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ABSTRACT

Some risk causes may be associated with the severity of COVID-19. The central host-pathogen
factors might affect infection are human receptor angiotensin-converting enzyme 2 (ACE2), trans-
membrane protease serine 2 (TMPRSS2), and SARS-CoV-2 surface spike (S)-protein. The main
purpose of this study was to determine the differences in the expression the metalloproteinases-2
(MMP-2), MMP-9, ACE2, and TMPRSS2 genes and their correlation with lymphopenia in the mild
and severe types of the COVID-19 patients.

Eighty-eight patients, aged 36 to 60 years old with the mild (n=44) and severe (n=44) types of
COVID-19 were enrolled. Total RNA was isolated from the peripheral blood mononuclear cells
(PBMCs). The changes of MMP-2, MMP-9, ACE2 and TMPRSS2 gene expression in PBMCs from
mild and severe COVID-19 patients were examined by the real time-quantitative polymerase chain
reaction (RT-qPCR) assay and, compared between the groups. Data were collected from May 2021
to March 2022,

The mean age of the patients in both groups was 48 (interquartile range, 36—60), and there were
no appreciable differences in age or gender distribution between the two groups. The present study
showed that a significant increase in the expression of ACE2, TMPRSS2, MMP-2, and MMP-9
genes in the severe type of the COVID-19 patients compared, to the mild type of the COVID-19
patients.

Overall, it suggests the expression levels of these genes on the PBMC surface in the immune
system are susceptible to infection by SARS-COV-2 and therefore could potentially predict the
patients’ outcome.
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INTRODUCTION

The coronaviruses diseases-2019 (COVID-19)
pandemic is caused by the novel coronavirus, which the
International Committee on Taxonomy of Viruses
(ICTV) eventually designated as the severe acute
respiratory syndrome coronavirus-2 (SARS-COV-2).
SARS-COV-2 was first discovered in the Chinese
province of Wuhan and spread mostly through human-
to-human contact while people were migrating.*
Although the virus's origin, natural reservoir, and
intermediate host are still up for debate, it has spread
over the world and wreaked devastation on the human
race. While type-2 diabetes (T2D), cardiovascular
diseases (CVD), hypertension (HT), and compromised
immunity (CI) are recognized as key comorbidities of
COVID-19, the death rate among older people (age > 60
years) is shown to be much greater.>”

The three main host-pathogen determinants known
to affect infection are human receptor angiotensin-
converting enzyme 2 (ACE2), trans-membrane protease
serine 2 (TMPRSS2), and SARS-COV-2 surface spike
(S)-protein.® Other membrane proteases that are known
to be critical in the Middle East respiratory syndrome
coronavirus (MERS-COV) and SARS-CQV infections,
including CD26/DPP4, trypsin, cathepsin L, and
TMPRSS11d, were also believed to be crucial in the
development of COVID-19.° Recent investigations have
emphasized the significant importance of ACE2 and
TMPRSS2 in the pathogenesis of SARS-COV-2
infection.’®! To get ready and enter the human cell,
viral S-protein physically interacts with and makes use
of TMPRSS2 and ACE2 which are linked to
membranes. The affinity of SARS-CoV-2 RBD to
ACE?2 has been dramatically boosted by a factor of 10 to
15 when compared to SARS-COV due to amino acid
changes at critical locations on RBD 31213

ACE2 gene has 40 kbp, which is located at position
Xp22.2 and has 18 exons. This gene encodes a
membrane glycoprotein with a weight of 100 KD and
805 amino acids, which is one of the zinc-containing
metalloproteinases ACE2.> ACE2 Acts as a
carboxymanopeptidase that can hydrolyze angiotensin
I, our knowledge about ACE2 dates back to its
discovery (20 years ago).!* ACE2 expression level is
different in different tissues.'> The TMPRSS2 gene is
located at 21g22.3 and produces a membrane serine
protease that is regulated by androgens.'® TMPRSS2
expression has been reported on the surface of epithelial
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cells of the upper and lower respiratory system. Spike
protein of SARS-COV-2 binds to the ACE2 receptor,
and this virus uses TMPRSS2 to cleave the S protein at
the S2/S1 site, allowing the integration of the virus and
the cell membrane.'” Because lymphocytes contain the
angiotensin-converting enzyme 2 (ACE2), the severe
acute respiratory syndrome coronavirus type 2 (SARS-
CoV-2) may also target them, activating them and
causing activation-induced cell death that may result in
both CD4+ and CD8+ T cell lymphopenia.l® Since
SARS-COV uses ACE2 and TMPRSS?2 to attack human
cells, identifying their expression levels at the cell level
is the key to understanding the pathogenesis of SARS-
COV-2.1319

In the lung, SARS-COV-2 mainly infects monocytes
and macrophages,®? but the expression of ACE2 is not
limited to the lungs, and extrapulmonary spread of
SARS-COV-2 has been observed. In lung illness, the
metalloproteinases (MMPs) play crucial functions.%2
Metalloproteinases-2 (MMP-2) and MMP-9 have both
been proposed as possible biomarkers for septic patients
due to the severe form of COVID-19's many similarities
to sepsis.?>>* Matrix metalloproteinases (MMPs) are
neutral proteinases that play a role in the degradation and
regeneration of ECM under various physiological and
pathological conditions and cause the degradation of
ECM proteins such as type IV collagen, elastin,
vitronectin, and aggrecan.* An increase in the number of
matrix metalloproteinases MMP-2 and MMP-9 in the
plasma of patients with COVID-19 is associated with a
high risk of mortality.?> Also, increased MMP-2 levels
in patients with COVID-19 may reflect an overactive
renin-angiotensin system (RAS),?%27 and high levels of
angiotensin (Ang) 1l observed in COVID-19 disease are
associated with endothelial damage.?® Since SARS-
COV-2 attacks all human cells, identifying their
expression levels at the cell level is the key to
understanding the pathogenesis of SARS-COV2.23 In
the present study to evaluate correlation of lymphopenia
in lymphocyte subsets with different gene expression
Human peripheral blood mononuclear cells (PBMCs)
were used. Therefore, the aim of present study was to
investigate the differences in the expression MMP-2,
MMP-9, ACE2 and TMPRSS2 genes and their
correlation with lymphopenia in the mild and severe
types of the COVID-19 patients.
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MATERIALS AND METHODS

Study Design and Patients

In the present study, a total of 88 individuals,
comprising 44 severe COVID-19 instances and 44 mild
COVID-19 cases, who diagnosed with mild and severe
types of COVID-19 were included. The patients had
symptoms of COVID-19 were from those who referred
to Khorshid Hospital in the Isfahan, Iran. Sampling of
patients were collected from May 2021 to March 2022.

In patients with severe COVID-19, there were 23
(52.3%) male cases and 21 (47.7%) female cases, and in
patients with mild COVID-19, there were equal numbers
of male and female patients. The mean age of the
patients in both groups was 48 (interquartile range, 36—
60), and there were no appreciable differences in age or
gender distribution between the two groups.

The inclusion criteria for the mild type of disease
were defined as those patients, who were diagnosed with
the COVID-19 polymerase chain reaction (PCR) test
and had PO2>94%.2°%° The inclusion criteria for the
severe type of disease were the positive PCR test
together with the multiple symptoms including
PO2<94%, PaO2/Fi02<300 mm Hg, respiratory
rate>30 breaths/min, and lung infiltrates>50%.2%30
However, the exclusion criteria for the mild and sever
types of COVID-19 were history of vaccinated COVID-
19, the diabetes mellitus, heart disease, dyspnea,
immune-deficiency and/or autoimmune  disease,
shortness of breath, abnormal chest imaging and
hypertension. Informed consent was obtained from all
persons before participating in this study, which was
approved by the Ethical committees of Isfahan
university medical of science, Isfahan, Iran,
(IR.ARI.MUI.REC.1400.061).

Sample Size
The optimum sample size predictable by the formula
the survival analysis formula:

(z1 +Zz)2(25)2
nETTar

However, with the hypothesis of a 95% confidence
level and a study power of 80%, equal number of cases.
We calculated the number of patients where, z; = 1.96,
Z,=0.84, S=It is an estimate of the average standard
deviation of each variable in two groups, d=The
minimum difference in the average of each variable
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between the two groups shows that the difference is
significant, and S is considered to be 0.6. According to
the calculation, the number of sample size was 44 (44
controls, which were patients with mild type of COVID-
19 disease and 44 people with severe type of COVID-19
disease). However, we included 88 COVID-19 patients
from May 2021 to March 2022.

Isolation of PBMCs

According to the manufacturer's recommendations,
peripheral blood mononuclear cells (PBMCs) were
separated using a Ficoll-Hypaque gradient (Lymphodex,
Inno-Train, Germany). Blood samples were drawn, and
collected in EDTA-containing tubes, and then mixed
with an equivalent volume of Ca2+- and Mg2+-depleted
phosphate-buffered saline (PBS, pH 7.3) in 15 ml
conical tubes. The mixture was carefully deposited on
top of a Ficoll- -Hypaque solution with a sample-to-
Ficoll ratio of 2:1. After 25 minutes of centrifugation (at
2800 rpm) the middlephase (white layer) was extracted
as PBMCs. The collected cells were washed in PBS (2x)
before being counted and tested for viability using a
hemocytometer and trypan blue. For the following
investigations, cells with a minimum of 75% viability
were used.

RNA Extraction and Real-time PCR Experiments

Using an RNA Extraction Kit (Co.Pars Tous, Iran),
total RNA was extracted from PBMCs as directed by the
manufacturer. After that, using a nanodrop 2000 to
measure absorbance at 260 nm and 280 nm, the quantity,
and quality of extracted RNA were measured
(NanodropTM 2000; Thermo Fisher Scientific, USA).
Analysis of the expression of MMP-2, MMP-9, ACE2,
and TMPRSS2 at 260 and 280 nm wavelengths, total
RNA extracted from PBMCs of severe and mild
COVID-19 patients was quantified for concentration
and purity. The quality of the extracted RNAs was
further assessed using agarose gel electrophoresis
(Figure 1).

Then, using the Bio fact 2X RT PCR Master Mix kit
(Bio fact, Korea) and oligo-dT primers, 5 g of the total
RNA was used to create cDNA. The AllelelD 7.6
program from Premier Biosoft was used to create the
PCR primers for this investigation, and Metabion GmbH
(Planegg-Martinsried, Germany) manufactured them
(Supplementary Table). The StepOne PlusTM Real-time
PCR detection equipment and 2X SYBR Green Real-
Time PCR High ROX (Pars Tous, Iran) were used to
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execute real-time polymerase chain reactions in a total
volume of 20 pL (Applied Biosystems). The PCR
amplification settings included a denaturation stage at
95°C for 15 mins, followed by 45 cycles of annealing at
60°C for 30 s, and extension at 72°C for 30s. The
melting temperature of specific amplification products
and primers was found via melting curve analysis. At
least three times each, these experiments were
independently replicated in duplicate. As an endogenous
control, glyceraldehydes-3-phosphate dehydrogenase
(GAPDH) was used. According to a prior description,
the expression level of each target gene was computed
as 2744Ct (Supplementry Table).

Statistical Analysis.

Using SPSS, all of the statistical analysis was done
(IBM Statistics Software V.25). The GraphPad Prism
version 5.0 was used to illustrate the figures and the
results were expressed as the mean£SD. The normality
of data was assessed using the Kolmogorov-Smirnov
test. The statistical comparisons using the Mann-
Whitney test which it was used to compare the data sets.
This study used the Bivariate, Spearman for correlation.
A p-value of 0.05 or less was deemed statistically
significant.

RESULTS

MMP-2, MMP-9, ACE2, and TMPRSS2 Gene
Expression

The comparative expression of MMP-2, MMP-9,
ACE2, and TMPRSS2 genes expression in PBMCs,
mild and severe types of COVID-19 cases was
Significant (p<0.05). From mild and severe types of
COVID-19 npatients, the fold changes of MMP-
2(6.2+2.8, 7.3+1.4), MMP-9 (5.743, 7.4+1.2), ACE2
(5.1+2, 13.9+32) and TMPRSS2 (5.2+2, 14.4+2.7)
genes in PBMCs were expressed as MeantSD,
individually (Figure 1, Table 1).

The Correlation of Lymphopenia with the
Expression Levels of MMP-2, MMP-9, ACE2, and
TMPRSS2

The results showed significant linear correlation
between the lymphopenia with the expression of MMP-
2, MMP-9, ACE2, and TMPRSS2 genes in the PBMCs
of the mild and severe COVID-19 patients (p<0.05,
Table 2).

The TMPRSS2 gene exhibited the most significant
correlation with the status of lymphopenia among either
the mild and severe types of COVID-19 patients in the
Bivariate correlation analysis. The R values also showed
a reverse interaction between the transcript levels of the
investigated genes as well as IL-6 with the lymphocyte
counts in the mild and severe types.

Table 1. Comparative analysis of MMP-2, MMP-9, ACE2, and TMPRSS2 gene expression in PBMCs, among mild and severe

COVID-19 patients.

Gene Group Cases (n) Mean (xSD) p

ACE2 S 44 13.893 (2.293) <0.001
M 44 5.100 (2.237)

TMPRSS2 S 44 14.394 (2.792)  <0.001
M 44 5.281 (2.479)

MMP-2 S 44 7.308 (1.436) <0.028
M 44 6.262 (2.742)

MMP-9 S 44 7.490 (1.240) <0.01
M 44 5.757 (3.008)

S; Severe, M; Mild, ACE; Angiotensin-converting enzyme, TMPRSS; Trans-membrane protease serine,

MMP; Metalloproteinasesh

94/ Iran J Allergy Asthma Immunol

Vol. 22, No. 1, February 2023

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

_
T o
~—

Expression RatioMMP2 (2-AACt )

Gene Expression in COVID-19 Patients

- MMP2

mm TMPRSS2

mm ACE2
= MMP9
-
& ¥ & @
é\‘\b z‘o é\\ é,z}
o
|
28s rRNA i N 28s rRNA
. [
18s rRNA = "~18s rRNA

Figure 1. The relative expression of MMP-2, MMP-9, ACE2, and TMPRSS2 genes expression in PBMCs, mild and severe types
of COVID-19 cases. The fold changes of a) MMP-2, b) MMP-9, c¢) ACE2 and d) TMPRSS2 genes in PBMCs from mild and
severe types of COVID-19 patients were examined by at least three different real-time PCR experiments and were expressed
as Mean * SD. e) The differences in the absolute counts of lymphocytes in two groups of COVID-19 patients (mild vs severe)
were expressed as bar charts, f) Agarose gel electrophoresis of blood total RNA. * p<0.05, **p<0.01 and ***p<0.001.

Table 2. The relationship between MMP-2, MMP-9, ACE2, and TMPRSS2 gene expression, with lymphopenia among mild

and severe COVID-19 patients.

Variables
Groups Patients (no.) ACE2 TMPRSS2 MMP2 MMP9
Mild 44 Lymphocyte R P R P R P R P
-0.240 0.021 -0.360 0.01 -0.340 0.025 0.345 0.001
Severe 44 lymphocyte R P R P R P R P
-0.552  0.001 -0.740 0.002 -0.644 0.013 -0.206 0.021

S; Severe, M; Mild, ACE; Angiotensin-converting enzyme, TMPRSS; Trans-membrane protease serine

MMP; Metalloproteinasesh
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DISCUSSION

SARS-CoV-2 infection by respiratory droplets and
close contact is thought to be the primary cause of
COVID-19 person-to-person transmission 332 The spike
glycoprotein of the COVID-19 and the host cellular
SARS-COV receptor ACE2 facilitate SARS-COV-2
infection and cellular entrance.®® By cleaving ACE2 to
facilitate viral uptake and activating the SARS-COV-2
spike protein for tissue fusion, TMPRSS?2 is necessary to
promote SARS-CoV entry besides ACE2.81% But
despite the increase in research on SARS-COV-2
infection, whether many cells can be infected by this virus
or not still is unknown.3*3 The key purpose of this study
was to determine the variability in the expression of
MMP-2, MMP-9, ACE2, and TMPRSS2 genes and their
association with lymphopenia in the COVID-19 patients.

The results of our study on the level of gene
expression ACE2 and TMPRSS2 showed an increase
in the PBMCs. These results were similar to others
studies,®®7  which suggested a  possible
pathophysiological mechanism for the involvement of
the central nervous system (s) (CNS), where the virus
could be able to cross the blood-brain barrier via
hematological diffusion or via bind to the epithelial
ACE2 receptor. Another study confirms our result
indicating that SARS-COV-2 mainly infects monocytes
and macrophages, but the expression of ACE2 is not
limited to the lungs, and extra-pulmonary spread of
SARS-COV-2 has been seen.® Virus invasion of
monocytes, macrophages and excessive production of
cytokines (cytokine stromal) which is related to the
severity and prognosis of the infection.®® Other research
has shown that cells including monocytes, dendritic
cells, and T lymphocytes in the PBMC of COVID-19
diseases express ACE2 and TMPRSS2, which can
increase the progression of the disease.®® Likewise,
another study has revealed that about 8-40% of PBMCs
expressed ACE2 on their surface.? Li and his colleagues
investigated the expression of the ACE2 gene as the
cellular receptor of SARS-COV-2 in different human
tissues. Therefore, it seems immune responses to viral
infection in different hosts are different, and it is because
of the difference in the relationship between ACE2 and
the immune indicators of different tissues.*

As earlier explained, MMPs are neutral proteinases
that play a role in ECM degradation and transformation
in many physiological and pathological disorders.*%
MMP-2, is one of these enzymes that are especially main
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in the pathogenesis of infectious, inflammatory and
neoplastic diseases in various organs such as lung.
Concerning the role of this enzyme, it could cause the
break of ECM proteins such as collagen (type V),
elastin and etc.* The results of the present study on the
level of gene expression of MMP-2 and MMP-9 showed
an increase in the PBMCs. Similarly, it has been shown
that the increase in the level of MMP-2 protein in the
plasma of COVID-19 patients indicates severe
inflammation like that in septic disease.?* Therefore, it
suggests increased MMP-2 levels in patients with
COVID-19 may reflect an overactive rennin-angiotensin
system (RAS).?527 In Parallel with our results, levels of
angiotensin  (Ang) Il could be associated with
endothelial destruction?® and increase the expression of
MMP-2 protein in plasma and causes a severe type of
coronavirus.“® In addition, Karolina et al, revealed that
the rise in the MMP-2 and MMP-9 is associated with a
great threat of death in the patients with COVID-19.254

However, the restriction of the present study was the
low number of under-investigated patients and it would
be improved generalized. It is more expansive examined
in the forthcoming, and it needs more research at protein
levels between severe and mild patients compared to
healthy controls.

Overall, the correlation analysis of the mRNA levels
of the MMP-2, ACE2, and TMPRSS2 genes with
lymphopenia for mild and severity of COVID-19
determine that the entry of the virus as the initial stage
in viral pathogenesis is well-thought-out and also
noteworthy association between these genes and the
lymphocyte counts which it could be applied for the
purpose prognosis of COVID-19 disease.

STATEMENT OF ETHICS
The study was approved by the Ethical committees
of Isfahan university medical of science, Isfahan, Iran,
(IR.ARI.MUI.REC.1400.061).
FUNDING

This work was supported by the Isfahan University
of Medical Science [no: 1400349].

CONFLICT OF INTEREST

The authors declare that there is no conflict of
interest concerning this study.

Vol. 22, No. 1, February 2023

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

Gene Expression in COVID-19 Patients

ACKNOWLEDGEMENTS

The authors wish to appreciate all staff of the

Khorshid Hospital, Isfahan city, Islamic Republic of Iran
for their efficient contribution in this study. The authors
also wish to thank those participants, who contributed
effectively this study.

10.

REFERENCES

Abdelli I, Hassani F, Bekkel Brikci S, Ghalem S. In silico
study the inhibition of angiotensin converting enzyme 2
receptor of COVID-19 by Ammoides verticillata
components harvested from Western Algeria. J Biomol
Struct Dyn. 2021;39(9):3263-76.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W,
et al. A pneumonia outbreak associated with a new
coronavirus  of  probable bat origin.  Nature.
2020;579(7798):270-3.

Wang Y, Liu M, Gao J. Enhanced receptor binding of
SARS-CoV-2 through networks of hydrogen-bonding and
hydrophobic interactions. Proc Natl Acad Sci U S A.
2020;117(25):13967-74.

Chakrabarti S, Patel KD. Matrix metalloproteinase-2
(MMP-2) and MMP-9 in pulmonary pathology. Exp Lung
Res. 2005;31(6):599-621.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al.
Epidemiological and clinical characteristics of 99 cases of
2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive  study. Lancet (London, England).
2020;395(10223):507-13.

Gupta R, Ghosh A, Singh AK, Misra A. Clinical
considerations for patients with diabetes in times of
COVID-19  epidemic. Diabetes Metab  Syndr.
2020;14(3):211-2.

Wang Q, Zhang Y, Wu L, Niu S, Song C, Zhang Z, et al.
Structural and Functional Basis of SARS-CoV-2 Entry by
Using Human ACE2. Cell. 2020;181(4):894-904.€9.
Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N,
Herrler T, Erichsen S, et al. SARS-CoV-2 Cell Entry
Depends on ACE2 and TMPRSS2 and Is Blocked by a
Clinically Proven Protease Inhibitor. Cell.
2020;181(2):271-80.€8.

Hulswit RJ, de Haan CA, Bosch BJ. Coronavirus Spike
Protein and Tropism Changes. Adv Vir Res. 2016;96:29-
57.

Djomkam ALZ, Olwal CO, Sala TB, Paemka L.
Commentary: SARS-CoV-2 Cell Entry Depends on ACE2

Vol. 22, No. 1, February 2023

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

and TMPRSS2 and Is Blocked by a Clinically Proven
Protease Inhibitor. Fronti Oncology. 2020;10:1448.

Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q. Structural
basis for the recognition of SARS-CoV-2 by full-length
human  ACE2. Science (New  York, NY).
2020;367(6485):1444-8.

Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, et al. Structure
of the SARS-CoV-2 spike receptor-binding domain bound
to the ACE2 receptor. Nature. 2020;581(7807):215-20.
Devaux CA, Rolain JM, Raoult D. ACE2 receptor
polymorphism: Susceptibility  to SARS-CoV-2,
hypertension, multi-organ failure, and COVID-19 disease
outcome. Journal of microbiology, immunology, and
infection = Wei mian yu gan ran za zhi. 2020;53(3):425-35.
Gheblawi M, Wang K, Viveiros A, Nguyen Q, Zhong JC,
Turner AJ, et al. Angiotensin-Converting Enzyme 2:
SARS-CoV-2 Receptor and Regulator of the Renin-
Angiotensin System: Celebrating the 20th Anniversary of
the  Discovery of ACE2. Circulation Res.
2020;126(10):1456-74.

Li MY, Li L, Zhang Y, Wang XS. Expression of the
SARS-CoV-2 cell receptor gene ACE2 in a wide variety
of human tissues. Infect Dis Poverty. 2020;9(1):45.
Gemmati D, Bramanti B, Serino ML, Secchiero P, Zauli
G, Tisato V. COVID-19 and Individual Genetic
Susceptibility/Receptivity: Role of ACE1/ACE2 Genes,
Immunity, Inflammation and Coagulation. Might the
Double X-chromosome in Females Be Protective against
SARS-CoV-2 Compared to the Single X-Chromosome in
Males? Int J Mol Sci. 2020;21(10).

Asselta R, Paraboschi EM, Mantovani A, Duga S. ACE2
and TMPRSS2 variants and expression as candidates to
sex and country differences in COVID-19 severity in Italy.
Aging. 2020;12(11):10087-98.

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al.
Clinical and immunological features of severe and
moderate coronavirus disease 2019. J Clin Invest.
2020;130(5):2620-9.

Torre-Fuentes L, Matfas-Guiu J, Hernandez-Lorenzo L,
Montero-Escribano P, Pytel V, Porta-Etessam J, et al.
ACE2, TMPRSS2, and Furin variants and SARS-CoV-2
infection in Madrid, Spain. J Med Virol. 2021;93(2):863-9.
Davey A, McAuley DF, O'Kane CM. Matrix
metalloproteinases in acute lung injury: mediators of
injury and drivers of repair. Eur Respir J. 2011;38(4):959-
70.

Fligiel SE, Standiford T, Fligiel HM, Tashkin D, Strieter
RM, Warner RL, et al. Matrix metalloproteinases and

Iran J Allergy Asthma Immunol/ 97

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

B. Ghezelbash, et al.

matrix metalloproteinase inhibitors in acute lung injury.
Human pathology. 2006;37(4):422-30.

Beltran-Garcia J, Osca-Verdegal R, Pallardé FV, Ferreres
J, Rodriguez M, Mulet S, et al. Sepsis and Coronavirus
Disease 2019: Common Features and Anti-Inflammatory
Therapeutic Approaches. Crit Care Med.
2020;48(12):1841-4.

Duda I, Krzych L, Jedrzejowska-Szyputka H, Lewin-
Kowalik J. Plasma Matrix Metalloproteinase-9 and Tissue
Inhibitor of Matrix Metalloproteinase-1 as Prognostic
Biomarkers in Critically 11l Patients. Open Med (Wars).
2020;15:50-6.

Aguirre A, Blazquez-Prieto J, Amado-Rodriguez L,
Lopez-Alonso |, Batalla-Solis E, Gonzélez-Ldpez A, et al.
Matrix metalloproteinase-14 triggers an anti-inflammatory
proteolytic cascade in endotoxemia. J Mol Med.
2017;95(5):487-97.

C DA-M, Couto AES, Campos LCB, Vasconcelos TF,
Michelon-Barbosa J, Corsi CAC, et al. MMP-2 and MMP-
9 levels in plasma are altered and associated with mortality
in COVID-19 patients. Biomed Pharmacother.
2021;142:112067.

Osman 10, Melenotte C, Brouqui P, Million M, Lagier JC,
Parola P, et al. Expression of ACE2, Soluble ACE2,
Angiotensin |, Angiotensin Il and Angiotensin-(1-7) Is
Modulated in COVID-19 Patients. Front Immunol.
2021;12:625732.

Miesbach W. Pathological Role of Angiotensin Il in
Severe COVID-19. TH open. 2020;4(2):e138-e44.

Oz M, Lorke DE. Multifunctional angiotensin converting
enzyme 2, the SARS-CoV-2 entry receptor, and critical
appraisal of its role in acute lung injury. Biomed
Pharmacother. 2021;136:111193.

Roche N, Crichton ML, Goeminne PC, et al. Update June
2022: management of hospitalised adults with coronavirus
disease 2019 (COVID-19): a European Respiratory
Society living guideline. Eur Respir J 2022; 60: 2200803
Gandhi RT, Lynch JB, Del Rio C. Mild or Moderate
Covid-19. N Engl J Med. 2020;383(18):1757-66.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, etal. A
Novel Coronavirus from Patients with Pneumonia in
China, 2019. N Engl J Med. 2020;382(8):727-33.

Chan JF, Yuan S, Kok KH, To KK, Chu H, Yang J, et al.
A familial cluster of pneumonia associated with the 2019
novel coronavirus indicating person-to-person
transmission: a study of a family cluster. Lancet (London,
England). 2020;395(10223):514-23.

98/ Iran J Allergy Asthma Immunol

33.

34.

35.

36.

37.

38.

39.

40.

41.

Heurich A, Hofmann-Winkler H, Gierer S, Liepold T, Jahn
O, Péhlmann S. TMPRSS2 and ADAM17 cleave ACE2
differentially and only proteolysis by TMPRSS2 augments
entry driven by the severe acute respiratory syndrome
coronavirus spike protein. J Virology. 2014;88(2):1293-
307.

Chen W, Yuan P, Yang M, Yan Z, Kong S, Yan J, et al.
SARS-CoV-2 Entry Factors: ACE2 and TMPRSS2 Are
Expressed in Peri-Implantation Embryos and the
Maternal-Fetal Interface. Engineering (Beijing, China).
2020;6(10):1162-9.

Devaprasad A, Pandit A. Enrichment of SARS-CoV-2
Entry Factors and Interacting Intracellular Genes in Tissue
and Circulating Immune Cells. Viruses. 2021;13(9).
Kabbani N, Olds JL. Does COVID19 Infect the Brain? If
So, Smokers Might Be at a Higher Risk. Mol Pharmacol.
2020;97(5):351-3.

Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the
COVID-19 Virus Targeting the CNS: Tissue Distribution,
Host-Virus Interaction, and Proposed Neurotropic
Mechanisms. ACS Chem Neurosci. 2020;11(7):995-8.
Sadanandam A, Bopp T, Dixit S, Knapp D, Emperumal
CP, Vergidis P, etal. A blood transcriptome-based analysis
of disease progression, immune regulation, and symptoms
in coronavirus-infected patients. Cell Death Discov.
2020;6(1):141.

Zhang W, Zhao Y, Zhang F, Wang Q, Li T, Liu Z, et al.
The use of anti-inflammatory drugs in the treatment of
people with severe coronavirus disease 2019 (COVID-19):
The Perspectives of clinical immunologists from China.
Clin Immunol. 2020;214:108393.

Wang C, Qian X, Sun X, Chang Q. Angiotensin Il
increases matrix metalloproteinase 2 expression in human
aortic smooth muscle cells via AT1R and ERK1/2. Exp
Biol Med (Maywood). 2015;240(12):1564-71.

Nasr EI-Din A, Ata KAE, Abdel-Gawad AR, Fahmy NF.
Impact of High Serum Levels of MMP-7, MMP-9, TGF-
and PDGF Macrophage Activation Markers on Severity of
COVID-19 in Obese-Diabetic Patients. Infect Drug Resist.
2021;14:4015-25.

Vol. 22, No. 1, February 2023

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

