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Abstract: Transmembrane type 1 matrix metalloproteinase (MT1-MMP) is a multifunctional proteinase capable of targeting the 
extracellular matrix, growth factors, cytokines and cell surface-associated adhesion and signaling receptors. With the diversity functions, 
MT1-MMP plays critical roles involving in many cellular processes, such as tissue and organ development, cancer cell migration, 
invasion and metastasis, proper wound healing and tissue repair after inflammation, transition of cells from normalcy to malignancy, et 
al. This review will focus on the expression, targets and bio-functions of MT1-MMP; and will also discuss a little of future research 
direction about MT1-MMP.  
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1. Introduction 

Cells and their surrounding materials, extracellular 

matrix (ECM), together form the various organs. ECM 

is essential for maintaining tissue architecture and 

providing cells scaffold, cell survival signals and cell 

growth factor pool, thereby controlling the correct 

local cellular environment[1,2]. Cells are directly 

attached to and interacted with ECM through their 

macromolecules on the cell surface such as 

phospolipids, polysucroses, and protein receptors. Any 

changes in the immediate ECM microenvironment, 

such as degradation of components of ECM, will 

critically affect cellular behavior and tissue functioning. 

Therefore, the functions of tissue and organ are pivotal 

and fine regulated by the ECM turnover[1,3]. 

MMPs are a broad family of membrane proteins and 

zinc-binding endopeptidases which are responsible for 

the degradation of ECM and then play a key role in 

many cell behaviors including cell differentiation in 

organ development, tumor growth, cell invasion, and 

cancer cell metastasis[4-6]. In the family of MMPs, 

MT1-MMP (MMP14), the first identified MMP, is one 

of the most important matrix metalloproteinases in 

regulating many cellular processes, especially in 

cancer cell invasion, migration, atherosclerosis, 

inflammation, rheumatoid arthritis and cell transition 

from normalcy to malignancy via the degradation of 

ECM[5,6]. In this review, we will be focus on the 

expression, substrates and bio-functions of MT1-MMP 

to introduce a comprehensive and basic image of 

MT1-MMP to you. 

2. Expression and Knockout of MT1-MMP in 

vivo 

2.1. Expression of MT1-MMP in vivo 
MT1-MMP is differentially expressed in many 

tissues. From the mRNA transcript level, in general, 

MT1-MMP can be found in lung, kidney, reactive 

astrocytes, melanoma, head and neck carcinomas[7,8]; 

and be also observed in many types of tumors, such as 

lung[7,9], gastric[10], colon[11], liver[12], breast[9,13], 

bladder[14], head and neck[15], tyroid[16], ovarian[17] 

and cervical carcinomas[18], and brain tumors[19]. 

Transcripts were also detected in both tumor cells and 

surrounding stroma cells[9,11,17,20].  

In the developing mouse embryo, MT1-MMP is 

mainly expressed in cells of mesenchymal origin 

including fibroblasts, muscular cells, and osteoblasts, 

and the expression decreases with maturation after 

birth[21,22]. Expression can be re-induced, however, 

when the cells require remodeling ECM again. For 

example, the expression of MT1-MMP is induced in 

fibroblasts when tissue is damaged and continues 

throughout the healing process together with the 

expression of MMP-2[23]. Since MT1-MMP has 

collagenase activity and MMP-2 degrades gelatin, 

these two enzymes cooperate as a system for type I 

collagen turnover[24]. MMP-2 is frequently 

co-expressed with MT1-MMP in mesenchymal 

cells[21,22]. MT1-MMP/MMP-2 system would be 

important for tumor cells to invade the basement 

membrane by degrading type IV collagen and then the 

stroma by degrading type I collagen. MT1-MMP is 

also expressed in endothelial cells forming new vessels 

during angiogenesis[25-28].  

 

2.2. Knockout of MT1-MMP in vivo 
Knockout of MT1-MMP has the most significant 

phenotype among MMP gene knockout mice; and the 

deficiency of MT1-MMP in mice also emphasizes the 

importance of the degradation of ECM by MT1-MMP 

during development[29,30]. The deficiency animal 

showed inadequate collagen turnover, resulting in 

dwarfism, osteopenia, arthritis, and connective tissue 

disease. The angiogenic response was also delayed in 

the mice and the activation of proMMP-2 in fibroblasts 

was disturbed. At the cellular level, MT1-MMP 
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deficiency resulted in the loss of a collagenolytic 

activity. Skin fibroblasts from MT1-MMP deficient 

mice completely lost the ability to degrade collagen 

fibrils in vitro whereas wild-type and heterozygous 

cells readily degrade the underlying matrix (Figure 

1A). As a consequence, MT1-MMP deficient mice 

developed severe and progressive fibrosis in many 

tissues. Moreover fibroblasts, which populate these 

fibrotic tissues, accumulate large cytoplasmic 

inclusions of coarse cross-striated collagen fibrils 

indicative of mobilization of the phagocytic pathway 

(Figure 1B).  

 

 
Figure 1. MT1-matrix metalloproteinase (MMP) 

deficiency results in loss of collagenolytic activity. A: 

Fibroblasts from MT1-MMP deficient mice display 

total inability to degrade reconstituted fibrillar 

collagen in vitro. B: Fibroblastic cells in the 

periosteum of an MT1-MMP deficient mouse 

contain copious quantities of intercellular collagen 

(black arrows in trichrome stain) which can be 

visualized as coarse fibrillar material in 

transmission electron microscopy (white arrow in 

TEM micrograph). (Reprinted from CELL, 99, 

1999 p. 81-92, with permission from Elsevier.) 

 

From the organ and organism level, MT1-MMP 

deficiency results in severe impairment of growth, 

skeletal dysmorphisms, scarring of joints and 

periskeletal tissues, reduced bone formation, and 

greatly enhanced bone resorptive activity, ultimately 

leading to a ‘‘vanishing bone’’ condition. For example, 

excessive and prolonged osteoclastic activity in the 

cranial sutures leads to the almost complete 

disappearance of cranial bones in aged mice. 

Furthermore, several assumptions or predictions made 

about the function of MT1-MMP in skeletal 

physiology were dispelled. For example, a critical role 

of MT1-MMP in osteoclastic function could not be 

reconciled with the unabated osteoclastic activity 

observed in the bones of MT1-MMP deficient mice. In 

addition, the loss of a catabolic function (collagen 

degrading activity) proved to profoundly perturb both 

anabolic functions (bone formation, bone growth) and 

catabolic activity (osteoclastic resorption of bone)[31]. 

Aging in MT1-MMP deficient mice is associated 

with readily identifiable features such as generalized 

fibrosis, loss of hair, joint contractures, and 

increasingly reduced mobility[31]. 

3. Targets of MT1-MMP 

It’s reported that MT1-MMP is presented to the cell 

surface in active form either for zymogen activation or 

for proteinase in plasma membrane trafficking[32]. 

Stringent control of proteolysis is essential for 

maintenance of tissue integrity and homeostasis, and 

multiple mechanisms have evolved for both systemic 

and highly localized control of proteolytic activity[33]. 

As a proteinase, the substrates are very important and 

play critical roles in the interaction between enzyme 

and substrate and in the executions of enzyme activity. 

As we known, captivating proteinase MT1-MMP was 

originally discovered based on its ability to catalyze 

cell surface-associated processing of a soluble 

substrate, proMMP-2[7,34]. In recent years, however, 

a wealth and increasing of additional protein and 

polypeptide MT1-MMP substrates have been described, 

providing abundant examples to illustrate the diverse 

functional consequences of pericellular proteolytic 

processing of matrix, soluble, and cell 

surface-associated substrates (Figure 2). All of these 

substrates of MT1-MMP play important roles in many 

cellular processes, such as cell growth, invasion, 

metastasis, cell adhesion, and cell apoptosis. The 

proteolysis of these substrates by MT1-MMP may be a 

kind of functional regulation during cellular processes. 

Here we briefly described as below. 

 

3.1. Extracellular matrix substrates 
Collagens I, II and III, gelatin, laminins 1and 5, 

fibronectin, vitronectin, aggrecan, fibrin, tenascin, 

nidogen, fibrinogen and lumincan are all components 

of ECM and associated with cell growth, cell attach 

and cell connection/adhesion. MT1-MMP can degrade 

them and promote cell migration, invasion, and cancer 

cell metastasis[24,25,35,36]. 

 

3.2. Soluble protein substrates 
Centrosomal protein pericentrin is associated the 

formation of mitotic spindle. Its degradation catalyzed 

by MT1-MMP can led to mitotic spindle aberrations. 

Ectopic expression of MT1-MMP in normal mammary 
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epithelium resulted in enhanced extracellular invasive 

activity, pericentrin cleavage, and tumor growth in a 

xenograft model[37,38]. 

Active MMP-2, -8, -13 are all collagenases and 

involved in specially collagens degradation. Activation 

of pro-MMP-2, pro-MMP-8 and pro-MMP-13 via 

degradation by MT1-MMP is a key turnover for 

regulation of functions of MMP-2, -8, -13[39-41]. 

Processing of latent growth factors such as 

transforming growth factor beta (TGF-beta) by 

MT1-MMP has also been reported in epithelial cells, 

neuronal cells and osteoblasts[42,43]. These data 

suggest that MT1-MMP may indirectly impact cellular 

functions by altering the pericellular concentration of 

active growth factors that regulate matrix deposition.  

Secreted mannose-binding lectin (MBL) plays an 

essential role in innate immunity by recognizing 

microorganisms and mediating their destruction by 

complement activation of phagocytosis[44]. Several 

point mutations of the MBL gene predispose patients 

to infections and diseases. It was shown that mutants 

of MBL were susceptible to MT1-MMP-catalyzed 

cleavage at Gly39-Leu40→Asn80-Met81 sites, 

homologous to those cleaved in denatured human 

MBL, suggesting that MT1-MMP may be involved in 

altering the host response through clearing MBL[45]. 

 

 

 
Figure 2. Summary of substrates of MT1-MMP. There are three groups of substrates: extracellular matrix 

substrates, soluble substrates, and cell surface substrates. 

 

Chemokine substrates of MT1-MMP include 

stromal cell derived factor (SDF-1)[46] and monocyte 

chemoattractant protein (MCP)-3[47]. SDF-1 cleavage 

resulted in loss of receptor binding to CXCR-4, 

functionally manifested as a loss of CD34 (+) 

hematopoietic stem cell chemoattractant activity[46]. 

MMP-cleaved MCP-3 retained CC chemokine receptor 

binding activity but was unable to stimulate a 

chemoattractant response following receptor 

engagement[47]. These data provide a functional link 

between MT1-MMP activity and modulation of 

inflammatory and immune responses. 

 

3.3. Cell surface substrates 
Autolysis of MT1-MMP is the result of cleavage at 

G284-G285 in the linker region of MT1-MMP, 

followed by an additional cleavage at A255-I256 near 

the conserved methionine turn, rendering the resulting 

autolysis product catalytically inactive[48]. Although 

lacking the catalytic domain, the 44 kDa 

transmembrane hemopexin domain-containing 

autolysis product is retained on the cell surface[49] and 

inhibits collagenolytic activity, cellular invasion of 

collagen gels, and tumor formation[50]. 
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MT1-MMP has been demonstrated to exhibit 

integrin convertase activity and participate in an 

alternative processing of the pro-v integrin subunit, 

generating a disulfide-bonded heavy chain and light 

chains[51]. This cleavage facilitated vβ3-dependent 

adhesion, contributing to migration of MCF-7 breast 

cancer cells on vitronectin[52]. Other integrin 

precursors, including pro-5, were also cleaved by 

MT1-MMP while pro-2 was resistant to MT1-MMP 

processing[53]. 

Soluble E-cadherin ectodomain has been detected in 

serum, urine and ascites fluids of cancer patients and is 

frequently associated with development of metastases 

and poor outcome[54-56]; and several 

metalloproteinases have been identified as cadherin 

sheddases[57-59]. In a kidney ischemia model, 

increased MT1-MMP expression correlated with 

processing of both E- and N-cadherin[60]. 

Other adhesion receptors such as CD44, a 

hyaluronan receptor, are also processed by MT1-MMP, 

generating shed ectodomain fragments of various sizes. 

In MIA PaCa-2 pancreatic cancer cells, MT1-MMP 

catalyzed shedding of a 70 kDa CD44 ectodomain 

fragment, resulting in enhanced motility; while a 

mutant CD44 lacking the MT1-MMP cleavage site was 

not processed and did not enhance migration[61]. 

In vitro analyses showed proteolytic processing of 

the high molecular weight alpha subunit of lipoprotein 

receptor-related protein (LRP) by recombinant 

MT1-MMP catalytic domain and a concomitant 

decrease in cell surface LRP levels in cells 

co-expressing LRP and MT1-MMP[62]. 

Receptor activator of NF-kB ligand (RANKL) is a 

transmembrane glycoprotein that is an important 

regulator of osteoclast maturation and function[63]. A 

recent report demonstrated shedding of RANKL by 

both ADAM-10 and MT1-MMP, generating two 

distinct products[64]. Downregulation of MT1-MMP 

expression in osteoblasts resulted in enhanced 

membrane-associated RANKL and promoted 

osteoclastogenesis. 

Semaphorin 4D is a membrane bound ligand for the 

plexin-B1 receptor and participates in axonal guidance 

in the developing nervous system as well as blood 

vessel development[65]. It is recently demonstrated 

that MT1-MMP-catalyzed proteolytic processing of 

semaphorin 4D from the tumor cell surface is 

necessary for stimulation of endothelial cells[66]. 

Other cell surface substrates of MT1-MMP also 

include cell surface transglutaminase[67], 

syndecan-1[68], Mucin MUC-1[69], beta-glycan[70], 

and extracellular matrix metalloproteinase inducer 

(EMMPRIN)[71]. 

4. Inhibitors: natural and synthesis 

Although MMPs and MT-MMPs play critical roles 

in many cellular processes described above; their 

activities are always regulated and balanced by series 

of endogenous inhibitors, such as tissue inhibitors of 

MMPs (TIMPs)[72]. In general, Inhibitors of MMPs 

are classified into endogenous inhibitors and 

exogenous inhibitors (synthetic inhibitors). Up to now, 

endogenous inhibitors include TIMPs, 

2-macroglobulin (2M)[73], and a 

membrane-anchored glycoprotein called RECK 

(reversion-inducing cysteine-rich protein with Kazal 

motifs)[74]; and exogenous inhibitors (synthetic 

inhibitors) contain Batimastat (BB94)[75,76], GM6001, 

Captopril[77], COL-3[78], Neovastat[79], 

KB-R7785[80], and BMS-275291[81], et al.  

There are four vertebrate TIMPs. TIMP-1, -2, and -4 

are all diffusible secreted proteins while TIMP-3 is 

matrix-associated[82]. The TIMPs are the principal 

tissue inhibitors of MMPs, and as such their primary 

role is to limit proteolysis during ECM remodeling[83]. 

The TIMPs can inhibit most MMPs without major 

selectivity (with the exception that TIMP-1 is a very 

poor inhibitor of MT1-, MT2-, MT3-, MT5-MMP and 

MMP-19)[84]. However, TIMPs do differ in other 

properties such as tissue distribution, transcriptional 

regulation and specific association with latent MMPs. 

These differences suggest that they each have separate 

and specific physiologic roles[83]. RECK is a recently 

discovered endogenous cell surface glycoprotein that 

inhibits the secretion and catalytic activity of 

MMP-9[74] and the catalytic activities of MMP2 and 

MT1-MMP[74,85]. 

In synthetic MMP inhibitors, GM6001, BB94 

(Batimastat) and BMS-275291 display antiangiogenic 

properties in vitro and in vivo[75,76,81]. A specific 

example of this is KB-R7785, a hydroxamate-type 

metalloproteinase inhibitor that has been shown to 

inhibit tumor growth and angiogenesis in vivo in the 

transparent chamber model of tumor progression[80]. 

In the above inhibitors of MMPs, inhibitors of 

MT1-MMP include TIMP-2, TIMP-3, TIMP-4, 

endostatin (a membrane-anchored glycoprotein called 

RECK) (endogenous inhibitors); and BB94, GM6001, 

BMS-275291 (synthetic inhibitors)[86,87]. Inhibitor 

TIMP-2 is different from other inhibitors in inhibiting 

MT1-MMP activity. When at low concentration, 

TIMP-2 promotes the formation of a complex with 

proMMP2 and MT1-MMP on the cell surface, leading 

to activation of MMP2. Hence, low concentrations of 

TIMP-2 promote processing of MMP2 to its 

proteolytically active form, but high concentrations of 

TIMP-2 inhibit MMP2 activation. The balance 

between levels of activated MMP and free inhibitors 

appears to be critical for MMP activity[88,89]. The 

regulation of MMP2 activation and cell surface 

presentation is illustrated in Figure 3. 
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Figure 3. Schematic of the activation process of proMT1-MMP and proMMP2 on cellular membrane. 

proMT1-MMP is activated either intracellularly by furin-like proteinase or extracellularly by proteases such 

as plasmin. Activated MT1-MMP binds to TIMP-2, thereby generating the MT1-MMP-TIMP-2 complex that 

serves as a receptor for proMMP-2 on the cell surface. A second MT1-MMP molecule cleaves and activates 

the bound proMMP-2. 

 

 

 
Figure 4. Functions of MT1-MMP in cancer progression. MT1-MMP regulates cell migration, tumor growth 

and angiogenesis by different mechanisms: (1) MT1-MMP participates in pericellular proteolysis by acting 

directly against ECM components or indirectly by activating pro-MMP2. (2) MT1-MMP cleaves cell surface 

molecules, leading to their activation, inhibition or shedding. (3) MT1-MMP participates in signal 

transduction directly or by interacting with integrins. 
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In general, endogenous inhibitors inhibit the 

activities of MMPs via binding to the catalytic 

domains[90] and/or binding to the COOH-terminal 

hemopexin-like domains[90] of MMP proteins; 

whereas the synthetic inhibitors inhibit the activities of 

MMPs via inhibiting the angiogenesis of tumor[80,91]. 

Of course, the actually detailed molecular mechanism 

of the inhibition of MMP activity by inhibitors is still 

unclear and needs to furthermore figure out. 

5. Biological functions and molecular mechanism 

of MT1-MMP 

Active MT1-MMP presents more and more has a 

complex multifunctional molecule influencing 

different cell functions (Figure 4). For instance, the 

expression of MT1 has been described in processes 

involving cell migration[36]; and over expression of 

MT1-MMP increases the number of experimental 

metastasis[92], cell invasion[7] and tumor 

angiogenesis[93].  

 

5.1. MT1-MMP promotes cell invasion 
When a cell migrates and invasion in tissue, the 

ECM and many cell surface molecules are the physical 

barriers and need to be degraded to clear a 

pathway[94]. The white wing here is the MT1-MMP 

which can degrade many components of ECM and 

adhesive molecules of cell surface and make a path for 

cell migration and invasion (Figure 4). For examples, 

MT1-MMP can shed CD44 and syndecan-1, degrade 

collagens (such as collagen I, II, III) and other matrix 

components (such as gelatin, fibronectin, laminins et 

al), release EGF-like repeats from laminin 5, activate 

proMMP-2 and proMMP-13, up-regulate ERK, and 

up-regulate VEGF-A expression through Src. All of 

these activities of MT1-MMP result in increased cell 

migration and invasion in tissue. 

 

5.2. MT1-MMP stimulates cell motility 
It was found that shedding of CD44 from the cell 

surface by MT1-MMP enhances cell migration on a 

hyaluronan-based 2-D matrix[61]. The exact 

mechanism behind the MT1-MMP/CD44-mediated 

promotion of cell migration is not clear. MT1-MMP 

may regulate the adhesion properties of lamellipodia 

through CD44 shedding or it may modulate signals 

mediated by CD44. A similar observation was made 

with syndecan-1[68]. MT1-MMP sheds syndecan-1 

and this shedding is required for efficient cell 

migration on collagen. Expression of MT1-MMP can 

also activate extracellular signal-regulated protein 

kinase (ERK) and ERK activation is shown to be 

essential for MT1-MMP-dependent cell migration[95]. 

It is not clear how MT1-MMP activates ERK, but this 

may be a part of the mechanism(s) of CD44- and/or 

syndecan 1-shedding mediated cell migration. 

Another observation of MT1-MMP-mediated 

stimulation of cell motility is through the cleavage of 

laminin 5[36], a major component of basement 

membrane. It has been shown that MT1-MMP cleaves 

the γ2 chain of laminin 5, releasing EGF-like domains, 

which ligate with the EGF receptor and stimulate 

epithelial cell motility[96]. 

 

5.3. MT1-MMP promotes angiogenesis 
Angiogenesis itself is a process of cellular invasion 

by endothelial cells. Endothelial cells need to detach 

from neighboring cells, invade into stromal tissue, 

proliferate, and generate a tube structure. During this 

process, MT1-MMP activating MMP2, shedding CD44 

is a key player[93].  

MT1-MMP also promotes angiogenesis by means 

other than stimulation of endothelial cell invasion. 

Expression of MT1-MMP in tumors stimulates 

angiogenesis in vivo by stimulating VEGF synthesis 

from the tumor cells[97,98]. 

6. Important research directions about 

MT1-MMP in the future 

Although mounts of papers on MT1-MMP are 

publicized, the fine and detailed mechanisms of 

MT1-MMP on controlling cell growth, transformation, 

invasion, and metastasis, and on the relationship 

between MT1-MMP and other pathways or systems 

which directly control cell cycle, cell moving, and 

angiogenesis in tumor are still unclear or unknown. So, 

in the future, some of the fields below should be 

emphasized. 

 

6.1. MT1-MMP and growth factors and cytokines 
More recently, a new view has become apparent on 

how MT1-MMP and other MMPs modulate growth 

factors and cytokines and generated new biologically 

active fragments from matrix and circulating proteins. 

Inhibitors of MT1-MMP and other MMPs also appear 

to have additional unexpected effects by themselves, of 

which much has still to be learned. The new insights in 

the modulation of cytokines by proteases contribute to 

the understanding of inadequate cytokine-mediated 

response in disease, as well as in improving the use of 

growth factors and cytokines in treating disease. 

Therefore, this will be a further research field in the 

future discovering directions about MT1-MMP and its 

inhibitors. 

 

6.2. MT1-MMP and other pathways and systems 
Although it is clear that MT1-MMP can affect cell 

growth, invasion and migration, the current data are 

almost the point-to-point effects that are MT1-MMP 

directly relating one other protein or gene. How the 

mechanisms between MT1-MMP and other pathway or 

system controlling one whole cellular process are still 

unclear, such as MT1-MMP and the system controlling 

cell cycle, MT1-MMP and the system controlling gene 
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expression. So, we think these fields should be 

important new directions for our MT-MMP 

researchers. 

 

6.3. Others 
Although mainly studied from the angle of tumor 

growth and treatment, the role of MT1-MMP and other 

MMPs in angiogenesis extends to many other aspects 

of human life, starting with implantation of the embryo 

and placentation and growth of the fetus to proper 

wound healing and tissue repair after inflammation. All 

the molecular mechanisms need to be unveiled by 

researchers. Furthermore, how the cooperation 

MT1-MMP with other MT-MMPs and MMPs also 

need to be detailed in the future. 
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