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MT4-MMP (or MMP-17) belongs to the membrane-type matrix metalloproteinases (MT-MMPs), a distinct subset of

the MMP family that is anchored to the cell surface, in this case by a glycosylphosphatidylinositol (GPI) motif. Its

expression in a variety of cancers is well documented.
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1. Introduction

Matrix metalloproteinases (MMPs) are a family of zinc-dependent endopeptidases that are able to degrade and

remodel the extracellular matrix (ECM) by the cleavage of distinct matrix components and also to lead to the

proteolytic activation/inactivation of receptors, growth factors, adhesion molecules, cytokines, and other pericellular

proteins . Included within the MMP family are the membrane-type matrix metalloproteinases (MT-MMPs) that

are anchored to the cell membrane by a type I transmembrane domain (MT1-MMP/MMP-14, MT2-MMP/MMP-15,

MT3-MMP/MMP-16, and MT5-MMP/MMP-24) or by a glycosylphosphatidylinositol (GPI) anchor (MT4-MMP/MMP-

17 and MT6-MMP/MMP-25) .

Membrane-type 4 MMP (MT4-MMP, also known as MMP-17) is anchored by a GPI motif to the plasma membrane,

which confers exclusive mechanisms of biosynthesis and regulation. Apart from this, MT4-MMP conserves the

three structural domains characterized in all MMPs: the prodomain, the catalytic, and the hemopexin domains. The

prodomain, with a length of 80 amino acids and a consensus sequence with unpaired cysteines, keeps the enzyme

in a latent state, named zymogen. The catalytic domain is located at the C-terminal of the prodomain. It has a

conserved sequence (“HEXXHXXGXXH”) that includes a Zn  ion binding motif which is essential for the

proteolytic activity of the proteinase. This is linked by the hinge region to the hemopexin domain involved in

substrate recognition and degradation. Next, MT4-MMP displays a small region called the stem region which has

two cysteines. These residues appear to be involved in the dimerization and oligomerization of MT4-MMP  in a

similar manner to that described for the other GPI-anchored metalloproteinase (MT6-MMP) . Once MT4-MMP is

exposed at the cell surface, its enzymatic activity is regulated by endogenous inhibitors, tissue inhibitors of

metalloproteinases (TIMPs). There are four mammalian TIMPs (TIMP-1, 2, 3, and 4) that inhibit MT-MMPs by

binding their N-terminal domain with the catalytic zinc ion of the enzyme. MT4-MMP is inhibited by all TIMPs,

among which TIMP-1 is the most effective inhibitor .
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Interestingly, the hemopexin domain of MT4-MMP only displays a 40% similarity with the same domain of the other

family members . This feature may explain the specificity and exclusivity of the substrates to be cleaved by MT4-

MMP and potentially its internalization mode . In fact, only a limited number of substrates have been identified

for this endopeptidase, including matrix and matricellular proteins such as fibrin/fibrinogen, gelatin , osteopontin

, periostin , proteases such as ADAMTS-4 , and membrane proteins such as αM-integrin , Pro-TNFα

, and LRP . In addition, the type of anchoring to the cell membrane presented by MT4-MMP confers a

localization in specific lipid domains that will condition its biological activity .

Due to their role in ECM degradation and remodeling of the pericellular microenvironment, the MMP family of

proteases contributes to several physiological processes such as embryogenesis, organogenesis, tissue

regeneration, angiogenesis, and wound healing. In particular, MT4-MMP expression has been reported during

angiogenesis, limb development, and in distinct brain regions from early embryonic to postnatal stages  as well

as in adult tissues such as the brain, ovaries, testis, and colon . However, its physiological role

remains unclear.

2. MT4-MMP Expression and Regulation in Tumors

2.1. Pattern of Expression of MT4-MMP in Normal and Tumor Tissues

Most MT-MMPs play an important role in physiological conditions. Regarding MT4-MMP, although its function has

been described mainly in relation to tumor cell growth , its expression is spatiotemporally controlled during

embryonic development. In mice, MT4-MMP is expressed in a dynamic pattern of expression from early to

postnatal stages of development with a high expression of this enzyme during vascular and limb development and

brain formation . These data suggest that this metalloproteinase may be associated with novel functions in

angiogenesis, endocardial formation, and vascularization during organogenesis as well as in central nervous

system (CNS) development in correlation with its expression pattern . MT4-MMP is essential for the proper

organization of the aortic vessel wall. Thus, MT4-MMP expression was confirmed in vascular smooth muscle cells

(VSMCs) during aortic development where, subsequently, the proteinase contributes to cell differentiation and

maturation through its catalytic activity  (Figure 1A).
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Figure 1. Role of MT4-MMP in embryonic development, VSMC-mediated vessel stability and cancer progression.

(A) MT4-MMP is required for central nervous system (CNS) development and neural crest cell migration in the

zebrafish embryo. MT4-MMP is expressed in VSMCs which cleaves osteopontin (OPN) to promote JNK signaling

and the proper migration and maturation in the aorta. Dysfunctional VSMCs from MT4-MMP knockout mice, dilate

aortas and lead to adventitial fibrosis and hypotension, playing a potential role in thoracic aortic aneurysms and

dissections (TAAD). The role of periostin cleavage by MT4-MMP in VSMCs and TAAD is not known yet. Moreover,

the absence of MT4-MMP promotes VSMC proliferation via p38 MAPK signaling in hypoxic/starvation context

leading to an increased formation of collateral arterioles post-ligation. (B) MT4-MMP expression by breast cancer

cells promotes EGFR signaling and pRB inactivation leading to tumor growth in triple-negative breast cancer

(TNBC). MT4-MMP also promotes breast cancer metastasis by inducing pericyte detachment and vessel

destabilization in a paracrine manner. In colorectal carcinoma, MT4-MMP expression is regulated by hypoxia and

HIF1-α through SLUG and promotes cancer development since its expression is also required for early tumor

angiogenic switch and tumor growth.

During CNS development, the enzyme localizes to certain regions such as the olfactory bulb, cerebral cortex, and

hippocampus, suggesting a key role in brain development  (Figure 1A). Interestingly, MT4-MMP knockout

mice seem to show no apparent defects in gestation, growth, fertility, and behavior and showed no evident

abnormal developmental phenotypes . Despite this, MT4-MMP is highly expressed in the kidney papilla and the

anterior hypothalamus, and null mice display a decreased intake of water and daily urine output, suggesting a role

for this enzyme in water homeostasis and the regulation of the thirst center .
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It is also worth noticing that during embryonic development, MT4-MMP is essential for neural crest cell (NCC)

migration in zebrafish . In the mouse embryo, MT4-MMP is also expressed in premigratory and migratory NCCs

at early stages of development . This seems relevant for the regulation of cell migration, as shown in zebrafish,

where it is known that its orthologue mmp17b interacts with the MMP inhibitor RECK which is required for the

proper NCC migration .

In adult human tissues, the MT4-MMP protein was expressed preferentially in different brain regions such as the

cerebral cortex, the hippocampal formation, and the basal ganglia. Additionally, this metalloproteinase is detected

in female tissues (including the uterus, cervix, and ovary) where it participates in endometrial angiogenesis during

the menstrual cycle  and in the gastrointestinal tract, particularly in the colon, under physiological conditions. In

fact, among the cells that express this protein are excitatory and inhibitory neurons, oligodendrocyte precursor

cells, smooth muscle cells, melanocytes, and monocytes .

Most of the current information regarding MT4-MMP comes from cancer studies. Indeed, MT4-MMP was cloned for

the first time from human breast carcinoma cells . Thereafter, various proteomic studies have reported the

expression of this proteinase in different tumors such as prostate and oral carcinomas, lung cancer, cervical

carcinomas , osteosarcomas, embryonal carcinomas, leukemia , adrenal adenocarcinomas, and thyroid

cancer . In addition, melanoma accumulates a high expression of MT4-MMP possibly related to its presence in

the skin and connective tissue in physiological conditions . Transcriptomic data on the expression of

twenty-four MMPs, including MMP-17 from the Cancer Genome Atlas (TCGA) were reported by Gobin et al., 2019

in fifteen cancer types . Differential gene expression of MT4-MMP was found to increase by more than two folds

in head and neck cancer, renal clear cell cancer, lung adenocarcinoma, and in lung squamous cancer. In all breast

cancers, the MT4-MMP transcript was found to increase by 1.34-fold with a significant p-value. While MT4-MMP

(MMP-17) is not universally upregulated through all cancer types as happens in other MMPs (such as MMP-1,

MMP-9, MMP-10, MMP-11, MMP-13, and MMP-14), the study of the prognostic value of 24 MMPs in predicting

overall survival in the 15 cancer types has revealed MT4-MMP along with MMP-14, and MMP-23B as the most

frequently MMPs exclusively associated with poor prognosis when they are overexpressed in a particular cancer

.

MT4-MMP has been linked to cancer dissemination. For instance, in vitro studies and subcutaneous xenografts

have confirmed the association between overexpression of MT4-MMP with cell proliferation . In the same

line, high levels of MT4-MMP expression in gastric tissues are associated with lymph node metastasis and serosal

involvement, and therefore, with tumor invasion . In lung metastasis, MT4-MMP alters blood vasculature and

induces pericyte detachment, promoting tumor dissemination . In contrast, MT4-MMP is downregulated in

glioma development. In this sense, as the tumor grade advances, the expression of the proteinase continues

decreasing . MT4-MMP downregulation is unique to glioma because in other cancer cell lines (Jurkat or HeLa

among others) MT4-MMP expression levels are higher. One possible explanation is that glioma cells are different

from other cancer cells because they rarely metastasize. Moreover, brain invasion by glioma cells is very extensive

locally with a large vascular development in which MT4-MMP could play an additional role. It might be interesting to

analyze the specific mechanisms by which MT4-MMP downregulation favors glioma progression perhaps due to
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this dual role compared to other tumor cells. Furthermore, it is described that MT4-MMP is predominantly

expressed by glioma cells, instead of microglia, which is the key driver for the tumor cell invasion in the CNS .

2.2. Regulation of MT4-MMP Expression and Activity in Normal and Tumor Tissues

Although it is known that the above-mentioned MT4-MMP functions are regulated at various levels, such as gene

expression, compartmentalization, pro-enzyme cleavage, and substrate processing , little is known about the

detailed molecular mechanisms relevant to tissue growth and expansion. However, its proteolytic activity has been

shown to be significantly linked to its pro-metastatic activity, and the latter may explain certain aspects of its role in

cancer progression (Figure 1B). For example, in contrast to most of MT-MMPs, MT4-MMP hydrolyses very few

ECM components , and it also exhibits characteristic sensitivity to TIMPS as well as inefficient activation of pro-

MMP2, which may explain its singular role in promoting tumor progression.

2.2.1. Transcription

Regarding gene expression, classical methods have been enriched by using a novel technology known as super-

resolution microscopy (SRM) that allows the study of gene regulation in a much more detailed way . The use of

SRM approaches could be interesting for the study of MT4-MMP transcription mechanisms that are not yet fully

understood.

It has been reported that MT4-MMP expression is induced by hypoxia through the hypoxia-inducible factor-1-α

(HIF1-α) and the activation of SLUG, a known transcription factor involved in epithelial–mesenchymal transition

(EMT) which promotes the malignant capacity of cancer cells (Figure 1B) . In fact, invadopodia formation and

amoeboid movements, which are both crucial mechanisms to promote metastatic dissemination, are mediated by

HIF1-α-induced MT4-MMP expression in head and neck cancer tumor cells . An increase in MT4-MMP has been

also observed under hypoxic conditions or under constitutive expression of HIF1-α in other types of tumors such as

hypopharyngeal squamous cell carcinoma (FADU) and tongue squamous cell carcinoma (SAS) . Interestingly,

SLUG has been identified as the key factor responsible for the hypoxia-induced MT4-MMP expression through the

activation of the proteinase promoter by interacting with its E-box . Notably, SLUG expression was mostly

restricted to migrating neural crest cells and several mesodermal derivatives in the embryo , suggesting that this

transcription factor may regulate MT4-MMP expression both during development and tumorigenesis. Therefore, co-

expression of MT4-MMP and HIF-1α may be considered as an indicator of breast cancer prognosis. It is also worth

noting that in human breast cancer, MT4-MMP transcription is also regulated by the methyltransferase hSED1A,

which appears to be over-expressed in these circumstances. It is known that silencing hSED1A decreases MT4-

MMP transcription, which impairs cell migration and invasion of tumor cells on lung tissue and colon cancer cells

.

2.2.2. Post-Translational Regulation

Compartmentation
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As a GPI-anchored protein, MT4-MMP is located on lipid domains that seem to be relevant for its activity . In line

with this, the HM-7 cancer cell line expresses MT4-MMP in lipid rafts, while caveolin-1 is not detected. Interestingly,

restoration of caveolin-1 expression in metastatic HM-7 cells inhibits MT4-MMP localization to lipid rafts, thereby

suppressing the metastatic phenotype of HM-7 colon cancer cells. These findings raise the possibility that MT4-

MMP compartmentation may be directly or indirectly involved in certain intracellular signaling events that control its

pericellular proteolytic capacity .

The functional cooperation between MT4-MMP and other GPI proteins such as the urokinase receptor uPAR may

be possible since both colocalize in the same microdomains . Although this role during embryonic development

remains elusive, this putative co-expression could be relevant for tumor invasion in several cancers . Indeed,

MT4-MMP requires a permissive microenvironment to exert its tumor-promoting effect. Tumor-derived MT4-MMP

cannot circumvent the absence of a host angio-promoting factor such as the plasminogen activator inhibitor-1 (PAI-

1), which cooperates with the uPA/uPAR axis in different contexts .

Internalization and recycling

Endocytosis is the mechanism that controls the amount of MT4-MMP anchored to the cell surface through the

CLIC/GEEC pathway as well as recycles it back to the cell membrane . The signaling cascade that triggers

this endocytic pathway involves the Rho family GTPase and Cdc42 and the transcription factors Arf1 or GBF1 that

are responsible for the regulation of Cdc42 activity. For instance, MT4-MMP internalization was shown to be

primarily dependent on Cdc42 and RhoA, and to a lesser extent on Rac1 in MDA-MB-231 cells, a human breast

cancer cell line overexpressing the proteinase. These data suggest that MT4-MMP proficiently uses the

CLIC/GEEC pathway (rather than the caveolin-dependent or clathrin-dependent pathways) for its internalization .

It should be mentioned that the actin-binding protein Swiprosin-1 (Swip1) functions as a cargo-specific adaptor for

CLIC/GEEC endocytic pathway mediating the endocytosis of active integrins, supporting integrin-dependent cancer

cell migration and invasion . As MT4-MMP can also regulate the levels and activity of integrins, particularly β2-

integrins, in other cellular contexts , this endocytic pathway may be particularly relevant for regulating MT4-MMP

activity in different cell types and physio-pathological contexts.

Dimerization

A relationship between MT-MMP dimerization and greater proteolytic activity in tumor cells is feasible . MT4-

MMP is found in homodimers and oligomers at the cell surface maintained via disulfide bond between the cysteine

residues of the stem region . In the context of tumorigenesis, MT4-MMP can form homodimers depending on

Cys574 and the formation of disulfide bonds between the monomers both in transfected non-tumor MDCK and

COS1 cells and in MD-MB-231 breast carcinoma cells . Although the impairment of dimerization did not

decrease cell invasion in vitro, it could still be relevant for other activities in the tumor context.

Shedding
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Shedding is another alternative mechanism used by MT-MMPs to control their pericellular proteolytic activity once

they are anchored to the cell membrane . This mechanism may either involve the release of the extracellular

portion of the active MT-MMP to the cellular milieu or the removal of the enzyme from the cell surface. However,

the precise mechanism of MT4-MMP shedding remains to be elucidated and it is not fully understood how MT4-

MMP regulates the balance between the amount of protein anchored to the membrane by its GPI moiety and the

soluble enzyme since it is not affected in the presence of TIMPs . The possibility that this metalloproteinase

could be released from the cell surface through the activity of a phosphatidylinositol (PI) specific phospholipase C,

similarly to other membrane dipeptidases, cannot be ruled out .

Interactions

EGFR has been reported to associate with MT4-MMP by co-immunoprecipitation. Both EGFR and MT4-MMP have

been shown to cooperate in tumor cell invasion and signaling, driving cancer cell growth through the regulation of

cell cycle proteins such as CDK4 activation and retinoblastoma protein inactivation (Figure 1B) . MT4-MMP is

thought to stimulate cell proliferation by interacting with EGFR and enhancing its activation by its ligands, the

epidermal growth factor (EGF), and tumor growth factor (TGF) in cancer cells (Figure 1B). Whether this functional

cooperation is also relevant during embryonic development, for example in the heart formation , remains to be

investigated.
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