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Abstract: Here, we provide a comprehensive review of current findings concerning the biochemistry and physiological
functions of ADAMTS?7, a metalloprotease that is known to interact with cartilage oligomeric matrix protein, progranulin,
and alpha2-macroglobulin. Such broad substrate specificity and potentially diverse physiological functions make ADAMTS7
an interesting enzyme to study. ADAMTS?7 has been shown to play a role in the pathogenesis of arthritis and disc disorders.
More recently, the ADAMTS?7 locus is identified to have a strong association with coronary atherosclerotic disease. However,
the role of ADAMTS7 in the development of atherosclerosis is yet to be determined. The development of an easy and high
throughput assay for ADAMTS?7 activity and appropriate animal models will allow us to uncover the novel mechanisms of

coronary arterial disease.
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1. Introduction

ADAMTS7, a member of A Disintegrin And
Metalloprotease with ThromboSpondin type 1 repeats
(ADAMTYS) family, was first identified and cloned in 1999
[1]. The family of proteases consist of 19 secreted enzymes
with proteolytic activity against extracellular substrates,
especially extracellular matrix proteins [2, 3]. They share a
similar domain organization comprising a signal peptide, a
prodomain, a metalloprotease domain, and various lengths
of C-terminal domains including one to several
thrombospodin type 1 repeats (TSP1), interspaced by
Cys-rich and/or spacer domains, as exemplified by
ADAMTS7 (Figurel). The importance of ADAMTS
proteases is implicated in the establishment of tissue
architecture during development and in tissue degradation
during disease states such as cancer, Alzheimer's disease,
and chronic inflammatory conditions [2, 3]. Three specific
functions have emerged through the characterization of
several ADAMTS members, and they include the
processing of procollagen by ADAMTS2 [4, 5], the
degradation of chondroitin sulfate proteoglycans by
ADAMTS4 [6-8] or ADAMTSS [9-12], and the cleavage of
von Willebrand factor (VWF) by ADAMTS13 [13-15].

Recently, two independent genome-wide association

studies (GWAS) have identified the ADAMTS7 gene as a
novel locus for the development of coronary atherosclerosis
[16, 17]. Individuals carrying a single nucleotide
polymorphism (SNP) in the ADAMTS7 gene (i.e.
rs1994016) had a 19% increase in the risk of developing
atherosclerotic disease. Interestingly, the same study found
that ADAMTS?7 was not associated with myocardial
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Figurel. Schematic structure and domain organization of ADAMTS?7.
Human ADAMTS? consists of a conserved signal peptide, prodomain, and
metalloprotease domain. The C-terminus of ADAMTS7 contains a
disintegrin domain, the first thrombospondin type 1 repeat (TSP1), Cys-rich
domain, and 7 additional TSPI repeats interspaced with two spacer
domains. The second spacer domain is also a mucin-like domain.

infarction (MI), suggesting that ADAMTS?7 participates in
the development and early progression of atherosclerosis
but not thrombosis leading to MI.

To date, only three potential substrates for ADAMTS7
have been reported through yeast-two hybrid screens.
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These include cartilage oligomeric matrix protein (COMP)
[18], progranulin (PGRN) [19], and alpha2-macroglobulin
(a2-MG) [20]. Nonetheless, little is known about the
structure-function  relationship and regulation of
ADAMTS7 under pathophysiological conditions. This
review focuses on the recent progress in the field
concerning the biochemistry and physiological functions of
ADAMTSY7, relevant to the understanding of pathology and
the development of novel prevention and therapeutics of
arthritis and cardiovascular diseases.

2. Expression and Localization

The ADAMTS7 gene was found to be expressed in mouse
embryos as a single transcript of ~5.5 kb, whereas in adult
human samples, ADAMTS7 expression was detected (also
5.5 kb transcript) in the heart, pancreas, kidneys, skeletal
muscle, and liver [21] In skeletal muscle, two additional
transcripts at 8.0 kb and 4.5 kb were found, corresponding to
alternative splice forms. In a later study, RT-PCR in various
rat tissues detected ADAMTS7 mRNA in the liver, embryo,
ovaries, kidneys, testicle, lung, and thymus, and at lower
levels in the spleen, heart, and brain [18]. Similarly,
ADAMTS7 mRNA is found in normal human bone, cartilage,
synovia, tendon, and ligament as well as in meniscus,
skeletal muscle, and fat at lower levels. As of now, the
expression pattern of the ADAMTS?7 transcript and protein in
adult mice has not been characterized.

Overall, ADAMTS7 exhibits a broad tissue distribution
but at low levels. The physiological implications of this
widespread tissue expression of the ADAMTS7 gene remain
to be determined.

Depending on the cell type, recombinant ADAMTS7
seems to be associated with the cell membrane or
extracellular matrix. Conditioned medium of HEK293 cells
stably expressing Myc-tagged murine ADAMTS?7 exhibited
a molecular weight of 250 kD and larger by
SDS-polyacrylamide gel electrophoresis (PAGE) and
Western blot. ADAMTS7 appears to be heavily
glycosylated, therefore, the molecular weight of the secreted
ADAMTST7 from cells is larger than that determined by
protein sequence analysis. Treatment of stable cells
expressing ADAMTS?7 with 0.5 M NacCl for 30 min, which
released more ADAMTS7 in the conditioned medium,
supports the theory of cell surface and/or matrix localization
of secreted ADAMTS7. Additionally, ADAMTS7 was
detectable by surface biotinylation experiments, and in some
cells, recombinant ADAMTS7 appears to be transiently
associated with the outer leaflet of the plasma membrane.
Depending on the concentration and composition of the
extracellular matrix, a substantial fraction of total secreted
ADAMTS7 protein may be cell-bound, although the
structural feature governing cell or matrix association is not
fully understood. In the context of disease, ADAMTS7 is
localized to vascular smooth muscle cells (VSMCs) in
human coronary and carotid atherosclerotic plaques [22].
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3. Regulation

All stages of atherosclerosis are regulated by pro- and
anti-inflammatory cytokines. Similarly, vascular injury
elicits various stimuli that regulate the expression of
ADAMTS7 mRNA and protein, specifically in vascular
smooth muscle cells. Both the mRNA and protein of
ADAMTS7 were induced by the proinflammatory cytokines,
tumor necrosis factor-o (TNF-a) and interleukin-13 (IL-1B),
and by growth factor platelet derived growth factor
(PDGF)-BB (Figure2) [23, 24]. Reactive oxygen species
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Figure2. Regulation of ADAMTS7 expression and its potential role in

VSMCs. COMP is associated with vascular smooth muscle cells via binding
to the a7f1 integrin and is cleaved by ADAMTS?7. This proteolytic cleavage
is regulated by several factors: inflammatory cytokines such as TNFo,

IL-1B, TGF- B, growth factor PDGF-BB; the reactive oxygen species H202;
microRNA miR-29a/b; and progranulin (PGN), and a2-MG. Cleavage of
COMP has the highlighted physiological consequences such as cell
proliferation and migration.

(ROS), such as hydrogen peroxide (H,0,), also increased
human ADAMTS7 expression. In contrast, the
anti-inflammatory cytokine transforming growth factor-f§
(TGF-B) downregulated ADAMTS7 expression (Figure2).
Interestingly, proatherosclerotic factors, including oxidized
low-density lipoprotein (oxLDL) and homocysteine, do not
appear to alter ADAMTS7 expression.

Further studies have demonstrated that transcription
factors, such as NF-xB and AP-1, which are essential for
VSMC proliferation and migration, are also crucial for the
regulation of ADAMTS7 expression in VSMCs [23].
Analysis of the ADAMTS7 promoter revealed the presence
of proinflammatory element binding sites, including NF-xB
and AP-1 sites. TNF-o was shown to induce ADAMTS7
expression in human monocyte/macrophage cell line
(THP-1), and a chromatin immunoprecipitation (ChIP)
assay analysis confirmed the binding of NF-kB and AP-1 to
the corresponding sites within the ADAMTS7 promoter.
These data suggest that ADAMTS7 expression is regulated
at transcriptional levels in response to inflammatory stimuli
under pathophysiological conditions.
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Recently, a microRNA, miR-29a/b, was found to play a
role in regulating ADAMTS7 expression (Figure2) [25].
MicroRNAs are short, 22-nucleotide, non-coding RNAs that
function in mRNA degradation and suppression of protein
translation. Bioinformatics databases have predicted that the
3’ untranslated region (UTR) of ADAMTS?7 contains a target
site for miR-29a/b. Co-transfection of VSMCs with
double-stranded miR-29a/b mimic resulted in reduced
activity of a luciferase reporter containing the 3° UTR of
ADAMTS7. The miR-29a/b mimic also repressed
ADAMTS7 mRNA and protein expression in VSMCs,
whereas a single-stranded anti-miR-29a/b oligo, which
inhibits endogenous miR-29a/b, increased ADAMTS7
expression levels. These data suggest that miR-29a/b
negatively regulates ADAMTS7 mRNA by targeting its 3’
UTR. Additionally, miR-29a/b is downregulated by NF-«B,
which has been shown to upregulate ADAMTS7 mRNA.
However, the exact mechanism of how miR-29a/b regulates
ADAMTS?7 expression during inflammation remains to be
elucidated.

A recent study on the coronary-artery-disease-association
found a single nucleotide polymorphism (SNP; rs3825807)
in patients with coronary artery disease, correlated with
increased risk for the disease [22]. The SNP (A to G)
renders a serine to proline substitution in the prodomain of
ADAMTS7, which results in a reduction of ADAMTS7
expression and function in an in vitro study [22]. Other
lead CAD-associated SNPs (rs1994016 and rs4380028) at
the ADAMTS7 locus have yet to be investigated.

4. Potential Substrates

To date, three potential substrates have been identified to
interact with ADAMTS7: COMP, PGRN, and a2-MG.
COMP, also known as thrombospondin-5 (TSP5), a 520-kDa
pentameric glycoprotein (Figure3) highly expressed in the
cartilage of joints, vertebral discs, and vessels, was the first
potential substrate of ADAMTS?7, discovered by a yeast-2
hybrid screen for COMP binding partners. As bait, a
construct of the EGF domains of COMP bound the
C-terminal portion of ADAMTS7 [18]. The interaction
between COMP and ADAMTS7 was further characterized
by immunoprecipitation and degradation assays [18, 20].
Liu et al demonstrated by a GST-pulldown assay that the
four C-terminal TSP repeats of ADAMTS?7 interacts with
the N-terminal EGF-like domains of COMP. Unlike many
other ADAMTS family members, the spacer domain, which
confers substrate specificity, was not required for COMP
binding. Additionally, recombinant rat ADAMTS7
was co-immunoprecipitated with COMP in native
articular cartilage and the osteoblastic cell line MG-63,
suggesting the physiological relevance of this
interaction. More importantly, these investigators
demonstrated that recombinant ADAMTS7 in
conditioned medium may cleave COMP in in vitro
digestion assays under the conditions described [18,
20]. The proteolytic cleavage of COMP by ADAMTS7
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Figure3. Schematic structure and domain organization of COMP. A.
Human COMP comprises a pentamerizing domain, four EGF-like domains,
seven type 3 repeats, and a globular domain. B. A schematic diagram
illustrates the pentameric form of COMP and potential proteolytic cleavage
sites by ADAMTS?7.

is calcium and zinc ion-dependent, as addition of EDTA
abolished cleavage. COMP cleavage occurred at the
physiological pH of 7.5, normal salt concentrations, and
physiological temperature, yielding 3 potential fragments
that migrated at
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Figured. Schematic domain organization and proteolytic processing of
PGRN. Boxed letters indicate individual granulin domains. Scissors denote
the elastase cleavage site and asterisks are the linker regions where
proteolytic cleavage also takes place. However, the protease that releases
granulins A and B has not been conclusively identified. The amino acid
sequence of granulin A is shown at the bottom as an example. Cysteines are
underlined. Numbers below the sequence denote approximate positions of
granulin domains in relation to full-length human progranulin.

100, 75, and 51 kD on a SDS-PAGE under reducing
conditions. Unfortunately, the exact cleavage sites on
COMP by ADAMTS7 have not been identified.

PGRN, also known as plasma cell-derived growth factor,
progranulin, acrogranin, or GP80 [27-29], binds ADAMTS7
and inhibits its proteolytic activity towards COMP [30].
PGRN was first discovered as a growth factor from
conditioned medium, and proteolytic cleavage of PGRN
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liberates smaller units called granulins (Figure4), which
possess biological activity of their own, such as inhibiting
thrombin [31]. The precursor PGRN has also been
implicated in development, mesothelial differentiation, and
tissue repair [31, 32]. Prior studies demonstrated that the
association between COMP and PGRN induces chondrocyte
proliferation and that ADAMTS7 reduced PGRN-mediated
chondrogenesis. Guo et al set out to examine this network of
protein interactions, and they found that the four C-terminal
domains of ADAMTS7 were necessary and sufficient for
association (like with COMP) with each and every PGRN
subunit in the pericellular matrix of chondrocytes [19].
Although there is a claim that ADAMTS7 may be a novel
PGRN convertase (Figure4), the experimental data are
lacking to demonstrate the cleavage of PGRN by
ADAMTST7 in vitro and in vivo. PGRN also regulates
ADAMTST7 proteolytic activity and mRNA expression.
PGRN was shown to disrupt the interaction between
ADAMTS7 and COMP in a dose-dependent manner, and
binding of ADAMTS7 to PGRN results in decreased COMP
degradation by ADAMTS7 [19]. Additionally, PGRN
inhibits TNFa-induced ADAMTS7 expression in cultured
human cartilage explants [19]. Interestingly, PGRN mRNA
and protein expression levels are increased in arthritic
cartilage compared to normal, healthy cartilage from the
knee, suggesting the potential role of PGRN/ADAMTS7
interaction in the pathogenesis of arthritis. The elevated
levels of PGRN, however, may not be sufficient for
inhibition of ADAMTS7 and subsequent reduction of
COMP degradation. Similarly, PGRN itself possesses
inflammatory functions apart from its interaction with
ADAMTS7 [33].

Alpha2-MG, a tetrameric plasma protein, is assembled
from pairwise disulfide-bridged 180-kDa subunits. This
highly abundant plasma protein has broad specificity for
trapping proteases. Binding of a protease to a2-MG results
in “rapid” and “slow” conformational changes of 02-MG. In
addition, proteases cleave 02-MG at the bait region,
resulting in an engulfment of the protease and formation of
an irreversible complex (Figure5) [26]. In the case of
ADAMTS7, binding to 02-MG generates a smear of high
molecular weight complexes that migrate more slowly than
the tetrameric or dimeric form of 02-MG by SDS-PAGE
[20]. Additionally, 02-MG competitively inhibits the
degradation of COMP by ADAMTS7 in vitro [20].
Inhibition of ADAMTS?7 is a worthwhile avenue to explore,
especially for the development of therapeutic agents against
diseases, such as atherosclerosis and arthritis, in which
ADAMTS7 has been implicated. But first and foremost, a
better understanding of the enzyme itself must be achieved
in order to begin to develop inhibitors against ADAMTS?7.
Data available to date indicate that 02-MG is unlikely to be a
physiologically relevant substrate for ADAMTS7, but it is
rather a sophisticated binding partner in circulation.

It is worth mentioning that ADAMTS7 was unable to
cleave aggrecan and versican, common substrates of several
ADAMTS family members [21]. This suggests that
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ADAMTS?7 is most likely not a redundant enzyme in the
family, and it, like ADAMTS13, probably possesses one or
several unique substrates.

5. Structure-Function Relationship

Hurskainen et al first identified ADAMTS7 with two
thrombospondin repeats, having a similar domain structure
to ADAMTSS, ADAMTS6, and ADAMTSS [1]. This form
was in fact an alternative splice variant arising from a
consensus splice donor site in the intron [16]. A longer form
of ADAMTS7, or ADAMTS7B, was later characterized as
the full-length version of the enzyme [21]. The ADAMTSs
are structurally related with the ADAM proteases and more
distantly to matrix metalloproteases (MMPs), according to
the MEROPS database [34]. The catalytic domain of all
families contains a highly conserved zinc-binding sequence
HEXXHXXGXXH, in which three histidine residues
coordinate the catalytic zinc ion. The ADAM family act as
membrane-bound ectodomain sheddases and activate cell
surface molecules, such as growth factors and adhesion
receptors [35, 36]. Unlike ADAM proteases, ADAMTS
enzymes possess a central thrombospondin type 1-like
repeat, which is thought to bind extracellular matrix (ECM)
and sulfated glycosaminoglycans such as heparin and
aggrecan 2, [37-40]. Other C-terminal ancillary domains,
such as a cysteine-rich domain and spacer domain, aid in
substrate recognition and efficient cleavage. Unlike other
metalloproteases, each ADAMTS member demonstrates an
unique substrate specificity due to the various exosites
located in the C-terminal regions of the enzymes.

Human and mouse ADAMTS?7 proteins consist of 1686
and 1641 amino acids long with predicted masses of 181 and
178 kDa, respectively [21]. The difference in length and size
is derived from the prodomain and mucin domain, both
longer in the human sequence. Human and mouse
ADAMTS7 have a high sequence homology (67% identity
and 74% similarity). Both human and mouse full-length
protease contain 8 thrombospondin motifs, one central motif
following the disintegrin-like domain, and 7 repeats
arranged in two clusters, with TSR4 and TSRS separated by
a second spacer domain (Figurel). This second spacer
domain possesses the mucin domain, which is enriched in
serines, threonines, and prolines for O-glycosylation.
Chondroitinase ABC treatment of a Flag-tagged construct of
the mucin domain of mouse ADAMTS7 shifted its mobility
in a gel, verifying chondroitin sulfate chain attachment to the
mucin domain [21]. Both human and mouse sequences also
contain a number of N-linked glycosylation sites: 10 in
human and 9 in mouse. Treatment of mouse ADAMTS7
with PNGase F to remove N-linked sugars resulted in faster
migration of ADAMTS7 by SDS-PAGE.

Additionally, there are three conserved prodomain
processing sites (R58, R60, and R220) for proprotein
convertases, such as furin, in both human and mouse;
however, the human sequence has four additional furin sites
(R92, R218, R229, and R232). The prodomain seems to be
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Figure5. Schematic representation of conformational change and protease
trapping processes of a2-MG. Once a proteolytic enzyme such as
ADAMTS?7 (AT7) is absorbed to a2-MG, rapid conformational changes of
the a2-MG-AT7 complex occur. This process results in either an activation
or an inhibition of the protease- a2-MG complex, depending on the protease
bound. In the case of AT7, a2-MG trapping results in inactivation of AT7
proteolytic activity toward other substrates.

sequentially processed, as shown by a variant of mouse
ADAMTS7  consisting of the prodomain and
metalloprotease domain [21]. An initial 50-kD form was
converted to a soluble 29-kD metalloprotease form, with an
intermediate 35-kD form found at the cell surface. This
result suggests that prodomain processing begins in the
Golgi apparatus and is completed at the cell surface. Also,
cell-type-dependent expression of furin may influence the
prodomain processing and localization of ADAMTS?7. Other
proprotein convertases such as PACE4, PC6B, and PC7
were inefficient at full processing of the enzyme, suggesting
that furin is the main proprotein convertase for ADAMTS7
[21]. This was also corroborated by the synthetic furin
inhibitor decanoyl-RVKR chloromethylketone, which
completely inhibited processing to smaller forms, rendering
the zymogen the predominant form. This study also
demonstrated that the single N-glycosylation site in the
prodomain aids in this processing. Since human ADAMTS7
contains four additional proprotein convertase sites, it would
be interesting to determine the processing of its prodomain
and whether other sites are preferentially cleaved instead of
the conserved arginines.

Currently, several domains of ADAMTS7 have been
implicated in binding to its substrates. However, the
minimum domains required for efficient substrate cleavage
is unknown. Both COMP and PGRN require four C-terminal
TSP-1 repeats of ADAMTS?7 for association, and expression
of these domains alone is sufficient for binding to COMP
and PGRN [19]. As for a2MG, the metalloprotease domain
alone may be the only requirement for cleavage of this
substrate. a2-MG contains a flexible bait region with high
sequence variation, and the sites of cleavage within this bait
region are dictated by the substrate specificity of the
interacting enzyme [41]. Sequence diversity and localization
of cleavage sites for proteinases were compared in five
mammalian 02-MG proteins [41]. As mentioned previously,
the spacer domains, especially the second spacer containing
the mucin-like domain, do not seem to be required for
binding to any ADAMTS?7 substrate. Instead, the second
spacer domain may be involved in localization of the

enzyme to the cell surface or matrix. However, this
hypothesis still needs to be investigated. The C-terminal
ancillary domains of ADAMTS7 dictating substrate
specificity remains to be identified, therefore a thorough
structure-function study is necessary for a better
understanding of this enzyme.

6. Physiological Function

For years, investigation of the physiological roles of
ADAMTS?7 has largely focused on its association with the
pathogenesis of arthritis [18, 42] and disc diseases [43, 44].
This direction was undertaken by the observation that
COMP is predominantly found in the extracellular matrix of
cartilage. It was later shown that ADAMTS7 is also
expressed in other COMP-producing tissues such as bone,
cartilage, synovium, tendon, and ligament [18, 42].
ADAMTSY7 is overexpressed in the cartilage and synovium
of patients with rheumatoid arthritis [18, 42]. The COMP
degradation fragments observed in the in vitro digestion
assay with recombinant ADAMTS7 share the same
molecular masses as those found in the synovial fluid in
these patients with arthritic diseases [18].

Dynamic increases in ADAMTS7 expression and COMP
degradation products were also observed in the nucleus
pulpous during degeneration of rat caudal intervertebral disc
[43]. Furthermore, Zhang et al also showed increased
expression of ADAMTS7 mRNA and protein in degenerative
intravertebral discs compared to non-degenerative discs [44].
ADAMTS7 acts as a negative regulator of endplate
chondrocyte differentiation because it downregulates the
expression of collagen type I, collagen type X, and Sox9
[44], which are early and late marker genes for
chondrogenesis. Therefore, under physiological conditions,
the expression of normal levels of ADAMTS7 maintains the
basal levels of COMP degradation in chondrocytes for
chondrocyte differentiation. In pathological states where
ADAMTS7 expression is upregulated, the excess COMP
degradation results in degenerative and inflammatory
diseases of the joints and intravertebral discs.

Recently, a role for ADAMTS?7 in the pathogenesis of
cardiovascular diseases has emerged. COMP is highly
expressed in the normal VSMCs and has been shown to play
an important role in maintaining vascular integrity,
especially in the contractile phenotype of VSMCs through
its interaction with the integrin a7f1 [45]. In a balloon injury
rat model, ADAMTS7 accumulated preferentially in the
neointima and mainly localized to the VSMCs.
Overexpression of ADAMTS7 in VSMCs transduced by
adenoviral vector encoding ADAMTS?7 gene significantly
accelerated cell migration and proliferation both in vitro and
in vivo. Conversely, a siRNA-mediated knockdown of
ADAMTS7 expression attenuated VSMC migration in
culture through the degradation of COMP. Additionally,
ADAMTS7 mediates the calcification of VSMCs through
the degradation of COMP, which normally prevents
calcification by inhibiting bone morphogenetic protein-2
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(BMP-2) osteogenic signaling [25, 46]. Cartilage oligomeric
matrix protein inhibits vascular smooth muscle calcification
by interacting with bone morphogenetic protein-2 [46].
Vascular mineralization, or the abnormal accumulation of
calcium phosphate crystals in the vessel wall, is a symptom
of several diseases, including chronic renal failure,
atherosclerosis, and diabetes mellitus, and ADAMTS7’s
most recent role in VSMC calcification suggests even more
widespread physiological effects of its proteolytic activity.

7. Conclusion

ADAMTS7 is an intriguing enzyme with potentially
widespread roles in a variety of physiological and
pathophysiological events. ADAMTS?7 appears to bind and
cleave COMP, PGRN, and oa2-MG. However, other
yet-to-be-identified substrates and inhibitors may still exist.
The evidence to date suggests a broad role for ADAMTS?7 in
matrix remodeling, either in cartilage, the vessel wall, or
other extracellular matrices. In addition to its role in the
pathogenesis of arthritis and degenerative vertebral disc
disease, recent GWAS have identified the locus containing
the ADAMTS7 gene as being associated with the
development of coronary atherosclerotic disease in humans.
Further investigation of the biological function of
ADAMTST7 in cell culture systems and in appropriate animal
models may shed new light on the pathophysiology of
coronary arterial diseases.
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extracellular matrix; MMP, matrix metalloproteinase;
VSMC, vascular smooth muscle cells; SDS-PAGE,
SDS-polyacrylamide gel electrophoresis; BMP, bone
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