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ABSTRACT 

OBJECTIVES: The COVID-19 pandemic, caused by novel SARS-CoV-2 virus, has taken millions of 

lives and still scientists are working day and night to sort out its sequence of pathological events in human 

body. This involved a super complicated chain of inflammatory and immune response events comprising 

epithelial cells and endothelium damage. The current study aims to assess the involvement of matrix 

metalloproteinase (MMPs) and reactive oxygen species (ROS) in the pathogenies of COVID-19 infection 

and their role as a prognostic mark. METHODOLOGY: The current cross sectional comparative study 

recruited total of one hundred participants that were further stratified into two groups. Group A consisted 

of fifty healthy individuals, whereas Group B enrolled fifty diagnosed cases of COVID-19 infection. 

Written consent was taken from the participants before including them in study. The levels of MMPs (3, 

9, 12), ROS and antioxidants were measured by the ELISA kits in nominated laboratories of Hospitals 

under strict protocols set by the center of control (CDC). Statistical analysis was performed by using 

SPSS (V-21) and p-valve less than 0.05 considered significant. RESULTS: A significant rise in MMP-3, 

MMP-9 and MMP-12 levels were found in COVID-19 patients as compared to healthy controls. This was 

accompanied by elevated levels of oxidative stress marker Malondialdehyde (MDA) and reduced levels 

of anti-oxidants. CONCLUSION: The elevated levels of MMP-3, MMP-9, MMP-12, MDA and reduced 
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levels of anti-oxidants such as Glutathione (GSH), super oxide dismutase (SOD) and catalase (CAT) 

encourages scientists for more human targeted researches on the important role of MMPs in the 

development, progression, treatment and follow-up of COVID-19. 

Keywords: Anti-oxidants, COVID-19, Catalase, Glutathione, Matrix Metalloproteinase, 

Malondialdehyde, Super Oxide Dismutase 

INTRODUCTION 

SARS-CoV-2 (severe acute 

respiratory syndrome coronavirus-2) was the 

reason behind the acute respiratory illness 

affected people in Wuhan city of china. 

COVID-19 was the name given to the disease 

resulted from this virus infection. COVID-19 

gained global attention when it became 

pandemic due to its high contiguous potential 

among humans and the lake of targeted 

therapy [1]. COVID-19 varies from very 

mild disease with minimum or no symptoms 

to a very severe disease resulting in acute 

lung injury (ALI), acute respiratory distress 

syndrome (ARDS) and/or it may involve 

other organs. It caused death in about 2% of 

cases [2]. Reverse transcriptase polymerase 

chain reaction (RT-PCR) is standard test to 

establish a diagnosis of COVID-19 disease. 

A multistep and complicated extreme host 

immune and inflammatory response results in 

severe respiratory disease, this response 

named the cytokines storm. It comprises 

many pro-inflammatory chemokines and 

cytokines with leading role of interleukin-6 

(IL-6) [3]. The immune response involves the 

T-lymphocytes which produces CD4+ and 

CD8+ T-cells that produces targeted 

antibodies and destroys virus infected 

epithelium [4]. The process of inflammation 

includes extensive lung epithelial damage 

resulting in parenchymal injury caused by 

MMPs and cytokines. High levels of these 

MMPs and pro-inflammatory mediators will 

further activate macrophages and neutrophils 

to release free oxygen radicals and proteases 

that will further increase lung epithelial 

damage and increase vessels permeability 

leading to ALI. All these events will promote 

cytokines storm progression. IL-6 secreted 

by mast cell has regulatory effects on MMPs, 

and in turn both of them modulate ECM 

contraction and tissue fibrosis. Cytokines 

storm is the main factor behind the rapid 

progression of COVID-19 to severe state [5]. 

Protease enzymes such as Matrix 

Metalloproteinase (MMPs) that contains zinc 

have basic functions in various physiological 

and pathological processes including cell to 

cell signaling, cell growth and differentiation, 

tumors, new vessels growth, wound 
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restoration, and ECM remodeling. MMPs has 

critical role in facilitating leukocytes 

invasion of lung parenchyma by breaking 

down the vessels basement membrane and 

ECM. Different cytokines especially IL-6 

and many chemokines regulate MMPs 

activity and hence inflammatory process 

progression. MMPs will decide the survival 

time of inflammatory cells and have an 

important effect on each level of the 

inflammatory process [6]. Current researches 

on MMPs show involvement of MMP-3, 

MMP-9 and MMP-12 in the inflammatory 

response. Matrix Metalloproteinase-3 (MMP-

3, stromelysin-1), has a significant role in 

ECM degradation, regulation of cell 

signaling, regulation of immune and 

inflammatory reaction, cytokines and 

chemokines movements among cells. MMP-

3 has vital role in the host cell fusion process 

by SARS-CoV-2. MMP-3 was used in many 

diseases such as rheumatoid arthritis and 

cancers to follow the disease progression 

status. Its role in lung epithelial and 

endothelial injury and healing process is 

prominent and demonstrated by many 

studies. MMP-3 is released from 

endothelium, fibroblast and macrophages in 

response to cytokines and inflammatory cells 

[7]. The host reaction to SARS-CoV-2 

includes immune cells and protease activity 

that is regulated by MMPs activity. 

Hoffmann and his colleagues shown MMP-3 

positive association between SARS-CoV-2 

patients and those patients with COVID-19 

negative tests, a feature that can be used to 

establish diagnosis of COVID-19 and follow 

its progression Matrix Metalloproteinase 12 

(MMP-12, interstitial lysine), is involved in 

elastin regulation, ECM regulation, 

activation of chemokines and cytokines and 

also it regulates proteases; hence promoting 

pulmonary inflammatory process and 

epithelial damage [8] MMP-12 has vital role 

in regulation of inflammation and its 

resolution. MMP-12 is secreted chiefly by 

macrophages, osteoclasts and chondrocytes. 

Zhou et al has shown increase MMP-12 

levels in the CNS during coronavirus induced 

encephalitis which involve blood brain 

barrier degradation and increased immune 

cells recruitments to the inflammatory areas 

of the brain [9]. Many nonspecific inhibitors 

of MMPs and the agents that can inhibit the 

ongoing cascade of inflammatory process 

have been studied and found to have role in 

limiting the lung injury. Among those 

aprotnin, tetracyclines and doxycycline are 

commonly used in clinical practice, and   

minocycline, glucosamine and marimastat 

are still in clinical trial studies [10]. Keeping 

in mind the role of MMPs in 
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pathophysiology of inflammation and the 

resulted consequences; further studies in 

humans are required to fully understand the 

role of MMPs inhibitors and their possible 

role in the prognosis of complex COVID-19 

disease particularly the ALI/ARDS. 

Oxidative stress plays an important 

role in regulation of cell repair and 

controlling the immune response which 

together contributes to the progression of 

lung pathology either by adding in the 

oxidants levels or by decreasing the ant-

oxidant levels [11]. This leads us to the 

conclusion that in COVID-19 patients, the 

role of oxidative stress is prominent and it 

may increase the severity of illness especially 

in the presence of other chronic diseases. The 

increasing levels of free radical and lipid 

peroxides will result in elevated levels of 

Malondialdehyde (MDA) causing more cell 

damage. Anti-oxidant Glutathione (GSH) is 

vital for marinating the epithelial cell 

integrity thus having an important protective 

anti-oxidant role; this will be supported by 

the role of super oxide dismutase (SOD) and 

catalase (CAT) in preventing cellular injury 

[12]. SARS-CoV-2 like other viruses uses 

oxidative stress pathways to ease their entry 

and survival inside the cell. Thus success or 

failure to the inflammatory and immune 

response to the virus is highly influenced by 

the balance between the oxidant and the anti-

oxidant levels, components of oxidative 

stress. The current study was designed to 

assess the variation of MMPs, MDA and 

anti-oxidative stress markers in COVID-19 

patients having moderate level of severity.  

METHODOLOGY 

The current cross sectional 

comparative study included admitted cases of 

confirmed COVID-19 infection that were fall 

in the moderate level of severity. This study 

was conducted in three months from March, 

2020 to June, 2020 after the approval of 

Institutional Review Board (IRB), Institute of 

Molecular Biology and Biotechnology 

(IMBB) The University of Lahore. Total of 

one hundred participants were analyzed and 

further divided in two equal groups Control 

group had age and sex matched healthy 

individual as compare to the COVID-19 

infected group labelled as subjects. 

Participants having any other inflammatory 

disease like chronic joints, renal, skin or 

hematological diseases were excluded from 

the study. Samples were taken at the time of 

admission to determine the levels of Matrix 

Metalloproteinase (MMP-3 MMP-9 and 

MMP-12) in each sample to compare them 

with that of control patients. Also the levels 

of oxidative stress markers such as 

Malondialdehyde (MDA) and the other anti-
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oxidative markers were estimated in COVID-

19 infected patients. All of the reagents and 

chemicals were of analytical grade obtained 

from the Sigma/Invitrogen Chemical Co. (St. 

Louis, Mo, USA). The levels of MMP-3, 

MMP-9 and MMP-12 were determined by 

commercially available humane ELISA kit 

method (by Muglumi). 

The data was analyzed by using SPSS 

(Version 21). Continuous Variables was 

described in terms of mean ± standard 

deviation (SD) like age, MMP-3, 9, 12, 

MDA, GSH, SOD and CAT. Paired t-test 

was used for comparison between the groups. 

chi-square test was applied where 

comparison of categorical variables is 

needed. the level of p<0.05 was considered 

statistically significant. 

RESULTS 

The findings of the study showed 

increased levels of matrix metalloproteases in 

the COVID-19 positive patients when 

compared with the healthy controls that 

signifies the increased extracellular matrix 

(ECM) degradation. Participants were 

divided into three age groups. Male to female 

ratio was 56:44 (Table 1).  

Levels of MMP 3, 9 and 12 were 

significantly higher in patients (2.12±0.11 

ng/ml, 141.41±7.43 ng/ml, 5.55±0.59ng/ml, 

p-value= 0.021, 0.013 and 0.016) as 

compared to controls (0.296±0.08 ng/ml, 

28.34±5.32 ng/ml and 0.433±0.03 ng/ml) 

respectively. Levels of oxidative stress 

markers were also significantly differed in 

both groups. 

Levels of Malondialdehyde (MDA) 

were significantly higher in COVID-19 

patients (6.40±0.89 nmol/ml) when 

compared with controls (1.40±0.349). While 

levels of all anti-oxidative markers remained 

significantly lower (0.33±0.02 IU/ml, 

3.87±1.87 μmol/ml and 3.11±0.6 μmol/ml; p- 

value 0.038, 0.005, and 0.023 respectively) in 

the COVID-19 patients highlighting 

imbalance in between the oxidative and anti-

oxidative status in the patients with positive 

coronavirus (Table 2).  

Table 1: Age and Gender Distribution among Groups 
Individual factors Category Frequency (%) 

  
1Controls 

n=50 

2subjects 
n=50 

Total 
N=100 

Disease Status Healthy 50 (100%) 0 (0%) 50 (50%) 
COVID-19 Positive 0 (0%) 50 (100%) 50 (50%) 

*Age 30-40 years 14 (28%) 15 (30%) 29 (29%) 
41-50 years 14 (28%) 13 (26%) 27 (27%) 
51- 60 Years 22 (44%) 22 (44%) 44 (44%) 

Gender Male 28 (56%) 28 (56%) 56 (56%) 
Female 22 (44%) 22 (44%) 44 (44%) 

*Age is stratified into three groups; 1. Healthy population; 2. PCR positive cases of COVID-19 
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Table 2: Comparison of Variables Between Both Groups 

*Independent t-test was used to assess the significance of variance 
 

DISCUSSION 

To find a targeted therapeutic agent 

that can break the process of intense 

inflammatory and immune reaction in 

COVID-19 patient there was multiple studies 

ongoing to point out the proinflammatory 

mediator (more attention is paid to MMPs) 

and its serum levels that can have effect on 

pathophysiology of COVID-19 [13]. Yuki 

and his colleagues mentioned that cytokines 

released from virus infected pulmonary 

epithelium (such as SARS-CoV-2 virus) has 

chemoattractant properties for different 

leukocytes including neutrophils [14]. In 

COVID-19 this massive reaction of 

inflammatory and immune cells will add on 

to the development of cytokines storm and 

leads to the pathological finding of epithelial 

and endothelial injury and the subsequent 

tissue remodeling events.  

Shi and his colleagues described the 

increased in MMP-3, IL-1β and IL-6 levels 

in patients with COVID-19 disease [15]. 

Nissinen and his colleagues had shown that 

MMP-3 deficient mice are safe from the 

immune and inflammatory stimulation to 

some extent [16]. This emphasized the 

regulatory function of MMP-3 in lung tissue 

damage and restoration. Warner and his 

colleagues described the regulatory effects of 

MMP-3 on chemokines and cytokines in ALI 

and ARDS in COVID-19. Shi et al in their 

study compared MMP-3 levels in SARS-

CoV-2 infected patients with those who are 

SARS-CoV-2 negative and came out with the 

finding that MMP-3 is useful marker for the 

monitoring of COVID-19 disease state from 

diagnosis through progression and ending 

with follow-up. MMPs and other protease 

enzymes along with other pro-inflammatory 

mediators of cytokines storm will predict the 

progression to severe disease in COVID-19 

[17]. McCawley and his colleagues also 

highlighted the effects of the high levels of 

MMPs in COVID-19 patients and its relation 

to the inflammatory process ongoing in their 

lungs and the prominent regulatory role of 

MMP-3 during this response [18]. The 

Variables Mean ± S.D 
*P-Value 

Category Markers Controls (n=100) Patient (n=100) 
Oxidative stress MDA nmol/ml 1.40±0.349 6.40±0.89 0.003 
Anti-oxidants SOD IU/ml 1.17±0.13 0.33±0.02 0.038 

GSH μmol/ml 10.72±2.65 3.87±1.87 0.005 
CAT μmol/ml 5.65±1.06 3.11±0.6 0.023 

Metalloproteinase MMP-3 ng/ml 0.296±0.08 2.12±0.11 0.021 
MMP-9 ng/ml 28.34±5.32 141.41±7.43 0.013 
MMP-12 ng/ml 0.433±0.03 5.55±0.59 0.016 
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findings of study done by Shi et al, described 

the role of MMP-3 in fusion of coronavirus 

to the host cell, thus supporting the important 

function of MMP-3 in host cell fusion in 

SARS-CoV-2 infection. Epithelial damage 

by the effects of immune and inflammatory 

cells mediated by MMPs and other pro-

inflammatory mediators of cytokines storm 

will lead to the development of ALI and 

ARDS in COID-19 patients [15].  

Researches demonstrated increased 

MMPs expression in murine mice 

coronavirus induced CNS encephalitis 

models. These MMPs were having noticeable 

ECM remodeling function. Also the critical 

role of MMPs in facilitating virus invasion 

into the CNS, involvement in blood brain 

barrier destruction, neutrophils and cytokines 

trafficking and regulation during CNS 

coronavirus infection [19]. The relation 

between MMPs mediated cell injury and 

SARS-CoV-2 infection was supported by the 

finding of rapid increased in Kawasaki 

disease cases in Italy during the COVID-19 

pandemic [20]. The earlier information about 

the vital role of the MMPs and cytokines 

storm (such as IL-6) in regulation of 

inflammatory reaction chain was reinforced 

and supported by Karakurt and his colleagues 

comparison study where a SARS-CoV-2 

infected lung epithelium was compared with 

mock-infected model cell [21]. Solun et al 

explained the critical role of MMPs in 

epithelial injury and restoration during the 

course of COVID-19 disease, and urged for 

the need of more human clinical studies on 

the possibilities of using some non-specific 

MMPs inhibitors for treatment of ALI and 

ARDS in SARS-CoV-2 infected patients [22-

35]. The finding of high cytokines and 

cytokines storm in COVID-19 patients 

pointed to crucial role of MMPs and pro-

inflammatory mediators in the disease 

process of COVID-19. The virulence level of 

SARS-CoV-2 was linked to high levels of 

MMPs (chiefly MMP-3 and -9) associated 

with high chemokines regulation [12]. New 

researches are vital to completely identify the 

role of MMPs in the pathophysiology of 

COVID-19 induced ALI/ARDS. These data 

are essential to define what type of 

metalloproteinase might be regulated, at 

which level of the infection, and what MMPs 

level might be ideal for the restoration of the 

affected tissues. 

CONCLUSION 

The study showed a positive relation 

between MMP-3, 9 and -12 levels in 

COVID-19 positive infection patients and the 

controls. The finding of elevated serum 

levels of MMPs along with the supporting 

data from previous studies may have a vital 
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role in discovering more targeted therapeutic 

modalities that can be beneficial in COVID-

19 avoidance, treatment and/or preventing 

progression to more severe disease state. 

Together with our results including the 

imbalanced oxidative stress markers levels 

and the high levels of the immune and 

inflammatory mediator points towards the 

active inflammatory state of COVID-19 

which may progress to cytokines storm. 

Therefore, more advance and more targeted 

human clinical studies with more focus on 

MMPs role is indicated for understanding of 

COVID-19 pathophysiology and it is 

believed it will have a great contribution in 

the management of COVID-19.  
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