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INTRODUCTION

Cancer a long‑standing disease is associated with fear for its 
pain, unpredictable course of  progression and impotence 
of  existing therapies, serious side effects and premature 
mortality (Global Action Plan for the Prevention and 
Control of  NCDs 2013–2020).[1] Breast cancer is the 
leading type of  cancer in women, accounting for 25.4% 
of  all cancer diseased cases worldwide. According to the 
WHO, India has a cancer mortality rate of  79/100,000 
deaths and accounts for 6% of  total deaths. Breast cancer 
is at the highest incidence, mortality, and prevalence of  
cancers in India with 162,468 new cases, 87,090 deaths in 
2018 and 5 years prevalence rate of  405,456 (Globocan 
2018). Breast cancer is a dominant cause of  women 

morbidity and mortality rate. The evidence suggests that 
cancer prevalence is the highest among the elderly and also 
among females in the reproductive age groups. Ongoing 
demographic data and epidemiological evolution infer 
that cancer is budding as a major public health concern 
in India.[1]

BREAST CANCER

Cancer is a group of  diseases involving uncontrolled cell 
growth/decreased apoptosis, differentiated into a tumor 
with a potentiality of  invasion and spreads to other parts 
of  the body in advanced stages is leading to the death of  
the organism. There are four main subtypes of  breast 
cancer, such as luminal A, luminal B, human epidermal 
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growth factor receptor 2 (HER2)‑overexpression, 
and triple‑negative breast cancer (TNBC). Luminal 
A type breast cancer is hormone‑receptor positive 
estrogen‑receptor (ER+), progesterone‑receptor (PR+), 
and HER2 negative, showed with low levels of  Ki‑67 
protein, luminal A tumors tend to have the best prognosis, 
with fairly high survival rates and fairly low recurrence 
rates. In case of  luminal B type, it is hormone‑receptor 
positive (ER+, PR+), and HER2 (positive or negative) 
with high levels of  Ki‑67. Luminal B cancers generally 
grow slightly faster than luminal A cancers, and their 
prognosis is slightly worse. TNBC is hormone receptor 
negative (ER and PR negative) and HER2 negative as 
regards 15%–20% of  breast cancers are triple negative/
basal‑like.[2]

The treatment procedures of  cancer include surgery, 
chemotherapy, and radiotherapy. The therapeutics used 
were failed considerably to treat cancers as well as induces 
rendered toxic side effects on patients. The major hallmark 
for cancerous deaths is metastasis, a property of  malignant 
tumor migration by destroying the tissue barriers forming 
secondary malignancies. Cancer cases and mortality rates 
are enhancing mostly due to the lack of  awareness, very 
high treatment costs, poor chances of  survival, particularly 
diagnosed at advanced stages.

MATRIX METALLOPROTEINASES

In general, extracellular matrix (ECM) possesses several tough 
proteoglycans or extracellular molecules secreted by cells 
provide mechanical strength and biochemical support to the 
surrounding cells for cell adhesion, cell‑cell communication, 
and differentiation. The animal ECM contains interstitial 
matrix majorly made up of  fibrous proteins, and basement 
membrane comprises sheet‑like structures where epithelial 
cells rely. The fibrous components make interlocking 
mesh‑like network in ECM include collagens, gelatins, 
elastins, fibronectins, integrins, and laminins. Human matrix 
metalloproteinases (MMPs) are matrixins, a family of  23 
structurally related extracellular/cell‑surface‑anchored zinc 
endoproteases.[3] They are classified into collagenases (MMP‑1, 
MMP‑8, MMP‑13), gelatinases (MMP‑2, MMP‑9), 
stromelysins (MMP‑3, MMP‑10, MMP‑11, MMP‑27), 
matrilysins (MMP‑7, MMP‑26), membrane type (MT) 
MMPs (MMP‑14, MMP‑15, MMP‑16, MMP‑17, MMP‑24, 
MMP‑25), metalloelastase (MMP‑12), enamelysin (MMP‑20), 
and others (MMP‑19, MMP‑21, MMP‑23, MMP‑27, 
MMP‑28). Functions of  MMPs extend beyond the matrix 
and MMPs act as regulators of  diverse processes by cleaving 
nonmatrix extracellular proteins.[4]

All the MMPs are multidomain enzymes containing signal 
sequence, propeptide, catalytic, hemopexin (except matrilysin, 
MMP‑7) domains, transmembrane, and cytosolic domains 
for MT‑MMPs. A cysteine residue, strictly conserved in 
the propeptide domain of  all MMPs has been shown to be 
essential for maintaining the MMPs in an inactive state.[5] It 
has been suggested that the sulfhydryl group of  cysteine 
residue is coordinated to catalytic zinc ion and interrupt 
the interaction causing activation through cysteine switch 
mechanism. Physiological activation of  MMPs is probably 
initiated by proteases that cleave‑specific sites within the 
propeptide, but final processing to the mature form of  the 
active MMP that lacks the entire propeptide often requires 
intermolecular, autoproteolytic cleavage by the target MMP. 
When triggered with sulfhydryl‑reactive compounds, such 
as organomercurials that interrupt the cysteine to zinc 
coordination, processing of  proMMPs to the active form can 
be entirely autoproteolytic. The C‑terminal hemopexin‑like 
domain of  MMPs is linked to the catalytic domain by a hinge 
peptide, and it determines the substrate specificity.[6,7] The 
activated MMP with catalytic triad (zinc, three histidines, 
and glutamic acid) brought proteinase activity between 
glycine and isoleucine repeats of  ECM proteins in the 
presence of  water. In general, MMPs activity over ECM 
proteins was endogenously controlled by tissue inhibitors of  
metalloproteinases in a stoichiometric fashion of  1:1. This 
regulation was unbalanced in cancers, on extreme secretion 
or production of  MMPs.

ECM acts as a barrier and prevents the cells from transition, 
but in case of  cancer, the balance between proteolytic 
actions predominate the antiproteolytic activity by 
extreme production of  MMPs. They cleave ECM proteins 
and mediate both normal tissue remodeling processes 
during early developmental ages and pathological tissue 
remodeling processes on overexpression in cancers.[8]

Cancer progression is a sequential process where normal 
cells exhibit molecular aberrations that introduce indefinite 
tumor growth, angiogenesis, invasion, and metastasis 
behavior observed in cancerous condition.[9] The paper 
findings documented various roles of  MMPs in breast 
cancer progression and emphasized some crucial MMPs 
that are ideal targets involved in all stages of  breast cancer 
progression for therapeutic design.

ROLE OF MATRIX METALLOPROTEINASES IN 
CELL PROLIFERATION

Cancer cell proliferation is a major hallmark of  cancer, 
where the cells will never cease to death with infinite 
cell divisions forming uncontrolled tumor growth or 
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malignancy. MMP‑2 and MMP‑9[10,11] are involved in breast 
cancer cell proliferation and tumor growth. MMP‑2 and 
MMP‑9 cause tumorigenicity in TNBC.[12,13] MT1‑MMP, 
multifunctional protease is involved in the activation 
of  pro‑MMP‑2, leading to tumor growth.[14,15] MMP‑7, 
MMP‑11, and MMP‑13 are also involved to mediate tumor 
growth or breast cancer proliferation with the help of  
MMP‑2, MMP‑9, and MMP‑14.[16]

The crucial cell proliferation pathways are mediated by 
RAS/RAF/mitogen‑activated protein kinase (MAPK) 
and JAK/STAT pathways. MMPs are downstream 
signaling enzymes activated in breast tissue proliferation. 
HER2 causes 30% of  breast cancer cases through RAS/
RAF/MAPK pathway.[17] ERs also have a pivotal role in 
breast cancer growth and progression. Moreover, ERβ 
exhibited a significant role on the gene expression of  
numerous matrix mediators, including the syndecans‑2/‑4, 
proteoglycans, and serglycin, MMP‑2 and 9, components of  
plasminogen activation system as well as receptor tyrosine 
kinases.[18] The down‑regulation of  ERβ through tyrosine 
kinase receptors of  epidermal growth factor receptor/
insulin‑like growth factor‑I receptor (EGFR/IGF‑IR) and 
the JAK/STAT signaling pathways reduces the migration 
of  breast cancer cells.

MMPs, STAT3, AKT, ERK, and NF‑kB are downstream 
targets of  EGFR and IGF‑IR. The activation of  EGFR 
upregulates the downstream targets and enhances ERα+ 
and ERα− breast cancer progression.[19] TNBC cells treated 
with Nelumbo nucifera leaves extract to suppress MMP‑2 and 
VEGF in turn reduce PI3K‑AKT‑ERK activation, which 
decreases the growth of  the tumor.[20]

ROLE OF MATRIX METALLOPROTEINASES IN 
ANGIOGENESIS

Angiogenesis is the development of  new blood vessels 
with the differentiation of  endothelial cells. This is an 
essential process in cancers as the most solid tumors 
contain regions of  hypoxia in which increased cell 
proliferation promotes oxygen consumption. This 
condition is further exacerbated as cancer cells become 
localized far from a functional blood vessel, decreasing 
the oxygen supply which necessitates the angiogenesis.[21] 
Increased expression of  transforming growth factor‑beta 
1, tumor necrosis factor, and interleukin 1 beta cytokines in 
fibroblasts leads to overexpression of  MMP‑9 and induces 
tumor cell growth by promoting tumor vasculature.[22] 
MMP‑2 and MMP‑9 secreted by human umbilical vein 
endothelial cells are the major angiogenic mediators of  
VEGF signaling.[23‑25]

ROLE OF MATRIX METALLOPROTEINASES IN 
CELL INVASION

Cell invasion refers to the degradation of  ECM by 
MMPs to promote metastasis through invadopodia 
formation. MMP‑2 and MMP‑9 in the vesicles are 
responsible for extending invadopodia during breast 
cancer cell invasion.[26] MMP‑1,[27] MMP‑2,[28,29] MMP‑3,[30,31] 
MMP‑7,[17,32] MMP‑9,[26,33‑36] MMP‑11,[3,37] MMP‑13,[38,39] 
MMP‑14,[28,40] and MMP‑17[41] are known to be involved 
in cell migration and invasion of  breast cancers.

The inhibition of  thrombin activatable fibrinolysis activator 
increases secretion of  MMP proenzymes by endothelial 
breast cancer cells which results in a series of  cell invasion, 
cell migration, tube formation and collagen degradation 
by the activation of  the protein kinase C α/nuclear 
factor‑κB (PKCα/NF‑κB) pathway.[42,43] Overexpression 
of  MMP‑2 activates p38 MAPK‑MK2‑HSP27 signaling 
leads to actin polymerization and induces cell migration in 
invasive breast carcinoma tissues.[44] MMP‑9 degrades ECM 
in metastatic cancers as it plays a major role in cancer cell 
invasion.[43] Cell invasion was enhanced through activation 
of  MMP‑9 associated with the epithelial–mesenchymal 
transition of  ER+ breast cancer cells.[45] Caspase‑6, an 
important apoptotic signaling enzyme modulates invasion 
by modulating MMP‑2 and MMP‑9 expression in breast 
cancer cells.[34] MMP‑2 and MMP‑9 expressions were 
upregulated and PKD1 downregulation in invasive breast 
cancer.[36] Invasion of  breast cancer occurs by the activation 
of  MMP‑2 through JAK/STAT pathway, and MMP‑9 by 
PKC‑α activation further activates c‑Src, Akt, and finally, 
NF‑kB leads to invasion of  breast cancer cells.[46]

ROLE OF MATRIX METALLOPROTEINASES IN 
METASTATIC CONDITION

Metastasis involves the spread of  cancer cells from their 
primary location to surrounding tissues and to distant 
organs and is the primary cause of  cancer morbidity and 
mortality.[47] In metastatic cascade, cancer cells detach 
from the primary origin, intravasate into the circulatory 
and lymphatic systems, evade immune attack, extravasate 
at distant capillary beds, invade and proliferate in distant 
organs. MMPs are capable of  contributing to every step 
of  the metastatic cascade.[48] BACH1 (BTB and CNC 
homology 1) is a transcriptional factor which promotes 
the migration and invasion of  breast cancer cells by 
upregulating MMP‑1 expression.[49] MMP‑1,[49‑51] MMP‑2 
and MMP‑9,[20,52‑54] MMP‑3,[51,55] MMP‑13,[56] MMP‑14[57] 
are the key proteases involved in metastatic breast cancer 
progression.
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MMP‑1 and MMP‑9 overexpressions are crucial in 
invasion, vascular intravasation, and metastasis of  ER+ and 
TNBC.[58] MMP‑2 and MMP‑9 are proposed as therapeutic 
targets for metastatic breast cancer in 4T1 cells.[52] COX‑2 
genes as key contributors to cancer progression by 
augmenting pro‑tumorigenic, angiogenic, and metastatic 
enzymes such as MMP1 and MMP3.[50] Bone is one of  the 
most common sites of  breast cancer metastasis and a major 
cause of  high mortality in these patients. Sterol regulatory 
element‑binding protein 2 (SREBP‑2) plays in osteoclast 
formation a function, and in breast cancer metastasis and 
found to be highly expressed in breast cancer tissues and 
correlated with a poor prognosis. SREBP‑2 regulates the 
expression of  MMPs, key degradative enzymes involved 
in bone metastases with osteolytic bone lesions by breast 
cancer cells.[59]

CD147 promotes breast cancer cell proliferation, 
metastasis, and invasion by modulating MMP‑9 and VEGF 
expression.[60] Anti‑angiogenic and anti‑tumor activities of  
4‑vinylphenol in beta‑catenin, EGFR and AKT signaling 
pathways which activates MMPs in higher tumorigenic and 
metastatic potential breast cancer.[61] ETS transcription 
factor (ELK3) play a positive role in the metastasis of  breast 
cancer by indirectly regulating MT1‑MMP expression.[62]

ROLE OF MATRIX METALLOPROTEINASES IN 
ANTI‑APOPTOSIS

Caspase‑6 is an important enzyme in the apoptotic 
signaling pathway which could regulate breast cancer cell 
invasion by modulating MMP‑2 and MMP‑9 expression 
in 4T1 tumor‑associated macrophages.[34] Apoptotic 
signals including processed caspase‑8, caspase‑7, poly 
ADP‑ribose polymerase, Bax and Bcl‑2, and MMP‑9 
expression cause invasive and migration potential through 
ICAM‑1 suppressed transcriptional activity in MCF‑7 
breast cancer cells. An anti‑metastatic agent (Oldenlandia 
diffusa) suppresses the metastatic response by targeting 
p‑ERK, p‑38, and NF‑κB, thus reducing the invasion 
capacity of  MCF‑7 breast cancer cells through inhibition 
of  MMP‑9.[63]

Up‑regulation of  pro‑apoptotic protein BAX along with 
the down‑regulation of  anti‑apoptotic proteins (BCL‑XL, 
Survivin), migration‑associated proteins (p‑FAK, MMP‑3) 
and cancer stem cell markers (CD44, Oct‑4), mediated by 
AKT/c‑Jun pathway essential for anti‑apoptosis pathways 
were observed in gemcitabine‑based chemotherapy. 
Gemcitabine‑based chemotherapy remains one of  the 
standards in the management of  metastatic breast cancer. 
However, intrinsic and acquired resistance to gemcitabine 

inevitably occurs. Inhibition of  src and siRNA could 
partially reverse gemcitabine resistance and attenuate 
resistance‑associated anti‑apoptosis, migration, and stem 
cell capacities.[64]

In the overall MMPs, the outweighed MMPs involvement 
in breast cancer progression was highlighted in this 
review. MMP‑9 and MMP‑11 were highly expressed by 
cancer‑associated fibroblasts in luminal A tumors.[65] 
Increased levels of  MMP‑1, MMP‑3, and MMP‑10 by 5–8 
folds in luminal breast cancers were also reported.[66] MMP‑14 
in luminal B tumors was highly expressed. Overexpression 
of  MMP‑9 by mononuclear inflammatory cells (MICs) in 
HER‑2‑positive tumors as well as MMP‑2/9 by MICs is 
crucially significant for TNBC.[67,68]

FUTURE DIRECTIONS

The present therapeutics developed in cancers are based 
on receptors in Ras and JAK/STAT‑mediated pathway 
signaling molecules and hormone receptors such as ER 
and PR. Among the 23 MMPs, 10 MMPs are mainly 
involved in breast cancer metastasis, whereas gelatinases 
are involved in all stages of  breast cancer progression. 
Hence, the 10 MMPs can be targeted to design therapeutics 
or combination drugs along with the existing drugs to 
overcome drug resistance.

Acknowledgments
KSK is highly thankful for sanctioning JRF and SRF position 
by DBT and authors are thankful to DBT, Ministry of  Science 
and Technology for providing Bioinformatics infrastructure 
facility (BT/BI/25/037/2012 [BIF‑SVIMST]) to SVIMS.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1. World Health Organization. World Cancer Report 2014. Ch. 1. World 
Health Organization; 2014. p. 1.

2. Iqbal BM, Buch A. Hormone receptor (ER, PR, HER2/neu) status 
and proliferation index marker (Ki‑67) in breast cancers: Their 
onco‑pathological correlation, shortcomings and future trends. Med 
J DY Patil Univ 2016;9:674‑9.

3. Fanjul‑Fernández M, Folgueras AR, Cabrera S, López‑Otín C. Matrix 
metalloproteinases: Evolution, gene regulation and functional analysis 
in mouse models. Biochim Biophys Acta 2010;1803:3‑19.

4. Morrison CJ, Butler GS, Rodríguez D, Overall CM. Matrix 
metalloproteinase proteomics: Substrates, targets, and therapy. Curr 
Opin Cell Biol 2009;21:645‑53.

5. Van Wart HE, Birkedal‑Hansen H. The cysteine switch: A principle 
of  regulation of  metalloproteinase activity with potential applicability 

[Downloaded free from http://www.jcsr.co.in on Monday, December 30, 2019, IP: 10.232.74.23]



Katari, et al.: Matrix metalloproteinases in breast cancer progression

Journal of Clinical and Scientific Research | Volume 8 | Issue 3 | July-September 2019 149

to the entire matrix metalloproteinase gene family. Proc Natl Acad Sci 
U S A 1990;87:5578‑82.

6. Nagase H, Enghild JJ, Suzuki K, Salvesen G. Stepwise activation 
mechanisms of  the precursor of  matrix metalloproteinase 
3 (stromelysin) by proteinases and (4‑aminophenyl) mercuric acetate. 
Biochemistry 1990;29:5783‑9.

7. Murphy G, Allan JA, Willenbrock F, Cockett MI, O’Connell JP, 
Docherty AJ. The role of  the C‑terminal domain in collagenase and 
stromelysin specificity. J Biol Chem 1992;267:9612‑8.

8. Mott JD, Werb Z. Regulation of  matrix biology by matrix 
metalloproteinases. Curr Opin Cell Biol 2004;16:558‑64.

9. Jinka R, Kapoor R, Sistla PG, Avinash Raj T, Pande G. Alterations in 
cell‑extracellular matrix interactions during progression of  cancers. 
Int J Cell Biol 2012;2012:219196.

10. Ławicki S, Zajkowska M, Głażewska EK, Będkowska GE, 
Szmitkowski M. Plasma levels and diagnostic utility of  M‑CSF, MMP‑2 
and its inhibitor TIMP‑2 in the diagnostics of  breast cancer patients. 
Clin Lab 2016;62:1661‑9.

11. Kim NI, Kim GE, Lee JS, Park MH. In phyllodes tumors of  
the breast expression of  SPARC (osteonectin/BM40) mRNA 
by in situ hybridization correlates with protein expression by 
immunohistochemistry and is associated with tumor progression. 
Virchows Arch 2017;470:91‑8.

12. Sharma MC, Tuszynski GP, Blackman MR, Sharma M. Long‑term 
efficacy and downstream mechanism of  anti‑annexinA2 monoclonal 
antibody (anti‑ANX A2 mAb) in a pre‑clinical model of  aggressive 
human breast cancer. Cancer Lett 2016;373:27‑35.

13. Kim S, Lee J, Jeon M, Lee JE, Nam SJ. Zerumbone suppresses the 
motility and tumorigenecity of  triple negative breast cancer cells via the 
inhibition of  TGF‑β1 signaling pathway. Oncotarget 2016;7:1544‑58.

14. Sudheer Kumar K, Chiranjeevi P, Ravina Madhulitha N, 
Umakanth Naik V, Umamaheswari A. Potent MMP‑14 antagonist 
design through screening, docking and dynamics studies. J Biomol 
Struct Dyn 2019;37 Suppl 1:18952.

15. Cepeda MA, Pelling JJ, Evered CL, Williams KC, Freedman Z, Stan I, 
et al. Less is more: Low expression of  MT1‑MMP is optimal to promote 
migration and tumourigenesis of  breast cancer cells. Mol Cancer 
2016;15:65.

16. López‑Marure R, Zapata‑Gómez E, Rocha‑Zavaleta L, Aguilar MC, 
Espinosa Castilla M, Meléndez Zajgla J, et al. Dehydroepiandrosterone 
inhibits events related with the metastatic process in breast tumor cell 
lines. Cancer Biol Ther 2016;17:915‑24.

17. Xu L, Hou Y, Tu G, Chen Y, Du YE, Zhang H, et al. Nuclear 
drosha enhances cell invasion via an EGFR‑ERK1/2‑MMP7 
signaling pathway induced by dysregulated miRNA‑622/197 and 
their targets LAMC2 and CD82 in gastric cancer. Cell Death Dis 
2017;8:e2642.

18. Piperigkou Z, Bouris P, Onisto M, Franchi M, Kletsas D, 
Theocharis AD, et al. Estrogen receptor beta modulates breast 
cancer cells functional properties, signaling and expression of  matrix 
molecules. Matrix Biol 2016;56:4‑23.

19. Elbaz M, Ahirwar D, Ravi J, Nasser MW, Ganju RK. Novel role of  
cannabinoid receptor 2 in inhibiting EGF/EGFR and IGF‑I/IGF‑IR 
pathways in breast cancer. Oncotarget 2017;8:29668‑78.

20. Chang CH, Ou TT, Yang MY, Huang CC, Wang CJ. Nelumbo nucifera 
gaertn leaves extract inhibits the angiogenesis and metastasis 
of  breast cancer cells by downregulation connective tissue 
growth factor (CTGF) mediated PI3K/AKT/ERK signaling. 
J Ethnopharmacol 2016;188:111‑22.

21. Gilkes DM. Implications of  hypoxia in breast cancer metastasis to 
bone. Int J Mol Sci 2016;17. pii: E1669.

22. Limoge M, Safina A, Beattie A, Kapus L, Truskinovsky AM, Bakin AV. 
Tumor‑fibroblast interactions stimulate tumor vascularization by 
enhancing cytokine‑driven production of  MMP9 by tumor cells. 
Oncotarget 2017;8:35592‑608.

23. Choi SH, Lee JY, Suh JS, Park YS, Chung CP, Park YJ, et al. 

Dual‑function synthetic peptide derived from BMP4 for highly 
efficient tumor targeting and antiangiogenesis. Int J Nanomedicine 
2016;11:4643‑56.

24. Saha S, Ghosh M, Dutta SK. Role of  metabolic modulator bet‑CA in 
altering mitochondrial hyperpolarization to suppress cancer associated 
angiogenesis and metastasis. Sci Rep 2016;6:23552.

25. Sarma P, Ramaiah MJ, Pal D, Bhadra U, Pal Bhadra M. A novel 
bisindole‑PBD conjugate inhibits angiogenesis by regulating STAT3 
and VEGF in breast cancer cells. Life Sci 2016;151:264‑76.

26. Jacob A, Linklater E, Bayless BA, Lyons T, Prekeris R. The role and 
regulation of  rab40b‑tks5 complex during invadopodia formation and 
cancer cell invasion. J Cell Sci 2016;129:4341‑53.

27. Hu F, Zhang Y, Li M, Zhao L, Chen J, Yang S, et al. BMP‑6 inhibits the 
metastasis of  MDA‑MB‑231 breast cancer cells by regulating MMP‑1 
expression. Oncol Rep 2016;35:1823‑30.

28. Li J, Zeng Q, Zhang Y, Li X, Hu H, Miao X, et al. Neurokinin‑1 
receptor mediated breast cancer cell migration by increased expression 
of  MMP‑2 and MMP‑14. Eur J Cell Biol 2016;95:368‑77.

29. Mahara S, Lee PL, Feng M, Tergaonkar V, Chng WJ, Yu Q. HIFI‑α 
activation underlies a functional switch in the paradoxical role of  Ezh2/
PRC2 in breast cancer. Proc Natl Acad Sci U S A 2016;113:E3735‑44.

30. Padala C, Tupurani MA, Puranam K, Gantala S, Shyamala N, 
Kondapalli MS, et al. Synergistic effect of  collagenase‑1 (MMP1), 
stromelysin‑1 (MMP3) and gelatinase‑B (MMP9) gene polymorphisms 
in breast cancer. PLoS One 2017;12:e0184448.

31. Sudheer Kumar K, Chiranjeevi P, Ravina Madhulitha N, Umakanth Naik V, 
Umamaheswari A. Design and validation of  novel antagonists of  
stromelysin‑1 (MMP‑3) through core hopping, ROC metrics and 
molecular dynamics simulations. J Proteins Proteom 2017;8:21.

32. De P, Carlson JH, Wu H, Marcus A, Leyland‑Jones B, Dey N. 
Wnt‑beta‑catenin pathway signals metastasis‑associated tumor 
cell phenotypes in triple negative breast cancers. Oncotarget 
2016;7:43124‑49.

33. Tian J, Al‑Odaini AA, Wang Y, Korah J, Dai M, Xiao L, et al. KiSS1 
gene as a novel mediator of  TGFβ‑mediated cell invasion in triple 
negative breast cancer. Cell Signal 2018;42:1‑10.

34. Yao Y, Shi Q, Chen B, Wang Q, Li X, Li L, et al. Identification of  
caspase‑6 as a new regulator of  alternatively activated macrophages. 
J Biol Chem 2016;291:17450‑66.

35. Li L, Zhang J, Xiong N, Li S, Chen Y, Yang H, et al. Notch‑1 signaling 
activates NF‑κB in human breast carcinoma MDA‑MB‑231 cells via 
PP2A‑dependent AKT pathway. Med Oncol 2016;33:33.

36. Qin XJ, Gao ZG, Huan JL, Pan XF, Zhu L. Protein kinase D1 inhibits 
breast cancer cell invasion via regulating matrix metalloproteinase 
expression. Eur J Gynaecol Oncol 2015;36:690‑3.

37. Tang L, Wei D, Yan F. MicroRNA‑145 functions as a tumor suppressor 
by targeting matrix metalloproteinase 11 and Rab GTPase family 27a 
in triple‑negative breast cancer. Cancer Gene Ther 2016;23:258‑65.

38. Gokulnath M, Swetha R, Thejaswini G, Shilpa P, Selvamurugan N. 
Transforming growth factor‑β1 regulation of  ATF‑3, c‑Jun and JunB 
proteins for activation of  matrix metalloproteinase‑13 gene in human 
breast cancer cells. Int J Biol Macromol 2017;94:370‑7.

39. Osako Y, Seki N, Kita Y, Yonemori K, Koshizuka K, Kurozumi A, 
et al. Regulation of  MMP13 by antitumor microRNA‑375 markedly 
inhibits cancer cell migration and invasion in esophageal squamous 
cell carcinoma. Int J Oncol 2016;49:2255‑64.

40. Morris DC, Popp JL, Tang LK, Gibbs HC, Schmitt E, Chaki SP, et al. 
Nck deficiency is associated with delayed breast carcinoma progression 
and reduced metastasis. Mol Biol Cell 2017;28:3500‑16.

41. Cervantes‑Garduño A, Zampedri C, Espinosa M, Maldonado V, 
Melendez‑Zajgla J, Ceballos‑Cancino G. MT4‑MMP modulates 
the expression of  miRNAs in breast cancer cells. Arch Med Res 
2018;49:471‑8.

42. Bazzi ZA, Balun J, Cavallo‑Medved D, Porter LA, Boffa MB. Activated 
thrombin‑activatable fibrinolysis inhibitor attenuates the angiogenic 
potential of  endothelial cells: Potential relevance to the breast tumour 

[Downloaded free from http://www.jcsr.co.in on Monday, December 30, 2019, IP: 10.232.74.23]



Katari, et al.: Matrix metalloproteinases in breast cancer progression

150  Journal of Clinical and Scientific Research | Volume 8 | Issue 3 | July-September 2019

microenvironment. Clin Exp Metastasis 2017;34:155‑69.
43. Kim JM, Noh EM, Kim HR, Kim MS, Song HK, Lee M, et al. 

Suppression of  TPA‑induced cancer cell invasion by Peucedanum 
japonicum thunb. Extract through the inhibition of  PKCα/
NF‑κB‑dependent MMP‑9 expression in MCF‑7 cells. Int J Mol Med 
2016;37:108‑14.

44. Das K, Prasad R, Ansari SA, Roy A, Mukherjee A, Sen P. Matrix 
metalloproteinase‑2: A key regulator in coagulation proteases mediated 
human breast cancer progression through autocrine signaling. Biomed 
Pharmacother 2018;105:395‑406.

45. Sumida T, Ishikawa A, Mori Y. Stimulation of  the estrogen axis 
induces epithelial‑mesenchymal transition in human salivary cancer 
cells. Cancer Genomics Proteomics 2016;13:305‑10.

46. Muscella A, Vetrugno C, Marsigliante S. CCL20 promotes migration 
and invasiveness of  human cancerous breast epithelial cells in primary 
culture. Mol Carcinog 2017;56:2461‑73.

47. Seyfried TN, Huysentruyt LC. On the origin of  cancer metastasis. Crit 
Rev Oncog 2013;18:43‑73.

48. Tauro M, Lynch CC. Cutting to the chase: How matrix 
metalloproteinase‑2 activity controls breast‑cancer‑to‑bone metastasis. 
Cancers (Basel) 2018;10. pii: E185.

49. Davudian S, Shajari N, Kazemi T, Mansoori B, Salehi S, Mohammadi A, 
et al. BACH1 silencing by siRNA inhibits migration of  HT‑29 colon 
cancer cells through reduction of  metastasis‑related genes. Biomed 
Pharmacother 2016;84:191‑8.

50. Panagopoulos V, Leach DA, Zinonos I, Ponomarev V, Licari G, 
Liapis V, et al. Inflammatory peroxidases promote breast cancer 
progression in mice via regulation of  the tumour microenvironment. 
Int J Oncol 2017;50:1191‑200.

51. Barajas‑Castañeda LM, Cortés‑Gutiérrez E, García‑Rodríguez FM, 
Campos‑Rodríguez R, Lara‑Padilla E, Enríquez‑Rincón F, et al. 
Overexpression of  MMP‑3 and uPA with diminished PAI‑1 related to 
metastasis in ductal breast cancer patients attending a public hospital 
in Mexico city. J Immunol Res 2016;2016:8519648.

52. Hosseini F, Hassannia H, Mahdian‑Shakib A, Jadidi‑Niaragh F, 
Enderami SE, Fattahi M, et al. Targeting of  crosstalk between tumor 
and tumor microenvironment by β‑D mannuronic acid (M2000) in 
murine breast cancer model. Cancer Med 2017;6:640‑50.

53. Micocci KC, Moritz MN, Lino RL, Fernandes LR, Lima AG, 
Figueiredo CC, et al. ADAM9 silencing inhibits breast tumor cells 
transmigration through blood and lymphatic endothelial cells. 
Biochimie 2016;128‑129:174‑82.

54. Daniele A, Abbate I, Oakley C, Casamassima P, Savino E, 
Casamassima A, et al. Clinical and prognostic role of  matrix 
metalloproteinase‑2, ‑9 and their inhibitors in breast cancer and liver 
diseases: A review. Int J Biochem Cell Biol 2016;77:91‑101.

55. Huang JF, Du WX, Chen JJ. Elevated expression of  matrix 
metalloproteinase‑3 in human osteosarcoma and its association with 
tumor metastasis. J BUON 2016;21:1279‑86.

56. Orive‑Ramos A, Seoane S, Ocaña A, Pandiella A, Montero JC. 
Regulation of  the prometastatic neuregulin‑MMP13 axis by SRC family 
kinases: Therapeutic implications. Mol Oncol 2017;11:1788‑805.

57. Di D, Chen L, Wang L, Sun P, Liu Y, Xu Z, et al. Downregulation 
of  human intercellular adhesion molecule‑1 attenuates the 
metastatic ability in human breast cancer cell lines. Oncol Rep 
2016;35:1541‑8.

58. Rattanasinchai C, Llewellyn BJ, Conrad SE, Gallo KA. MLK3 regulates 
FRA‑1 and MMPs to drive invasion and transendothelial migration in 
triple‑negative breast cancer cells. Oncogenesis 2017;6:e345.

59. Jie Z, Xie Z, Xu W, Zhao X, Jin G, Sun X, et al. SREBP‑2 aggravates 
breast cancer associated osteolysis by promoting osteoclastogenesis 
and breast cancer metastasis. Biochim Biophys Acta Mol Basis Dis 
2019;1865:115‑25.

60. Carina V, Costa V, Pagani S, De Luca A, Raimondi L, Bellavia D, 
et al. Inhibitory effects of  low intensity pulsed ultrasound on 
osteoclastogenesis induced in vitro by breast cancer cells. J Exp Clin 
Cancer Res 2018;37:197.

61. Leung HW, Ko CH, Yue GG, Herr I, Lau CB. The natural agent 
4‑vinylphenol targets metastasis and stemness features in breast cancer 
stem‑like cells. Cancer Chemother Pharmacol 2018;82:185‑97.

62. Heo SH, Lee JY, Yang KM, Park KS. ELK3 expression correlates with 
cell migration, invasion, and membrane type 1‑matrix metalloproteinase 
expression in MDA‑MB‑231 breast cancer cells. Gene Expr 
2015;16:197‑203.

63. Chung TW, Choi H, Lee JM, Ha SH, Kwak CH, Abekura F, et al. 
Oldenlandia diffusa suppresses metastatic potential through inhibiting 
matrix metalloproteinase‑9 and intercellular adhesion molecule‑1 
expression via p38 and ERK1/2 MAPK pathways and induces 
apoptosis in human breast cancer MCF‑7 cells. J Ethnopharmacol 
2017;195:309‑17.

64. Wu ZH, Lin C, Liu MM, Zhang J, Tao ZH, Hu XC. Src inhibition 
can synergize with gemcitabine and reverse resistance in triple 
negative breast cancer cells via the AKT/c‑jun pathway. PLoS One 
2016;11:e0169230.

65. Cid S, Eiro N, Fernández B, Sánchez R, Andicoechea A, 
Fernández‑Muñiz PI, et al. Prognostic influence of  tumor stroma on 
breast cancer subtypes. Clin Breast Cancer 2018;18:e123‑33.

66. Thakur S, Nabbi A, Klimowicz A, Riabowol K. Stromal ING1 
expression induces a secretory phenotype and correlates with breast 
cancer patient survival. Mol Cancer 2015;14:164.

67. Lee SK, Park KK, Kim HJ, Park J, Son SH, Kim KR, et al. Human 
antigen R‑regulated CCL20 contributes to osteolytic breast cancer 
bone metastasis. Sci Rep 2017;7:9610.

68. Momeny M, Saunus JM, Marturana F, McCart Reed AE, Black D, 
Sala G, et al. Heregulin‑HER3‑HER2 signaling promotes matrix 
metalloproteinase‑dependent blood‑brain‑barrier transendothelial 
migration of  human breast cancer cell l ines. Oncotarget 
2015;6:3932‑46.

[Downloaded free from http://www.jcsr.co.in on Monday, December 30, 2019, IP: 10.232.74.23]


