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Abstract: Tendons play a crucial role in musculoskeletal functioning because they physically connect bones and muscles 
making the movement of articular joints possible. The molecular composition of tendons mostly include collagen I fibrils, 
which aggregate together to form fibers to form a fascicle. A complex network composed of resident cells (i.e., tenocytes) 
and extracellular matrix macromolecules (glycosaminoglycans, proteoglycans, glycoproteins and other non collagenous 
proteins) interact and define the structure of tendons and their properties. Development, renewal and remodeling of 
tendons composition occur at all ages of living organisms so the homeostasis of proteolytic systems is a critical issue. A 
major role is played by Metalloproteinases, a family of Zn2+-dependent endopeptidases involved in the catabolism of 
several components of the extracellular matrix, such as collagens, proteoglycans, fibronectin and many others. Among 
these, two main classes are mostly involved in tendon pathophysiology, namely the Matrix Metalloproteinases (MMPs) 
and a Disintegrin-like and Metalloproteinase domain with Thrombospondin motifs (ADAMTSs). This study analyses the 
various aspects of the roles played by Metalloproteinases in the physiological and pathological processes of tendons. 
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INTRODUCTION 

 Tendons play a crucial role in musculoskeletal apparatus 
because they physically connect bones and muscles making 
the movement of articular joints possible. Therefore, the 
development, remodeling and healing of tendons are a 
strictly regulated processes at all ages in living organisms. 

 The molecular composition of tendons includes collagen 
fibrils and several other Extracellular Matrix (ECM) 
components secreted by tenocytes, the only resident cell 
which stems from tenoblast differentiation. Within the 
extracellular matrix network, tenoblasts and tenocytes 
represent the predominant cell histotype with a minor 
contribution of chondrocytes at the bone insertion and 
capillary endothelial cells and smooth muscle cells of arterioles. 

 The tendons macromolecules assemble together to form a 
complex which is a spatially defined network that guarantees 
the physical/mechanical properties of the tendon, such as 
tensile strength [1]. Furthermore, in higher organisms (such 
as mammals), tendon activity is constantly monitored by 
neurotendinous proprioceptive receptors, which inform the 
nervous system about elongation and release, thus preserving 
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tendons and muscle integrity from excessive and/or unnatural 
strains through activation of reflex arcs. 

TENDONS BIOCHEMICAL COMPOSITION AND 
ULTRASTRUCTURE 

 From an ultrastructural point of view, in tendons, 
collagen fibrils are the most abundant type, with collagen I 
being the major component [2]. Collagen is arranged in 
hierarchical levels of increasing complexity, beginning with 
tropocollagen, a triple-helix poly-peptide chain, which unites 
to form fibrils; fibers (primary bundles); fascicles (secondary 
bundles); tertiary bundles; and the tendon itself. The 
collagen I monomer consists of two α -1 chains and one α-2 
chain interwined into a triple helix, each monomer being 
staggered from its molecular neighbor by a multiple of 67 
nm in the direction of the helix [3-5]. Laterally, the helices 
are arranged almost hexagonally to each other within the 
microfibril [6]. A right-handed microfibril is composed of 
five collagen molecules packed toghether: a higher-order 
supramolecular structure that resembles a helix and that 
interdigitates with neighboring microfibrils to form the basis 
of the fibrils [7]. Fibrils tend to aggregate together to form 
fibers, which then make up fascicles, which can be observed 
surrounding tenoblasts and tenocytes (Fig. 1). Fascicles are 
predominantly aligned along the longitudinal axis of the 
tendon, being responsible for its tensile strength. In addition 
to collagen, a variety of glycosaminoglycans, proteoglycans 
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(large and small), glycoproteins and other non collagenous 
proteins, in particular tenascin-C, are secreted by tenocytes 
and orderly inserted into the collagen fascicle network  
[8-11]. Tenascin-C is a molecule containing a number of 
repeating fibronectin type-III domains which undergo stress-
induced unfolding thus allowing the whole macromolecule 
to behave as an elastic protein. Tenascin-C is distributed, 
according to its role in collagen fibril organization, maintaining 
the interface between fibrils and adjacent structures. 
Furthermore, tenascin-C, which is abundant in the tendon 
body and at the osteotendinous and myotendinous junctions, 
is assumed to assist in structural and spatial arrangement of 
the collagen fibers [12]. In fact, this structural arrangement 
and the tenocyte interrelationships are also affected by age 
[13], clearly showing a different tendon structure in newborn, 
young and adult individuals (Fig. 2) [14].  

 Proteoglycans are heavily glycosylated and strongly 
hydrophilic proteins made up by different core proteins and 
one or more covalently attached glycosaminoglycan (GAGs) 
chains. GAGs, which can be found both as side chains of 
proteoglycans or free complex polysaccharides, are composed 
of linear disaccharide repeating units, each unit composed of 
a N-acetylated or N-sulfated hexosamine and either a uronic 
acid (glucuronic acid or iduronic acid) or galactose [10, 11]. 
The Glycosaminoglycans (GAGs) which are covalently 
bound to the different protein cores of the proteoglycans are 
mostly represented by chondroitin sulfate (both chondroitin 
4-sulphate and chondroitin 6-sulphate), dermatan sulfate, 
keratan sulfate and heparan sulphate (also known as muco-
polysaccharides). Through their SO4

2- groups, and then the 
presence of extensive negative charges at their surface, 
GAGs bind Na+ ions which, as a matter of fact, attract water 
via osmosis, contributing to keep the tendon hydrated, hence 
conferring resistance to compression, rapid diffusion of 
water-soluble molecules and the migration of cells [15].  

 The major proteoglycan present in the proximal/tensional 
regions of the tendon is decorin [16-18], even though lower 
amounts of other proteoglycans, such as biglycan, aggrecan 

and versican, have also been detected [19, 20]. Decorin and 
biglycan belong to the small leucine-rich family of 
proteoglycans (characterized by leucine-rich repeat structures) 
which have been proposed to be directly involved in the 
binding of proteoglycans to collagen [21]. In particular, 
decorin plays multiple roles, such as (i) maintenance and 
regulation of collagen fibril structure, (ii) regulation, mainly 
through inhibition, of cell proliferation and spreading, and 
(iii) stimulation of immune responses. Then, decorin is 
considered to be a key regulator of matrix assembly because 
it limits collagen fibril formation and thus directs tendon 
remodeling due to tensile forces [22]. Biglycan (which is 
expressed mainly in tendon, cartilage and bone as well as in 
dermis and blood vessels) also interacts with type I collagen, 
even though the nature of this interaction is not well 
understood and, similarly to decorin, it can also bind to TGF 
beta. Therefore, it has the potential to participate in the 
modulation of cell proliferation [23, 24]. 

 Aggrecan and versican are members of the large 
aggregating family of proteoglycans (also called lecticans) 
and are characterized by a number of domains (e.g., G1, 
which binds to hyaluronan, and G3) [25]. Aggrecan, which is 
present at low concentrations in tensional parts of tendons 
and at higher levels in compressed regions (mostly in the 
fibrocartilage), is bound to hyaluronan, making tendons 
more resiliant. Versican binds to hyaluronan and collagen I 
in tensional parts of tendons and in compressed regions, 
increasing the viscoelasticity and maintaining the cell shape 
[25, 26]. 

 This complex protein to protein organization requires a 
fine tuning of the modeling and turnover in order to optimize 
the tendons role in the musculo-skeletal system. In this 
regard, the functional modulation of proteolytic systems of 
the extracellular matrix is very important both from a 
physiological and pathological standpoint, a major role  
being played by lysyl oxidase [27] and by Matrix 
MetalloProteinases (MMPs). These latter enzymes are able 
to enzymatically process most of the molecular components 

 
 
Fig. (1). Electron microscopy image (20,000 X) of a tenoblast: numerous collagen I filmanets (black arrows) can be observed outside the 
cell. 
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of the connective tissue and to modulate the bio-availability 
of soluble factors, which eventually leads to tendinopathy 
[28]. 

 Metalloproteinases are a family of Zn2+-dependent 
endopeptidases involved in the proteolytic processing of 
several components of the extracellular matrix, such as 
collagens, proteoglycans, fibronectin and many others [29]. 
Among these, two main classes are mostly involved in 
tendon pathophysiology, namely the Matrix Metalloproteinases 
(MMPs) and a Disintegrin and Metalloproteinase domain 
with Thrombospondin-1 motifs (ADAMTSs) (Fig. 3).  

 MMPs have been implicated in several physiological  
and pathological processes, such as skeletal growth and 
remodelling, wound healing, cancer, arthritis, multiple 
sclerosis [30-37] and tendinopathies [38]. MMPs-domain 
composition usually consists of an amino-terminal prodomain 
(which is removed upon activation of the enzyme), a 
catalytic domain (where the active Zn2+ is located) and a 
carboxy-terminal hemopexin-like domain, which is separated 

from the catalytic domain by a proline-rich linker peptide 
(also called hinge region) of variable length [29, 39-41]. 
MMPs can be classified into five main groups, namely (i) 
collagenases (i.e., MMP-1, MMP-8 and MMP-13), which are 
able to cleave fibrillar collagen and bind collagen 
preferentially through the hemopexin-like domain [42-44], 
(ii) gelatinases (i.e., MMP-2 and MMP-9), which are 
characterized by an additional domain, called collagen 
binding domain, which is made up of three fibronectin II-like 
repeats located in their catalytic domain; this domain 
represents the preferential binding domain for fibrillar 
collagen I [45-46], (iii) stromelysins (i.e., MMP-3, MMP-10 
and MMP-11), which are unable to cleave fibrillar collagen 
I, (iv) matrilysins (i.e., MMP-7 and MMP-26), which lack 
the hemopexin-like domain and are able to process collagen 
IV but not collagen I [47], and (v) membrane-bound MMPs 
(i.e., MMP-14, MMP-15, MMP-16 and MMP-17), whose 
carboxy-terminal domain contains an intermembrane region 
(or segment), followed by a short cytoplasmic tail and/or a 
glycosylphosphatidyl inositol anchor. MMP-14, MMP-15 

 
 
Fig. (2). Cross section of tendon matrix (48,000 X) in newborn (right panel), young (central panel) and old tendon (left panel). It is 
noteworthy to observe the different diameter of collagen fibers, which ranges between 180 and 550 Å in the newborn tendon, whereas in the 
young tendon the diameter varies between 180 and 1660 Å and in the old tendon between 180 and 2030 Å. Scale bars correspond to 0.2 µm. 
 

 
 
Fig. (3). Catalytic domains of human ADAMTS-5 (panel A) complexed with an amino 2-indol compound and of human MMP-2 (panel B). 
Some major differences in the architecture of the catalytic pockets between ADAMTS and MMPs are shown: they mainly concern the S2 
and the S1 pockets. These structural features allow the aggrecananes to adapt their conformations to the substrate, while MMPs display a 
rather more fixed conformation. In both cases, Zn2+ ions are represented by grey spheres and Ca2+ ions by green spheres. 
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and possibly MMP-16 are membrane-bound MMPs which 
have been shown to be able to cleave fibrillar collagen I  
[48, 49]. The proteolytic activity of MMPs is regulated in 
vivo by their interaction with natural inhibitors (called Tissue 
Inhibitors of MetalloProteinases, TIMPs), whose spatial and 
temporal distribution is generally related to MMPs activity in 
living tissues [50]. Therefore the relative levels of expression 
of MMPs and TIMPs are often a signal of the intrinsic 
regulatory mechanism of MMPs activity. 

 The ADAMTS family of metalloproteinases consists of 
19 members, whose hallmark is an ancillary domain containing 
one or more thrombospondin type 1 repeats [51]. Their 
structural arrangement is drastically different from that of 
MMPs (Fig. 4) and these enzymes play an important role in 
the turnover of extracellular matrix proteins in various 
tissues, their altered regulation being implicated in diseases 
such as cancer, arthritis and atherosclerosis [52-54]. In 
particular, ADAMTS5 is expressed by specific cell lineages 
during embryonic development, such as arterial smooth 
muscle cells, concomitantly with the appearance in the 
neuromuscular system of some of its substrates, namely 
versican and aggrecan [55]. Unlike other metalloproteinases, 
ADAMTS members demonstrate a marked substrate selectivity 
due to the various exosites located in the C-terminal regions 
of the enzymes, which influence protein recognition, matrix 
localization and correct tissue compartmentalization. 
Proteoglycans, in particular aggrecan, and pro-collagen are 
specific substrates of ADAMTSs [56-58]. 

 In this review we deal with some physiological aspects of 
the activity of MMPs and ADAMTSs regarding tendons, 
such as during development, as well as with some pathological 
aspects (as in the case of rotator cuff disease, patellar 
tendinopathy and Achilles tendon rupture). 

ROLE OF MMPs AND ADAMTSs IN SKELETAL AND 
TENDON DEVELOPMENT 

 During tendon development, collagen fibrils are initially 
released as short, small diameter intermediates. These represent 
the building blocks of the mature fibril [59-63]. These 
intermediates are then incorporated into fibers, and within a 
narrow period of time, they form the characteristic long 
fibrils of variable length of the mature, mechanically functional 
tendon. This assembly leads to growth and relevant enhancement 
of the tensile strength of the tendon. The formation of 
collagen fibrils is critically regulated by the proteolytic 
cleavage of procollagen I to mature collagen I, an event 
undertaken initially by N- and C-proteinases, with the active 
participation of ADAMTSs, which remove the respective 
propeptides from procollagen, within the secretory pathway 
in tendon fibroblasts [64]. Furthermore, tendon fibrillogenesis is 
modulated through the interaction of the fibril surface with 
decorin (and other closely related leucine-rich proteoglycans, 
such as biglycans) as well as with fibril-associated collagens 
(e.g., type XII and type XIV collagens) [65-67]. These 
molecules indeed are good substrates for MMPs, in 
particular for MMP-2. In this regard, a marked enhancement 
of MMP-2 activity can be observed during this stage of the 

 
Fig. (4). Comparison between domain organization of ADAMTS (upper panel) and Gelatinases (i.e., MMP-2 and MMP-9) (lower panel). 
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development pathway, mostly associated to an increased 
extent of pro-MMP-2 activation induced by an overexpression 
of MMP-16, which is known to be a gelatinase activator  
[29, 68]. In addition, during the development of the 
musculoskeletal system, a considerable enhancement can 
also be observed for collagenases, interstitial collagenase in 
particular (i.e., MMP-1), being mostly evident in the 
metaphyses and diaphyses of long bones [69]. This effect, 
which is mainly detected in hypertrophic chondrocytes and 
osteoblastic cells localized along the newly formed bone 
trabeculae, may turn out to be very important, since MMP-1 
is very efficient in the enzymatic processing of native 
collagen I, II, III and X, which are also components of the 
tendon fibers. In this regard, it is important to note how the 
concerted action of MMP-2 and MMP-1 could bear a critical 
relevance in tendon fiber remodeling. Therefore, we know 
that the proteolytic activity of MMP-2 occurs through faster 
kinetics whenever the triple-helix arrangement of collagen I 
is preliminary unrolled by MMP-1 activity [45, 70-72].  

 In addition, tendon function crucially depends on 
aggrecan localization, since the accumulation of pericellular 
and interfibrillar aggrecan impairs tendon function. Thus, 
aggrecan removal in the pericellular matrix by tendon 
fibroblasts is a strictly regulated process which is probably 
carried out by ADAMTS4, ADAMTS5 and ADAMTS15. 
Notably, mice which are knockout for ADAMTS5 display 
severe impairment of tendon functions, with larger cross-
sectional area and increased collagen fibril area fraction in 
the Achilles tendon, which leads to a higher tensile modulus 
and a weakened enthesis of the tendon [73]. Although 
ADAMTS-4 and ADAMTS-5 display similarities in 
substrate selectivity, the latter is considered to bear the main 
aggrecan-degrading activity under physiological condition 
[74], while ADAMTS-4 is a suitable candidate to exert a 
pivotal role in aggrecan turnover during pathological 
conditions, like as osteoarthritis, since its expression and 
secretion by synoviocytes is triggered by pro-inflammatory 
stimuli, mostly by Il-1β [75]. Finally, the ADAMTS15 
abundant expression in ligaments and tendons of the 
developing knee joint and on the articular surface was 
recently documented and a contribution to aggrecan cleavage 
in vitro assessed [76, 77].  

 Conversely, aggrecan is considered to be resistant to 
MMPs cleavage. Furthermore, it is interesting to outline that 
the ECM turnover of the tendon is influenced by physical 
activity, since it has been shown that the level of collagen 
synthesis and of MMPs increase with mechanical loading 
[78-80]. In particular, strain brings about fibroblast responses, 
such as changes in differentiation and migration patterns 
[79], which are then accompanied by spontaneous self-
assembly of collagen into highly-organized arrays and 
preferential incorporation of collagen into loaded fibrils [81]. 
Physical activity is also linked to an increased activity of 
MMP-2 and MMP-9 in the calcaneal tendon, thus inducing a 
sort of “vicious cycle” [82], wherefore mechanical over-
stimulation of the tendon affects the enzymatic degradation 
and repair phenomena, which leads to chronic tendinopathy 
(see below). In particular, after repeated stressing physical 
activity an increased thickness, cellularity and blood vessel 
volume fraction of the peritendineous sheath has been 

observed, without any inflammatory process. This tissue 
modification is accompanied by a marked enhancement of 
the active MMP-2, clearly indicating an increase in pro-
MMP-2 activation [83]. The net result is a strain-controlled 
remodeling of collagen fibrils, which also becomes more 
resistant to enzymatic degradation by collagenases compared 
to unstrained fibrils [84]. This enhanced resistance also casts 
some light on the general aspects of matrix phenomena, such 
as development and adaptation, and tissue engineering.  

ROLE OF MMPs AND ADAMTSs IN TENDON 
PATHOLOGICAL PROCESSES 

 Tendons are frequently affected by chronic pain and 
rupture. Many causative factors have been implicated in the 
pathology, which until recently was under-researched and 
poorly understood. There is now greater knowledge 
regarding the molecular basis of tendon disease.  

 The most prevalent tendon pathologies, such as 
tendinopathy, are associated with degeneration. This is 
considered to be an active, cell-mediated process, even 
though it does not usually develop as a typical flogistic 
process and recruitment of immune cells plays not a major 
role. Effectively, it has been proven that prolonged 
mechanical stimuli induce the production of cytokines and 
inflammatory prostaglandins, which may be mediators of 
early phases of tendinopathy [85, 86] MMPs activation by 
prostaglandins and inflammatory cytokines, in turn, 
increases degradation and remodeling of the extracellular 
matrix network.  

 Notably, activation of MMPs is expected to trigger a sort 
of vicious cycle wherefore further matrix degrading enzyme, 
in particular ADAMTS-4 and ADAMTS-5, are released in 
the injured microenvironment following MMPs activation. 
For instance, MMPs mediate the release of soluble TGF-β 
(trapped in ECM) which, in turn, is a main promoter of 
ADAMTS-4 and ADAMTS-5 expression [87].  

 Application of cyclic strain increases production of 
prostaglandin E2 (PGE2) in human patellar tenocytes [85], 
and it increases interleukin-6 (IL-6) secretion [86] and IL-1 β 
gene expression in human flexor tenocytes [88]. The 
recruitment of immune cells is generally replaced by a 
dysregulation of tenocyte homeostasis accompanied by 
secretion of ECM components and enzymes, which results in 
an increased turnover and remodeling of the tendon 
extracellular matrix [89].  

 In particular, chronic tendinopathies appear to be 
characterized by an increased collagen turnover with a 
significant decrease of collagen content, type I collagen in 
particular [90], and an enhanced secretion of large 
proteoglycans. The alteration of tendon micro-architecture 
seems to be related instead to an altered metabolism of 
tenocytes and inappropriate retention of these macromolecules 
[15]. One of the outdated hypothesis that is currently being 
reconsidered suggests that non-uniform stress within 
tendons, due to intrinsic factors such as misalignments and 
biomechanical faults, may have a causative role in tendon 
disorders by producing abnormal load concentrations and 
frictional forces between fibrils thus causing localized fiber 
damage [91]. Under maximal tensile load, in particular in 
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misalignments, tendons may undergo ischemia. During 
relaxation, when reperfusion occurs, oxygen free radicals can 
be produced [92, 93] which, in turn, can damage both cells 
and tissues. Peroxiredoxin 5 is an anti-oxidant enzyme that 
protects cells against damage from such reactive oxygen 
species found also in human tenocytes. Its expression is 
increased in tendinopathies, a finding that supports the view 
that oxidative stress may play a role [94]. Hypoxia alone 
may also result in degeneration, given that tendons rely on 
oxidative energy metabolism to maintain cellular homeostasis. 
Under these stress conditions, an increased production of 
prostaglandins has also been observed [95], mostly of PGE2, 
which induces stem cells to differentiate in non-tenocytes 
which, associated with the turnover of physiological 
tenocytes, reduces the pool of tenocytes able to repair 
tendons injured by mechanical loading. 

 Surprisingly, no significant increase in the overall content of 
MMPs and ADAMTSs [96] is generally observed in the 
micro-environment of the chronically damaged tendon: 
MMP-2, MMP-9 and TIMP-1 are the only molecules for 
which, to date, in most cases, a consistent up-regulation has 
been reported [15, 97]. However, it must be considered that 
the hall-mark of this pathological process might be the 
excessive activation of pro-MMPs instead of a gene up-
regulation, a fact that has been demonstrated in other 
inflammatory processes [35]. 

 In the supraspinatus tendons, after tendon rupture, it has 
been shown that there is an increased activity of MMP-1 and 
a reduced activity of MMP-2 and MMP-3, [98]. A decreased 
activity of the gelatinase MMP-2 and of the stromelysin 
MMP-3 associated with a larger activity of the collagenase 
MMP-1 do, in fact, lead to an enhanced collagen turnover 
and further deterioration in the quality of the collagen 
network. Down-regulation of MMP-3 mRNA has also been 
reported in Achilles tendinopathy [97, 99]. This evidence 
may be correlated with a reduced repair capability, often 
associated with a decrease of MMP-3 activity, which is able 
to maintain the tendon matrix in response to the mechanical 
strain and repeated micro-trauma [100]. Therefore, it appears 
quite evident that the role of MMPs in these chronic 
pathologies of the tendon is not univocal, since some MMPs, 
such as MMP-2 and MMP-1, are involved in collagen 
catabolism, thus facilitating tendon degradation and eventually 
its rupture, whereas other ones, such as MMP-3, may be 
involved in repair mechanisms ranging from micro-traumas 
to the maintenance of the normal tendon function. This 
different role appears to be associated with tendon retraction 
following a tear in the rotator cuff, since an elevated 
expression and enzymatic activity can be detected for MMP-
1 and MMP-9. This evidence appears to be associated to the 
extent of the tendon retraction, being accompanied by a 
marked decrease of MMP-3 activity compared to healthy 
tendons [101]. Therefore, a tendinopathy seems to be 
characterized by an imbalance between collagen fibril cleavages 
by some MMPs, such as collagenases and gelatinases, and a 
“failed healing response”, due to reduced stromelysin 
activity. This imbalance brings about a proliferation of 
tenocytes with intracellular abnormalities and enhancement 
of collagen disruption, accompanied by the subsequent 
increase of non collagenous matrix [102]. In this regard, it is 

interesting to observe that tendon cells secrete a fair amount 
of all collagenases, while during rest, this amount is 
significantly reduced [103], which improves tendon 
functionality. Under the same conditions, no reduction is 
observed for stromelysin MMP-3 secretion, suggesting that 
this molecule may either do nothing or even or facilitate the 
recovery of the damaged tendon and stressed ligament. 
However, collagen metabolism alteration during 
tendinopathy is usually also associated with an increased 
synthesis of large proteoglycans, such as versican and 
aggrecan, as well as an enhancement of their disruption and 
loss (likely related to the up-regulation of ADAMTS4, which 
is able to enzymatically process large proteoglycans), 
whereas small leucine-rich proteoglycans, such as decorin, 
seem to remain unaltered [15].  

 In addition, tendon integrity depends crucially on the 
extracellular matrix metabolism, and thus on the regulation 
of proteolytic activity. A differential temporal sequence of 
MMP expression may occur, and MMP or other matrix-
molecule expression may differ between tendinopathic and 
ruptured tendons. As an example, the rupture of the Achilles 
tendon has been found to be closely related to a marked 
increase in the gene expression of proteoglycan-core 
proteins, such as decorin and versican, as well as to an 
enhanced enzymatic activity of MMP-2 and MMP-9 [104]. 
This evidence is accompanied by a marked decrease in 
carbohydrate content in the rupture area, where little 
evidence exists for the presence of glycosaminoglycans in 
the tendon. As a whole, it suggests there is a gross 
rearrangement of the tendon connective tissue, which is 
likely to be connected to the gelatinase activity in the rupture 
area. Finally, activities of MMP-2 and MMP-9 in tenocytes 
increase with age. This might further provide a mechanistic 
explanation of how MMPs and aging contributes to 
tendinopathy or tendon rupture [105]. 

 Finally, up-regulated activity of MMPs might play a 
critical contribute also in fibrotic degeneration of tendons in 
advanced phases of the pathological condition. The increased 
bioavailability of TGF-β upon MMPs up-regulation might 
lead to an increased fibroblasts proliferation and collagen I 
deposition [106]. In addition, the previously discussed 
contribution of TGF-β to ADAMTS-4 and ADAMTS-5 
expression might represent a further critical issue in fibrotic 
degeneration; thus, through their catalytic activities, these 
ADAMTS reduce the overall content of byglican and 
decorin, which are thought to play an important role in TGF-
β balance (with particular reference to decorin), by binding 
and sequestering it, as it has been demonstrated in other 
human tissues [107].  

A THERAPEUTICAL APPROACH TO TENDON 
PATHOLOGY: FINAL CONSIDERATIONS 

 MMPs levels are finely-tuned during tendon healing [99, 
108]. In a rat flexor tendon rupture model, the expression of 
MMP-9 and MMP-13 peaked between the second week after 
the surgery while in another experimental model [109], 
MMP-2, MMP-3, and MMP-14 levels increased after 
surgery and remained high until the fourth week. These 
findings suggest that MMP-9 and MMP-13 may participate 
in collagen degradation only, whereas MMP-2, MMP- 3 (as 
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previously suggested), and MMP-14 participate both in 
collagen degradation and in collagen remodeling. 

 On the basis of the above-mentioned observations on the 
role of Metalloproteinases in tendon pathology, it is evident 
that the local use of metalloproteinase inhibitors may be 
helpful in facilitating the healing repair phenomena although 
it must be said that a broad and not-specific inhibition may 
not necessarily lead to significant healing. In this respect, 
even though the differences between the catalytic site of the 
MMPs and ADAMTS (Fig. 3) might allow to design specific 
synthetic and/or peptidometic inhibitors, the main reason of 
the unsuccessful approach of specific metalloenzymes 
inhibition in human diseases likely relies in the complexity 
of their biological behaviors. Thus, it has been proven that 
specifically inhibited MMPs, through their extra-catalytic 
domains, still exert some effects on their substrate (like as 
triple helix unwinding in collagen IV), thus facilitating their 
cleavage by other enzymes [29]. 

  Some relevant beneficial effect has been recently 
observed for the tendon-to-bone healing in animal models of 
rotator cuff repair. In particular, doxycycline, which has been 
found to inhibit collagenases and gelatinases very efficiently 
[110], may improve collagen organization [111, 112]. 
Reducing the inflammatory burst by using antisteroideal or 
anti-inflammatory drugs could be helpful in improving 
healing. In fact, nonsteroidal anti-inflammatory drugs are 
often widely used to treat sports-related tendon injuries or 
tendinopathies. However, even in these cases, more 
information to complete the picture is necessary. In fact, a 
recent study has shown that ibuprofen greatly upregulates the 
expression of both collagenases (i.e., MMP-1, MMP-8 and 
MMP-13) and gelatinase (i.e., MMP-9) expression by tendon 
cells, with a consequent enhancement of collagen disruption. 
This is not accompanied by an increase in collagen synthesis, 
thus bringing about a severe impairment of the healing repair 
mechanism [113]. An additional danger concerns the 
possibility that in some cases exceedingly prolonged or 
frequent use of antibiotics, such as Ciprofloxacin, might 
induce the insurgence of tendinopathy. This could be 
associated to the Ciprofloxacin- induced up-regulation of 
MMP-2 expression in tendon cells, with a consequent 
massive degradation of type I collagen [114], because it has 
been demonstrated that this MMP is able to digest collagen I 
fibers [45]. 

 In conclusion, it is evident that MMPs are deeply 
involved in tendon pathologies even though, to date, the use 
of their inhibitors in therapy remains in their early stages. 
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