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ABSTRACT

Extracellular matrix metalloproteinase inducer EMMPRIN also known as basigin or CD147 is a cell surface
glycoprotein that belongs to the Ig superfamily. It is involved in numerous physiological and pathological processes
and displays several molecular and cellular characteristics. The major function of EMMPRIN is to stimulate the
synthesis of several matrix metalloproteinases that play an important role in the maintenance of the extracellular
matrix. The role of the tumour microenvironment in oral carcinogenesis is taking centre stage. There is evidence that
EMMPRIN is central in the promotion of tumour invasion, growth/progression, and metastasis of various cancers, and
the mechanism by which it exerts its effect in Oral Squamous Cell Carcinoma (OSCC) tumorigenesis have not been
completely understood. This article aims to comprehensively review the structure, biological function of EMMPRIN,
and its role in oral tumorigenesis and possible therapeutic target.
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INTRODUCTION

Extracellular matrix metalloproteinase inducer EMMPRIN also known as basigin or CD147 is a widely distributed
cell surface glycoprotein that belongs to the Ig superfamily, it is involved in numerous physiological and
pathological systems and display several molecular and cellular characteristics, but a major function of EMMPRIN
is to stimulate the synthesis of several matrix metalloproteinases [1]. It was first labelled as ‘Tumour Cell-derived
Collagenase Stimulatory Factor’ (TCSF) and later renamed ‘EMMPRIN’ to designate its role in extracellular matrix
metalloproteinase induction via. normal, as well as pathological, cellular interactions [2]. EMMPRIN molecules
are expressed at varying levels in multiple cell types, including epithelial cells, endothelial cells, and leukocytes
[3]. It takes part in a variety of normal cell physiologies, including lymphocyte responsiveness and intracellular
transportation [4]. EMMPRIN serves as a diagnostic and therapeutic target in cancer and inflammatory diseases, either
directly or indirectly, by targeting EMMPRIN partners. It can trigger matrix metalloproteinase inductions involved in
Extra Cellular Matrix (ECM) degradation, cell adhesion, and cell-cell interactions. It can also induce differentiation
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myofibroblast associated with ECM deposition and contraction. The shift from fibrosis to lysis, and vice versa, is not
clearly understood and could involve EMMPRIN [5]. It is evidence that EMMPRIN is central in the promotion of
tumour invasion, growth/progression, and metastasis as it upregulates MMPs secreted from adjacent fibroblasts [6].
Dysregulation of EMMPRIN has been associated with almost every type of cancer [7].

The significance of EMMPRIN in tumour growth and metastasis has been studied in detail, but the mechanisms by
which it exerts its effects in OSCC tumorigenesis are not completely understood [8].

This comprehensive review will provide a detailed overview of EMMPRIN, its molecular structure, diverse biological
functions of EMMPRIN, its role in OSCC tumorigenesis and therapeutic targets.

STRUCTURE AND FUNCTIONS OF EMMPRIN
Structure of EMMPRIN

EMMPRIN or CD147 gene is localized to chromosome 19p13.3 and contains 1797 bp. The coding region of CD147
encodes 269 amino acid residues. The extracellular region of the N-terminal sequence has two C2-type immunoglobulin
regions. 24 amino acid residues are in the transmembrane region and 39 amino acid residues are in the C-terminal
intracellular region. There are two Hypoxia-Inducible Factor (HIF) binding sites in the 3’ flanking region of the
CD147 gene. 21 highly conserved amino acid residues are present in the hydrophobic domain structure of the CD147
transmembrane region, which serve as both a signal peptide for CD147 and a cell membrane anchor. The presence of
two immunoglobulin-like structures in the extracellular region of CD147 activates MMPs. Three Asn glycosylation
sites are present in the CD147 extracellular region. Treatment of CD147 with glycosidase F will generate proteins
with molecular masses ranging from 28,000 to 60,000 daltons, which indicates that the N-terminus of CD147 is highly
glycosylated. Dimerization in the CD147 crystal structure plays an important role in letting CD147 take part in tumour
cell invasion and MMP-2 production (Figure 1).
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Figure 1 The molecular structure of EMMPRIN (CD147) [7]

Functions of EMMPRIN

EMMPRIN in organogenesis: EMMPRIN is expressed in both embryos and adults and plays fundamental roles in
intercellular recognition involved in the differentiation and development of various cells, tissues, and organs as well as
in various immunological phenomena. During organogenesis, EMMPRIN is expressed in epithelial tissues of various
organs, brain ventricles, spinal cord, and dorsal root ganglion and concerning the skin; it is expressed in keratinocytes
and is localized in the basal layer of the epidermis, suggesting the possibility that EMMPRIN may have a function in
the embryonic development or differentiation of keratinocytes [9].

EMMPRIN neurological function: Extensive distribution of EMMPRIN in the brain plays an important role in
learning and memory, as well as, in sensory functions. Lack of it may cause behavioural alterations [2].
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EMMPRIN in reproduction: EMMPRIN is an important cell-surface molecule involved in early embryogenesis.
Experimental evidence shows that knockout mice lacking the basigin gene (Bsg) mainly died around the time of
implantation and as a small number of surviving adult mice were sterile, indicating that the EMMPRIN is important
in development and reproduction [10].

EMMPRIN epithelial barrier function: EMMPRIN, by inducing MMP-9, is an important factor in the regulation
of epithelial integrity. In corneal physiology and dry eye disease, EMMPRIN action on cell surface occludins is
significant in maintaining corneal epithelium integrity [11].

EMMPRIN and interacting partners: EMMPRIN is demonstrated at varying levels in many cell types, including
hematopoietic, epithelial, endothelial cells, and leukocytes. It has also been shown to regulate lymphocyte
responsiveness, monocarboxylate transporter expression, and spermatogenesis. These functions reflect multiple
interacting partners of EMMPRIN [12].

EMMPRIN as an inducer of MMPs: EMMPRIN stimulates the production of several matrix metalloproteinases
such as MMP-1 (interstitial collagenase), MMP-2 (gelatinase A), MMP-3 (stromelysin 1), and MMP-9 (gelatinase B).
It is not effective on their physiological inhibitors, TIMP-1 and TIMP-2, hence modifying the collagenolytic balance
toward MMP production and activation. The role of EMMPRIN inducing MMP production is not limited to fibroblasts.
EMMPRIN also had a paracrine effect on MMP production by endothelial cells, suggesting the potential implication
of tumour-produced EMMPRIN in angiogenesis. Beyond its well-known paracrine effect, EMMPRIN induced MMPs
within the same populations of cells, in both tumoral and nontumoral cells suggesting a more widespread role for
EMMPRIN as an inducer of MMPs [13].

EMMPRIN expression in tumorigenesis: Cell invasion, metastasis, and angiogenesis are key factors for
carcinogenesis. Dysregulation of EMMPRIN is reported in several types of cancer. It activates cell proliferation,
invasion, and metastasis and inhibits tumour cell apoptosis under hypoxic conditions. EMMPRIN serves as a protein
hub in cancer, as it is involved in several homophilic and heterophilic cellular interactions spanning the major
hallmarks of cancer [14].

EMMPRIN regulates MMP and Vascular Endothelial Cell Growth Factor (VEGF) in tumour invasion and metastasis.
It stimulates MMP production in stromal fibroblasts and endothelial cells around the tumour, as well as in tumour
cells themselves, by a mechanism involving homophilic interactions between EMMPRIN molecules on opposing
cells after membrane vesicle shedding. EMMPRIN stimulates angiogenesis via. induction of VEGF, invasiveness via.
stimulation of MMP and multidrug resistance through hyaluronan mediated upregulation of ErbB2 signalling and cell
survival pathway activities [12].

EMMPRIN plays a determinant role in mediating glycolysis for tumour growth, through functional cooperation with
monocarboxylate transporter (MCT1 and MCT4) [15].
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Figure 2 Interaction of Matrix metalloproteinase between epithelial and stromal cells in cancer and its role in tumour
metastasis [16]
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Malignant cells express EMMPRIN on their surface, which acts as a stimulator to produce MMP-1, -2, and -3
by endothelial cells and MT1-MMP by fibroblasts. Vascular Endothelial Growth Factor (VEGF) also induces the
expression of several MMPs in endothelial cells. Tumour cells have recruited MMP-2 and -9, producing CD45-
positive neutrophils and macrophages into the tumour tissue by the production of Colony-Stimulating Factor-1 (CSF-
1), which are then an abundant source of MMPs, which contribute to tumour progression (Figure 2) [16].

EMMPRIN contributes to cell adhesion modulation, tumour growth, invasion, and angiogenesis due to its association
with several proteins implicated in different signalling pathways such as matrix metalloproteinases, ErbB, MAPK
cascade proteins, monocarboxylate transporters (MCT), integrins, caveolin-1 (Cav-1), Tenascin (TN)-C, Vascular
Endothelial Growth Factor (VEGF), urokinase-type plasminogen activator (uPA), and cyclophilins (Cyp) [17].

Increased expression of EMMPRIN in Oral squamous cell carcinoma has been reported to correlate with lymphatic
metastasis and tumour progression. EMMPRIN upregulates urokinase-type plasminogen in oral tumours. The level
of EMMPRIN determines the invasive potential through the regulation of the two proteolytic systems, MMPs and
uPA; the increase in EMMPRIN expression during progression upregulates protease production and promotes
greater invasion [8]. EMMPRIN protein is widely expressed in OSCC patients with a significant association with the
degree of differentiation of the tumour [18]. Luis Silva Monteiro, et al., reveal that EMMPRIN protein is frequently
overexpressed in OSCC, especially in high proliferative tumours, suggesting that it might be involved in the growth
of these tumours [17]. Moderately and poorly differentiated tumours showed more EMMPRIN overexpression than
well-differentiated tumours.

In OSCC, the prognostic value of EMMPRIN is poorly studied. More attention on EMMPRIN and its role in OSCC is
needed, it can be used as an effective biological prognostic marker to identify high-risk OSCC patients.

EMMPRIN as a potential therapeutic target: Targeting tumour-associated antigens is fast emerging as an area of
promise to treat late-stage and recurrent carcinomas. EMMPRIN is a multifunctional glycoprotein that can modify
the tumour microenvironment by activating proteinases, inducing angiogenic factors in tumour and stromal cells,
and regulating the survival and growth of anchorage-independent tumour cells (micrometastases) and Multidrug
Resistance (MDR). It is involved in cancer drug resistance and plays a very important role in cancer metastasis. Thus,
EMMPRIN may be ideal therapeutic targets to limit the progression and spread of cancer [19]. Blocking their activities
is a possible strategy for controlling cancer spread. Although, clinical trials with synthetic MMP inhibitors have not
yielded encouraging results to date. EMMPRIN could be a target because it causes overexpression of MMP in a cancer
cell-dependent manner, through heterotypic cancer cell-fibroblast or homotypic cancer cell-cancer cell interactions.
Moreover, the fact that EMMPRIN stimulates the growth and angiogenesis of tumours through the same cell
interactions makes EMMPRIN more attractive as a target [2]. It has also been demonstrated that silencing EMMPRIN
by RNA interference approach could inhibit tumour progression in murine lymphoid neoplasm and pancreatic cancer.
It is also suggested that down-regulation of EMMPRIN by RNA interference could result in decreased X-linked
inhibitors of apoptosis [20].

CONCLUSION

EMMPRIN is a highly glycosylated cell surface transmembrane protein involved in a wide range of processes,
including angiogenesis, inflammatory diseases, and cancer progression. EMMPRIN could be used as an important
biological prognostic marker to identify high-risk OSCC patients, which can help in making the right decision as to the
appropriate treatment due to its multiple roles in cancer progression, including cell proliferation and vascularization.
The precise understanding of how EMMPRIN activity is involved in tumorigenesis requires further study and its
significant implications for cancer treatment.
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