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Abstract
Context: Matrix metalloproteinases (MMPs) are multigene family structurally and functionally related endoproteinases. The basic action 
of 23 types of MMPs collectively involves degradation of virtually every component of extracellular matrix (ECM) in tumor cells migration 
and metastasis process. This review article aimed at surveying MMPs specific role in various steps and cellular pathways involving in breast 
carcinogenesis.
Evidence Acquisition: This review article compromised published articles in PubMed and GoogleScholar according to keywords since 
1988.
Results: Based on the recent researches, certain MMPs play critical role in breast cancer initiation, invasion, and metastasis. They can be 
regarded as predictive biomarkers of primary diagnosis and prognosis of breast cancer and have predictive value for evaluation of disease, 
tumor recurrence, invading of tumor cells to other sites and therapeutic outcomes.
Conclusions: In summary, the results of this review article provide rational evidences for applying in human clinical trials toward MMPs 
in breast cancer therapies.
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1. Context
MMPs (matrix metalloproteinases) known as matrixins 

are zinc dependent enzymes, that are a multigene fam-
ily structurally and functionally related endoprotein-
ases (1, 2). Their basic mechanism of action collectively 
involves degradation of virtually every component of 
extracellular matrix (ECM) such as collagen, gelatin, fi-
bronectin, vitronectin, and laminin (2, 3). There are 23 
types of human MMPs, including 17 soluble secreted and 
6 membrane type enzymes (Table 1) (4). MMPs have been 
described as enzymes, which are specific in their domain 
structure, have their particular substrate and expression 
patterns (4). MMPs are originally divided into subgroups 
based on their preferred substrateswithin extracellular 
matrix: collagenases (MMP-1, -8, -13), gelatinases (MMP-
2, -9), stromelysins (MMP-3, -10, -11),matrilysins (MMP-7), 
and membrane-associated MMPs, including MT1-MMP/
MMP-14, -15, -16, -17, -24, -25(4, 5). Breast cancer is the most 
common cause of death among women. Its incidence 
rate is very high in western communities as well as Ira-
nian women. Despite advanced therapies such as surgery, 
radiotherapy, and chemotherapy, its prognosis remains 
poor and multi-target therapies are essential in order to 

overcoming the metastasis. Therefore, understanding 
and explanation of possible mechanism involving in the 
breast carcinogenesis are necessary (6). The purpose of 
this review article is surveying the MMPs specific role in 
various steps of breast carcinogenesis, including initia-
tion, progression and metastasis, and cellular pathways 
involving in breast cancer metastasis.

2. Evidence Acquisition
This review article comprised published articles in 

PubMed and GoogleScholar since 1988. The articles were 
searched according to the Mesh terms of keywords in-
cluding “breast” AND “neoplasm” AND “matrix metallo-
proteinase” in PubMed and GoogleScholar data bases. A 
total of 129 articles were obtained in primary search and 
surveyed based on inclusion and exclusion criteria. In-
clusion criteria of this study were breast carcinogenesis, 
breast cancer, metastasis, and matrix metalloprotein-
ase. Exclusion criteria were other cancers such as colon, 
prostate, gastric, ovarian, brain, and so on. Eighty-seven 
articles met the inclusion criteria and the context of the 
articles was considered.Corr
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Table 1.  MMPs Types and Their Structural Class (4) a

MMP Designation Structural Class

MMP-1 Simple hemopexin domain

MMP-2 Gelatin binding

MMP-3 Simple hemopexin domain

MMP-7 Minimal domain

MMP-8 Simple hemopexin domain

MMP-9 Gelatin binding

MMP-10 Simple hemopexin domain

MMP-11 Furin-activated and secreted

MMP-12 Simple hemopexin domain

MMP-13 Simple hemopexin domain

MMP-14 Transmembrane

MMP-15 Transmembrane

MMP-16 Transmembrane

MMP-17 GPI linked

MMP-18 Simple hemopexin domain

MMP-19 Simple hemopexin domain

MMP-20 Simple hemopexin domain

MMP-21 Vitronectin-like insert

MMP-22 Simple hemopexin domain

MMP-23 Type 2 transmembrane

MMP-24 Transmembrane

MMP-25 GPI linked

MMP-26 Minimal domain

MMP-27 Simple hemopexin domain

MMP-28 Furin-activated and secreted

No designation Simple hemopexin domain

No designation Simple hemopexin domain

No designation Gelatin binding
a  Abbreviations: MMP: Matrix Metalloproteinase.

3. Results

3.1. Catalytic Activity of MMPs
MMPs are catalytic enzymes, which are synthesized 

as inactive prozymogenes. Catalytic activity depends 
on the zinc ions at the catalytic active site. Interaction 
between a cysteine-sulphydryl group in propeptide do-
main and zinc ion bound to the catalytic domain, keeps 
them inactive. They are activated by proteinase activ-
ity on prodomain that depend on the presence of the 
zinc ion at the catalytic active site (1, 5, 7). Activation of 
MMPs usually occurs outside the cells by other activated 
MMPs or serine proteinase. But MMP-11, MMP-28, and MT-
MMPs can also be activated by intracellular furin-like 
serine proteinase before being localized at the cell sur-
face (7). Observations from mammary glands-epithelial 

cells have demonstrated some interaction among PEX 
domains and integrins or other cell surface receptors, 
which might mediate MMP activation; This process re-
cruits soluble MMP in specific site of proteolysis in extra-
cellular matrix (ECM) or regulates MMP endocytosis and 
turnover (8). In an experimental murin mammary carci-
noma model, binding of MMP-9 to the hyaluronan recep-
tor CD44 mediated catalytic activation of transforming 
growth factor-β (TGF-β) and resulted in tumor progres-
sion and angiogenesis (9). Membrane type-1 MMP (MT1-
MMP) PEX domain docking to CD44 leads to localization 
of MT1-MMP at the leading edge of migration cells and 
facilities their migration (10, 11).

3.2. Polymorphism of MMPs in Breast Cancer
Breast cancer is the most common female cancer in the 

world. Although a high rate of breast cancer has been 
seen in Western communities, there is a dramatic in-
crease in breast cancer incidence among Iranian women 
as well (6). Based on numerous clinical and epidemio-
logical studies, certain MMPs and ADAMS play a major 
role in breast cancer. They can be regarded as predictive 
biomarkers of primary diagnosis and prognosis of breast 
cancer and have predictive value for evaluation of dis-
ease, tumor recurrence, invading of tumor cells to other 
sites, and therapeutic outcomes (2). A systematic review 
that was carried out on MMP-1, -2, -3, -9 polymorphisms in 
breast cancer concluded that there is no significance as-
sociation between polymorphism of MMP-1, -2, -3, -9 and 
breast cancer (12).

3.3. Role of MMPs in Initiation of Breast Cancer
Although MMPs roles were regarded as exclusively sig-

nificant in promotion, invasion, and metastasis of cancer 
cells, recent evidence suggests that MMPs participate in 
several stages of cancer progression altering 6 principle 
processes of cell physiology, including self-supporting 
growth signals, resistance to growth inhibitory signals, 
insensitivity to apoptosis, over replication, angiogenesis, 
and invasion to other tissues and metastasis (5, 13).

MMPs are normally secreted by two major sources; can-
cerous cells, which produce MMP-7 and tumor stromal 
cells, which secrete MMP-2 and MMP-9. MMPs of the sec-
ond group are ultimately recruited to cancer cell mem-
branes. In fact, MMP-2 is produced by stromal cells of 
breast tumor while MMP-9 is found in both stromal and 
cancer cell membranes (5). It is noteworthy that upreg-
ulation of MMPs in breast cancer is not a result of gene 
amplification or mutations. Perhaps increase in MMP 
expression is due to transcriptional changes rather than 
loss of genes that encoding the MMPs mRNA. So this state 
probably results from mutations on oncogene or tumor 
suppressors that leads to activation of oncogenes and 
disruption of tumor suppressors (5). Most common ge-
netic mutations that contribute to breast cancer include 
c-oncogenes such as C-erbB-2, C-myc, Ras, and tumor 
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suppressor genes such as p53 and RB. A mutation in p53 
results in upregulation of all downstream classical onco-
genes and transcription of MMP-1 and MMP-13 (1, 14, 15). 
However, some of c-oncogenes by modulating expression 
of MMPs contribute to tumorigenesis. For example, trans-
fection of C-erbB-2 or C-Ras to non-invasive MCF-7, breast 
cancer cell lines, which leads to upregulation of MMP-2 
expression (16). Whereas, transfection of PEA-3 to MCF-7 
cells results in MMP-9 overproduction (17).

3.4. MMPs and Breast Cancer Cell Growth
Animal studies carried out about MMPs roles in breast 

cancer have clarified that overexpression of WAP-MMP-3 
in transgenic mice leads to mammary hyperplasia and 
cancer (18, 19). Injection of MMP-11 to MCF-7 cells in-
creases tumor cells (1). However, other studies revealed 
a decrease in mammary carcinogenesis and tumor cell 
survival and growth following the very intervention. 
Expression of MMP-7 in mouse mammary tumor virus 
(MMTV) (MMTV longterminal receptor promoter en-
hancer) and MMTV-Her2/neu in transgenic mice promot-
ed premalignant hyperplastic nodules and increased 
mammary carcinogenesis (20-22). Similar to MMTV-
MMP-7, MMTV-MMP-14 expression resulted in mammary 
hyperplasia and cancer in mice (23), whereas adminis-
tration of WAP-TIMP-1 and albumin-TIMP-1 in mice re-
duced mammary neoplasia (24). Possible underlying 
mechanisms through which MMPs contribute to cancer 
initiation of breast include: a) releasing some growth 
factors such as TGF-α (2), b) increasing the bioavailability 
of growth factors by degrading the binding proteins; for 
example, cleavage of insulin like growth factor binding 
proteins (IGF-BPs) by MMPs, consequently releases IGFs 
or degradation of perlecan by MMPs results in high lev-
els of fibroblast growth factor (FGFs) (25-27), c) regulat-
ing growth signals through integrins, d) inducing cell 
survival and inhibition of cancer cell apoptosis, especial-
ly by MMP-11, MMP-9, and partly MMP-7 by means of gen-
erating pro-survival proteins such as IGFs, pro heparin-
binding EGF-like growth factor (proHB-EGF) and ErbB4 
receptor tyrosine kinase. Although MMP-9 and MMP-11 
promote cell survival and decrease apoptosis, they in-
duce cell death during development (28-30), e) activa-
tion of growth factor receptors; for example, MMP-2 and 
MMP-9 by degrading ectodomain of FGF receptor1 result 
in binding of FGF to its receptor (1).

3.5. Role of MMPs in Developing of Breast Cancer 
and Metastasis

Escape of tumor cells into neighboring tissues, invasion 
ability, and metastasis to distant sites are contributing 
factors in aggressiveness of tumors (31, 32). Consequent-
ly, facilitation of cancer cell proliferation and growth by 
misregulation of MMPs contributes to tumor develop-
ment and metastasis through multiple mechanisms, 
which are modulated by proteolytic function of MMPs. 

Mostimportant ways through which MMPs are involved 
in tumor invasion include angiogenesis, epithelial-mes-
enchymal transition, inflammation and immune re-
sponses to cancer, and metastasis.

Degradation of ECM facilitates movement of cells. In 
other words, proteolytic actions of MMPs might lead to 
uncovering of the crypt sites and presenting novel activ-
ity fragment that can modulate tumor development such 
as migration and angiogenesis (5, 33).

3.6. MMPs Associated With Angiogenesis
Formation of new vessels from existing neighboring 

blood vessels is a necessary step for tumor progression 
and growth of a tumor size to approximately 2 mm (1, 2). 
Angiogenesis consists of 4 main steps: a) remodeling of 
the surrounding ECM of blood vessels; b) invasion of the 
surrounding cells by angiogenic signals in endothelial 
cells; c) migration of endothelial cells as a result of pro-
liferation signals activation, which leads to generating 
of a column form; d) organization into 3D structure and 
new capillary (1). MMPs roles in angiogenesis are com-
plex and conflicting. Generally MMPs can promote an-
giogenesis by two different mechanisms: first, by cleav-
ing ECM and invading endothelial cells; for example, 
degrading of collagen type 1 is essential for endothelial 
cell migration and capillary formation (5, 34); and sec-
ond, stimulation of some growth factors released from 
ECM sources, which has a major role in promotion or 
maintenance of the angiogenic phenotypes such as vas-
cular endothelial growth factor (VEGF) and bFGF (34). 
Some studies have indicated that MMPs, which directly 
regulate the switch of angiogenesis, including MMP-
2, -9, -14 and probably MMP-19, -1 and -13 (34, 35). MMP-2 
expression in tumor cells develops angiogenesis by re-
modeling of collagen type 4 and generating active site 
to allow for binding of molecules to αvβ3 (36). MMP-9 can 
regulate and increase bioavailability of pro-angiogenic 
agents like VEGF (37). MMP-14 acts by cleaving the fibrin 
matrix that surrounds the vessels, thereby causes more 
invasion of endothelial cells (38). In the same way, both 
MMP-1 and MMP-3 can degrade endothelial derived per-
lecan and stimulate bFGF secretion (34). There is some 
evidence that indicates MMPs might have inhibitory ac-
tions against angiogenesis. Thereby MMP roles are criti-
cal, which can negatively regulate the vascular growth 
(2). For example, MMP-2, -3, -7, -9 and -12 by degrading 
plasminogen produce angiostatin that potentially in-
hibits angiogenesis by reducing endothelial cells pro-
liferation. Also MMP-3, -9, -12, and -13 can produce end-
ostatin, which is produced as a breakdown remnant of 
the basement-membrane collagen type 8 (39-42). End-
ostatin potentially reduces angiogenesis by means of 
inhibition of cell proliferation and invasion. Moreover, 
MMP-12 by degrading the cell membrane bound uroki-
nase-type plasminogen activator receptor can inhibit 
endothelial cell invasion and angiogenesis (43).
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3.7. MMPs and Epithelial-Mesenchymal Transition 
(EMT)

EMT is a process that occurs during the development of 
tissues and organs (8). EMT is defined as events such as 
formation of specific epithelial cells, degradation of the 
basement membrane, entering of the separated cells, 
disruption of epithelial tissue constitution, and devel-
opment of a novel mesenchymal form (44). MMPs have 
been demonstrated to be important factors in epithelial-
mesenchymal transition process in breast cancer pro-
gression through 3 mechanisms: a) secretion of MMPs 
from the surroundings of the tumor leads to induction of 
EMT in epithelial cells, b) cancer cells express and secrete 
more MMPs followed by EMT, which in turn increases ag-
gressiveness and metastasis of cells, c) over production 
of MMPs results in generation of stromal-like cells which 
induce tumor initiation (4).

3.8. MMPs and Metastasis
Various studies extensively surveyed the MMPs roles in 

metastasis. Maintaining the stroma integrity and their 
adhesion together are contributing factors for inhibi-
tion of metastasis and invasion of cancerous cells. Due 
to degrading activity of MMPs during the metastasis in 
mammary glands, these barriers are disrupted and con-
sequently tumor cells cross the basement membranes 
and spread to the surrounding stroma. Then, they can in-
vade to blood or lymphatic vessels and be colonized (5). 
Generally metastasis is modulated by expression of tis-
sue inhibitors of metalloproteinase (TIMPs) and MMPs; 
over production of TIMPs reduces and MMP-2, -3, -9, -13 
and -14 increases metastasis by cleaving collagen type 1 
and matrigel (45-51). Only a limited number of cell lines 
and animal studies have been performed thus far, investi-
gating the role of MMPs in breast cancer metastasis (52). 
Aggressive manner in MDA-MB-435 human breast cancer 
cell line was decreased by administration of TIMP-4 into 
them (53). Also in transgenic models of breast cancer 
cells, injection of MDA-MB-231 into nude mice by overpro-
duction of TIMP-2 resulted in decreased osteolytic lesions 
(54). Similar to other steps of breast cancer progression, 
MMPs promote metastasis through degradation of ECM. 
Most common MMPs, which modulate invasion of breast 
cancer, including MMP-2 and MMP-9. These MMPs medi-
ate the invasion by generating collagen 4 of ECM (1). MMP-
2 activity leads to disruption of laminin-5, which can trig-
ger cancer cell mobility and migration (55, 56). Moreover, 
MMP-9 binds to CD44 presented in the cell surface. This 
localization of MMP-9 is essential for tumor invasion 
and angiogenesis (5). The most common site, that breast 
cancer cells invade is bone; this results in disturbing the 
balance between bone remodeling and formation, and 
ultimately leading to net bone degradation. Such degra-
dation is the main effect of breast cancer metastasis that 
is mediated by osteoclasts resorption activity that is cata-
lyzed by MMPs (57).

4. Conclusions
In conclusion, our literature review shows that MMPs 

are among the factors that play major roles in both acti-
vation of all cellular pathways, which lead to breast car-
cinogenesis, promotion, and metastasis. Administration 
of MMPs inhibitors in early stage of breast cancer is one 
of beneficial agents in this regard that can be modulate 
impaired transduction pathways and prevent tumor 
cells over proliferation, their invasion, and metastasis. As 
there are no human studies that support the beneficial 
effects of MMPs inhibitors, human clinical trial studies 
are warranted in order to clarify the beneficial effects of 
MMPs inhibitors application to control the progression 
and metastasis of the breast cancer. These effects may be 
considered as an adjuvant therapy in combination with 
chemotherapy drugs and increase the efficacy of other 
treatment against breast cancer.
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