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Abstract: Extracellular matrix is composed of macromolecules constituting a complex 

network that allows the regulation of major cellular functions and maintenance of normal 

tissue homeostasis. The turnover of extracellular matrix is mediated by matrix-degrading 

enzymes such as metalloproteinases during normal and pathological conditions. Matrix 

metalloproteinases and a disintegrin and metalloproteinase with thrombospondin repeats 

(ADAMTS) are metalloproteinases that have been identified in distinct genetic disorders. 

The aim of our review was to emphasize the role of the metalloproteinases based on heritable 

connective tissue disorder phenotypes identified in relation with ADAMTS, ADAMTS-like, or 

metalloproteinases mutations.
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Introduction
Extracellular matrix (ECM) is composed of macromolecules such as collagens, 

proteoglycans, elastin, fibronectin, laminins, and several other glycoproteins, which form 

a complex network around cells in all tissues and organs. This network plays a role in 

signal transduction allowing the regulation of major cellular functions and maintenance 

of normal tissue homeostasis. The remodeling of ECM is mediated by matrix-degrading 

enzymes such as metalloproteinases during normal and pathological conditions.

Matrix metalloproteinase (MMP), a disintegrin and metalloproteinase (ADAM) 

and a disintegrin and metalloproteinase with thrombospondin repeats (ADAMTS) are 

proteases that belong to the metzincin family, named after the presence of zinc ion and 

the conserved Met residue at the active site.

Mammalian MMPs share a conserved domain structure that consists of a 

catalytic domain and an autoinhibitory prodomain.1 The removal of the prodomain is 

mandatory to activate the MMPs. Their C-termini also contain a hemopexin domain 

that mediates protein–protein interactions.2 The C-terminal domain has a role in 

substrate recognition, enzyme activation, and protease localization, internalization, and 

degradation. MMP-2 and MMP-9 contain three fibronectin type-II repeats that medi-

ate binding of collagens.1 All MMPs are not secreted, six MMPs are transmembrane. 

MMPs are divided into six subgroups according to their similarities in tridimensional 

structure and substrate affinity: collagenases, gelatinases, stromelysins, matrilysins, 

membrane-type metalloproteinases, and others.3 The primary function of MMPs is to 

degrade the structural components of ECM. MMPs have also a major role in the regu-

lation and turnover of ECM. MMPs can impact on cellular function by regulating the 
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ECM proteins. For example, MMP-2 and MMP-9 are known 

to cleave transforming growth factor (TGF)β, and through 

this activation module they promote tumor invasion.4 Studies 

on mmp-mutant mice have pointed out the requirement of 

MMPs in postnatal development and tissue remodeling but 

not in embryogenesis.

The superfamily of ADAMTS contains 19 ADAMTS 

and 7 ADAMTS-like (ADAMTSL) proteins, which are 

secreted enzymes. ADAMTS are organized into two domains: 

catalytic domain and ancillary domain.5 The catalytic 

domain, at the N-terminus, includes a metalloproteinase 

domain and a disintegrin-like domain. The ancillary domain, 

at the C-terminus, is organized with a modular structure 

comprising, at least, one or more thrombospondin type-I 

repeats. ADAMTS precursors are activated intracellularly in 

the Golgi or extracellularly by the cleavage of furin, a pro-

protein convertase.6 They are distinct from the membrane-

anchored ADAMTS mainly involved in protein ectodomain 

shedding from the cell surface. ADAMTS proteases are 

implicated in different biological processes: procollagen 

propeptidase (ADAMTS2, ADAMTS3, and ADAMTS14), 

aggrecanase in arthritis (ADAMTS4, ADAMTS5), other 

aggrecanases (ADAMTS1, ADAMTS8, ADAMTS9, 

ADAMTS15, and ADAMTS20), von Willebrand factor 

proteolysis (ADAMTS13), and cartilage oligomeric matrix 

protein proteolysis (ADAMTS7, ADAMTS12).5,7–12

ADAMTSL proteins have an ancillary domain similar 

to ADAMTS proteins but do not possess enzymatic acti

vity because of the lack of a catalytic domain. Similar to 

ADAMTS, they are ECM proteins, but their functions 

are unknown.13–16 However, it was observed that papilin, 

another ECM glycoprotein that shares similar structures with 

ADAMTSL, has an inhibitory action on ADAMTS proteinase 

similar to ADAMTS2.17,18

ADAMTSs and MMPs are regulated by tissue inhibitors 

of metalloproteinases (TIMPs). The family comprises four 

protease inhibitors (TIMP1–4).5

Deregulation of ECM composition and structure is 

associated with the development and progression of several 

pathologic conditions such as connective tissue disorders. 

Connective tissue disease refers to a group of disorders 

involving fibrous tissues that maintain the form of organs 

and other parts of the body such as bones, tendons, and 

cartilages. Through the past decades, molecular bases of 

numerous connective tissue disorders have been identified. 

This review focuses on a group of heritable connective 

tissue disorders related to metalloproteinases and their 

inhibitors.

MMPs
MMP-9 and MMP-13 mutations  
and metaphyseal anadysplasia
Metaphyseal anadysplasia (MAD) is characterized by an 

early-onset regressive form of metaphyseal dysplasia.19 

It is reported in the first months when distal metaphyses 

of long bones are found to be very irregular. The main 

clinical features are hypoplastic femoral necks and vertical 

edges of the metaphyses. These anomalies disappear after 

2 years of age. Stature is usually not affected. The first 

patient with this disorder was reported by Wiedemann 

and Spranger and four other boys were diagnosed by 

Maroteaux et al.19,20

Two types of MAD have been described: type 1 (Spranger 

type), a clinically more severe type with reduced stature and 

autosomal dominant inheritance, and type 2 (Maroteaux 

type), a milder type with normal stature and autosomal 

recessive inheritance. The radiographic features of both types 

are indistinguishable.21

The autosomal recessive form of MAD (MIM 613073) is 

caused by homozygous loss of function of gene MMP-9.21 The 

autosomal dominant form of MAD (MANDP1 [MIM 602111]) 

is caused by heterozygous mutations in gene MMP-13.22 

MMP-9 and MMP-13 are both involved in the degradation of 

ECM in the context of bone development.

mmp-9-null mice exhibited an abnormal endochondral 

bone development with a decreased hypertrophic chondro-

cyte apoptosis and trabecular bone formation.23 The growth 

plate of mmp-9-null mice presented an accumulation of 

galectin 3, the substrate of MMP-9. Galectin 3 is a regula-

tor of MMP-9 which acts on the recruitment of osteoclast 

at the chondro-osseous junction. The growth retardation 

was compensated after 3 weeks and the mmp-9-null mice 

had a normal axial skeleton at adult age.24 MMP-2 and 

MMP-9 deregulation leads to severe elastic fiber frag-

mentation and degradation and may explain the thoracic 

aortic aneurysm observed in mutant fbn1C1039G/+, a model 

of Marfan syndrome.25 MMP-9 is also involved in immune 

system development and potentially in autoimmune disease 

development.26

Considering the multiple function of MMP-9, the 

restricted phenotype of MAD patients is due to the major 

role of MMP-9 in bone homeostasis.

MMP-13 is expressed by both terminal hypertrophic 

chondrocytes and osteoblasts, supporting its crucial role in 

bone formation and remodeling.27 MMP-13 is considered as 

a collagenase. Its substrates are collagen I and II, two major 

collagens in chondrogenesis.28 MMP-13 is also involved in 
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human osteoarthritis cartilage pathophysiology.29 mmp-13-

null mice that appeared healthy at birth showed defects in 

the growth plate. These mice showed normal differentiation 

of chondrocytes but the hypertrophic zone was larger as 

compared to the wild-type. Like mmp-9-null mice, the 

growth plate defect increased after 5 weeks and was resolved 

by 12 weeks of age. This model showed that collagen II 

and aggrecan are degraded by MMP-13,30 those two sub-

strates being shared by MMP-9 and MMP-13. The double 

mmp-13-and mmp-9-null mice also exhibited endochondral 

ossification impairment, ECM remodeling defect, increased 

chondrocyte survival, delayed vascular recruitment, and 

defective trabecular bone formation leading to shortened 

long bones.30 These findings showed the requirement of bal-

ance between the assembly and degradation of collagen in 

endochondral ossification.

MMP-13 mutations and Missouri-type 
spondyloepimetaphyseal dysplasia
Spondyloepimetaphyseal dysplasia is characterized by ver-

tebral, epiphyseal, and metaphyseal anomalies.31 The Mis-

souri type (MIM 602111), an autosomal dominant disorder, 

displays moderate to severe metaphyseal changes, mild 

epiphyseal involvement, pear-shaped vertebrae in childhood, 

and rhizomelic shortening of the lower limbs.32 The model-

ing defects improved spontaneously by early adolescence, 

but the affected individuals remained shorter than their 

age-matched unaffected sibs. The bowing deformities predis-

pose to osteoarthritis of the knees.33 MMP-13 mutations are 

responsible for spondyloepimetaphyseal dysplasia – Missouri 

type. The missense mutation in MMP-13, F56S leads to the 

degradation of misfolded proenzyme.32 MAD and Missouri 

type appear clinically distinct but are allelic conditions.

MMP-14 mutations and Winchester 
syndrome
Winchester syndrome (WNCHRS; MIM 277950) belongs 

to a group of osteolytic syndromes, which are rare skeletal 

disorders characterized by osteolysis and joint destruction. 

Generalized osteolysis of the carpals and tarsals, arthropathy, 

generalized osteoporosis, corneal opacities, and myocardial 

damages are the main features of this syndrome.34

This autosomal recessive syndrome is caused by muta-

tions in MMP-14. Mutations are localized in the hydrophobic 

region of the signal peptide resulting in a defect of MMP-14 

transport to the membrane. MMP-14 is an activator of 

MMP-2. Due to the mislocalization of MMP-14, MMP-2 

is not activated.35

The mmp-14-null mice displayed skeletal dysplasia with 

craniofacial dysmorphism and dwarfism, arthritis, severe 

osteopenia, and fibrosis of the dermis.36 The mice were 

normal at birth but developed multiple defects and died by 

3–12 weeks of age. The mmp-14-null mouse model is the 

only lethal mmp-mutant mice.37 This model confirmed the 

importance of collagenolytic activity for the development 

and growth.

MMP-2 mutations and Torg syndrome
Torg syndrome (MIM 259600), Winchester syndrome, and 

nodulus, arthropathy, osteolysis constitute a continuous 

clinical spectrum.38 Torg syndrome is characterized by the 

presence of multiple, painless, subcutaneous nodules, mild 

to moderate osteoporosis, and osteolysis of the carpal and 

tarsals. Radiographically, the osteolysis is associated with a 

widening of the metacarpal and metatarsal bones.39,40

This syndrome is transmitted with an autosomal recessive 

mode of inheritance and due to MMP-2 mutations.38

Mutant mmp-2-null mice showed attenuated features 

of human skeletal abnormalities.41 In contrast, mmp-2-and  

mmp-14-null mice died at birth. These double mutants 

resemble the much older mmp-14 single mutants, indicating 

that MMP-2 and MMP-14 function redundantly.42

MMP-20 mutations and pigmented 
hypomaturation-type amelogenesis 
imperfecta (type IIA)
Amelogenesis imperfecta (AI) is a group of hereditary 

defects of the enamel which are not associated with any 

other generalized defect.43 Pigmented hypomaturation-type 

amelogenesis imperfecta (MIM 612529) is characterized by 

anomalies of the maturation stage during the formation of 

enamel, resulting in an opaque and porous enamel. The enamel 

has a normal thickness but is hypomineralized. Radiographs 

show a lack of contrast between enamel and dentin.44,45 

The enamel layer of the teeth was pigmented, showing an 

agar brown discoloration. Pigmented hypomaturation-type 

amelogenesis imperfecta is an autosomal recessive disorder 

associated with MMP-20 mutations.44,45

The exact function of MMP-20 is unknown. Recently, it 

has been shown that mmp-20-null mice presented with thin 

and soft enamel.46 Unexpectedly, introduction of transgene 

expressing mmp-20 in null mice, in order to compensate the 

thin enamel, resulted in decreased hardness. This suggests 

that an essential balance takes place between active and 

non-active MMP-20 in the formation of a properly hardened 

enamel layer.47
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ADAMTS and ADAMTSL
ADAMTS2 mutations and Ehlers–Danlos 
syndrome – type VIIC
The Ehlers–Danlos syndrome (EDS) is a group of soft con-

nective tissue disorders which are characterized by fragility 

in skin, ligaments and joints, blood vessels, and internal 

organs.48 The dermatosparaxis type of EDS (EDS type VIIC 

[MIM 225410]) is a recessively inherited connective tissue 

disorder, mainly characterized by extreme skin fragility. Joint 

laxity is moderate compared to other EDS.49 Other charac-

teristics are reported such as orofacial features, umbilical 

hernia, and blue sclera after minor trauma.48,49

Mostly EDS are linked to mutations in one of the genes 

encoding fibrillar collagen proteins or enzymes involved in 

their maturation. EDS VIIA (MIM120150) and B (120160) 

autosomal dominant disorders caused by mutations in the 

COL1A1 and COL1A2 genes, respectively, are characterized 

by joint hyperlaxity and only moderate skin fragility.50 EDS 

VIIC is due to mutations in ADAMTS2 which encodes a 

procollagen N-proteinase (PNP), involved in the processing 

of type-I procollagen.51 In the absence of ADAMTS2 activity, 

the unprocessed procollagens interfere in their assembly 

and lead to the formation of “hieroglyphic” collagen, which 

is not functional and responsible for skin fragility in EDS 

patients.7 Interestingly, the difference in clinical manifesta-

tions between these three types of EDS VII seems related to 

variation in processing the type I procollagen in tissues or a 

potential PNP compensation.

Considering the common biosynthetic pathway, it was 

expected that defects in ADAMTS2 would have an impact 

on a wide number of tissues. The limited number of 

tissues involved in EDS type VIIC might be explained by 

redundant functions of other PNPs, with the ability to process 

procollagen I in tissues other than skin.

Two other enzymes, ADAMTS3 and ADAMTS14, belong 

to the same group of procollagen N-endopeptidase involved 

in the maturation of collagen fibrils.52 In the process of 

collagen maturation, the amino- and carboxyl-propeptide of 

procollagen are cleaved leading to proper assembly in col-

lagen fibrils. The PNP processes the aminopeptide of procol-

lagens I, II, and III in vitro.7 Their gene expression pattern 

during mouse embryogenesis has shown how closely related 

proteases with similar substrate may have distinct biological 

roles owing to tissue-specific gene expression.52 For example, 

during the mouse embryogenesis, ADAMTS3 seems able 

to process collagen I– and collagen II–rich tissues during 

the development. ADAMTS2 also plays a major role in the 

cleavage of aminopropeptide of type-III collagen.

While the first description of PNP activity was reported 

in a study of dermatosparaxis in Belgian cattle, studies on 

adamts2-deficient mice showed that these mice displayed 

skin fragility at 2 weeks of age.53

ADAMTS10 mutations and Weill-
Marchesani syndrome 1
Weill–Marchesani syndrome (WMS) belongs to the 

acromelic dysplasia group which also includes geleophysic 

dysplasia (GD) and acromicric dysplasia (AD).54 Weill–

Marchesani syndrome 1 (MIM 277600) is a rare connective 

tissue disorder characterized by short stature, brachydactyly, 

joint stiffness, thick skin, and lens abnormalities. WMS is 

distinct from GD and AD by the presence of dislocation of 

microspherophakic lens that causes severe myopia, glau-

coma, or cataract.55,56 Two modes of inheritance have been 

reported: autosomal dominant and autosomal recessive. 

Weill–Marchesani syndrome 1 is an autosomal recessive dis-

order caused by mutations in ADAMTS10 which disrupt the 

metalloprotease domain.57 Our group also showed that FBN1 

is responsible for the dominant form of WMS2.58 Another 

autosomal recessive form of WMS (WMS3) is caused by 

mutation in LTBP2 (latent TGFβ binding protein 2).59

The expression of adamts10 is ubiquitous in the mouse 

embryonic tissues until 12.5 days of gestation and then its 

expression is more specific with especially strong expres-

sion in developing lung, bone, and craniofacial region.60 

Our genetic findings suggested a direct functional link 

between ADAMTS10 and fibrillins, extracellular microfibrils 

assembled from large glycoproteins. Indeed it was shown 

that ADAMTS10 binds to fibrillin 1 (FBN1) and fibrillin 

2 (FBN2) and promotes microfibril deposition in the ECM of 

cultured fibroblasts.61 Despite this interaction, ADAMTS10 

does not cleave FBN1 efficiently. This may be due to the 

absence of correct consensus sequence of the furin site in 

ADAMTS10 zymogen. These findings support a role of 

ADAMTS10 in microfibril biogenesis as a structural protein 

rather than as an enzyme.

ADAMTS17 mutations and  
Weill–Marchesani-like syndrome
Patients with Weill–Marchesani-like syndrome (WMS-like; 

MIM 613195) have many characteristics of WMS such as 

short stature and lens abnormalities but they do not show 

brachydactyly, joint stiffness, or stiff skin. It is an autosomal 

recessive disorder due to mutations in ADAMTS17.62

The function of ADAMTS17 is unknown. Studies on 

ADAMTS17 tissue distribution showed a high expression 
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in fetal brain, heart, kidney, and eye. Two mutations in 

ADAMTS17 associated with WMS-like lead to proteins 

without the C-terminal Thrombospondin (TS) repeats, which 

may be involved in the ECM structure.62 The absence of 

some WMS characteristics could be explained by the lack 

of ADAMTS17 expression in those tissues or the activity 

of another ADAMTS. ADAMTS10 and ADAMTS17 have 

structural similarities and both are expressed in the eyes 

supporting that ADAMTS10 and ADAMTS17 play a critical 

role in crystalline lens zonule.

ADAMTSL2 mutations and geleophysic 
dysplasia
GD (MIM231050) is the more severe form of acromelic dys-

plasia and is transmitted with an autosomal recessive mode 

of inheritance. The main distinctive features are short stat-

ure, short hands and feet, facial features, joint contractures, 

a progressive cardiac valvular thickening often leading to an 

early death, toe walking, tracheal stenosis, and respiratory 

insufficiency. Radiological manifestations include delayed 

bone age, cone-shaped epiphyses, shortened long tubular 

bones, and ovoid vertebral bodies.63,64

Mutations in ADAMTSL2 are responsible for GD 

autosomal recessive form. This gene encodes a secreted 

glycoprotein of unknown function.65

Functional studies in HEK293 cells showed that 

ADAMTSL2 mutations lead to a decreased secretion of 

the mutated proteins, possibly due to the misfolding of 

ADAMTSL2. A first partner – LTBP1– of ADAMTSL2 has 

been identified. Considering the role of LTBP1 in TGFβ 
signaling, we have studied the TGFβ signaling pathway 

in the culture medium of GD patient fibroblasts. Our find-

ings suggested that a dysregulation of TGFβ signaling is 

the underlying mechanism of GD and that ADAMTSL2 is 

directly involved in TGFβ bioavailability.65

Interestingly, the identification of heterozygous FBN1 

mutations was reported in a dominant form of GD, strictly 

fulfilling the diagnostic criteria for GD. We identified a 

total of 16 heterozygous FBN1 mutations (15 missense and 

1 insertion), all mutations were located in exons 41–42, 

encoding TGFβ binding protein-like domain 5 (TB5) of 

FBN1 in 19 GD.66 Moreover, a direct interaction between 

ADAMTSL2 and FBN1 emphasizes the potential role of 

ADAMTS and ADAMTSL protein in microfibril forma-

tion and function.66 FBN1 encodes the FBN1, the principal 

component of the microfibrillar network.67 Microfibrillar 

network disorganization was also consistently observed 

in GD fibroblasts. Recently, it has been shown that FBN1 

mutations in GD and WMS2 disrupt fibrillin binding to 

heparin sulfate proteoglycans.68

Hubmacher et  al generated an adamtsl2-null mouse 

model, which showed a high level of mortality at birth with 

lung anomalies associated with an increased expression of 

FBN2. They showed that ADAMTSL2 binds FBN2, another 

extracellular component of fibrillin family.69

ADAMTSL4 mutations and isolated 
ectopia lentis
Isolated ectopia lentis 2 (ECTOL2; MIM 225100) is a 

lens dislocation due to the disruption of zonular fibers, 

which are microfibrillar structures maintaining the lens. 

The displacement of the lens leads to an acute or chronic 

visual impairment. It could be associated with complica-

tions including myopia, retinal detachment, cataract, and 

glaucoma.70

Two transmission modes were discovered for ECTOL. 

The autosomal dominant form of ECTOL, named ECTOL1, 

is caused by mutations in FBN1.71 ECTOL2 is an autosomal 

recessive form of ECTOL associated with nonsense 

mutations in ADAMTSL4.70 Ectopia lentis can also be found in 

other connective tissue disorders, such as Marfan syndrome, 

caused by FBN1 mutations.72 More recently, a homozygous 

deletion in ADAMTSL4 was identified causing craniosynos-

tosis in association with ectopia lentis.73 The impact of 

these mutations on the protein and the role of ADAMTSL4 

in zonular fibers are unknown. The pattern of ADAMTSL4 

expression shows its presence not only in ciliary body but 

also in cornea, iris, lens, and retina.74 But, it was shown 

that the presence of ADAMTSL4 increases the biogenesis 

of microfibrils by addition of ADAMTSL4 in fetal bovine 

nuchal ligament cells culture.74

ADAMTS10, ADAMTS17, ADAMTSL4 are associated 

with eye pathology, but only ADAMTSL4 mutations lead 

to a restricted phenotype suggesting a specific role of 

ADAMTSL4 in the lens zonule which cannot be compensated 

by the two other ADAMTS.

ADAMTS18 mutations and microcornea
Microcornea with myopic chorioretinal atrophy and telecan-

thus (MIM 615458) is an ocular syndrome, recently described 

in five children from four consanguineous families.75 The 

children had also a slight posterior rotation of the ears. It 

was discovered that this disorder was caused by homozygous 

mutations in ADAMTS18.76 ADAMTS18 is expressed during 

the development of not only murine embryo eye but also adult 

mouse eye, mainly in the retina and the lens.77 The potential 
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role of ADAMTS18 in the formation or maintenance of 

microfibrils remains to be established.

TIMP (inhibitor of MMP): TIMP3 
and Sorsby’s fundus dystrophy
Sorsby’s fundus dystrophy (MIM 136900) is characterized 

by the loss of central color vision during the fourth to fifth 

decade and peripheral visual loss in late life due to untreatable 

submacular neovascularization. Some patients suffer from 

night blindness.78

Sorsby’s fundus dystrophy is an autosomal dominant 

retinal dystrophy caused by TIMP3 mutations.79 TIMP3 has 

been involved in different biological processes such as liver 

injury, cancer, and lung development.

Conclusion
Although there are 26 different MMPs and 26 different 

ADAMTS(L), only a few genetic disorders have been associ-

ated with metalloproteinases (Table 1). The metalloprotei-

nases involved in connective tissues disorders constitute two 

main groups: one linked to collagen fibrils and another to 

fibrillin microfibrils. Unlike collagen, fibrillins are not known 

to be important components of the ECM. The first group 

includes proteins that degrade not only different collagens 

such as MMP-2, MMP-9, MMP-13, and MMP-14 but also 

ADAMTS2, which is involved in the process of collagen 

maturation. Studies on mutant mice have shown that metal-

loproteinases such as MMP-9, MMP-13, and MMP-14 play 

crucial roles in bone development and remodeling. Their 

association with human bone disorders confirms this finding 

and also reveals their function as active regulators of postnatal 

tissue formation.

The metalloproteinases, the ADAMTS or (-like) which 

are implicated or may implicate in the microfibril network 

as ADAMTSL2, ADAMTSL4, ADAMTS10, ADAMTS17, 

and ADAMTS18 form the second group (Figure 1). It is 

now established that ADAMTS10 directly binds FBN1 and 

FBN2, two principal components of microfibrils, and is 

involved in microfibril biogenesis. ADAMTSL2 interacts 

with FBN1, FBN2, and LTBP1 and accelerates the micro-

fibril formation. ADAMTSL2 mutations are linked to the 

most severe human phenotype (patients present a cardiac 

disease leading to an early death) which can be explained 

by the unique relation between ADAMTSL2 and TGFβ. 

The short stature associated with ADAMTSL2, ADAMTS10, 

and ADAMTS17 mutations suggests a role of microfibril 

biogenesis in endochondral ossification even if no link has 

been demonstrated between ADAMTS17 and formation or 

maintenance of microfibrils.

Moreover, the identification of ADAMTS10, ADAMTS17, 

and ADAMTSL4 mutations related to ectopia lentis supports 

an association between these proteins in zonule formation. As 

the eye is the only affected tissue in isolated ectopia lentis, 

it is considered that ADAMTSL4 seems to have a specific 

function in eyes even if ADAMTSL4 is widely expressed in 

other tissues.

Table 1 Main clinical features of human heritable disorders related to metalloproteinases and associated proteins

Gene Pathology Clinical features MIM number Mode of  
inheritance

MMP-2 Torg syndrome Subcutaneous nodules, osteolysis of the carpal and tarsals 259600 AR
MMP-9 Metaphyseal anadysplasia 2 Hypoplastic femoral necks and vertical edges of the  

metaphysis, regression of symptoms in adulthood,  
normal stature

613073 AR

MMP-13 Metaphyseal anadysplasia 1 MAD2 features with reduced stature 602111 AD
MMP-13 SEMD – Missouri type Metaphyseal changes, mild epiphyseal anomalies and  

pear-shaped vertebrae
602111 AD

MMP-14 Winchester syndrome Osteolysis of the carpals and tarsals, arthropathy,  
osteoporosis, corneal opacities, and myocardial damages

277950 AR

MMP-20 Pigmented hypomaturation-type 
amelogenesis imperfecta

Anomalies of the enamel 612529 AR

ADAMTS2 Ehlers–Danlos type VIIC Extreme skin fragility 225410 AR
ADAMTS10 Weill–Marchesani syndrome Short stature, brachydactyly, joint stiffness, thick skin,  

and microspherophaky
277600 AR

ADAMTS17 Weill–Marchesani-like syndrome Short stature and lens dislocation 613195 AR
ADAMTS18 Microcornea Myopic chorioretinal atrophy and telecanthus 615458 AR
ADAMTSL2 Geleophysic dysplasia Short stature, brachydactyly, facial features,  

joint stiffness, progressive cardiac valvular disease
231050 AR

ADAMTSL4 Isolated ectopia lentis Lens dislocation 225100 AR

Abbreviations: AR, autosomal recessive; AD, autosomal dominant; SEMD, spondyloepimetaphyseal dysplasia; MMP, matrix metalloproteinases; MIM, Mendelian Inheritance 
in Man.
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Figure 1 Network between collagen and metalloproteinases/fibrillins and metalloproteinases.
Note: The dashed arrows show potential link between fibrillins and ADAMTSL.
Abbreviations: MMP, matrix metalloproteinase; ADAM, a disintegrin and metalloproteinase; ADAMTS, a disintegrin and metalloproteinase with thrombospondin repeats; 
ADAMTSL, ADAMTS-like.
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Like ADAMTS1, ADAMTS15, or ADAMTS12, which 

display anti-angiogenic activities apart from their enzy-

matic activities, ADAMTS10 and ADAMTS17 may act 

as ADAMTSL proteins in the context of microfibrils. The 

function of ADAMTSL is not clearly defined yet; however, 

it appears that ADAMTSL2, ADAMTSL4, and ADAMTSL6 

have a role in microfibril network at a structural level.

Different ADAMTS or ADAMTSL interacts with the 

proteins belonging to the fibrillin family such as LTBP1 and 

LTBP2 or FBN1 and FBN2. Ongoing studies will permit 

understanding of the eventual formation of complex consti-

tuted of ADAMTSL and one or more fibrillins in the manner 

of specific tissue.
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