogenic pathway, which
results in a reduced the formation of AP peptide was
noticed. AP deposition in plaque and cognitive defects of
transgenic AD mouse was restored by overexpression of
ADAM10. Activation of ADAM10 may be particularly
promising for treatment of the neurodegeneration in AD.
[69]. We examined tissue samples taken from temporal
brain regions, included 2 cases with AD, and 7 control
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cases for histochemical analysis of B-APP, ADAMY,
ADAM10, and ADAM17. In the cases with AD, extensity
scores of immunohistochemical staining for B-APP (51-
75%vs51-75%), ADAM9 (50-75%vs26-50%), ADAM10
(76-100% vs 0-25%), and ADAM17 (76-100%vs 0%)
were detected as indicated in parentheses [unpublished
observations). Bekris et al [65] reported elevated CSF
sAPPa levels in cognitively normal subjects compared
with patients with AD and higher hippocampus ADAM10
protein levels in subjects with a low neuritic plaque score
compared with those with a high neuritic plague score.
ADAM10 mRNA expression is higher in AD patients
compared with control subjects in cerebellum, but not in
hippocampus [65]. Similar results were reported by Gatta
etal. in which ADAM10 mRNA expression was higher in
AD cerebellum and hippocampus [73]. Bekris et al.
demonstrated genetic variation within the ADAM10
promoter associated with CSF sAPPa levels in AD
patients compared with cognitively normal control
subjects. As a result, they proposed the role of ADAM10
in the pathogenesis of AD [74]. Thus, taken together,
these studies demonstrate that ADAM10 expression and
sAPPa levels may be affected by an ADAM10 regulatory
structure, promoter genetic context, and
microenvironment. The effect of ADAMI10 genetic
variation on ADAM10 expression may help to better
define the role of pathogenesis of AD, specific marker for
the diagnosis of AD, and for treatment of AD [65, 73, 74].

The possible functions of ADAMTS proteases in AD

Little studies are available on the ADAMTS in
neurodegenerative disorders although numerous studies
have been present on ADAMSs in neurodegenerative
disorders such as AD. Thus, effect(s) of ADAMTS and
their products in neurodegenerative disorders are
currently under investigation. Recent studies performed in
the CNS highlight the pathophysiological relevance of
ADAMTS gene; the determination of alterations in
expression profiles of ADAMTS family genes in AD
patients may contribute to the explanation of pathogenesis
and also new ideas for remedial approaches.

The class aggrecanases of MMPs have been known to
have members ADAMTS1, -4 (aggrecanase-1), -5
(aggrecanase-2), -8, -9, -15 and -16 [7]. Clark and
collaborators reported a cloned small fragment of rat
ADAMTS9 from a B amyloid-treated rat astrocyte cDNA
library [75]. Another study demonstrate that ADAMTS4
mRNA level is induced in rat cultured astrocytes by AP
treatment [49]. These proteinases may be played a role in
the pathogenesis of AD [49, 75] and this process may
contribute development of chronic neurodegenerative
disorders [49]. Miguel et al. [53] reported that postmortem
brain samples were obtained from frontal cortex region

with AD, Down syndrome (DS), and Pick’s disease (PD)
for western blotting using antibodies against ADAMTS1
and ADAMTSS. Study results show the manifold increase
of metalloproteinase ADAMTS1 but not ADAMTSS5 in
brain neurodegeneration such as AD. This finding may
represent specific marker for the diagnosis of AD, and for
the treatment of AD. Pehlivan et al. [76] demonstrates that
ADAMTS4 and 5 is slightly under-expressed in the brains
from autopsied AD cases compared to control brains and
suggests that ECM degradation is not promoted in AD
brain. On the other hand, ADAMTS9 and 15 aggrecanases
were not found to be expressed in brain sections of AD
and control cases.

Furthermore, using immunohistochemical methods,
ADAMTS4 expression was found to be related
predominantly with astrocytes with elevated expression in
the lesions of MS. It was then suggested ADAMTS4 to be
an important factor in the pathogenesis of MS [44]. By
using Western blot analyses, Ajmo et al. [55] reported the
localization and typical immunoreactivity for the
ADAMTS-degraded piece of brevican, and compare this
with Wisteria floribunda agglutinin (WFA) binding in the
rodent CNS. They found a noticeable discordance
between the two, with the width of dispersal of the
ADAMTS-originated brevican fragment being much
wider that of WFA reactivity, which is a common reagent
used to detect perineuronal nets of intact matrix and a
marker which is thought to label regions of relative neural
stability.

Reelin has been known to be a glycoprotein crucial
for brain development and functions that is largely
expressed in brain [77] and is mandatory for neuronal
functions included in learning and memory [78, 79].
Decreased Reelin activity is associated with the onset of
neuropsychiatric diseases such as AD [80]. Reduced
expression of Reelin has a significant effect on
amyloidogenic APP processing and in synaptic
dysfunction associated with amyloid-B deposition,
sufficient to enhance Tau phosphorylation and tangle
formation in the hippocampal formation in aged Reelin-
deficient transgenic AD mice [80]. Botella-L¢pez et al.
[81] reported an increased proteolytic Reelin fragments in
the CSF of AD patients compare to controls subjects by
Western blot. ADAMTS4 (aggrecanase-1) and -5
(aggrecanase-1) cut Reelin at both the C- and N-terminal
cleavage site in transgenic mice with AD [57]. Another
study reported that ADAMTS4 cleaves Reelin in an
isoform-specific manner. Among ADAMTS4 isoforms,
p50 cleaves the N-terminal site only, while p75 cleaves
both sites [82]. These results demonstrate that the lack of
Reelin is associated with increased phosphorylation of
Tau and widespread formation of NFTs (Fig. 2) [83].
Further studies, including in human brain AD, will be
needed to better comprehend the regulation of these
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proteases and their influence on Reelin-mediated
signaling in the neurodegenerative disorders [57, 82].
ADAMTS family members may be utilized to develop

Reelin

therapies for and neurological

disorders.

Reelin’ -
‘ . ADAMTS

neurodegenerative

Plasma membrane

i
¢
\ Ll
L
’ﬂ

phosphorylation ﬂ

Figure 2. The representation of the effects of ADAMTS on Tau production. Reelin binds to its
receptors and activates phosphatidylinositol-3-kinase (PI3K) and protein kinase B (PKB/AKkt). It leads
a remarkable inhibition in glycogen synthase kinase 3 (GSK3p), which is an enzyme that regulates
phosphorylation of the microtubule-stabilizing protein tau. After ADAMTS digest Reelin, depressed
reelin level may in turn increase tau phosphorylation at the end of the signaling pathway. (It was adapted
from the resources Krstic D [57], Hisanaga A [82], and Yu NN [83]).

Recently, Végh and collaborators [84] reported that
increased ECM proteins, including brevican, hyaluronan
and proteoglycan link protein 1, neurocan and tenascin-R,
were found at an early age in Alzheimer model mice
associated with a loss of contextual fear memory and
long-term potentiation (LTP) defect. The behavioral
plasticity (fear conditioning) and physiological plasticity
(LTP) are early affected in APP/PS1 mice and that
treatment with chondroitinase ABC reverses these early

deficits. Thus, Gottschall and Howell [85] think that
increased expression of ADAMTS can produce the same
effects as treatment with chondroitinase ABC in such
models.

Conclusion and future perspectives

Finally, the up-regulation of ADAMTS proteins in CNS
diseases suggests that dysregulated expression of
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members of the ADAMTS family may be involved in AD.
In view of their enzymatic nature, they would serve to
brain cells not just in terms of their physiological
functions, but also in neurodegenerative processes. It
would also be of interest to see if some of the future
ADAMTS gene knockouts become less susceptible to
AD, like some of the MMP knockouts.

Although growing evidences indicate that ADAMTS
family enzymes are metalloproteinases with multiple
functions, the exact expression profiling, regulation and
function of ADAMTS in various pathophysiological
processes of CNS, especially the signaling pathways and
molecular events, remain to be delineated. Further studies
would helpful scientists to understand better of the
function and regulation of ADAMTS on CNS
functioning.

As we fleetingly analyzed and discussed herein, much
work on the transcriptional  regulation  of
metalloproteinases including ADAMTS for regeneration
and restoration processes of CNS tissue in the past 10
years was focused on individual transcription patterns of
ADAMTS, and some of these studies relied solely on
alters in phenotypes of the knockout mice to assess the
function of different transcription patterns. The molecular
target genes of a couple of transcription factors in CNS
are largely unknown. As we understand from previous
great studies, ADAMTS might be an important pioneer
molecule group for neurodegenerative diseases.
Especially, the abnormal deposition of A proteins might
be connected with dysfunction of metalloproteinases
including ADAMTS. From this point of view, one can be
hypothesized that curative protocols that have an impact
on the activities/amounts of these proteins will help us to
cope with neurodegenerative diseases including AD.
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