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STRUCTURE AND FUTURE PROSPECTIVE
OF MATRIX METALLOPROTEINASES

Matrix metalloproteinases (MMPs) are group of enzymes responsible for the collagen, and protein
degradation in extracellular matrix (ECM). Collagen is the main structural component of connective
tissue, and its degradation is an important process in the tissue development, remodeling, and repair.
MMP family is divided into 6 groups: collagenases, gelatinases, stromelysins, matrilysins, membrane-
type MMPs, and non-classified MMPs. The MMPs, and MMP inhibitors (MMPI) have multiple biological
functions in stages of cancer development. MMPs, and MMPI are extensively examined as potential
anticancer medications. The need for selective and metabolically stable MMPs and MMP inhibitors
determined the effect of their activity on biological systems. In particular, the relationship of MMPs with
the immune system has revealed the potential for the use of MMP inhibitors in therapy. As is known, the
degree of invasive growth and metastasis of tumor cells are determined by their ability to cleave all ECM
structures of the extracellular matrix — only MMPs can do this. It is important to note that ECM affects
the behavior of both cancer cells and stromal, endothelial and immune cells in the environment. The
fundamentally important role of ECM is dynamism during tissue homeostasis and the ability to regulate
the activation of immune cells.
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MatpuuaAbIK, MeTaAAONpPOTEMHA3AAAPADIH,
KYPbIAbIMbI MEH AaMy NepcrneKTUBaAapbl

MaTpuLaabiK, MeTaAAoNpoTenHasaAap (MMIT) — xacywaaaH Teic MaTpmuasa (P)KTM) koarareH meH
aKybI3AblH, 66AIHYiHe >xayanTbl chepmeHTTEp TOObI. KoArareH AsHekep TiHiHIH Heri3ri KypbIABIMABIK,
Kypamaac Oeairi 60AbIN TabblAaAbl XXOHE OHbIH AErpaAauMsCbl TIHAEPAIH AaMyblHAAFbl, KanTa
KAABINTACYbl KOHE KAAMbIHA KEAYIHAETT MaHbI3AbI Mpouecc 6oAbIN Tabbirasbl. MMIT Typaepi 6 Tonka
GOAIHEAI: KOAAAreHa3Aap, XKeAATMHA3aAap, CTPOMEAU3MHAEP, MAaTPUAMBUHAEP, MembpaHaAblik, MMI
XoHe XikteamereH MMIT. MMIT >xeHe MMIT uHrubutopaapbl (MMIIM) kaTepAai icik caTbiCbiHAQ
GipHewe OMOAOTMSAbIK, yHKUMgFa Me. MMI-aap xeHe MMPUM  noTeHumaaApbl icikke Kapchbl
npenaparTap petiHAe KeHiHeH 3epTTeayae. CeAeKTUBTI XoHe MeTabOAMKAAbIK, TypakTbhl MMP >xeHe
MMP MHIMOUTOPAAPBIHBIH KAXKETTIAIN OAapAbIH OEACEHAIAITIHIH GMOAOIUSABIK XKyHeAepre acepiH
aHbIKTaAbl. ATan anTkaHAa, MMIT MMMYHABIK, XKyemeH 6ariAaHbiCbl Tepanusaa MMIT MHrMGUTopAapbiH
KOAAAHY SAEYETIH aHbIKTaAbl. beAriai 60AFaHAQM, iCiK XacylaAapbiHbiH, MHBA3MSAbIK, ©6CY ABPEXeci
JK&HEe MeTacTasbl OAAPAbIH, >KACYLIAAAH ThIC MaTpuuaHbiH, 6apAblk, DKM KypbIAbIMAAPbIH blAbIpay
KabireTiMeH aHbIKTaAaAbl — MyHbl Tek MMIT FaHa >kacan anaabl. ECM pak KAeTKaAapbliHbIH, COHAAN-aK,
KOpLUaFaH OpTaAafFbl CTPOMAAbAbI, SHAOTEAMAAbAbI XBHE UMMYHADIK, >KacyLllaAapAbIH MiHE3-KYAKbIHA
acep eTeTiHAIMH atan eTy MaHbI3Abl. IKM-HiH MaHbI3Abl POAI — TIHAIK roMeocTa3 Ke3iHAEeri AMHaM13M
JK&HE MMMYHABIK, YKacyllaArapAbIH aKTUBTEHYIH PeTTey MYMKIHAITI.
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CTpyKTypa 1 nepcneKTuBbl
pPa3BMTUS MaTPUKCHBIX METAAAONPOTENHA3

MaTtpukcHble MeTaaronpoTerHasbl (MMI) — 3To rpynna pepMeHTOB, OTBETCTBEHHbIX 3a pactie-
MAEHME KOAAareHa n 6eaka BO BHEKAETOUYHOM MaTpukce (IKM). KoAaaareH SIBASIeTCS OCHOBHbIM CTPYK-
TYPHbIM KOMIMOHEHTOM COEAVMHUTEAbHOM TKaHU, U ero AerpaAaumsi NpeACcTaBASeT BaXkHbIA MpoLecc
B Pa3sBUTUM, PEMOAEAMPOBAHMM M BOCCTaHOBAeHWMM TkaHen. CemerictBo MMIT aeAnTcs Ha 6 rpynn:
KOAAQreHasbl, XeAaTMHa3bl, CTPOMEAM3MHbI, MAaTPUAM3UHDBI, MembpaHHble MMIT 1 HekAaaccumumpo-
BaHHble MMIT. MMIT 1 uHrnbmTopbl MMIT (MMITM) UMEIOT HECKOABKO BMOAOTMYECKMX (DYHKLMIA Ha
CTaaMsIX pasBuTus paka. MMPs 1 MMPI wunpoko m3yyaloTcst Kak noTeHLMaAbHblE NMPOTUBOOMYXOAE-
Bble npenapaTbl. HEO6XOAMMOCTb CEAEKTMBHBIX M MeTaboAMYeckr CTabnAbHbIX MMIT 1 MHrMbMTOpPOB
MMI1 onpeaeAnAn BAMSIHWE X aKTUBHOCTM Ha GMOAOTMUYECKME CUCTEMbI. B YacTHOCTM, B3aMMOCBSI3b
MMI1 ¢ MMMYHHOM CMUCTEMOW BbISIBUAA MOTEHLMAABbHbIE BO3MOXXHOCTU MPUMEHEHUS UHIMOUTOPOB
MM B Tepanmu. Kak n3BecTHo, cTeneHb MHBA3UMBHOIO POCTa M MeTacTa3MpoBaHME OMyXOAEBbIX KAe-
TOK OMPEAEASIIOTCS MX CMOCOBHOCTbIO PACLLENASTL BCE CTPYKTYpbl IKM 3KCTPAKAETOUHOIrO MaTpuKca
— 3TO MOryT ToAbko MMTI1. BaxxHo otMeTnTb, uTo ECM BAMSET Ha NoBepeHME KakK PAKOBbIX KAETOK,
Tak M CTPOMAAbHBIX, SHAOTEAMAABHBIX MU UMMYHHBIX KAETOK OKpy>kaiower cpeabl. DyHAAMEHTaAbHO
BaxkHasi poAab ECM — AMHaMMUHOCTb BO BPEMS FOMeOCTasa TKaHe 1 CroCoBHOCTb PeryAMpoBaTth akTy-

BalUMIO MMMYHHbIX KAETOK.

KatoueBble cAoBa: CTPYKTYpa, NepcrnekTMBa, MaTPUKCHbIE METAAAONPOTeNHa3bl, MMI.

Abbreviations

MMPs — matrix metalloproteinases; ECM — ex-
tracellular matrix; MMPI- matrix metalloproteinases
inhibitors; UVR — ultraviolet radiation; TNF — tu-
mor necrosis factor; TGF —transforming growth fac-
tor; EGF — epidermal growth factor; PDGF — plate-
let-derived growth factor; FGF — fibroblast growth
factor; VEGF — vascular endothelial growth factor;
EMT - epithelial to mesenchymal transition.

Introduction

The main function of the extracellular ma-
trix (ECM) is to maintain tissues mechanical, and
biochemical specific properties. The tissue build-
ing cells are responsible for the synthesis of ECM
components, and ECM has direct impact on the cell
function [1].

Cell-matrix interactions occur due to the pres-
ence of specific receptors located on the matrix
molecules, and on the surface of binding cell. The
receptors play a dominant role in cells connection,
migration, regulation of the cell’s differentiation,
and proteins expression. Pericellular matrix cre-
ates a physiological micro-environment for the cell
protection against harmful, physical factors, and fa-
cilitates the transmission of signals [2]. Collagen is
the main structural component of connective tissue;
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it maintains the organs stability and support their
structural integrity. The collagen, and collagen-de-
grading enzymes family are characterized by a re-
peated tripeptide domain rich in proline, which is
necessary to form a triplet-helix of collagen. This
group of proteins is responsible for ECM forma-
tion [3]. The molecular structure, and metabolism
of various collagen in tissues is important to under-
stand the process of the embryo development, and
pathogenesis human diseases. In addition, the ex-
pression and function of various types of collagen
allow better understanding diseases that result from
the molecular defects in the gene encoding differ-
ent collagen structure (including osteogenesis im-
perfecta, Alport, and Ehlers-Danlos syndrome, and
epidermolysis bullosa). The disorders of collagen
metabolism occurs in osteoarthritis, osteoporosis,
and oncogenesis. The properties of different colla-
gen, and enzymes that participate in collagen degra-
dation is important for possible therapeutic use [4]

Collagen degradation

The degradation of collagen as one of ECM
components is important process in the development
of diseases such as cancer, rheumatoid arthritis, ne-
phritis, chronic ulcers, and fibrosis. The ECM deg-
radation involves different types of proteases, and
matrix metalloproteinase (MMPs) called matrixins
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are the major group of proteases [5]. They belong to
group of endopeptidases, whose enzymatic activity
is determined by Ca?*and Zn*'ions.

The first enzyme identified in this group was
collagenase-1 (now referred to MMP-1), discovered
by Gross and LaPiere in the tissue material from the
tail of a tadpole of North American frog species [6].
Till now there are 24 known MMPs identified (23 in
humans). Common classification distinguishes sev-
eral MMPs, starting with MMP-1, and ending with
MMP-28, but it does not include MMP-4, MMP-5,
MMP-6, MMP-22. MMPs are involved in tropho-
blast implantation, embryogenesis, bone growth,
angiogenesis, wound healing, and tissue regenera-
tion. The expression of MMPs’ genes is observed
in the connective tissue, fibroblasts, neutrophils,
monocytes, macrophages, and endothelial cells [7].
The biological activity of MMPs is regulated at the
level of gene transcription, mRNA half-life modula-
tion, regulation of secretion by cells, pro-enzymatic
activation, inhibition of active enzymes, and en-
zyme activation.

MMPs are also subjected to neuro-immuno-
hormonal control. The expression of MMPs is
maintained in the tissues at a low level. Regula-
tion of MMPs transcription at the cellular level is
influenced by growth factors, cytokines, hormones,
cell-cell interaction, and physical factors such as
ultraviolet radiation (UVR). Factors that increase
MMPs expression are inflammatory cytokines (in-
terleukin-1, interleukin-6, tumor necrosis factor
(TNF)), hormones and growth factors (transform-
ing growth factor (TGF), epidermal growth factor
(EGF), platelet-derived growth factor (PDGF), and
fibroblast growth factor (FGF). The expression of
MMP inhibitors (MMPI) influenced by cortico-
steroids, retinoic acid, heparin, and interleukin 4.
MMPs are directly activated by proteases (plas-
min, trypsin, and elastase), and certain metallo-
proteinases (MMP-1, MMP-2, MMP-8, MMP-9).
Membrane-MMPs (MT-MMPs) are responsible for

local activation of the inactive enzyme. In plasma,
the largest part of the protease inhibitors are al-
antiprotease, and a2-macroglobulin. TIMPs may
inhibit the active MMP and/or inhibit the activa-
tion of the pro-MMP into active MMP. The expres-
sion of TIMP is regulated by the growth factors,
and cytokines [7].

MMPs structure

MMPs are ECM proteins, although some of
them (MMP-1, MMP-2, and MMP-11) are found
within cells, and their activity toward to the intracel-
lular proteins has been confirmed as well.

MMP consists of several distinct domains. pre-
domain, propeptide, catalytic, and hemopexin do-
mains. Figure 1

Predomain absent in MT-MMPs. Propeptide
domain, which usually consists of 80 AAs, contains
highly conserved sequence PRCGVPDV. Catalytic
domain consists of 170 AAs, and contains a three-
histidine sequence, which is required for zinc chela-
tion. A typical MMP contains a linker peptide (hinge
region) of variable length, and hemopexin domain
of 200 AAs, which is required for interactions with
other MMPs, and TIMP [1]. MMP-7 (matrilysin-1),
MMP-23, and MMP-26 (matrilysin-2) do not have
hinge region and hemopexin domain.

MMP-23 has a unique cysteine-rich, and im-
munoglobulin domains. For MMPs activity, they
require zinc ion in catalytic site, and proteolytical
activation because they are secreted in an inactive
form (pro-MMPs) [8].

MMPs family

On structure basis and substrate specificity,
MMPs were divided into six groups including col-
lagenases, gelatinases, stromelysins, matrilysins,
membrane-type MMPs (MT-MMPs), and other
non-classified MMPs [1]. Table 1 and Figure 2.

Predomain | Propeptide

domain

Catalytic
domain

Hinge
region

Transmembrane
domain

Hemopexin
domain

Figure 1 — Matrix Metalloproteinases structure
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Table 1 — Matrix Metalloproteinases (MMPs) family

Numerical

MMPs classification

Biological effect

Collagenase-1 MMP-1 The migration of keratinocytes, re-epithelialization.
Cell migration, and proliferation.

Platelet aggregation.

Pro-inflammatory effect.

Cancer progression.

Proteolytic activity, degrade physical barriers.

The activation of osteoclasts.

Enhancement of collagen affinity.

Anti-inflammatory activity.

Cancer progression.

Cleavage of chemokines and regulation of their mobilization.

Collagenase-2 MMP-8

Collagenase-3 MMP-13 In cancer progression and induction and cell migration.

Gelatinase A MMP-2 Growth of axons, cell migration, and proliferation.
The differentiation of mesenchymal cell.

Increase in the bioavailability of TGF.

Neuronal apoptosis leading to neurodegeneration.
Cancer progression.

Cleavage of IGF binding proteins, proliferation.

Gelatinase B MMP-9 Collagen affinity enhancing, and tumor cell resistance.
Pro-inflammatory and anti-inflammatory activity.
Chondrocyte apoptosis and incorporation of new osteoblasts.
Cancer progression.

Activation of TGF.

Stomelysin-1 MMP-3 Migration of cells, and epithelial cells apoptosis.
Epithelial-mesenchymal conversion.

Angiostatin-like elements generation.

Cell proliferation, pro and anti- inflammatory activity.
In cancer progression.

Upregulation of angiogenesis.

Stomelysin-2 MMP-10 =  In cancer progression
= Degradation of collagen.
= Generation of endostatin, and angiostatin.

Stomelysin-3 MMP-11 = In cancer progression.
= Release of al-proteinase inhibitor.
=  Decrease cancer cell sensitivity to NK cells.

Matrilysin-1 MMP-7 Adipocyte differentiation.

Collagen affinity enhancement.

Increase the bioavailability of IGF and TGF.

Cell differentiation, and abnormal cell aggregation.
Increase cells invasiveness.

Pro-inflammatory activation of osteoclasts.

Vasoconstriction and cell growth.

Metalloelastase MMP-12

Matrilysin-2 MMP-26

MT-MMP MMP-14 =  Anti-inflammatory
=  Epithelial cell migration, and adhesion reduction.
= Trailers embryo to the uterine epithelium.

MT-MMP 2 MMP-15 = Adhesion and cell flattering reduction

MT-MMP 3 MMP-16 = Adhesion and cell flattering reduction

MT-MMP 4 MMP-17

MT-MMP 5 MMP-24
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Figure 2 — Matrix Metalloproteinases (MMPs) family

MMPs and cancer

Interactions of the cells with ECM are important
for pathological changes occurring during cell trans-
formation, and carcinogenesis. Some ECM proteins
affect the tumor through their effect on cell migra-
tion or angiogenesis. MMPs were associated with
metastasis facilitation by breakdown of ECM physi-
cal barriers. However, now it is confirmed that they
have multiple biological functions in all stages of
cancer, from initiation to outgrowth of clinical me-
tastases [9]. MMPs are connected with cancer cells
survival, expansion, and they are synthetized by
cancer cell in small amount. Cancer cells stimulate
surrounding host cells to produce required MMPs.
MMPs secreted by normal cells can bound to cancer
cell surface and used by them [10].

MMPs influence on tumor growth

Several different mechanisms by which MMPs
regulate the growth of cancer cells including release
of cell membrane bound growth factors, modula-
tion of bioavailability of growth factors, and indi-
rect regulation of proliferative signals by integrins.
MMPs may also inhibit tumor growth through TGF-
b activation and/or stimulation of pro-apoptotic
molecules production [11].

The degradation of ECM by different MMP
members not only removes the physical barriers for
growing tumor, but also releases a biologically active
molecules, and reveals the hidden sites in the ECM.
Especially the invasive cancer cell can find the actin-
rich protrusions of the plasma membrane associated
with ECM degradation, called invadopodia. Soluble
MMPs attach to adhesive molecules such as integ-

rins located on the surface of invadopodia. MMPs
degrade different ECM ingredients, releasing various
types of molecules affecting cells behavior [12]. One
of the major factors connected with tumor growth is
TGFb. Which is released after fibronectin degrada-
tion by MMP-9. In normal epithelial, and cancer cells
at an early stage of tumor growth, TGF-b causes an
inhibition of cell proliferation. It was observed, that
85% of all human cancers become resistant to the
TGF-b inhibitory effect on proliferation [13]. Many
growth factors are connected to the cell surface in in-
active form, and the MMPs are responsible for growth
factors activation. MMPs release TNF-a, one of the
most important pro-inflammatory cytokines that is
expressed as a membrane bound precursor (pro-TNF-
a) on the macrophages, and T-cell surface. TNF-a
promotes the survival of tumor cells [14]. MMPs
interact with integrin, and cadherins (cell adhesion
molecules), which belongs to cell surface receptors
group present on the surface of the neighboring cells
or in ECM. Receptors on cell surfaces belong to a
five major classes: integrin, cadherin, immunoglobu-
lin (Ig-CAMs) family, selectins, and CD44 receptors.
Tumor cells have an increased number of CD44 iso-
forms. CD44 receptors bind to MMP-9, and the re-
sulting complex involved in the type IV collagen deg-
radation. Activation of MMP-9 with CD44 produces
changes in tumor angiogenesis, and invasiveness. In
contrast, MT1-MMP is involved in the degradation of
CD44, and promotion of cell migration [15].

MMPs influence on apoptosis
MMPs lead to apoptosis by cleaving adhesion

molecules. MMP-3 induces apoptosis in case of its
over-expression in epithelial cells [16].
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MMPs influence on angiogenesis

Angiogenesis is a process of development of
new blood vessels from the existing blood vessels.
MMP2, MMP9, and MMP14 may stimulate or in-
hibit the angiogenesis process [17]. MMPs promote
angiogenesis in basement membrane, and ECM
components degradation. The basement membrane
disruption allows the migration of endothelial cells
from existing vessels to the newly created. MMPs
stimulates angiogenesis through VEGF (vascular
endothelial growth factor). VEGF is mitogen factor
specific for endothelial cells, that stimulates forma-
tion of new blood vessels from preexisting blood
vessels [1]. On the other hand, MMPs can also in-
hibit the process of angiogenesis by releasing an-
giostatin caused by plasminogen cleavage, and by
endostatin production caused by collagen cleaving.
Especially MMP-2, MMP-7, MMP-9, and MMP-
12 are capable of plasminogen digestion, and an-
giostatin releasing. However, endostatin, which is
produced under the influence of MMP-3, MMP-7,
MMP-9, MMP-12, MMP-13, and MMP-20, creates
stable complexes with pro-MMP-9 and MMP-13,
and blocs their activation [18]. The major role in
angiogenesis played by MMP-2, MMP-9, and MT1-
MMP [19].

MMPs role in invasion and metastasis

The process of metastasis is a multistage mecha-
nism, starting from losing the intercellular connec-
tions, ECM degradation, and releasing of single
cells of the tumor through anoikis prevention, cell
migration, penetration into the blood or lymphatic,
adhesion to endothelial cells, and finally a second-
ary growth in the new location [20]. Anoikis is an
epithelial to mesenchymal transition (EMT). In
this process, epithelial cells change their phenotype
from epithelial to mesenchymal with loss of their in-
tegrity. One of the main inducers of EMT is TGF-b,
which is activated by MMPs. The cells of mesen-
chymal phenotype produce more MMPs which in-
creasing their ability to metastasize. After moving
to the metastatic locations, cancer cells can return to
their original epithelial phenotype [21]. Two ways
for cancer cell migration were described: moving
of single cell or moving as a group of cells. Dur-
ing group of cell movement, cells connections are
preserved, however when cells migrate individually,
they move in a way that’s called ‘‘mesenchymal’’
or ‘‘amoeboidal’’. Mesenchymal type of migra-
tion occurs after phenotype change form epithelial
to mesenchymal cells. MMP involved in this pro-
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cess, and limited to connecting, and disconnecting
phases of mesenchymal type of migration. During
single cells migration, MMPs are involved with ad-
hesion molecules on the cell surface. MMPs digest
the ECM components, and therefore facilitate the
movement of cells [1].

MMPs inhibition strategies as an anticancer
target

MMPs play an important role in all stages of
tumor progression including migration of tumor
cells, escape from apoptosis, and immune surveil-
lance, metastasis, and angiogenesis. The drugs with
better antitumor activity should had specific inhibi-
tors to MMPs members which has the pro-cancer-
ogenic properties. The MMPs play a major role in
the early stages of tumor growth suppression, and it
could lead to tumor growth inhibition, and degrada-
tion. In contrast, in the fully formed, and vascular-
ized tumor, the MMP activity is not critical. This
may explain the lack of good results of therapy us-
ing MMPI, in advanced stages of cancer. The effect
of MMP varies depending on the tumor type and/or
stage of tumor [22]. The obvious relation between
MMPs activity, and cancer development suggests
the possibility of blocking of MMPs enzymatic ac-
tivity. There are three main strategies of MMPs in-
hibition: at the level of transcription, activation, and
inhibition.

At the transcription level, the MMPs inhibition
can be achieved by extracellular factors (MMPs
transcription can be inhibited by interferon), and by
blocking transduction pathways. The next important
issue in MMPs activity regulation is their activation
because they are secreted as inactive enzyme form
(pro-MMPs). This explains the role of anti-MMPs
monoclonal antibodies as an effective MMP inhibi-
tors. Active MMPs can be inhibited by exogenous,
and endogenous factors, such as specific TIMMP
or nonspecific a-2 macroglobulin [23]. The MMPI
can be divided into synthetic, and natural inhibitors.
Selected synthetic inhibitors are in clinical trials in
human (synthetic peptides, non-peptidic molecules,
chemically modified tetracyclines, and bisphospho-
nates). Peptidomimetic MMPI are pseudopeptide
derivative, act as a competitive inhibitor that inhibit
MMPs activity mainly by interacting with Zn*"ions
in catalytic sites of MMPs.

Hydroxypyrones are alternative zinc binding
groups (ZBGs) that combine with peptidomimetic
forming a novel class of MMPI (Batimastat (BB-
94), Marimastat (BB-2516), Prinomastat (AG-
3340), and Tanomastat (BAY 12— 9566). The other
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category of MMPI include the chemically modified
tetracycylins (Metastat (COL-3, CMT-3), Minocy-
cline, and Doxycycline). It inhibits MMPs by bind-
ing to zinc ions, and it entered phase II trials for Ka-
posi’s sarcoma. Doxycycline is currently the only
FDA officially approved MMPI for the prevention
of Periodontitis [24].

Bisphosphonates besides their inhibition of the
osteoclast activity, and bone resorption, it also in-
hibit selected MMPs activity. Bisphosphonates in-
fluence the protein expression of several MMPs, and
TIMPs in breast cancer. Letrozole which is a nonste-
roidal aromatase inhibitor, inhibits the gelatinases
(MMP-2 and -9) released by breast cancer cells, and
limits metastatic potential [25].

Genistein (soy isoflavonoid) is a natural sub-
stance with anticancer properties, it interferes with
the expression of several MMPs, and TIMPs [26].

Relationship of MMPs with ovarian cancer

MMP-1 is the commonest expressed enzyme
among the members of MMPs family. It is widely
found in mesenchymal, epithelial, and endothelial
cells. Overexpression of MMP-1 has been impli-
cated in various malignant tumors and linked to
early metastasis, and poor prognosis. The associa-
tion of MMP-1 with the invasion of tumor cells
involves the G protein-coupled receptor, protease-
activated receptor-1 (PAR1). Agarwal et al, found
that MMP-1 activates PAR1, which is an impor-
tant signal transducer in angiogenesis in peritoneal
mouse model of ovarian cancer. The activation of
MMPI1-PARI induces the secretion of angiogenic
factors of interleukin-8 from the ovarian carcinoma
cells, which act on endothelial receptors, leading
to endothelial cell proliferation, and migration.
Therefore, MMP1-PAR1 pathways have been sug-
gested as new targets for ovarian cancer therapy
[27]. Wang et al, found increased expression of
MMP-1 is closely correlated with the increased
invasion of epithelial ovarian cancers. It was sug-
gested that MMP1-PARI1 axis may be a future tar-
get for inhibition of metastasis in ovarian cancers.
MMP-1 expression in ovarian cancer cell lines also
requires other regulators as mixed lineage kinase
3 (MLK3) [28]. MMP-2 is 72 kDa. MMP-2 de-
grades type IV collagen (the primary component of
basement membrane and ECM). The invasion and
metastasis of tumors depend on the degradation of
ECM, expression of MMP-2 plays a positive role
in the progression of ovarian cancer. Overexpres-
sion of MMP-2 in peritoneal implants of ovarian
cancers is related to risk of death [29].

The expression of MMP-2 in serous and muci-
nous ovarian cancers is significantly higher com-
pared with benign and borderline ovarian tumor
[30]. Huang and Sui showed that the positive rate
of MMP-2, vascular endothelial growth factor C
(VEGF-C) and E-cadherin was higher in ovar-
ian cancers than in benign and borderline ovarian
tumors [31]. MMP-2 level is positively correlated
with clinical stage and metastasis of ovarian can-
cers, but not with pathologic grading [32]. MMP-2
expression predicts a lower overall survival rate, and
MMP-2 is considered a prognostic factor for ovarian
cancer [33]. Several studies attempted to evaluate
the role of MMP-2 as a therapeutic target for ovarian
cancer. Wang et al, showed that epigallocatechin-
3-gallate inhibits the proliferation and migration of
ovarian cancer cells by down-regulation of MMP-2
expression [34]. Zoledronic acid exerts robust in-
hibitory activity on ovarian cancer cells invasion
through decreasing the intracellular level of MMP-
2 [35]. MMP-7 is the smallest member in MMPs
family. MMP-7 overexpression was detected in can-
cer cells and it plays a critical role in both early and
later stages of tumors [36]. Wang et al, showed that
overexpression of MMP-7 in EOC is stimulated by
VEGF and IL-8 [37]. Moreover, MMP-7 promotes
the metastasis of ovarian cancer cells by activating
gelatin enzyme. MMP-7 also promotes the metasta-
sis of ovarian cancer through mesothelin (MSLN)
pathways [38]. Therefore, blocking the MSLN-re-
lated pathway might be a therapeutic measure for
the inhibition of ovarian cancer progression. Zhao
et al, showed that triptolide inhibits the invasion of
ovarian cancer cells through suppressing the expres-
sion of MMP-7 in vitro, and concluded that triptolide
can be used as a candidate for treatment of ovarian
cancer [39]. Increased metabolites of 5-lipoxyge-
nase from hypoxic ovarian cancer cells can facili-
tate the invasion of macrophages, which is achieved
via overexpression of MMP-7 through p38 path-
way [40]. MMP-9 has 92 kDa molecular mass and
belongs to the type IV gelatin. MMP-9 capable of
basement membrane type IV collagen degradation,
which plays an essential role in the malignant tumor
invasion and metastasis. Wang et al, demonstrated
that platelet-derived growth factor-D promotes the
ovarian cancer invasion and metastasis through up-
regulating the expression of MMP-9 [41]. Hu et al,
found that MMP-9 level in ovarian cancer is higher
compared with normal ovarian tissues and benign
ovarian tumors. Furthermore, the postoperative lev-
els of MMP-9 in ovarian cancer are significantly re-
duced compared with preoperative levels [42]. Con-
sequently, MMP-9 was suggested as a potential se-
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rum marker for the diagnosis of ovarian cancer, and
high serum MMP-9 level might be a predictor for
refractory tumors. MMP-9 expression is positively
correlated with FIGO staging, and lymph node me-
tastasis in ovarian cancer, suggesting that increased
MMP9 expression is associated with poor prognosis
of ovarian cancer [43]. MMP-9 was suggested as a
therapeutic target for ovarian cancer therapy. It has
been shown that filamin B can suppress the ovarian
cancer metastasis by down-regulation of MMP-9,
and secretion of VEGF-A [44].

Bisdemethoxycurcumin can inhibit ovarian
cancer growth through inhibition of MMP-2 and -9
expression [45]. MMP-8 can promote the ovarian
cancer metastasis via up-regulation of IL-1b [46].
MMP-14 (membrane-type 1 MMP (MT1-MMP))
plays an important role in cancers invasion and me-
tastasis through activation of proMMP-2, and ECM
degradation [47].

MMP-14 overexpression was associated with
low progression rate, and better prognosis of ovar-
ian cancers [48]. Moreover, patients with double
expression of MMP-14 and CD44 have a poor prog-
nosis [49]. Kaimal et al, showed that a monoclo-
nal antibody, which selectively blocks MMP-14,

can restrain the growth, and angiogenesis of ovar-
ian cancer [50]. Human leukocyte antigen G-G was
associated with the tumor invasion and metastasis
through mediating MMP-15 overexpression in ovar-
ian cancers [51].

Future Considerations

Cancer is a leading cause of death worldwide,
and therefore the research on the new agents with
potential anticancer properties are important. MMPs
play crucial role in ECM remodeling, and cancer
progression, so MMPS and MMPI could be a target
for newly synthetized anticancer drugs.

The link of MMPs with the apoptosis, cell mi-
gration, and angiogenesis, allows the use of MMPs
as tumor markers. An increased expression of
MMPs in both tissues, and blood of patients with
various cancers observed. MMPs have potential val-
ue as marker of invasiveness, and distant metastasis.
There are few studies examining the concentration
of MMPs in vivo, but the possibility of MMPs in-
hibition by synthetic inhibitors could offer the hope
to implement new therapeutic strategies for treating
cancer patients.
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