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Abstract  

 

Introduction: Matrix metalloproteinases are a family of endopeptidases that function 

to degrade the extracellular matrix and can be split into two groups depending on solubility or 

the presence of a membrane bound domain. The 6 membrane-bound matrix metalloproteinases 

utilize a transmembrane domain (MT-MMP 14,15,16 and 24) or a glycosylphosphatidylinositol 

anchor (MT-MMP 17 and 25). Oral cancer accounts for 3% of all cancers regularly diagnosed, 

and along with its common risk factors, the function of certain MT-MMP’s has been shown to 

play a role in damaging the prognosis of oral cancer patients. Objectives: To acquire 

knowledge on both the function of membrane-type matrix metalloproteinases in oral cancer and 

its future applications regarding treatment. Materials and methods: Using relevant keywords, 

articles from 2010-2021 with the exception of 5 were selected for comparison and review. 

Keywords were used to narrow down the search in data bases like PubMed and Medline. 

Results: MT-MMP’s 1, 2, 3 and 4 all showed involvement in oral cancer, be that as a prognostic 

exacerbator or as a biomarker. MT-MMP’s 5 and 6 have not yet presented a link, however more 

research is needed. Discussion and conclusion: It’s important to understand how and why 

certain MT-MMPs are involved in oral cancer, due to the treatment applications possible. 

Whether it’s biomarkers for early diagnosis or preventing seemingly undamaging MT-MMPs 

from activating harmful pathways, the inner workings are complex and require more extensive 

research. 
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Resumen 

 

 

Introducción: Las metaloproteinasas de matriz son una familia de endopeptidasas que 

funcionan para degradar la matriz extracelular y pueden dividirse en dos grupos dependiendo 

de la solubilidad o la presencia de un dominio unido a la membrana. Las 6 metaloproteinasas 

de matriz unidas a membrana utilizan un dominio transmembrana (MT-MMP 14, 15, 16 y 24) 

o un ancla de glicosilfosfatidilinositol (MT-MMP 17 y 25). El cáncer oral representa el 3% de 

todos los cánceres diagnosticados con regularidad y, junto con sus factores de riesgo 

comunes, se ha demostrado que la función de ciertas MT-MMP influye negativamente en el 

pronóstico de los pacientes con cáncer oral. Objetivos: Adquirir conocimientos tanto sobre la 

función de las metaloproteinasas de matriz de tipo membrana en el cáncer oral como sus 

futuras aplicaciones en el tratamiento. Materiales y métodos: Utilizando palabras clave 

relevantes, se seleccionaron artículos de 2010-2021 con la excepción de 5 para su 

comparación y revisión. Se utilizaron palabras clave para acotar la búsqueda en bases de datos 

como PubMed y Medline. Resultados: Los MT-MMP 1, 2, 3 y 4 mostraron implicación en el 

cáncer oral, ya sea como exacerbador pronóstico o como biomarcador. MT-MMP's 5 y 6 aún 

no han presentado un vínculo, sin embargo, es necesario investigar más. Discusión y 

conclusión: Es importante comprender cómo y por qué ciertas MT-MMP están involucradas 

en el cáncer oral, debido a las posibles aplicaciones de tratamiento. Ya sea que se trate de 

biomarcadores para el diagnóstico temprano o que impidan que las MT-MMP aparentemente 

no dañinas activen vías dañinas. El funcionamiento interno es complejo y requiere una 

investigación más extensa. 
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1. Introduction 

1.1. Definitions  

 

1.1.1. Matrix metalloproteinase 

 

Matrix Metalloproteinase or MMPs, are endopeptidases that are vital in the degradation 

of proteins in the extracellular matrix. These zinc-dependant proteinases play a role in tissue 

remodelling during various physiological processes such as angiogenesis, embryogenesis, 

morphogenesis and wound repair, as well as in pathological conditions such as myocardial 

infarction, fibrotic disorders, osteoarthritis, and cancer (1). Speaking specifically on the latter 

physiological process, this paper will be reviewing specific membrane associated MMP’s and 

their relation to Oral Cancer. In vertebrates, the MMP family comprises 28 members, at least 

23 are expressed in human tissues (2). 

Generally, the 23 members of the MMP family that are expressed in humans are 

arranged into 4 distinctive structural domains. The structural domains are as follows:  

 

• An amino terminal propeptide 

Usually consisting of around 80-90 amino acids, the propeptide incorporates a cysteine 

residue, which would interact with the zinc catalyst atom via a side chain thiol group. When 

this propeptide is removed via proteolysis, zymogen activation will occur (1). 

 

• A catalytic domain 

The catalytic domain contains one or more calcium ions that are attracted to various 

residues, as well as two zinc ions. One of these zinc ions is the active ion, which is present and 

involved in the catalytic activity of an MMP. The other zinc ion is known as the structural ion 

and is present with the calcium ions located around 12 atoms away from the previously 



 5 

mentioned catalytic active zinc ion. It is the active zinc ion that has a fundamental role in the 

proteolytic activity of MMPs (2)  

 

• A hemopexin-like domain usually located at the carboxyl terminal of the molecule 

This domain of MMPs shows similarity to the plasma protein hemopexin in terms of its 

sequence and plays an important role in the function of substrate binding. It has also been shown 

to have interactions with other families of MMPs (3). 

As mentioned previously, the MMP family consists of 28 members (1) and were 

observed for the first time in 1962 by two scientists named Jerome Gross and Charles Lapierre 

whilst studying tadpole tissue that presented collagenolytic activity. Human MMPs were 

isolated 6 years later, and can now be categorized based on the specificity of their substrates 

and homology into the following six groups: (4) 

• Collagenases: MMP-1, 8 and 13 

• Gelatinases: MMP-2 and 9 

• Stromelysins 

• Matrilysins 

• Membrane-Type MMPs:  

• Other MMPs 

This major group of cell-matrix regulating enzymes have the ability to cleave one or 

several extra cellular matrix constituents as well as other proteins that are not present within 

the matrix. It is due to this cleavage function of Matrix Metalloproteinase that there is 

considerable interest in their association with cancer metastasis, and why there is ongoing 

research into the development of novel antimetastatic pharmaceuticals targeting the inhibition 

of MMP activity (3). 
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MMP’s can also be characterized into two different groups, soluble MMP’s (MMP-1, 

2, 3, 7, 8, 9, 10, 11, 12, 13, 19, 20, 21, 22, 27 and 28) and MMP’s that are membrane bound 

by either a transmembrane domain (MMP-14, 15, 16 and 24) or with a 

glycosylphosphatidylinositol anchor (GPI) (MMP-17 and 25) (1). 

 

1.1.2. Membrane-Type MMPs  

Membrane-Type MMPs or MT-MMPs, contain four transmembrane Membrane-Type 

MMPs (MMP 14, 15, 16 and 24) and also two MMPs that are glycosylphosphatidylinositol 

(GPI) anchored (MMP-17 and 25) (5). MT-MMPs have a furin-like pro-protein convertase 

recognition sequence at the C-terminus of the propeptide. They are intracellularly activated, 

and the activated enzymes are expressed on the cell surface. MT-MMPs have membrane 

anchoring domains and display protease activity at the cell surface, and therefore they are 

optimal pericellular proteolytic machines (1). As seen in figure one, MT1-MMP, MT2-MMP, 

MT3-MMP and MT5-MMP (also known as MMP 14, 15, 16 and 24 respectively) are anchored 

to the membrane by their usage of a transmembrane domain, whilst MT4-MMP and MT6-MMP 

(also known as MMP 17 and 25) are attached using GPI (4). 
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Figure 1. The binding of the two different kinds of membrane-type matrix metalloproteinase’s, 

transmembrane domain and GPI (left and right respectively) (6). 

 

1.1.3. Oral Cancer  

Oral cancer refers to a broad category of locations for neoplasms of different etiologies 

and histological profiles. Although it generally refers to squamous cell carcinoma, the 

variability of anatomical location upon which oral cancer could be diagnosed does force a lack 

of scientific consensus on its definition (7). Oral cancer is the most common form of malignant 

carcinoma in the region of the head and neck. According to the journal of the American Dental 

Association (JODA) in 2015, around 3% of all cancers diagnosed where located in the mouth 

or in the back of the throat, making it a topic of much concern (8). The main risk factors of oral 

cancer include chronic usage of tobacco or alcohol (7), however (as will be discussed in further 

sections) there are overexpression’s of certain intra-bodily molecules like the various MT-

MMPs that could also be a potential risk factor. Another major risk factor for the development 

of oral cancer is infection with the human papilloma virus (HPV), which is a sexually 

transmitted uncurable infection. People with HPV tend to be linked with the development of 

Oropharyngeal cancer, which is oral cancer but involving oral tissues towards the back of the 
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mouth and throat (this also includes the tonsils and sublingual mucosa). Normally people who 

have oropharyngeal cancer related to HPV are 4 – 10 years younger than those with oral cancers 

not HPV related (9) Early detection/treatment are imperative in the reduction of mortality to 

oral cancer. Even though oral cancer occurs in regions with wide accessibility to dentists and 

their subsequent examinations, only 6.25% of lesions (according to the JODA) are diagnosed 

‘in situ’ or stage 1, whilst stages 2, 3 and 4 correspond to 18%, 34.45% and 41.12% respectively 

(7). 

Oral cancer can appear in a multitude of ways, often making its diagnosis all the more 

difficult for the clinical professional, or the patient in their day to day lives (8). The most 

common form of oral cancer is oral squamous cell carcinoma (OSCC), accounting for 90% of 

cancer in the oral cavity. OSCC is usually located on the lip, the anterior regions of the tongue, 

gingival mucosa, the mouth floor, the hard/soft palate and the retromolar trigone (10). The 

diagnosis of oral cancers such as OSCC usually depends on histological findings and how the 

tumour manifests clinically in the mouth, this makes it all the more difficult to diagnose as in 

its infant stages. OSCC (like almost all oral cancer) shows a painless and atypical mass with 

varying degrees of thickness. Some signs of the broader signs of oral cancer include unhealing 

ulcers or sores on the lips or mouth, white or red patches in the moth, pain or difficulty when 

swallowing, speaking or chewing, vocal changes or changes in the way the patient occludes (9).  

Another problem with the diagnosis of oral cancers is when using visual inspection there 

may be difficulty detecting hidden or latent tumours, which could lead to very dangerous false 

negatives. The oral cavity is rich in lymph nodes and has highly vascularised tissues, due to 

this, regional migration and invasion of surrounding tissues are common. Currently the 

treatment methods of oral cancer normally involve surgery, chemotherapy or radiotherapy 

however due to the late diagnosis, the overall prognosis of most oral cancers is quite low with 
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a high rate of recurrence (8). When considering how we can improve the treatment outcome, 

gaining knowledge of potential biomarkers like MT-MMP’s for an early screening or diagnosis 

is vital (10). 

 

1.2. MMPs and MT-MMPs in their relation to Oral Cancer 

The extra cellular matrix (ECM) is composed of a variety of things, including collagen, 

laminin and many types of connective tissue that acts as a natural barrier to prevent the invasion 

and metastasis of tumour cells. MMP’s promote metastasis and soft tissue tumour invasion by 

essentially degrading the ECM, allowing tumour cells to seep into nearby blood vessels or tissue 

(11). Along with their metastatic invasion skills, MMPs also generally have the ability to initiate 

growth factors. This includes that of a vascular endothelial nature, fibroblastic growth factors 

and many others promoting dangerous cell proliferation and angiogenesis (12).  

 

 

 

 

 

 

 

 

 

Figure 2. Matrix metalloproteinases and their possible pathways to stimulate tumour 

progression, angiogenesis and metastasis (12). 
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MT-MMPs appear on the surfaces of tumour cells and facilitate the capacity of the 

cancer to invade tissues. This depends on the specific glycosylphosphatidylinositol anchored 

transmembrane domain. MT-MMPs also have a high involvement in the activation of other 

MMPs. Members of the MT-MMP family can convert the proMMP-2 into proteolytic enzymes, 

each MT-MMP has specific attributes and activation ability (13).  

 

1.2.1. MT1-MMP and Oral Cancer 

MT1-MMP (also named MMP 14), has been studied to form a trimolecular complex, 

with inhibitors of metalloproteinase 2 and proMMP-2 on the surface of cells. ProMMP-2 is 

activated and unleashed with a low concentration of metalloproteinase 2, and subsequently 

mediated ECM degradation. Along with this, MT1-MMP has the capacity to act as a pericellular 

collagenase directly against ECM components. In the oral cavity, MT1-MMP acts on the 

surrounding mucosa by catalysing pericellular collagenolytic activity. By doing this it has been 

found to present advantageous circumstances for proliferating cells (14). 

In oral squamous cell carcinoma (OSCC), MT-MMP over expression has been found in 

an enormous number of cases. For OSCC, MT1-MMP in the same study was found to be the 

only effective biomarker detected when looking for molecules that show the advancement of 

metastasis. They revealed that MT1-MMP can be used as a predictor of OSCC metastasis, and 

in cases that have lymph node affectation, MT1-MMP was almost always over expressed (10).  

MT1-MMP can be linked to causing carcinomas in the oral cavity due to its own proteolytic 

activity, but also due to its ability to activate other potentially harmful overexpressed MMP’s. 

MT1-MMP has been observed to activate pro-MMP 2 (15) and pro-MMP 13 (16) through 

different cellular complexes. MMP2 and MMP13 have demonstrated to have dire consequences 
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regarding things such as increased level of lymph node invasion, prognostic determination, 

creation of an OSCC and the tumours resistance to cisplatin (10). 

 

1.2.2. MT2-MMP and Oral Cancer 

MT2-MMP can also have the ability to play a role in the progression and transmigration 

of cancers, however most of the research conducted so far seems to be around MT2-MMP’s 

involvement in pancreatic cancer. Controlled by the action of a snail-related signal, MT2-MMP 

can be redirected to the cell surface of the tumour cells. Research has found that malignant 

tumour cells for example PANC-1 can activate MT2-MMP when under hypoxia.  MT2-MMP 

is shown to be expressed in many different tumour types, for example bladder/renal cancer, and 

cancer of the urothelial tract (17).  

In regard to cancer in the oral cavity, a clear correlation has been observed between 

MT2-MMP and angiogenesis and human oesophageal cancer (or ESCC). 

 

 

 

 

 

 

 

 

Figure 3. Immunochemical staining of MT2-MMP on a consecutive section of an ESCC specimen and 

intramural micro vessels. A: Haematoxylin and Eosin stain. B: MT2-MMP positive stain. C: Intramural 

micro vessels. D: Control (negative) E: Haematoxylin and Eosin stain: Negative MT2-MMP 

immunoreaction stain or normal oesophageal tissue (18). 
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 In a study carried out in 2014, positive MT2-MMP staining’s and immunoreactions 

were discovered in 85.4% of all ESCC tumour sections taken from 103 patients whereas none 

or very little was shown in healthy tissues. It was also shown that the patients overall survival 

rate was better with a low MT2-MMP protein level and patients had a higher death rate when 

there was a higher expression of MT2-MMP (18). 

 

 

 

 

 

 

 

 

Figure 4. Association between MT2-MMP and the overall survival rate (%) post-surgery (18). 

 

1.2.3. MT3-MMP and oral cancer 

Like MT1-MMP, MT3-MMP seems to play a very important role in the progression 

and proliferation of cancers in and around oral cavity and the head and neck region. Speaking 

more specifically, it plays a very important role in oesophageal squamous cell carcinoma 

(ESCC). ESCC similarly to OSCC is a very common cancer type and one of the leading causes 

of cancer related deaths. Studies of cells from patients suffering from ESCC have confirmed 

through western bolt analysis (a process where the cells are sliced away from their tissue using 

an ultrasonic apparatus and are then incubated using a radio-immunoprecipitation buffer, 

electrophoresis is then used, and the cells are then transferred to a membrane where they are 
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further incubated and shot with antibodies) that during ESCC’s advancement from tumour to 

its metastatic stage, MT3-MMP appears to be down-regulated.  

The down regulation of MT3-MMP appears to lead to a poor prognosis of the disease. When a 

Kaplan-Meier analysis was used to check a relationship between MT3-MMP expression and 

the survival rate among 78 patients, those with down regulation of MT3-MMP had a median 

survival rate of 30.77 months, nearly 20 months lower than those without downregulation 

(median survival of 50.69 months) (19). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The difference in monthly survival time in months when comparing Mt3-MMP 

expression among patients in the sample (19). 
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1.2.4. MT4-MMP and oral cancer 

MT-MMP’s are physiologically linked together by their presence of a transmembrane 

domain, a GPI anchor or an amino-terminal link. When present in and around the ECM, MT-

MMP’s can directly smite all the surrounding components. The MT-MMP’s that utilise the GPI 

anchor, more specifically, refer to the MT-MMP’s that have an exclusive position in the lipid 

raft, giving them admission to a particular set of substrates. The two MT-MMP’s that have this 

anchor are MT4-MMP and MT6-MMP (1). Being heavily linked to inflammation and 

angiogenesis, MT4-MMP is known to aggravate the two mainstays of cancer development and 

progression and its transcription has been detected in the following cancers: Prostate cancer, 

oral cancer, stomach cancer, leukaemia, lung cancer, cervical cancer, thyroid cancers and 

melanomas (20). MT4-MMP was first found to be transcribed in breast cancer, showing huge 

metastatic and angiogenic capabilities. It has also been demonstrated that MT4-MMP is a 

principal precursor and companion of the epidermal growth factor receptor (EGFR), 

augmenting its activation leading to the production of cancer cells by a non-proteolytic system 

of action (21). 

Studies have shown a strong link between hypoxia and the expression of MT4-MMP in 

oral cancer and cancers of the head and neck. When experiments on pharyngeal squamous cell 

carcinoma (FADU) and squamous cell carcinoma of the tongue (SAS) were conducted, they 

presented large rises of MT4-MMP transcriptions in hypoxic conditions [a large expression of 

the hypoxia inducing factor alpha (HIF-1)]. A retrospectively conducted clinical trial showed 

conclusively that out of the 68 patients with FADU and SAS, HIF-1 and MT4-MMP were 

colocalized and was heavily associated with a poor treatment prognosis (20).  Unlike other 

members of the membrane associated metalloproteinase family, MT4-MMP does not present 
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the ability to activate pro-MMP 2 or pro-MMP 9 (21). This removes a lot of frames of concern 

when discussing its link to oral cancers. 

 

1.2.5. MT5-MMP and Oral cancer 

MT5-MMP, unlike the previously mentioned membrane-type matrix metalloproteinase, 

has very little impact on the progression and metastatic ability of cancers in and around the oral 

cavity. However, this does not mean that further research will not benefit us as a society, as 

overexpression and malfunction of MT5-MMP has been shown to be a factor in other diseases, 

such as Alzheimer’s. Studies have shown that MT5-MMP’s role (similarly to the other 

membrane-type metalloproteinases) in proteolytic pathways, can process the amyloid precursor 

protein (APP). The processing of APP has been shown to release a novel neurotoxic APP 

fragment which when trafficked and accompanied with other pro-inflammatory pathways will 

contribute to the pathogenesis of Alzheimer’s disease (22). 

 

1.2.6. MT6-MMP and oral cancer 

Studies have shown that an augmented level of MT6-MMP mRNA expression has been 

shown in several human cancers, including brain, urothelial and most importantly colon cancer. 

The findings of the expression in colon cancers directly started the first studies of the 

overexpression of this protein clinically among patients, showing a strong link to 

overexpression of MT6-MMP mRNA and tumour invasions (20). However, unlike MT4-MMP 

(the other matrix metalloproteinase with a GPI anchor), little evidence has been provided to 

establish a direct link between overexpression of MT6-MMP and cancers of the oral cavity. 

MT6-MMP, like MT4-MMP, does not possess the ability to activate other potentially harmful 

MMP’s such as MMP 2 or MMP 9 (21). 
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2. Objectives 

Main Objective:   

To gain knowledge on the characteristics and function of the membrane-type 

matrix metalloproteinases in the context of oral cancer. 

Secondary Objective:  

To gain knowledge on the future directions in oral cancer research regarding 

matrix metalloproteinases function. 

 

3.  Materials and Methods 

The research methods used in this meta-analytic systematic review were precise and 

cross-sectional, using a variety of online resources to gather English language data to review 

and compare. Data regarding oral cancer, matrix metalloproteinase and the six membrane-type 

matrix metalloproteinases with their potential links to cancer were searched and only complete 

published scientific articles were used. The main data base used for research was Medline, 

however for ease of access PubMed was also used due to its improved user-friendly interface. 

Keywords were used when searching through the article databases, these keywords were as 

follows: Matrix Metalloproteinase, Oral Cancer, Oral Squamous Cell carcinoma, cancer, 

Membrane-Type Matrix Metalloproteinase, MMP, MT-MMP, MMP 14, MMP 15, MMP 16, 

MMP 17, MMP 24, MMP 25, MT1-MMP, MT2-MMP, MT3-MMP, MT4-MMP, MT5-MMP, 

MT6-MMP, GPI anchored, transmembrane proteinase. 

When scanning and selecting articles to be reviewed, both inclusion and exclusion 

criteria were used. The exclusion criteria were set upon to exclude articles over ten years old 

(pre-2010) and exclude articles that have non-relevant or repeated information. Articles were 

included if they were between 2010-2021, with the exception of 5 articles due to the lack of 



 17 

recent studies undertook. Only articles that contained relevant information were selected for 

review. 

 

4. Results  

When comparing and analysing the various papers on the 6 different membrane-type 

metalloproteinases and their different pathogenic applications towards cancer in the oral cavity, 

the results regarding which play a role in oral cancer and which didn’t were not sincerely black 

or white. MT1, 2, 3, and 4-MMP’s all showed key characteristics in the progression of oral 

cancer, be that as an assisting pathway to metastasis, or more simply as a biomarker. MT5, and 

6-MMP’s however involved in the pathogenesis of other cancers and diseases they may be, 

with the current experimental research completed and data available to analyse don’t seem to 

have any tangible links to the progression or metastatic ability of cancers in the oral cavity. 

 

5. Discussion 

5.1. MT-MMP’s and Oral Cancer 

Changes in the bioenvironment are necessary for the survival of cells in both a 

pathological and physiological sense. Cancer or tumour cells, not unlike normal cells, depend 

on their influence of the surrounding ECM to present their malignant phenotype during 

advanced tumour stages and thus can complete their natural comportment. An important 

characteristic that tumour cells present is the capability to separate from the main tumour 

(primary tumour) and invade surrounding tissues. The protease family of zinc-dependent 

endopeptidases that are MMP’s are one of the major protease family’s when referring to the 

progression of malignant cancers, this is of course a complex process, involving both 

suppressive and stimulatory effects.  
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Matrix metalloproteinase’s complex function of pathological and biological 

implications in cancer is compounded by their complex structure. Their structure complexity 

derives from MMP’s containing multiple domains, discrepancies for tissue manifestation, 

interrelating proteins and the inhibition profile of certain cofactors. It was shown that MMP’s 

appear to have the ability to target and cleave different substrates at extracellular sites. This is 

due to the ability to delete or add accessory enzyme domains, whose function is to create 

pathways for active proteases to cleave their substrate of choice. Consequently, the 6 members 

of the MMP family developed to be membrane anchored can cleave a huge differential of 

substrates of the ECM at many different locations, be that close or far. 

MT-MMPs are seamlessly suited to for extracellular proteolysis. The fact that they are 

anchored to the membrane enables these 6 members of the MMP family to be able to reach vital 

membrane and outlying proteins and other components of the ECM and will thus play an 

essential role in the pathological process of changing the pericellular environment. The two 

types of anchoring domains (transmembrane and GPI) also enable diffusion and translocation 

of the functioning protease to the surface of the cell, enabling its action within the ECM (1).  

Around 90% of cancers located in and around the oral cavity are defined as OSCC, and for the 

time being the most common treatment methods include surgery, radiotherapy and 

chemotherapy (10).  

Migration and invasion are very common in OSCC, which can cause a huge problem 

when thinking about survival rate and treatment prognosis (23). As mentioned previously, the 

most common locations for OSCC to appear are the tongue, superior alveolus, buccal mucosa, 

the hard palate and the gingiva (10). This creates a problem for doctors and patients alike when 

trying to diagnose cancers in the oral cavity as they are in places that are either unnoticeable or 

very hard to see/self-diagnose. This combined with the fact that most malignant tumours in the 
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oral cavity have a painless presence (9) means that any patient with a OSCC or any other kind 

of oral cancer will have huge difficulty in noticing the tumour, at least not until it is in the more 

advanced stages. This leaves doctors and patients with little options other than regular 

screenings by the patient’s dentist accompanied by their anamnesis (the presence of family 

history and risk factors) or symptom presentation (however, again the latter has a large risk of 

only coming into play during the tumours later stages).  

 

5.2. MT1-MMP as a biomarker/prognosis exacerbator in oral cancer 

In OSCC, due to the cancerous tumour being in the oral cavity, saliva and blood would 

serve to be an easy access sample that could be collected to be analysed to detect the levels of 

MMP’s and other molecules to be used as biomarkers. This will be vital for the early detection, 

prognostic diagnosis, treatment response and threat assessment of the OSCC. Using methods 

like reverse transcriptase-polymerase chain reaction (RTPC), hybridization, and zymography, 

MMP’s family members were discovered to be overexpressed in blood and saliva in patients 

with OSCC (10). 

 

 

 

 

 

 

 

 

Figure 6. Table showing the different members of the MMP family analysed from patients with 

OSCC and how they affected the disease at different stages, ranging from  

identification to the prognosis (10). 
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MT-MMP’s (14,15,16,17,24 and 25), subsist on the surface of a dividing tumour cell, 

and bind either using the transmembrane domain or the GPI anchor (1). MT1-MMP has shown 

to have rich capabilities in worsening the prognosis of OSCC in a variety of ways. It has also  

been observed to have a role in activating the proMMP-2 mechanism (10), and as we can see 

from the table above, MMP-2 is heavily involved in the process of advancing tumour stages, 

lymph node metastasis, poor differentiation, and the overall worsening of prognosis. MT1-

MMP does this by utilizing the TIMP-2/MT1-MMP complex, creating a molecule known as 

MSP-T2 (process shown in figure 4 below). MT1-MMP will not trigger the activation of pro-

MMP2 alone, it requires TIMP-2 to facilitate this. When the two bind, the MSP-T2 serves as a 

receptor for the activation of pro-MMP2 (15).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Diagram showing the MSP-T2 complex being created via binding of MT1-MMP and TIMP-

2, and then going on to activate the pro-MMP2 molecule henceforth (15). 
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As we can see in figure 6, MMP 13 has involvement in a tumour’s resistance to cisplatin 

and to an increase in aggressive invasion (10). Similarly to the activation of pro-MMP2, MT1-

MMP possesses the ability to activate pro-MMP13, thus worsening the overall affliction of the 

patient in the previously mentioned means. This occurs utilizing some of the same mechanisms 

and molecules of the pro-MMP2 activation described previously (24). Pro-MMP-13 also has 

the capability to bind to the MSP-T2, due to its c-terminal being compatible to that of TIMP2, 

subsequently producing higher levels of MMP-13. Having different genotypes of MT1-MMP 

will also cause a difference in the pathogenicity of the molecule, as studies have shown. The 

+6767 and +7096 genotypes and the holotypes +6727 C: +6767 G: +7096 T: +8153 G have 

been shown to give the prediction of prognosis to OSCC (10). 

 

5.3. MT2-MMP and ESCC. 

When analysing research that has been conducted in regard to MT2-MMP and its 

relationship with oral cancer, the only concrete data seems to be the results of the 

aforementioned study. Evidently more research is needed as there is a clear correlation between 

expression of MT2-MMP and the angiogenesis of ESCC. The study previously mentioned (18) 

was very conclusive in its findings, as it can be seen in the results shown in figure 3 where there 

is a clear disparity in the staining between the normal oesophageal tissue and that of those with 

a carcinoma, and that there is also a clear change in death rate in the months post-surgery 

depending on the levels of MT2-MMP expression. However, it is important to consider the 

various factors that prevent the results from being extrapolated to the global population. 

First of all, only one study was found, and this was carried out in China. Cultural factors 

must be taken into account when thinking of extrapolating data to a wider population. For 

example, number of patients that smoked, diet, oral hygiene, type of dental prosthetics and 
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amount of alcohol consumption to name a few. Sample size is also an important factor to 

consider. The study consisted to 103 patients which is not a large enough sample to be able to 

be able to generalize results to the population of China, let alone a global population. 

 When focusing on MT2-MMP and its links to pancreatic cancer, there is data to suggest 

that MT2-MMP when placed under hypoxic conditions increases the transcription rate (17). A 

study performed in 2011 showed that when pancreatic, cervical or lung cancer tumour cells 

were subjected to hypoxia, not only did the level of mRNA transcription increase but it also 

showed a decrease of hypoxia prompted apoptosis and an increased metastatic ability of the 

tumour cells (25). These experiments have yet to go into trial on cancers within the oral cavity, 

making it difficult to establish a link with it. Further research should be conducted to see how 

or if, when under the same hypoxic conditions, malignant tumour cells in either FADU, SAS, 

ESCC or OSCC would have the same increase in invasive potential as the cells in the studies 

already performed. 

 

5.4. MT3-MMP and pro-MMP 2 

 When talking about MT3-MMP, more questions regarding its involvement with 

cancers are answered. Referring to the study cited earlier (19),  a down regulation of MT3-

MMP has an extreme effect on the prognostic diagnosis and survival rate of patients with 

ESCC, yet there isn’t enough research to fully explain why. Most published papers, be it 

reviewing data or experimenting with biopsies and immunochemistry will state MT1-MMP 

overexpression as the key factor in worsening the prognostic diagnosis for patients with OSCC 

or ESCC, however there is small yet tangible evidence to support the data in figure 4. Like 

MT1-MMP, MT3-MMP does also appear to be involved in the activation of pro-MMP 2 (19), 

which like MT1-MMP, requires members of the TIMP family to do so.  
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Chromatography experimentations have proven that pro-MMP 2 can form trimolecular 

complexes with MT3-MMP and either TIMP-2 or TIMP-3, signifying that pro-MMP2 

stimulation by MT3-MMP will involve a cell surface ternary complex (26). This could lead us 

to believe that MT3-MMP has more potential to activate pro-MMP 2 due to its ability to utilise 

both TIMP-2 or TIMP-3, however most data collected demonstrates that in most metastatic 

cancers in the oral cavity MT1-MMP has the most involvement in terms of activating the 

dangerous when overexpressed MMP 2.  

 

5.5. GPI anchored MT4-MMP/MT3-MMP and oral cancer 

Unlike other members of the MMP family, the 6 membrane-type MMP’s find 

themselves in a unique position within the extracellular matrix. The MT-MMP’s that find 

themselves associated with the membrane by the use of a GPI anchor are MT4-MMP and MT6-

MMP. These GPI anchored matrix metalloproteinases, present unique characteristics that can 

be noteworthy when discussing their potential to aggravate the creation or the prognosis of oral 

cancer. Due to the fact that GPI MT-MMP’s were discovered not much more than a decade 

ago, research is very limited when in comparison to the other 4 MT-MMP’s. Nonetheless, 

within the limited research available we can see links to the progression of human cancers 

(including that of the human tongue).  

In terms of their physical characteristics, the fact that MT4-MMP and MT6-MMP are 

presented right at the cell make them excellent pericellular proteolytic machines. However, the 

only link currently researched between direct ECM degradation ability and oral cancer appears 

to be with MT4-MMP when under hypoxic conditions (20). Granted there is little research in 

the topic, the links between MT4-MMP transcription and FADU/SAS seem very tangible. 

MT4-MMP transcription is increased when in the presence of HIF-1, and on the contrary, 



 24 

supressing HIF-1 has been shown to decrease the expression and transcription of MT4-MMP. 

The interaction of MT4-MMP and HIF-1 will be something to consider when thinking about 

preventing over-transcription and its potential harmful effects. Evidence is available to state 

that both of the GPI anchored MT-MMP’s (MT4-MMP and MT6-MMP) do not possess the 

ability to activate pro-MMP 2 or pro-MMP 9 (21). When referring back to figure 6, we see that 

this removes a lot of frames of concern when thinking about oral cancer such as advanced 

tumour stages, lymph node metastasis, bad differentiation and a poor prognostic diagnosis (10). 

Potentially the GPI MT-MMP’s just didn’t evolve in a way that means they could achieve pro-

gelatinase instigation at the cell surface, however as they were discovered so recently, further 

research is required to establish and discuss this in more detail. 

 

6. Future Applications and Responsibility 

From the research that has been conducted and gathered, its fairly clear to see which 

MT-MMP’s present the most risk when concerning oral cancer. The future applications 

involving these MT-MMPs could be immense, potentially reducing levels of metastasis, initial 

cancer development or even as a biomarker for early cancer screening and diagnosis. All of 

these things when put together would lower the overall prognostic diagnosis and hopefully 

reduce the incredibly high death rate of oral cancer.  

When discussing the MT-MMP’s that are worth targeting for future treatment options, 

although we have data to suggest which are involved and which aren’t, more overall research 

is needed. For example, it’s clear that MT2-MMP may have a grave impact on the prognosis of 

ESCCC, yet there is little to no research to show us how and why. We know from research the 

MT-MMP family can be used to identify cancers and predict the prognosis of the treatment. By 

understanding the function of how they operate, we can learn to inhibit overexpression and stop 
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the process of MT-MMP-harmful molecule activation. Some of the MT-MMP’s have the ability 

to activate pro-MMP 2 and pro-MMP 9, these MT-MMP’s are as follows: MT1-MMP and 

MT3-MMP. It is known that increasing levels of MMP 2 or 9 will have harmful effects on the 

initiation or the prognosis of oral cancer, and with an understanding on what causes the 

overexpression or activation of these two pro-MMP’s we prevent this from occurring. As 

previously discussed, MT1-MMP and MT3-MMP need members of the TIMP family to able 

to form trimolecular complex’s that serve to activate the pro-MMP’s. In the past 10 years there 

hasn’t been a lot of experimental studies conducted regarding potential ways to inhibit the MT-

MMP/TIMP activation of the aforementioned pro-MMP’s, however there is one study of note 

conducted in 2013 from which the results are very promising.  

Within the study the murine 9E8 monoclonal antibody was used as a potential drug trial, 

with the results showing that it did not have harmful interactions with other members of the 

MMP family and that it also interrupted the MT1-MMP/pro-MMP 2 activation mechanism. It 

does this by identifying the loop structure of MT1-MMP and binding to it, thus taking the place 

and therefore inhibiting TIMP-2 from binding (18). Now as already stated other members of 

the MT-MMP family have the ability to activate other harmful pro-MMP’s, and although in 

recent times there hasn’t been a lot of research conducted regarding the use of other monoclonal 

antibodies for the same function, one would assume with the base data available the future is 

bright in that area. 

The members of the MT-MMP family not only produces harmful effects activating pro-

MMP’s in the presence of TIMP, but also in the presence of hypoxic conditions. This does not 

only stand true for cancers of the oral cavity (MT4-MMP), but for other areas of the body for 

example the pancreas and bladder also (17). Regarding HIF-1 and MT4-MMP, it was shown 

when cancers such as FADU and SAS were metastasizing the levels of MT4-MMP 
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transcriptions were high, and that also the levels of MT4-MMP levels decreased when HIF-1 

was silenced (20).  Studies have shown that HIF-1 is a principal factor in tumour metastasis 

when combined with other molecules such as MT4-MMP etc, and upon its silencing have 

shown great results in improving the prognostic diagnosis (27). Effective HIF-1 can be a 

difficult task, but it is not impossible. One team of Chinese experimental scientists used a 

cationic mixed micellular nanoparticle (MNP) loaded with HIF-1 siRNA to silence HIF-1 

in prostate cancer, showing promise for clinical applications in other areas of the body like the 

oral cavity.  

 

7. Conclusion 

Although the relationship between oral cancer and MT-MMP’s is relatively 

unresearched, there are still links between the two which would support the data surrounding 

the poor prognosis of patients with high expressions of MT-MMP’s. Not only this, but with 

further research carried out on the less known MT-MMP’s such as 2, 4 and 5 we can extrapolate 

data from other cancers to better understand their effect on cancers of the oral cavity. With these 

not so studied MT-MMP’s there is enough data available to say that they clearly have an effect 

of oral cancer, whether it be SAS, FADU, ESCC or OSCC, however there’s not enough data to 

exactly well define the exact mechanism of action like the others. 

Regarding the future applications of MT-MMPs in oral cancer, a lot must be said on the 

research that is already available however scarce it may be. Understanding the link between 

MT1-MMP and MT3-MMP the various pro-MMP’s they activate will bring to light a huge 

number of treatment opportunities in the future, and maybe also help develop better 

preventative treatments in terms of screenings or early intervention. When looking at the 

association between MT2-MMP/MT3-MMP and HIF-1 there are already treatment methods 
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being put into place which could drastically improve the prognostic diagnosis of patients. 

However, it is left to be said that these specific treatment methods have only gone into trial with 

other kinds of cancer and have yet to be put into place to determine the effectiveness of treating 

oral cancer. 
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