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The continually growing family of matrix metalloproteinases (MMPs) has been 
the subject of intense research and has been widely demonstrated to be 

important in various fields of medicine (1).  

 

However, matrix degradation is neither the sole nor the main function of these 

proteinases. MMPs were primarily thought to solely be involved in homeostasis 

and turnover of the extracellular matrix (ECM), but there has been increasing 

evidence suggesting that MMPs act on cytokines, chemokines and protein 
mediators to regulate various aspects of inflammation and immunity (2). 
 

 

 

Matrix metalloproteinases (MMPs) are a family of ubiquitously expressed zinc-

dependent endopeptidases with broad substrate specificity and strictly regulated 

tissue specific expression. They are expressed in physiological situations and 

pathological conditions involving inflammation (3). 

They can regulate transmigration of inflammatory cells from vasculature to the 

site of inflammation in tissue. They also regulate the recruitment and influx of 

inflammatory cells to the site of inflammation by processing ECM components, 

growth factors, cytokines and chemokines (4). Cell interactions and 

communication allow them to manage their functions, differentiate, develop, and 

perform the function of tissues. The interaction between cells occurs either 

chemically or electrically and occurs through the ECM (5, 6).  

The extracellular matrix (ECM) is a meshwork of proteins and carbohydrates 
that supports many biological structures and processes, from tissue 

development and elasticity to preserve the structures of entire organs. 
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The Matrix metalloproteinases affects cell adhesion and growth, impacts cellular fate, and controls 
host tissue reactions. 
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Cells can communicate mechanically by either one of two mechanisms: First, by 

responding either to mechanical deformations created by their neighbors or 

second, by altering the mechanical properties of the ECM of adjacent cells (6).  

 
There are two types of ECM – the first type is the interstitial connective tissue 

matrix, and the second is the basement membrane (BM). The BM is a form of 

ECM that has many functions. These functions include isolating the epithelium 

from the surrounding stroma and regulating cell organization and differentiation 

using connections with cell surface receptors and proteins in the ECM. The matrix 

in between the cells is called the interstitial matrix (7). 

 

ECM remodeling is a sequence of quantitative and qualitative alterations that 

can occur in the ECM during diseases such as cancer metastasis (8, 9). MMPs 

are manufactured as either soluble proteins or as proteinases that are anchored 

to the cell membrane and cleave ECM components with varied substrate 

selectivity (10). 

Remodeling in the ECM is important in the morphogenesis of the intestine, lungs, 

and mammary and submandibular glands. In fibrosis and invasive cancer, along 

with many pathological conditions, the ECM composition becomes dysregulated, 

and its structure is altered and becomes stiff and more abundant (9). 

 

The biochemical properties of the ECM allow cells to sense and interact with their 

extracellular environment using various signal transduction pathways. The 

chemical cues are provided by ECM components, especially the adhesive proteins 

such as fibronectin, integrin and non-integrin receptors, as well as growth factors 

and associated signaling molecules. Interactions with different matrices via 

specific sets of receptors can trigger distinct cellular responses (11). 

The ECM provides a structural scaffold via a network of protein–protein and 

protein–proteoglycan interactions. These interactions are involved in the 

formation of supramolecular assemblies such as collagen fibrils and elastic fibers, 

in tissue architecture, and in cell-matrix interactions that regulate cell growth 

and behavior (12). 

The interaction between cells occurs either chemically or electrically and occurs through the ECM.   

 

In the past, the ECM was thought to be a stable structure that changed according to growth and 

repair needs. More recently, microscopic topology of the ECM has shown that it is continuously 

remodeled (5).   

 

MMPs are the main enzymes involved in the ECM breakdown process. 

 



3 | 7 
Department of Physiological Sciences - Grupo de Investigación en Salud (GIS) No -08 

 

 

ASTHMA AND CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE. 

 

Increased secretion and expression of MMPs have been reported in asthma and 

chronic obstructive pulmonary disease (COPD), which are chronic inflammatory 

lung diseases that lead to chronic airflow obstruction associated with significant 
mortality and morbidity (13,14).  

 

Asthma is defined as an inflammatory disease of the airways that is associated 

with an abnormal response mechanisms of the airway smooth muscle that leads 

to episodes of airway narrowing, making asthma a disease where the airways 

are prone to narrow excessively in response to many provoking inhaled stimuli. 
The chronic airway inflammation of asthma is characterized by an infiltration of 

CD4+ T cells, eosinophils, macrophages/monocytes, and mast cells, and 

sometimes neutrophils, possibly a marker of severity (15).  

 

A specific class of T cells referred to as T-helper type (Th2) cells orchestrate and 

perpetuate inflammation and remodelling through the secretion of many 
cytokines including IL-4, IL-5, IL-9 and IL-13. Each of these play distinct roles 

with IL-4 regulating IgE production by B cells, while IL-13 is involved in bronchial 

hyperresponsiveness, subepithelial fibrosis and eosinophilic inflammation (16).  

 

COPD is a preventable and treatable disease with some significant 

extrapulmonary effects that may contribute to the severity in individual patients 

and its pulmonary component is characterised by airflow limitation that is not 

fully reversible (16), usually progressive and associated with an abnormal 

inflammatory response of the lung to noxious particles or gases (17).  

 

The chronic inflammation is characterised by an accumulation of neutrophils, 

macrophages, B cells, lymphoid aggregates and CD8+ T cells and the degree 

of inflammation increases with the severity of dis-ease (18, 16).   

 

Different MMPs play a specific role with variations in different lung diseases. In COPD, MMP 1, MMP 

9 and MMP 12 from lung macrophages play an important role in degradation of matrix leading to 

emphysema. MMPs may represent relevant therapeutic targets for many diseases. 

 

 MMP-9 was the first MMP to be implicated in the pathology of asthma and about which there is most 

data. Increased levels of active MMP-9 have been detected in bronchoalveolar lavage fluid, and in 

sputum and in serum. 
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IL-13 effects on airway wall remodelling and induction of emphysema may be 

related to overproduction of MMPs. In a murine model of cigarette smoking 

exposure, IL-13 overexpression induces MMP-2, MMP-9, MMP-12, MMP-13 and 

MMP-14 expression (19,20). 

MMPs may participate in the pathophysiology of asthma and COPD in many 

ways. Apart from the obvious degradation of extracellular matrix proteins and 

destruction of lung tissue (16), the potential actions include many aspects 

involved with the regulation of airway inflammation such as the extravasation of 

inflammatory cells from the blood compartment to the extracellular space, the 

movement of inflammatory cells through the epithelium, and the chemotaxis of 

inflammatory cells into the inflamed tissue by modulating the activities of 

chemoattractants (14, 16). 

 

Asthma is thought to arise from the complex interplay of genetic susceptibility 

and environmental influences, such as timing and dose of allergen and co-

exposure to infection (20). While asthma is an inflammatory disorder of the 

airways usually associated with atopy, an important additional component is 

involvement of the epithelium and underlying mesenchyme acting as a trophic 

unit (EMTU) (21). 

Thus, while Th2-mediated inflammation is undoubtedly important in asthma 

pathogenesis, alone it is insufficient for the disease to be expressed. 

Morphometry has revealed that thickened asthmatic airways account for a large 

proportion of bronchial hyperresponsiveness (BHR) and excessive airway 

narrowing characteristic of chronic disease (21).  

In the remodelled airway, mediators, cytokines and matrix molecules provide an 

optimal microenvironment for sustaining the chronic inflammatory response 

(22). 

A key role of epithelial–mesenchymal communication in asthma is further 

endorsed by the observation that six of the seven asthma susceptibility genes 

discovered by positional cloning are localised to the EMTU, stating this in the 

form of the following hypothesis. The asthmatic state results from a combination 

of gene–gene and gene–environmental interactions localised to the conducting 

airways that involves susceptibility to injury and altered cell–cell communication 

between the epithelium and underlying fibroblast (mesenchymal stem cell) 

sheath in the airway wall. This causes activation of the EMTU, thereby initiating 

and propagating tissue remodelling and sustaining chronic inflammation (23). 

IL-13 effects on airway wall remodelling and induction of emphysema may be 

related to overproduction of MMPs. In a murine model of cigarette smoking 

exposure, IL-13 overexpression induces MMP-2, MMP-9, MMP-12, MMP -13 and 

MMP-14 expression. 
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As shown by the European Network for Understanding Mechanisms of Severe 

Asthma (ENFUMOSA) study a key feature of more severe asthma is BHR 

combined with a lack of reversibility of airflow obstruction and hyperinflation that 

can be explained by a combination of airway wall remodelling and mucus 

hypersecretion involving all conducting airways, but stopping short of the 

respiratory bronchioles and alveoli. Recent work indicates that airway wall 

remodelling may be a natural protective response against repeated 

bronchospasm (24).  

A radical new approach is needed to properly understand the combination of 

factors necessary for the cause(s) of chronic asthma and its progression beyond 

the simple concept of sequential allergen sensitisation and exposure.  Chronic 

airway inflammation involving T-cells, mast cells and eosinophils will only 

translate into BHR and variable airway flow obstruction if the underlying target 

tissue, which “hosts” the inflammatory response, provides the appropriate 

microenvironment that attracts and sustains the relevant inflammatory cells and 

remains susceptible to the mediators that they release (25,26).  

 

CONCLUSIONS:  

Many different therapeutic approaches to the treatment of atopic diseases may 

be possible, yet there have been few new drugs that have reached the clinic. 

Topical glucocorticoids are very effective as chronic treatment in atopic diseases 

and suppress the underlying inflammatory process. 

 

Conflicts of interests  
None stated by the authors  

Financing  

None stated by the authors.  

 

 

Reference:  

1. Greenlee KJ, Werb Z, Kheradmand F (2007) Matrix metalloproteinases in 

lung: mul-tiple, multifarious, and multifaceted. Physiol Rev 87: 69–98.  

2. Parks WC, Wilson C, Lopez-Boado YS (2004) Matrix metalloproteinases as 

modulators of inflammation and innate immunity. Nat Rev Immunol 4: 

617–629. 

3. W.C. Parks, C.W. Wilson, Y.S. Lopez-Boado, Matrix metalloproteinases as 

modulators of inflammation and innate immunity, Nat. Rev. Immunol. 4 

(2004) 617–629.  



6 | 7 
Department of Physiological Sciences - Grupo de Investigación en Salud (GIS) No -08 

 

 

4. G.S. Butler, C.M. Overall, Matrix metalloproteinase processing of signaling 

molecules to regulate inflammation, Periodontol. 2000 (63) (2013) 123–

148.  

5. Cox TR, Erler JT; Remodeling and homeostasis of the extracellular matrix: 

implications for fibrotic diseases and cancer. Dis Model Mech. 2011 Mar; 

4(2):165-78. 

6. Sapir L, Tzlil S; Talking over the extracellular matrix: How do cells 

communicate mechanically?. Semin Cell Dev Biol. 2017 Nov; 71():99-

105. 

7. Lu P, Takai K, Weaver VM, Werb Z; Extracellular matrix degradation and 

remodeling in development and disease. Cold Spring Harb Perspect Biol. 

2011 Dec 1; 3(12).  

8. Matusiewicz M. In: Extracellular matrix remodeling. Schwab M, editor. 

Encyclopedia of Cancer Berlin, Heidelberg: Springer; 2011. pp. 1362–5.  

9. Bonnans C, Chou J, Werb Z, Remodelling the extracellular matrix in 

development and disease. Nat Rev Mol Cell Biol. 2014 Dec; 15(12):786-

801. 

10.Jabłońska-Trypuć A, Matejczyk M, Rosochacki S; Matrix 

metalloproteinases (MMPs), the main extracellular matrix (ECM) enzymes 

in collagen degradation, as a target for anticancer drugs. J Enzyme Inhib 

Med Chem. 2016; 31(sup1):177-183. 

11.Geiger B, Yamada KM, Molecular architecture and function of matrix 

adhesions. Cold Spring Harb Perspect Biol. 2011 May 1; 3(5).  

12.Daley WP, Yamada KM, ECM-modulated cellular dynamics as a driving 

force for tissue morphogenesis. Curr Opin Genet Dev. 2013 Aug; 

23(4):408-14. 

13.Gross J, Lapiere CM (1962) Collagenolytic activity in amphibian tissues: a 

tissue culture assay. Proc Natl Acad Sci USA 48: 1014–1022. 

14.14. Brinckerhoff CE, Matrisian LM (2002) Matrix metalloproteinases: a tail 

of a frog that became a prince. Nat Rev Mol Cell Biol 3: 207–214.  

15.Bousquet J, Jeffery PK, Busse WW, Johnson M, Vignola AM (2000) Asthma. 

From bronchoconstriction to airways inflammation and remodeling. Am J 

Respir Crit Care Med 161: 1720–1745. 

16. Hogg JC (2004) Pathophysiology of airflow limitation in chronic 

obstructive pulmonary disease. Lancet 364: 709–721.  

17.Hogg JC, Chu F, Utokaparch S, Woods R, Elliott WM, Buzatu L, Cherniack 

RM, Rogers RM, Sciurba FC, Coxson HO et al. (2004) The nature of small-



7 | 7 
Department of Physiological Sciences - Grupo de Investigación en Salud (GIS) No -08 

 

 

airway obstruction in chronic obstructive pulmonary disease. N Engl J Med 

350: 2645–2653.  

18. Bracke K, Cataldo D, Maes T, Gueders M, Noel A, Foidart JM, Brusselle G, 

Pauwels RA (2005) Matrix metalloproteinase-12 and cathepsin D 

expression in pulmonary macro-phages and dendritic cells of cigarette 

smoke-exposed mice. Int Arch Allergy Immunol 169–179. 

19.Yu Q, Stamenkovic I (2000) Cell surface-localized matrix 

metalloproteinase-9 proteo-lytically activates TGF-beta and promotes 

tumor invasion and angiogenesis. Genes Dev 163–176. 

 
20.Nelson HS., The importance of allergens in the development of asthma 

and the persistence of symptoms. Dis Mon. 2001 Jan; 47(1):5-15. 

 

21.Kasahara K, Shiba K, Ozawa T, Okuda K, Adachi M. Correlation between 

the bronchial subepithelial layer and whole airway wall thickness in 

patients with asthma. Thorax 2002;57:242–246. 

 

22.Davies DE, Holgate ST. Asthma: the importance of epithelial 

mesenchymal communication in pathogenesis. Inflammation and the 

airway epithelium in asthma. Int J Biochem Cell Biol 2002;34:1520–1526. 

 

23.Babu KS, Davies DE, Holgate ST. Role of tumor necrosis factor alpha in 
asthma. Immunol Allergy Clin North Am 2004;24:583–585. 

 

24.The ENFUMOSA cross-sectional European multicentre study of the clinical 

phenotype of chronic severe asthma. European Network for 

Understanding Mechanisms of Severe Asthma. Eur Respir J2003;22:470–

477. 

 

25.Brightling CE, Bradding P, Symon FA, Holgate ST, Wardlaw AJ, Pavord ID. 

Mast-cell infiltration of airway smooth muscle in asthma. N Engl J 

Med2002;346:1699–1705. 

 

26.Wardlaw AJ, Brightling CE, Green R, Woltmann G, Bradding P, Pavord ID. 
New insights into the relationship between airway inflammation and 

asthma. Clin Sci (Lond) 2002;103:201–211.  


