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ABSTRACT

Chronic obstructive pulmonary disease (COPD), a complaint described by progressive and
inadequately reversible limitation in lungs with systemic inflammation, is largely current in India.
There's no remedy available so far it is, thus, imperative to understand the underpinning
pathogenesis of the complainant. A set of proteases known as Matrix metalloproteinase (MMPs)
are especially involved in the process of alveolar destruction and mucus hypersecretion. There are
responsible factors in an inheritable position to control COPD like MMPs and TIMPs (Tissue
Inhibitor of Metalloproteinases). MMPs degrade extracellular matrix and lead to the pathogenesis
of COPD [1]. TIMPs proteins that help to inhibit the Matrix metalloproteinases. [2]. This review
summarizes the implicit part of crucial MMP-2 and TIMP-2 in COPD disease. Though the concept
seems promising, limited knowledge about the exact functions of a particular MMP in COPD and
the complications of MMP in substrate affinity makes this a grueling task. MMP2 and TIMP2 both
are directly or indirectly regulated by oxidative stress and epigenetic mechanism which regulates
their expressions. COPD is a seditious response to factors like dust, smoke, etc., and triggers extra-
pulmonary goods which cause inflammation. [3]. This review explains the relationship between
MMP2 and TIMP2 in COPD patients with oxidative stress, its impact on COPD pathogenesis, and
gene expression of TIMP2 and MMP2 with their downstream effects. This also gives some insights
into therapeutic interventions for targeting these enzymes. MMP2 and TIMP2 both play a role in

the development of COPD and they need to be studied with the utmost focus.
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1. INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a major healthcare burden worldwide, although
it manifests at an age generally after 40+ as part of multimorbidity, but there are evidences that
there are events at an early stage of life that contribute to impaired lung functions in adults [4].
Lung tissue in COPD cases is characterized by variable and localized nonspecific changes such as
habitual inflammation and tissue revamp with seditious cell infiltration, granulation tissue,
thickened basement membrane and vascular wall, bronchial gland, and smooth muscle hyperplasia
and hypertrophy, as well as fibrosis and epithelial metaplasia. Control lung tissue is characterized
by overall low figures of cells immunoreactive for MMP-2 and TIMP-2 at different localizations.
This indicates the stable, nonstop, and adaptive “birth” position of these tissue factors at a relative
norm [5]. More pronounced findings of these factors in the bronchial and alveolar epithelium, and
among alveolar macrophages are associated with the conservation of original lung homeostasis,
including impunity and tissue reactivity; still, in hyaline cartilage, Malleability and the implicit
compensatory response with the tissue increased. Significantly advanced figures of MMP-2 and
TIMP-2 immunoreactive cells in COPD affected lung tissue compared to the control group indicate
the part of these factors in tissue remodeling procedures. Small ascendance of TIMP-2 may limit

tissue destruction processes [6].

COPD becomes worse when the walls of alveolar tissues start to damage because of its progression
into Emphysema and Bronchitis and the capacity diminishes for the production of ECM [7-8].

MMP2 and TIMP2, both are very important for this progression because TIMP2 controls MMP?2.

Although COPD is more common in men than women in developed countries, COPD is very

prevalent in women because of high smoking rate and indoor air pollution due to biomass fuel in
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developing countries [9]. High prevalence rate of COPD leads to high mortality and morbidity all
over the world includes especially two diseases ischemic heart disease and cerebrovascular
disease. However, considering that a third of COPD patients die of ischemic heart disease and a
third of patients die of cardio-vascular disease with airflow limitation [10-12]. COPD disease
progress includes loss of elasticity of alveoli and parenchymatous tissues leading to a decrease in
Forced expiratory volume in 1 sec (FEV1) and subsequently leading to hyperinflation [13]. In
addition to external factors, Genetic factors are also responsible for COPD like chronic bronchitis,
loss of lung function, lung development, etc. [14, 15]. Since COPD is an inflammatory disease, it
also damages DNA by Oxidative stress which leads to disturb equilibrium between tissue repair
and cell proliferation [16]. Fig (1) shows that smoking leads to oxidative stress which damages

DNA in COPD patients.

Smoking cessation is one kind of treatment that can be done to lower decline in lung function as
well as exacerbations [17]. Patients who are addicted to tobacco, it is very hard for them to quit
tobacco [18]. Arbitrations like intensive counselling, nicotine replacement therapy, and treatment

with Varenicline helps to quit smoking and also much cost effective [19].

There are various genes like MMPs and TIMPs, which affects lung function and TIMPs inhibits
MMPs. MMPs (Matrix Metalloproteinases) are a family of Calcium and Zinc dependent
proteolytic enzymes degrades extracellular matrix which are derived from macrophages and
neutrophils. Normally MMPs helps in remodeling of extracellular matrix, facilitates cell migration
and are involved in immune responses by cleaving inactive forms of cytokines and chemokine’s
[20]. In pathologic conditions, a change in MMP expression and activity occurs which leads to

destruction of extracellular matrix or tissue destruction and lung inflammation [21, 22].
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TIMPs are Tissue Inhibitor of metalloproteinases which inhibits the activity or expression of
MMPs. Basically, there are four TIMPs (TIMP1, TIMP2, TIMP3 and TIMP4) that inhibits active
forms of MMPs. Although all are inhibitors of MMPs but they have different affinity for different
MMPs as like TIMP?2 is a potent inhibitor of MMP2 gene [23]. Distinct findings of tissue factors
in bronchial epithelium, connective tissue, and blood vessels prove the involvement and
significance of these structures in the morpho-pathogenesis of COPD. In general, COPD morpho-
pathogenesis is characterized by increased MMP-2, TIMP-2 still, reduced Hsp-70 and hBD-4
expression that indicates high exertion of patient complex cytokine network, tissue remodeling,
and overall tissue antimicrobial protection [24]. In COPD, bronchoscopically determined
hypertrophy and habitual bronchitis are associated with the presence of MMP-2 in COPD-affected
lung. Epithelial metaplasia and fibrosis in the histological sections are associated with worse
functional parameters MMP-2. Also, the finding of granulation tissue is associated with a longer
history of smoking and more pronounced tissue damage. Aging changes in the lungs at relative
health are individual, indeed different for Individualities in colorful age groups, also, are
substantially characterized by a lack of inflammation and variability, indeed a drop, in the number
of vulnerable cells. In turn, in the case of COPD, aging is associated with worsening of the course
of the complaint, as well as continuity of seditious cytokines and altered revamp with else typical

COPD events. Fig 1 showing how free radicals leads to oxidative stress and DNA damage.
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Fig 1: Cigarette smoking releases ROS and RNS in the lungs which creates proteases-antiproteases

Oxidative stress

imbalance and leads to oxidative stress and DNA damage in COPD;ECM- Extracellular matrix,

ROS- Reactive Oxygen species, and RNS- Reactive Nitrogen species

2. OXIDATIVE STRESS AND COPD

Oxidative stress is a potentially harmful imbalance in the oxidant—antioxidant balance in favor of
the former [25]. This imbalance is because of the reactive molecules which include free radicals
and non-radical reactive species. Generally, ROS includes superoxide anion and hydroxyl radical,
they have unpaired electrons and their unstable nature triggers them to transfer electrons to other
molecules via oxidation that leads to damage or inactivation. Lungs are vulnerable to damage by

oxidative stress because of high concentrations of oxygen, increased blood supply, and exposure
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to environmental toxins and pathogens. Cigarette and biomass smoke adds to this burden. A single

puff of cigarette smoke contains 1 x 10'° oxidants molecules [26].

An important link between oxidative stress and the pathogenesis of COPD would come from the
demonstration of the response of ROS with target lung motes and the presence of these oxidatively
modified motes in increased quantities in the lungs of smokers, particularly those who develop
COPD. ROS similar to O2 and OH, generated and released by activated vulnerable and seditious
cells that are largely reactive and when generated close to cell membranes oxidize membrane
phospholipids (Lipid peroxidation), a process that may continue as a chain response [27].

ROS directly targets proteins, DNA, and lipids which causes lung injury or generates several
cellular responses via secondary metabolites or cytokines, or inflammatory molecules [28]. Fig 2

shows the different effects caused by oxidative stress.
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Fig 2: Different effects caused by Oxidative stress in COPD patient

Numerous effects of ROS in airways may be intermediated by the secondary release of seditious
lipid intercessors similar to 4 hydroxy-2-nominal 4-(HNE), a footmark of oxidative stress/ lipid
peroxidation. 4-HNE, a largely reactive diffusible end product of lipid peroxidation, is known
toregulate various cellular events, similar to proliferation, apoptosis, and activation of MAPK
signaling pathways [29]. 4-HNE has a high affinity towards cysteine, histidine, and lysine
remainders. It forms adducts with proteins, altering their function. It also acts as a chemo-attractant
for neutrophils in vitro and in vivo. Recent data indicate increased 4-HNE-modified protein
situations in the airway and alveolar epithelial cells, endothelial cells, and neutrophils in subjects

with airway inhibition, compared with subjects without airway inhibition [30]. Increased situations

Copyright Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation ©2023
Published online August 3, 2023  https://doi.org/10.15326/jcopdf.2022.0370



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2022.0370

PRE-PROOF PRE-PROOF

of 4-HNE adducts in the lungs of cases with COPD, later showed that cigarette smoking enhanced
the situations of 4-HNE adducts in bronchiolar epithelial and alveolar type II cells in mice [31].
2.1 MDA

Malondialdehyde (MDA) is a reactive organic molecule found among eukaryotes and is made up
of three carbon molecules with two aldehyde groups at the C- 1 and C- 3 positions. MDA formation
is induced non-enzymatically by ROS and enzymatically by lipoxygenase [32]. However, due to
their instability and reactivity in both instances, the measurement of primary lipid hydroperoxide
products involves a laborious task. And that is why, the quantification of lipid peroxidation is done
by estimating the concentration of secondary oxidation products derived from the primary
products, which are mostly aldehydes like MDA [33]. Fig 3 shows the formation of MDA from

polyunsaturated fatty acids.
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Fig-3: Lipid peroxidation from polyunsaturated fatty acids because of the high level of free

radicals released in the body

MDA is widely used as a biomarker for lipid peroxidation in oxidative stress in COPD patients, in
this a reaction of MDA with Thiobarbituric acid (TBA) makes MDA-TBA conjugate that absorbs
light at 532 nm and gives red-pink color [34-36]. TBARS assay is considered as a good indicator
of oxidative stress in biological samples [37]. Under acidic conditions (pH =4) at 95°C, MDA bis-
dimethyl acetal yields MDA. MDA and other chemicals (similar to MDA) reacts with two
molecules of TBA to generate TBARS (Thio-barbituric acid reactive substances) which gives red-
pink color at 532 nm [38, 39]. Generally, MDA level is elevated in COPD patients due to lipid

peroxidation that further damages proteins, DNA, etc.
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2.2 GLUTATHIONE

Glutathione (GSH) is an important enzyme found in the lungs that protects our body. It is an
antioxidant system. But its level is gradually reduce with continuous exposure to smoke in
smokers. A high level of GSH is found in the epithelial lining fluid of cigarette smokers [40-41].
Plasma GSH level is determined using plasma, precipitated by Sulfo-salicylic acid in a 1:1 ratio.
Then samples were kept at 4°C for one hour, then centrifuged at 3500 rpm for 15 min and after
which the supernatant is collected. The mixture that is obtained contains 50 ul of supernatant, 50
ul of PBS (0.1 M, pH 7.4), and 10 pul of 0.4 % DTNB (5, 5'-dithiobis-(2-nitrobenzoic acid). Then
the chemical reaction gives yellow color which is measured at 412 nm and expressed in nm/ml of

plasma [42].

2.3 S0OD

SOD is an antioxidant enzyme that catalyzes the dismutation of superoxide anion to hydrogen
peroxide, which is further detoxified into oxygen and water by the catalase enzyme in our body
[43]. In COPD patients, the level of SOD is markedly decreased. The superoxide dismutase assay
developed by Marklund and Marklund spectrophotometrically determines the SOD level in
samples by checking the percent inhibition of auto-oxidation of Pyrogallol at 420 nm. SOD inhibits
the auto-oxidation of Pyrogallol at an alkaline pH, with the increase in pH percentage inhibition
also increases to a certain extent and SOD activity is thereby determined which is expressed in
units per milliliter. Pyrogallol auto-oxidizes rapidly especially in alkaline solution. The reaction is
inhibited by SOD to 99% at pH 7.9, indicating the total dependence on the participation of

superoxide anion radical in this reaction. At pH 9.1 the reaction is still inhibited to over 90% by
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SOD. But at such higher alkalinity superoxide anion radical independent mechanism rapidly
becomes dominant [44]. A unit of enzyme is defined as the amount of enzyme which inhibits the
reaction by 50% [45].

2.4 Nitric Oxide

Nitric Oxide (NO) is released endogenously in the lungs and acts as a dilator of bronchial and
vascular smooth muscles, a neurotransmitter, and an immune response mediator [46]. NO is a
marker of airway inflammation, and its level is increased in patients with COPD. Cigarette smoke
increases the formation of RNS (Reactive Nitrogen species) and leads to nitration and oxidation
of plasma proteins [47]. Nitric oxide is generated from L-arginine and the reaction is catalyzed
with the nitric oxide synthase (NOS) enzyme. NOS is normally found in endothelium and
neurons, while inducible NOS (iNOS) is primarily occurs in macrophages. NOS catalyzes the
conversion of L-arginine into L-citrulline and nitric oxide.

Corradi and colleagues reported that exhaled NO is increased in stable COPD and correlated
positively with lung function as assessed by forced expiratory volume in 1 sec (FEV1) [48].
Rutgers and team found that NO metabolism was not affected in stable COPD patients [49].
Another study suggested that there was no difference between COPD and healthy controls and an
inverse correlation was found between FEV1 and NO levels in COPD [50]. NO was assayed using
Griess reagent method in plasma samples colorimetrically. Griess reagent reacts with nitrite to
form pink to a dark pink color after incubation. The absorbance of samples is determined at 540
nm and NO level is expressed in picomole/milligram of protein using NaNO?2 as the standard [51].
Therefore, substantiation is accumulating that cigarette bank triggers oxidative stress, leading to

inflammation in the lungs of smokers and cases with COPD. Fig 4 showing that cigarette smoke
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responsible for releasing free radicals and leads to inflammation in lungs and causes imbalance of

MDA, NO, SOD and GSH etc in human body and it ultimately develops in COPD.
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Fig 4: Oxidative stress leads to inflammation and changes the levels of MDA, SOD, GSH and

Nitric oxide in human plasma

2.5 Impact of oxidative stress on COPD pathogenesis:

Oxidative stress contributes to the pathogenesis of COPD by inactivation of antiproteases,

elevation of bronchial inflammation by redox; activation of neutrophils, macrophages, and

fibroblasts; abnormal airway T cell population, etc. [52, 53]. Free radicals like superoxide (°O»),
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sulfite ions, nitrogen monoxide or nitrogen dioxide radicals, hydroxyl radicals (°OH), etc are
responsible for many changes in lung airways or affect different mechanisms which lead to the
development of COPD. ROS may remodel ECM and blood vessels, regulates or stimulates the
secretion of mucus, inactivate antiproteases, activation of transcription factors in thelungs.[54-57].
Cigarette smoking is also a crucial factor in COPD pathogenesis as the smoke contains high
concentration of free radicals that accumulates neutrophils and macrophages into the lungs further
leading to COPD exacerbation [58, 59]. Free radicals released from cigarette smoke cause
pulmonary dysfunction [60]. Smoking also enhances 4 hydroxy-2-nonenal (4-HNE), a highly
reactive diffusible end product of lipid peroxidation, it forms adducts with proteins and alters their
functions in COPD [61]. Reactive nitrogen species (RNS) cause an abnormal inflammatory
response in COPD by increasing nitrated proteins [62]. The antioxidant capacity of COPD also
lowers because of smoking and exacerbations. Glutathione maintains the integrity of the lung
airspace epithelial barrier but decreases the level of GSH in the epithelial leads to loss of barrier

function and permeability [63, 64].

Many signal transduction or mechanisms are affected by oxidative stress which plays an important
role in COPD pathogenesis such as the inactivation of antitrypsin al-AT by oxid
ation of methionine in its active site of the protein, lead to the low level of protein and lung airways

are damaged by proteases [65].

3. MMP2 and TIMP2

MMP2 is a type of Gelatinase A, 72 KDa protein released by smooth muscle cells and epithelial
cells in the lungs as well as by lymphocytes and macrophages by infiltrating the tissue [66].1t helps
in vascularization, endometrial menstrual breakdown, and inflammatory activities [67].

14
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Extracellular matrix (ECM) provides mechanical support to cells and is a complex of different
proteins like collagen, laminins, cytokines, fibronectins, and growth factors but MMPs proteolytic
activity degrades ECM and also provides signals to embedded cells to react to stimuli [68]. MMP2
also cleaves non-ECM molecules like pro-TNF-a, pro-IL-1p, pro-IL8, MCP-3, etc. and can also
activates various MMP Zymogens as pro-MMP-1, pro-MMP-2, pro-MMP-9 and pro-MMP-13

[69-72].

MMP?2 contains polymorphic sequences in its promoter site like Sp-1 binding site. Sp-1 binding
site determines the basal activity of MMP2 promoter [73]. It has been proved that the

polymorphism in the promoter site of MMP2 results in change in expression of MMP2 gene [74].

TIMPs (Tissue inhibitor of Metalloproteinase) is present in four active forms (TIMP1, TIMP2,
TIMP3 and TIMP4) which inhibits the activities of MMPs by binding to their active sites [75].
TIMP2 is a potent inhibitor of MMP2. It was also seen that TIMP2 is involved in pulmonary
disease characterized by abnormal tissue remodeling of alveolar structure in lungs like
emphysema, fibrosis, acute respiratory distress syndrome and lung cancer [76]. TIMP2 promotes
cell growth and protects cell from apoptosis. TIMPs also shape and organize appropriate ECM
environment and architecture [77, 78]. Fig 5 depicts MMP2-TIMP2 regulation and degradation

of ECM by MMP2. .

15
Copyright ©2023
Published online August 3, 2023  https://doi.org/10.15326/jcopdf.2022.0370



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2022.0370

PRE-PROOF Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation PRE-PROOF

PHOSPHORVLATION \ NOW MMP2 CANNOT DEGRADE

TIVP2 MMP2 —_— EXTRACELLULAR MATRIX OF
LUNGS
TIMP2-MMP2
COMPLEX
ECM
IF PHOSPHORYLATION DOESN'T DECRADATRGIOF
OCCUR LENGS
NO BINDING OF
TIMP?

Fig-5: Regulation of MMP2 by TIMP2 as TIMP2 inhibits MMP2 by phosphorylation but
without its binding, MMP2 degrading ECM of lungs; TIMP2- Tissue Inhibitor of

Metalloproteinase 2, MMP2- Matrix Metalloproteinase 2

Both Bronchial epithelial cells and airway muscle cells secrete MMP2, and smoke or dust trigger
the up-regulation of MMP2 protein in COPD cases [79]. TIMP2 is a potent asset of MMP2 and it
binds with its active site after phosphorylation on three different sites by the c-Src kinase enzyme.

After phosphorylation, TIMP2 exclusively binds with MMP2 and inhibits its exertion [80].

3.1 Importance of TIMP2 and MMP2 in COPD:

MMP2 is a Gelatinase A enzyme responsible for COPD’s pathogenesis. It is released from
macrophage and bronchiolar epithelial cells and requires TIMP2 for its activation [81, 22]. MMP2
causes pathological changes in the pulmonary interstitium and lung function of COPD [83] and is

16
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also involved in ECM remodeling and interstitial fibrosis [84]. TIMP2 inhibition by of MMP2,
is involved in abnormal ECM accumulation [85, 86]. TIMP2 binds non-covalently to MMP2 with
the help of MMP14 and regulates their activities. TIMP2 binds pro-MMP2 molecule (inactive)
with MMP14 molecule. The N-terminal of TIMP2 binds with the active site of MMP2 and
inactivating it by forming an inhibitory complex. The binding of TIMP2 to MMP14 allows the
cleavage of pro-MMP2 by a free MMP14 molecule, as an active MMP2 molecule [87-89]. Loss
of TIMP2 leads to a decrease in the activation of pro-MMP2 [90]. TIMP2 is inhibited when it
undergoes a mutation or when free radicals are produced. And because it is in charge of regulating
MMP2 production, MMP2 will become greatly elevated, begin digesting the ECM in the lungs,
and cause COPD. The remodeling of the lung matrix, which is important for the pathogenesis of

COPD, is carried out by MMP2 and TIMP2. [91, 92].

4. MMP2 and TIMP2 at Global level:

MMP2 Single nucleotide polymorphisms (SNPs) have been seen among various populations with

TIMP2 SNPs worldwide. Different SNPs have been studied all these years.

MMP2 -1306 at promoter site (rs243865) in central Bulgaria has been studied and that included
71 individuals.. This study showed that the genotype but not allele frequency was different
between COPD patients and controls. The carriers of T alleles were at higher risk for developing
COPD [93]. MMP2 15243864, rs3918253, and rs11646643 SNPs were associated with a high risk

of COPD in the Mexican population [94]. MMP2 rs2285053 and rs243865 SNPs were also found

17
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to be associated with the development of COPD or lung carcinoma in Asians but not the

Caucasians population [95].

TIMP2 gene polymorphism at two different positions +853 G/A and -418 G/C showed a down-
regulation of TIMP2 in COPD patients than controls in the Japanese population which lead to the
up-regulation of MMP2 in patients for degradation of ECM in COPD patients. G/A nucleotide
substitution at +853 in exon 3 and G/C substitution at -418 in Spl binding site in the Japanese
population, showed elevated genotypic and allelic frequency at +853 position and higher allele

frequency at -418 position between COPD patients and the control group [96].

But these two SNPs differed in the Egyptian population, +853 G/A showed significant genotype
difference in controls and COPD patients but there was no difference between controls and COPD
patients in -418 G/C SNP [97]. Table 1 summarizes different SNPs of TIMP2 and MMP2 genes
in different regions worldwide studied in COPD patients. MMP2 and TIMP2 were also found to

be associated with chronic bronchitis in Tatar children [98].

18
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Gene SNPs Location Substitution | References

TIMP2 +853 Exon 3 G/A [97]
-418 Sp1 binding site G/C [97]
MMP2 1s243865 -1306 Promoter C/T [74]
1243839 Intron G/A [94]
15243835 Intron C/T [94]
15243864 -790 Promoter T/G [94]
rs11646643 Intron A/G [94]

rs2285053 735 Promoter C/T [95, 98]

Table 1: Different SNPs of TIMP2 and MMP2

COPD, a common respiratory complaint, is one of the leading causes of morbidity and mortality
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among smokers and some non-smokers [99]. India contributes a significant and raising chance of
COPD mortality which is evaluated to exist among the loftiest in the people; crude assessments

indicate there are 30 million COPD cases in India [100].

MMP-2, an important modulator of cell proliferation, is buried by both, bronchial epithelial cells
and airway smooth muscle cells. Increased vulnerable reactivity for MMP-2 in COPD lungs ,
substantially in alveolar macrophages and airway epithelial cells was observed [101]. Increased
MMP-2 exertion in mice exposed to long-term cigarette banks was also reported. MMP-2 mRNA
up-regulation and increased protein in lavage and lung towel was also linked to emphysema
convinced by the wood bank [102]. In discrepancy, a study using ray prisoner micro-dissected
samples of mortal lung parenchyma has shown that MMP-2 gene expression situations drop with

the inflexibility of the patient [103].

However , TIMPs haven't been considered as remedial targets for COPD due to their variation in
affinity for different proteases. Though the part of TIMPs in cranking pro-MMPs is well accepted,
several studies live that reported the MMP-limited function of TIMPs, similar to inhibition of the
mitogenic response of mortal endothelial cells to growth factors and creation of apoptosis [104-

106].

5. Impact of oxidative stress on the gene expression or the genetic mutations of TIMP2 and

MMP2:

Oxidative stress because of cigarette smoking or biomass fuel affects the genetic makeup of the
MMP2 and TIMP2 gene which alters their protein product and is responsible for COPD
pathogenesis. According to a study conducted on the Japanese population, the polymorphism of

+853 G/A and -418 G/C SNPs in the TIMP2 gene was higher in smokers. Smoking destabilizes
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the TIMP2 gene and causes its low production [107, 108]. The same polymorphism of +853 SNP

was seen in an Egyptian population associated with COPD in smokers [109].

MMP2 is mainly expressed in mesenchymal cells (mainly fibroblasts) during development and
tissue regeneration. Due to airway remodeling, there are structural changes with an inflammatory
response. There are many promoter polymorphisms in the MMP2 gene that alter their expressions
such as -1306 C>T SNP. This gene expression is altered because smoking and oxidative stress
lead to inflammation and ECM degradation which affects this gene at the genetic level [110].
Smoking causes the release of various oxidative factors or imbalances oxidant or antioxidant, or
proteinase or anti-proteinase enzymes which alters the genetic makeup of the MMP2 or TIMP2
gene. This causes a change in their downstream products at the transcriptional or translational level

and changing their functions and leading to the development of COPD.

Most of the MMPs share common cis-elements in their promoters, which are regulated by various
cytokines like (IL-1b, TNF-a, TGF-fB), growth factors (EGF, VEGF, bFGF), oxidative stress
factors, xenobiotics [111, 112]. This stimulus induces signal transduction pathways leading to the
activation of transcriptional factors such as NF-kb, STATs, ETS factors, AP-1, etc [111, 113]. In
this respect, the naturally occurring DNA sequence changes in the regulatory regions especially
promoters of the genes encoding MMPs affect the transcriptional activity and influence the

balance between MMPs and TIMPs thus causing development and progression of COPD [114].

6. The impact of oxidants on MMP2 and TIMP2:

Oxidants are free radicals (reactive forms of oxygen and nitrogen species) that are highly unstable,
reactive, and tend to make reactions with different molecules, for example, hydroxyl radical OH®,

superoxide, hydrogen peroxide, nitric oxide, etc. Nitric oxide (°NO3), a reactive free radical cause
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epithelial damage and induce inflammation in the airways which ultimately affects the MMP2
secretion that is upregulated due to the inflammation and downregulates TIMP2 in the airways.
Reactive Oxygen Species (ROS) react with thiol groups that preserve MMP latency (115) thus
activating MMPs. ROS enhances the expression of MMP2 via xanthine oxidase (116, 117) and via
mechanical stretch-induced vascular NADPH oxidase (118). "OONO (produced by the reaction of
nitric oxide and superoxide) produces posttranslational modifications of the MMP2 structure, thus
resulting in an active full-length MMP2 enzyme (119, 120). Radiation produces ROS including
0, and H»0; activates MMP2 (121). H20; also activates the Ca>" ATPase activity of MMP2 (as
MMP?2 is Ca dependent enzyme) in smooth muscle membranes with Vitamin E preventing the

increase in activity of MMP2 and Ca®" ATPase activity (122).

ROS generated by xanthine and xanthine oxidase system (XOD) reduces TIMP2 mRNA level,
inhibited by catalase scavenging. ROS especially affects the stability of mRNA of MMP2 and
TIMP2 (123). There are various other ROS which affects TIMP2 at transcriptional or translational

level.

7. Impact and downstream effects of the TIMP2 and MMP2 gene polymorphism:

The expression levels of MMPs are affected by polymorphisms in promoter regions of genes
encoding these enzymes. MMP?2 is a type IV collagen, and can also degrade elastin molecules.
There are three polymorphisms in the promoter region of this gene. Two of them are at -1306 and
-735 positions and the third SNP is at -1575 position. The previous two SNPs cause disruption of

the Spl regulatory element and strikingly decreased promoter activity in macrophages and
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epithelial cells. The third SNP at -1575 is located immediately 5’ to an estrogen receptor (ER)
binding site and it functions as an enhancer and leads to increased transcriptional activity and also
showed linkage disequilibrium and demonstrated an additive reduction in estrogen-dependent
reporter activity [124 ]. MMP2 -1306TT genotype showed to have excess FEV1 decline and a
lower mean of FEV1% compared to the wild-type carriers [125 ]. The extent of inflammation
correlated with the reduction in FEV1 and FEV1/FVC ratio, and probably with the accelerated
decline in FEV1 characteristics of COPD [126 ]. The lower promoter activity of the T allele may
lead to increased deposition of connective tissue in the lungs and the development of airflow

obstruction, which may be the reason for an increased risk for the development of COPD.

The genetic polymorphism of the TIMP2 gene at +853 G/A (at exon 3 in the TIMP2 gene) and -
418 G/C (in the promoter region of TIMP2) SNPs supports the possibility of the development of
COPD in different populations. This +853 SNP can down-regulate the TIMP2 activity by changing
the secondary structure of the mRNA which inhibits the ribosomal binding and/or decreases the
mRNA stability [127 , 128 ]. MMP2/ TIMP2 system plays an important role in the formation of
pulmonary emphysema. So, the mutations of the TIMP2 gene down-regulate its own activity which

results in the progression of the breakdown of the lung matrix [129 ].

Another nucleotide substitution at the -418 position, located in the consensus sequence for the Sp1
binding site in the promoter region. There may be the possibility that this substitution results in
the downregulation of the transcriptional activity of the TIMP2 gene and increased activity of

MMP2 which results in the development of COPD [130 ].
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8. Mechanism:

Cigarette smoke is responsible for the neutrophil and macrophage influx to the airways in the lungs
for NETosis (Neutrophil Extracellular Trap formation) [131-133 ]. Neutrophil extracellular traps
are neutrophils extrude webs of decondensed chromatin with histones, neutrophil elastase, EN-
RAGE (Extracellular newly identified receptor for advanced glycation end products binding
protein), and myeloperoxidase [134 -136 ]. NETs were observed in stable and severe COPD
patients and correlated with disease severity as well [137 , 138 ]. EN-RAGE is responsible for
the downstream signaling cascade for the pro-inflammatory cytokines in this disorder [139 ]. Lytic
NETosis induces the MAPK/ERK pathway which leads to the production of NADPH and
Hydrogen peroxide, it causes the production of Neutrophil Elastase which ultimately leads to the
production of ROS and RNS [135 ]. Leukotriene B4 (LTB4) triggers influx of neutrophils in
airways and cause exacerbation in COPD patients and disease progression [ 140 ]. Macrophage and

neutrophil influx increase in the pulmonary sections.

Early growth response gene product 1 (EGR1) in endothelial cells, binds to the MM 14 promoter
and it induces its expression. In turn, MMP14 activates MMP2 and upregulates its production [141
]. Also, some transcription factors like GATA1 (Globin transcription factor 1), AP1 (activator
protein 1), STAT3C (Signal transducer and activator of transcription 3), and NFxB (Nuclear factor
kappa B) regulate the expression of MMP2. Tumor necrosis factor alpha (TNFa), Interferon-
gamma (IFN-y), and Interleukin 1B (IL-1p) also triggers the upregulation of MMP2 in lungs [142
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]. IL-1P also causes pulmonary inflammation by triggering metalloproteinases in epithelial cells
[143 ]. Also, IL13 is a pro-inflammatory cytokine that causes hyper-expression of mRNA of
MMP2 in the lungs [144 ]. Reactive oxygen species (ROS) and RNS produced by cigarette smoke,
and hydrogen peroxide in mitochondria cause tissue damage in the lungs and increase MMP2 gene
expression. RNS leads to inflammation by increasing MMPs expression in the lungs [145-147 ].
So, all these factors causes inflammation in lungs and hyperexpression of MMP2 that primarily
causing degradation of ECM of the lungs. Given that, TIMP2 is an inhibitor of MMP2. The
expression of MMP?2 if found higher than TIMP2, suggests that TIMP2 is inhibited or down-
regulated, further indicating the rationale behind the damage of lungs ECM or alveoli or hyper
mucous secretion. NETosis also causes MMP2 mutation which is responsible for various changes
in gene expression and responsible for causing COPD in a particular population. Environmental
factors like air pollution, dust or passive smoke, biomass fuel also causes the production of
ROS/RNS in our body and ultimately leads to inflammation. Macrophage releases MIF (Migration

inhibitory factor) cytokine which also causes inflammation in the lungs.
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Fig-6: Mechanism showing different transcription factors, cytokines, and environmental factors
causing damage in lungs or changes in the expression of MMP2. NETosis leads to mutation,

inflammation in lungs which indirectly inhibits TIMP2 and upregulates MMP2.

9 Other mechanisms affecting TIMP2 and MMP2 expressions such as epigenetic changes:

Epigenetic changes are stable changes in cell function or environmental behavior that affect the
way our gene works but without the change in their genetic sequence. MMP?2 activity is regulated
at the transcriptional level by methylation, histone modification, non-coding RNA regulation, and
chromatin remodeling [148 ]. There are various factors like smoke, dust, pollution, biomass fuel,
etc. which directly or indirectly cause epigenetic changes in various cytokines like TNF-a, ILS,
HNE, NO, etc. [149, 150 ] at the transcriptional or translational level by acetylation, methylation,

or phosphorylation which might be responsible for the changes in MMP2 or TIMP2 expression
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but currently there are no such reports that present any particular changes targeting these two

enzymes in COPD.

10. Possible potential therapeutic intervention targeting TIMP2 or MMP2 nowadays or in

the future:

Over or under-expression, Imbalance between TIMP2 & MMP2 may be corrected by usage of
drugs. . Synthetic MMP inhibitors were used in preclinical and clinical studies. MMP inhibitors
(Batimastat, Marimastat, Prinomastat, Neovastat, CMT-3, BMS-275291) were found efficacious
against MMP-1, 2, 3, 9, 12 in experimental models of lung, breast, and colon cancer with reduced

tumor growth by blocking tumor angiogenesis [151 ].

Simvastatin modulated the expression of MMP2 in lung cancer. It plays a key role in the
prevention and treatment of lung cancer in COPD [152 ]. Compounds 25 and 26 can be considered
good therapeutic agents for treating COPD emphysema. Inhibitors targeting specific proteases
(MMPs) or protease inhibitors (TIMPs) can be used to treat COPD. These inhibitors can be used
in combination with the conventional COPD drugs like ICS, LABA, Tiotropium.. MMP2 or
TIMP2 can also be targeted by using specific antibodies or targeted potent inhibitors but there are
no evidences that targets specifically these enzymes as yet. Currently, There are not much

information present regarding targeting of MMP2 or TIMP2 enzymes in treating COPD.

11. Future prospects:

COPD and protease-antiprotease imbalance is very well known. Proteases degrades lung tissues
and leads to emphysema or chronic bronchitis. TIMP2 inhibits MMP2 so that it cannot degrades

extracellular matrix of lungs but when it fails because of the oxidative stress or any other genetic
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reason, it leads to activation of MMP2. Numerous studies reported the relation of MMP2 and
TIMP2 in different populations but , it has not been reported in North-Indian population till date.
Do you think, Is this the same scenario in Indian population also? Many studies have been
performed in the Indian population, but till date nobody correlated MMP2-TIMP?2 at genetic level.
So, will it give the same result? Also NET traps causing inflammation in lungs of COPD and
increases exacerbation also responsible for severity of disease. So, NET traps might be a factor
causing this illness. So we can also target to prevent NET traps in lungs or develop a medicine to

treat these traps which is not available till date.

12 . DISCUSSION

COPD is an inflammatory disease, it has various responsible factors like dust, smoke, genetic
makeup, etc. COPD is directly or indirectly affected by the imbalance created in the human body
because of these inflammatory markers and leads to oxidative stress. Oxidative stress is created
generally because of the consumption of cigarette by men and biomass fuel by women in villages
or local areas where hukkas and chullas are used. In our body, free radicals leads to release some
inflammatory molecules like IL8, IL6, TNF-alpha, etc. cytokines which ultimately causes the
imbalance between oxidants and anti-oxidants which disturbs body’s equilibrium and push our

body system towards oxidative stress and responsible for the low level of SOD, GSH, NO and
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high level of MDA in COPD patients but there are few reports which suggested that they have
found high level of SOD and NO in COPD patients [70, 74]. Biomass fuel is also responsible for
the COPD in females in villages and small towns in India. Oxidative stress is also a key factor in

DNA damage. DNA damage caused by enzymes leads to mutation in DNA and protein change.

This is well known fact that matrix-metalloproteinases degrades the lung epithelial cells until or
unless they are inhibited by tissue inhibitors like TIMPs. So, TIMPs and MMPs are closely related
with each other. TIMPs inhibits the MMPs enzymes but in diseases like COPD, these MMPs are
inhibited by TIMPs as well as the inflammation created in human physiological system, so they
are hyper-regulated and starts to eat lung’s walls. It degrades extracellular matrix of lungs. Various
SNPs were studied in different regions like Asians, Egyptians, etc. and found different results for
polymorphism of these SNPs in COPD and control groups. Different SNPs were studied of MMP2
and TIMP2 genes, where -1306 MMP2 SNP was having different genotype in Central Bulgaria
population but not different allele frequency but MMP2 rs243864, rs3918253, rs11646643 SNPs
and MMP?2 rs2285053 and rs243865 were associated with the risk of COPD in Mexican and Asian
population respectively. TIMP2 +853 and -418 SNPs studied in Japanese population, showed the
low level of TIMP2 protein in COPD patients. Also there was difference in Egyptian population,
where +853 SNP in TIMP2 was showing differences in COPD and Control group but not in -418
SNP. Mechanism showing different possible pathways which could be a triggering point in
severity of disease or cause of disease. All these factors are very important which we can study or

do some experiments for treating COPD.

So, there are various views regarding these genotype or allelic differences in COPD and control

groups of different populations all over the world. Many have seen differences but few have not.
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We are going to correlate the MMP2 and TIMP2 genetic differences in COPD and control groups
of the North Indian population for the very first time. Till date, to the best of our knowledge, it is

not reported anywhere.

13. CONCLUSION

COPD is a respiratory disease which is caused by smoke, dust, biomass fuel, cigarette, etc. and
also due to oxidative stress which is triggered by the inflammatory molecules. These inflammatory
molecules lead to severity of disease in patients. Proteases-antiproteases imbalance also plays a
key role in COPD development. MMP2-TIMP2 are related to each other because TIMP2 is an
inhibitor of MMP2 and in case of COPD, when TIMP2 is down-regulated, MMP?2 starts to digest
the extracellular matrix and leads to respiratory dis-comfort in patient. Recapitulating, MMP-2
appears to play an important part in the airway ECM remodeling in COPD. It appears that
numerous MMPs are over-regulated in alveolar macrophages, both in humans with emphysema
and in cigarette bank-convinced mouse and guinea gormandizer models; and over-expression of
some MMPs is significant. Since MMPs retain an active catalytic point and natural in vivo
impediments, they incontinently become therapeutic targets. A wide range of MMP inhibition
may be useful for minimal inhibition of ECM declination. Monoclonal antibodies against MMPs,
targeting the substrate of MMPs, can alike be capitalized to clock productive MMP inhibition.
Combinatorial therapy , similar to an MMP asset plus a 2 agonist or low-cure steroids could be
another strategy for remedial operation of the complaint. Despite rigorous scientific trouble, the

discovery of applicable MMP assets for COPD remains a challenge. It is not easy to develop MMP
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impediments that are largely picky and specific thereby targeting only applicable MMPs. It's
pivotal to understand the successional expression and individual contribution of each MMPs in
the initiation and progression of COPD to allow for the development of a picky and specific target.
Also, systemic toxin, lack of correlation between the exertion of the asset and MMP situations in
the tube, and poor efficacy are some of the issues which need attention. Defensive impunity and
towel form should also be a matter of concern while considering MMP inhibitory therapeutic

strategy.
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