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Abstract

Background Seemingly, the Matrix metalloproteinases (MMPs) play a role in the etiopathogenesis of coronavirus disease
2019 (COVID-19). Here in this study, we determined the association of MMP9 rs3918242, MMP3 153025058, and MMP2
rs243865 polymorphisms with the risk of COVID-19, especially in those with neurological syndrome (NS).

Methods We enrolled 500 patients with COVID-19 and 500 healthy individuals. To genotype the target SNPs, the Real-
time allelic discrimination technique was used. To determine serum levels of MMPs, Enzyme-linked immunosorbent assay
(ELISA) was exerted.

Results The MMP9 gene rs3918242 and MMP3 gene rs3025058 SNP were significantly associated with increased COVID-
19 risk and susceptibility to COVID-19 with NS. The serum level of MMP-9 and MMP-3 was significantly higher in
COVID-19 cases compared with the healthy controls. Serum MMP-9 and MMP-3 levels were also higher in COVID-19
subjects with NS in comparison to the healthy controls. The polymorphisms in MMP genes were not associated with serum
level of MMPs.

Conclusion MMP9 and MMP3 gene polymorphisms increases the susceptibility to COVID-19 as well as COVID-19 with
neurologic syndrome, but they probably have no role in the regulation of serum MMP-9 and MMP-3 levels.

Keywords Coronavirus disease 2019 - Central nervous system - Matrix metalloproteinases - Genetic polymorphism -
Neurological symptoms
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COVID-19 Coronavirus disease 2019 ICAM-1  Intercellular adhesion molecule 1
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CNS Central nervous system CI confidence intervals
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MS Multiple sclerosis Table 1 Bascline characteristics, laboratory findings, and clinical
. . . symptoms of the study participants
MBP Myelin b t
yeln basic protein Feature COVID-19 Healthy controls P

patients (n=500) value
(n=500)

Introduction Sex; male/female 320 (64%)/180 300 (60%)200  >0.05
(36%) (40%)

The recently emerging severe acute respiratory syndrome  /Age: year . 56.55+10.31 54.35+9.88 >0.05

coronavirus 2 (SARS-CoV-2) attacks to lungs and several ~ WBC; cells/mm®  8521.65£4821.65 5278.45+2754.89 <0.05

body organs and causes coronavirus disease 2019 (COVID- tfigilyo;yrt;itgtal 2541£15.32 31.28+18.54 <0.05

19). Th§ virus al'so attgcks orgaqs (like heart and kidneys) Neutrophil-lym- 824+ 15.48 2894951 <0.05

expressing angiotensin-converting enzyme 2 (ACE2)  ppocyte ratio

receptor as the main molecular receptor for S protein of  CRP (mg/L) 4.16+2.52 1.12+0.98 <0.05

virus [1, 2]. Additionally, neurological manifestations are ~ AST (IU/L) 33.41+9.13 25.32+8.58 <0.05

also reported commonly in patients with COVID-19 [3].  ALT (IU/L) 38.25+8.11 26.44+7.86 <0.05

SARS-CoV-2 nucleic acid has been identified by reverse-  LDH (IU/L) 432.88+99.21 316.39+88.54 <0.05

transcriptase—polymerase chain-reaction (RT-PCR) in the
cerebrospinal fluid (CSF) samples of a number of COVID-
19 patients [4]. Moreover, virus particles have also been
detected in the autopsy samples of brain in a subject [5].
However, it is not clear if the neurological manifestations
are due to infection of the Central nervous system (CNS)
by SARS-CoV-2 or other possible mechanisms might cause
complications related to CNS.

Matrix metalloproteinases (MMPs) are calcium-depen-
dent zinc-containing endopeptidases enzymes that act in the
extracellular environment of cells and play a role in degrad-
ing extracellular matrix (ECM) and basement membrane
by cleaving both matrix and non-matrix proteins. These
enzymes are involved in different physiological as well as
pathological processes, such as wound healing, morpho-
genesis, tissue repair and remodeling, inflammation, and
angiogenesis [6, 7]. Studies show that MMPs are involved
in the facilitation of immune cells infiltration into the CNS
through the blood-brain barrier (BBB) [8]. In addition, it
was observed that MMP-3 levels are increased in the serum
of COVID-19 patients that was correlated with higher levels
of inflammatory cytokines [9]. According to a hypothesis,
upon entrance of SARS-CoV-2 into human airways, it may
pass through the epithelial cells into blood circulation and
then infect monocytes. Seemingly, increased permeability
of BBB by MMP-9 and enhanced expression of Intercellu-
lar adhesion molecule 1 (ICAM-1) on the endothelial cells
by Tumor necrosis factor (TNF)-a promotes the migration
of infected monocytes to the CNS. Thereupon, monocytes
secret inflammatory mediators in the CNS that leads to
injury to neurons and oligodendrocytes [10].

Studies show that the genomic sequences of MMP genes
are polymorphic that might be involved in the regulation
of MMP gene expression [11-14]. Numerous studies have
indicated that single nucleotide polymorphisms (SNPs)
in the different MMP genes are associated with human
diseases [15], especially infectious diseases [16, 17] and

@ Springer

Fever; yes/no

350 (70%)/ 150
(30%)

Cough; yes/no 190 (38%)/ 310 - -
(62%)

Dyspnea; yes/no 426 (85.2%)/ 74 - -
(14.8%)

Sputum; yes/no 140 (28%)/ 360 - -
(72%)

Vomiting/diarrhea; 80 (16%)/ 420 - -

yes/no (84%)

Neurologic syn- 72 (14.4%)/ 428 - -

drome; yes/no (85.6%)

Delirium* 42/72 (58.33%) - -

Encephalitis 16/72 (22.22%) - -

Headache 22/72 (30.55%) - -

COVID-19, Coronavirus disease 2019; WBC, White blood cell; CRP,
C-reactive protein; AST, Aspartate aminotransferase; ALT, Alanine
aminotransferase; LDH, Lactate dehydrogenase

* Delirium, Encephalitis, and Headache were determined in the 72
cases with Neurologic syndrome

neurodegenerative disorders [18, 19]. Taking all, here we
intended to disclose the possible association of MMP9
gene 1s3918242, MMP3 gene 153025058, and MMP2 gene
1s243865 polymorphisms with the risk of COVID-19 dis-
ease. Moreover, the possible involvement of these poly-
morphisms in the development of COVID-19 associated
neurologic symptoms was evaluated.

Study participants and methods
COVID-19 patients and healthy controls

In the current case-control study, 500 subjects with COVID-
19 and 500 age and gender matched healthy individuals
were recruited (Table 1). COVID-19 patients were diag-
nosed by Real-time PCR for the infection by SARS-CoV-2
by nasopharyngeal swabs and were selected from those who
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referred to the intensive care unit (ICU) of Shahid Rajace
hospital of Karaj, Iran. Patients had severe form of the
disease and had respiratory failure and decreased oxygen
saturation. The neurologic symptoms of the patients were
also determined by a neurologist. Individuals in the control
group were negative for the SARS-CoV-2 nucleic acid in
nasopharyngeal swabs evaluated by Real-time PCR. Before
sampling (10 ml of venous blood), all participants signed
written informed forms and the local ethical committee of
Alborz University of Medical Science approved the proto-
col of the study (IR.ABZUMS.REC.1399.340).

DNA extraction and genotyping of polymorphisms

About 10 ml of perpheral blood was obtained from all case
and control subjectes using EDTA containing venipunc-
ture for DNA extraction as well as tubes for serum isola-
tion. The whole blood samples were stored in -20 °C before
extracting DNA. The DNA content from whole blood was
isolated by exerting the QlAamp DNA Mini Kit (Qiagen,
Germany). The quality and quantity of the extracted DNA
samples was determined by optical density (OD) at 260/280
nm ratio by a NanoDrop spectrophotometer system (Nano-
Drop ND-2000 C Spectrophotometer, Thermo Fisher Sci-
entific, USA). Then, MMP9 rs3918242, MMP3 1s3025058,
and MMP?2 1243865 polymorphisms were genotyped by
Real-time allelic discrimination method using StepOne-
Plus Real-Time PCR device (Applied Biosystems, Fos-
ter City, USA) and TagMan assays (Applied Biosystems,
Foster City, USA). The reaction mixture in each well of
96-microwell plates contained 2 ul DNA (20 ng/ul), 5 pl
TagMan Master Mix (containing Tag DNA polymerase and
dNTPs), 0.5 pul TagMan Genotyping Assay Mix (contain-
ing primers and probes; Applied Biosystems, Foster City,
USA), and distilled water for reaching a total volume of
15 pl. The thermocycling conditions of the PCR reactions
were as follow; initial heating for 60 °C for 30 s followed by
95 °C for 10 min, then 40 cycles of amplification in 95 °C
for 15 s and 60 °C for 50 s, and ultimately 60 °C for 45 s.

Serum levels of MMPs

Serum samples were isolated from the venous blood of 80
COVID-19 cases as well as 80 healthy controls to measure
the concentration of the MMP-9, MMP-3, and MMP-2
using the enzyme linked immunosorbent assay (ELISA)
technique. The OD was determined using a commercial
kit (Invitrogen, Thermo Fisher Scientific, San Diego, CA,
USA) and an ELISA reader device (Tecan Spectra, Austria).

Statistical analysis

The distribution of the alleles and genotypes was repre-
sented as frequency and corresponding percentage. The
associations between the different genetic models of poly-
morphisms and risk of COVID-19 were analyzed by Pear-
son’s chi square (2). To determine the association level, the
odds ratios (OR) and corresponding 95% confidence inter-
vals (CI) were calculated.

Genotype distribution of SNPs in the control group was
tested to comply with the Hardy—Weinberg Equilibrium
(HWE). Exploring for the normality of numeric data dis-
tribution was done by the Kolmogorov-Smirnov test. The
serum level of MMPs between different groups were com-
pared using the non-parametric Mann-Whitney U-test or the
Kruskal-Wallis test. Multivariate logistic regression analy-
sis was conducted to control ORs for confounding factors.
Demonstration of numeric data was done by Mean + stan-
dard deviation (SD) and nominal data was presented as
numbers and percentage. GraphPad PRISM software v.8.00
(GraphPad Software, Inc., San Diego, CA, USA) was used
for data analysis and designing graphs.

Results

Allele and genotype frequencies in COVID-19
patients and healthy controls

Distribution of genotypes for all three SNPs did not devi-
ate from HWE in the control group (Table 2). The genetic
comparisons in the MMP9 gene rs3918242 and MMP3 gene
rs3025058 SNP was associated with risk of COVID-19,
while MMP2 gene rs243865 did not show any significant
difference.

It was observed that frequency of the T allele of MMP9
gene 1rs3918242 was higher in the COVID-19 patients com-
pared to the controls (19.2% vs. 13.4%); hence the T allele
was significantly associated with a 1.53-times increased risk
of COVID-19 (OR=1.53, 95%CI=1.09-2.15; P=0.013).
Additionally, the dominant genetic comparison (TT+CT
vs. CC) was significantly associated with a 1.51-times
increased risk of COVID-19 (OR=1.51, 95%CI=1.02-
2.24; P=0.037). The TT genotype was highly seen in the
COVID-19 group and increased COVID-19 risk 2.40 times,
even though it was not statistically significant (OR =2.40,
95%CI=0.95-6.05; P=0.061). The recessive TT wvs.
CT +CC model was observed to be insignificantly associ-
ate with a 2.21 times increased COVID-19 risk (OR=2.21,
95%CI=0.88-5.53; P=0.088). The CT genotype did not
have statistically significant association with COVID-
19 risk, even though it caused a 1.40-times increased
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Table 2 Allele and genotype SNP Allele /Genotype ~ COVID-19  Healthy con-  OR (95% CI) P
frequencies of MMP9 1s3918242, (n=500) trols (n=500)
MMP3 153025058, and MMP2 N% N%
rcsé‘sfgig";zg;‘r’g;‘;g‘iézhhy MMP9rs3918242 T vs. C 192(192) 134 (134) 153(1.092.15 _ 0.013
controls and related association C (Reference) 808 (80.8) 866 (36.6) B B
analyses TT vs. CC 30 (6) 14 (2.8) 2.40(0.95-6.05)  0.061
CTvs. CC 132(26.4) 106 (21.2) 1.40 (0.92-2.12)  0.113
TTvs. CT+CC 30 (6) 14 (2.8) 221 (0.88-5.53)  0.088
TT+CTvs.CC  162(32.4) 120 (24) 1.51(1.02-2.24)  0.037
CC (Reference) 338 (67.6) 380 (76) - -
HWE P=0.17
MMP3rs3025058 G vs. C 238(23.8) 168 (16.8) 1.54 (1.13-2.11)  0.006
C (Reference) 762(762)  832(83.2) - -
GG vs. CC 42 (8.4) 6(1.2) 7.78 (2.27-26.6)  0.001
GC vs. CC 154(30.8) 156 (31.2) 1.09 (0.74-1.61)  0.634
GGvs. GC+CC 42 (8.4) 6(1.2) 7.55(2.22-25.6)  0.0012
GG+GCvs.CC  196(39.2) 162 (3247)  1.34(0.92-1.94)  0.113
CC (Reference) 304 (60.8) 338 (67.6) - -
HWE P=0.06
MMP2rs243865  Tvs. C 212(21.2) 204 (20.4) 1.04 (0.77-1.42)  0.755
C (Reference) 788 (78.8) 796 (79.6) - -
SNP, Single nucleotide poly- TT vs. CC 24 (4.8) 18 (3.6) 134 (0.54-327)  0.518
morphism; MMP, Matrix CTvs. CC 164 (32.8) 168 (33.6) 0.98 (0.67-1.43)  0.926
metalloproteinase; COVID-19, TT vs. CT+CC 24 (4.8) 8 (3.6) 1.35 (0.55-3.26) 0.505
8‘(’120““?”}f)gj/segiegzsof;c‘)l‘é TT+CTvs.CC  188(37.6) 186 (37.2) 1.01 (0.70-1.46)  0.926
den;rﬁt‘;’val; ‘i{W’E’ o d‘;‘_l . CC (Reference)  312(62.4) 314 (62.8) - -
HWE P=0.16

Weinberg equilibrium

COVID-19 risk (OR=1.40, 95%CI=0.92-2.12; P=0.113;
Table 2).

The minor G allele of MMP3 gene rs3025058 SNP
had a statistically significant and strong association with
a 1.54-times increased risk of COVID-19 (OR=1.54,
95%CI=1.13-2.11; P=0.006). Interestingly, the GG
genotype was significantly associated with a 7.78-times
higher risk of COVID-19 (OR=7.78, 95%CI1=2.27-26.6;
P=0.001), which was statistically strong association. More-
over, the dominant genetic model (GG vs. GC + CC) had sta-
tistically significant association with a 7.55-times increased
risk of COVID-19 (OR=7.55, 95%Cl=2.22-25.6;
P=0.0012). The GC genotype (OR=1.09, 95%CI=0.74—
1.61; P=0.634) and dominant GG+GC vs. CC model
(OR=1.34, 95%CI=0.92-1.94; P=0.113) had insignifi-
cant association with slightly increased COVID-19 risk
(Table 2).

For MMP?2 gene rs243865, it was detected that the T
allele (OR=1.04), TT genotype (OR=1.34), dominant TT
vs. CT+CC model (OR=1.35), and recessive TT+CT vs.
CC model (OR =1.01) had statistically insignificant associa-
tion with a slight increased risk of COVID-19. However, the
CT genotype was insignificantly associated with decreased
COVID-19 risk (OR =0.98; Table 2).
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Allele and genotype frequencies in COVID-19
patients with neurologic syndrome and healthy
controls

Table 3 shows the allele and genotype frequencies of MMP9
gene rs3918242, MMP3 gene rs3025058 SNP, and MMP2
gene 15243865 in COVID-19 patients with neurologic syn-
drome and healthy controls.

The T allele of MMP9 gene 1s3918242 was highly rep-
resented in COVID-19 patients with neurologic syndrome
in comparison to controls (22.2% vs. 13.4%). The analy-
sis indicated that the T allele had statistically significant
(but marginal) association with a 1.84-times increased
risk of COVID-19 with neurologic syndrome (OR=1.84,
95%CI=1.00-3.40; P=0.049). Even though it was not statis-
tically significant and the CI was wide, the TT genotype was
associated with a 3.54 times increased risk of COVID-19
with neurologic syndrome (OR =3.54, 95%CI=0.85-14.6;
P=0.081). The CT genotype had also higher expression in
the COVID-19 with neurologic syndrome and was insig-
nificantly associated with a 1.55-times increased risk of
the COVID-19 with neurologic syndrome (OR=1.55,
95%CI=0.69-3.47; P=0.278). The analysis also revealed
that both dominant TT vs. CT+CC (OR=3.15) and reces-
sive TT+CT vs. CC (OR=1.78) models had statistically
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Table 3 Allele and genotype SNP Allele /Genotype  COVID-19 cases Healthy OR (95% CI) P
frequencies of MMP9 1s3918242, with neurologic controls
MMP3 13025058, and MMP?2 syndrome (n="72) (n=500)
15243865 polymorphisms in N% N%
COVID-19 patients with neu- MMP9rs3918242 T vs. C 32(22.2) 134(134)  1.84(1.00-3.40) _ 0.049
rologic syndrome and healthy
controls and related association C (Reference) N2(77.8) 866 (86.6) i B
analyses TT vs. CC 6(8.3) 14 (2.8) 3.54(0.85-14.6)  0.081
CTvs. CC 20 (27.7) 106 (212)  1.55(0.69-3.47) 0.278
TT vs. CT+CC 6(8.3) 14 (2.8) 3.15(0.77-12.8)  0.107
TT+CTvs. CC 26 (36.11) 120 (24) 1.78 (0.85-3.74)  0.122
CC (Reference) 46 (63.8) 380 (76) - -
HWE P=0.17
MMP3rs3025058 G vs.C 46 (31.9) 168 (16.8)  2.23(1.34-4.02)  0.002
C (Reference) 98 (68.1) 832 (83.2) - -
GG vs. CC 8 (11.1) 6(1.2) 13.25 (2.73-64.2)  0.001
GC vs. CC 30 (41.6) 156 (312)  1.91(0.90-4.02)  0.087
GG vs. GC+CC 8 (1L.1) 6(1.2) 10.29 (2.20-48.1) 0.003
GG+GC vs. CC 38(52.7) 162 (32.47) 2.33(1.154.72)  0.018
CC (Reference) 34 (47.2) 338 (67.6) - -
HWE P=0.06
MMP2rs243865 Tvs.C 32 (22.3) 204 (20.4) 1.11 (0.61-2.02)  0.721
C (Reference) 112 (77.7) 796 (79.6) - -
SNP, Single nucleotide poly- TT vs. CC 4(5.5) 18 (3.6) 1.58 (0.32-7.82)  0.571
morphism; MMP, Matrix CTvs. CC 24(33.3) 168 (33.6)  1.01 (0.48-2.16) 0.959
metalloproteinase; COVID-19, TT vs. CT+CC 4 (5.5) 8 (3.6) 1.57 (0.32-7.59)  0.571
g‘éfionav%rf‘sgg}/seg;e;;}‘);coﬁ TT+CTvs.CC 28 (38.9) 186(37.2)  1.07(0.52-2.20)  0.844
dencseriarftlgr’val; "HW’E o d‘;‘_l . CC (Reference) 44 (61.2) 314(62.8) - ;
HWE P=0.16

Weinberg equilibrium

insignificant association with increased risk of COVID-19
with neurologic syndrome.

For MMP3 gene rs3025058, it was seen that the minor
G allele was associated with a 2.23-times increased risk
of COVID-19 with neurologic syndrome (OR=2.23,
95%CI=1.34-4.02; P=0.002). As well, it was detected
that GG genotype had statistically significant association
with a strong 13.25-times increased risk of COVID-19 with
neurologic syndrome (OR=13.25, 95%CI=2.73-64.2;
P=0.001). A statistically significant association was found
between the dominant (OR=2.23, 95%CI=1.15-4.72;
P=0.018) and the recessive (OR=10.29, 95%CI=2.20-
48.1; P=0.003) models and increased (2.23-times and
10.29-times, respectively) risk of COVID-19 with neuro-
logic syndrome (Table 3).

Even though all genetic comparisons for MMP2 gene
rs243865 were not statistically significant, they were asso-
ciated with an increased risk (T allele OR=1.11, TT geno-
type OR=1.58, CT genotype OR=1.01, dominant model
OR=1.57, recessive model OR=1.07) of COVID-19 with
neurologic syndrome.

Regression analysis

The multivariate logistic regression analysis was performed
to adjust ORs of statistically significant comparisons in
MMP SNPs for potential confounding factors. It was
observed that for the MMP9 rs3918242 SNP in the TT+CT
vs. CC model, the ORs were still statistically significant
after controlling for the potential confounders, including
Age, Sex, Fever, Cough, Dyspnea, Sputum, Vomiting/diar-
rhea, Delirium, Encephalitis, and Headache. As such, ORs
were still statistically significant for MMP3 rs3025058 SNP
in both GG vs. CC and GG vs. GC + CC models after con-
trolling for the confounders (Table 4).

Serum levels of MMPs

The serum level of MMP-9 was significantly higher in
COVID-19 cases (612.32+110.54 ng/ml) compared with
the healthy controls (412.25+98.52 ng/ml; P=0.009;
Fig. 1.A). Additionally, serum MMP-3 level was signifi-
cantly higher in COVID-19 subjects (45.25 + 12.44 ng/ml)
in comparison to the healthy controls (27.44 +8.74 ng/ml;
P=0.0005; Fig. 1.B). There was no statistically significant
difference in the serum level of MMP-2 between COVID-19
cases and healthy controls (Fig. 1.C).
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Table 4. Multivar?ate log.istic SNP Genetic model ~ Confounding factor OR 95% CI P value
regression analysis to adjust ORs 4y /g 3018243 TT+CTvs, CC Age 148 (1.11-2.84) 0.0254
of genetic models in MMP SNPs
for potential confounding factors }S:ex 123 8 (1)2_;(5)2; gg;?z
ever . 12-2. .
Cough 1.50  (1.20-2.81) 0.0134
Dyspnea 1.27 (1.22-3.10) 0.0312
Sputum 139  (1.07-2.89) 0.0380
Vomiting/diarrhea 1.42 (1.21-2.77) 0.0244
Delirium 1.55 (1.30-3.00) 0.0401
Encephalitis 1.39  (1.19-3.13) 0.0219
Headache 1.70  (1.09-2.17) 0.0304
CC (Reference) 1.00 - -
MMP3rs3025058 GG vs. CC Age 6.28 (1.25-25.88) 0.0014
Sex 6.14  (3.11-20.40) 0.0054
Fever 5.45 (2.49-28.02) 0.0188
Cough 6.11 (2.87-26.43) 0.0057
Dyspnea 7.05 (3.04-29.14) 0.0084
Sputum 6.28 (2.65-26.69) 0.0067
Vomiting/diarrhea 6.70  (2.99-27.03) 0.0040
Delirium 726  (2.87-30.14) 0.0091
Encephalitis 6.81 (2.14-23.80) 0.0049
Headache 6.37  (2.16-26.92) 0.0304
GG vs. Age 7.14  (1.88-24.39) 0.0015
GC+CC Sex 636  (2.16-29.02) 0.0305
Fever 6.98 (2.49-24.27) 0.0058
Cough 6.41 (2.09-28.65) 0.0091
Dyspnea 7.25 (2.14-27.98) 0.0037
Sputum 7.30  (2.05-30.07) 0.0024
Vomiting/diarrhea 7.07  (2.19-29.60) 0.0039
Delirium 7.10  (2.14-28.19) 0.0109
MMP, Matrix metalloproteinase: Encephalitis 6.57  (2.44-23.01) 0.0076
OR, (3dds ratio: CI, Confidence ’ Headache 6.51 (2.10-22.89) 0.0083
interval CC (Reference) 1.00 - -

The results indicated significantly higher level of
MMP-9 in COVID-19 patients with neurologic syndrome
(655.41+115.21 ng/ml) in comparison to healthy con-
trols (412.25+98.52 ng/ml; P=0.0003; Fig. 1.D). More-
over, there was significantly higher levels of MMP-3
in serum of COVID-19 patients with neurologic syn-
drome (49.25+13.54 ng/ml) relative to healthy controls
(27.44£8.74 ng/ml; P=0.0007; Fig. 1.E). No significant
difference was observed in serum level of MMP-2 between
COVID-19 patients with neurologic syndrome and healthy
controls (Fig. 1.F).

Association of polymorphisms with serum levels of
MMPs

In order to determine if genetic polymorphisms of MMP
genes affect the serum level of MMPs, the levels of these
enzymes were compared among patients with different gen-
otypes for each SNP. However, it was detected that none
of the MMP-9 (Fig. 2.A), MMP-3 (Fig. 2.B), and MMP-2
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(Fig. 2.C) had different levels among COVID-19 patients
with different three genotypes for MMP9 rs3918242, MMP3
rs3025058, and MMP?2 rs243865 polymorphisms, respec-
tively. Additionally, no significant differences were observed
in serum levels of MMP-9 (Fig. 2.D), MMP-3 (Fig. 2.E),
and MMP-2 (Fig. 2.F) among COVID-19 patients with neu-
rologic syndrome with three different genotypes for MMP9
1s3918242, MMP3 153025058, and MMP2 rs243865 poly-
morphisms, respectively.

Discussion

The major target tissue of SARS-CoV-2 is lungs but other
tissues like heart and kidney might be involved [1, 2].
Whereases most of the patients with COVID-19 experience
a mild form of the disease, the occurrence of acute respi-
ratory distress syndrome (ARDS) is also frequent [20]. In
the severe forms of the disease, uncontrolled production
of inflammatory cytokines leads to cytokine storm, which
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Fig. 1 Bar charts demonstrate
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in turn promotes intense clinical symptoms and complica-
tions [21]. Studies have revealed the critical involvement
of MMPs (especially MMP-3) in the pathogenesis of lung-
associated disorders, such as pulmonary fibrosis and ARDS.
Additionally, MMP-3 deficiency was associated with nor-
mal function of lung surfactant, which in turn was related to
lung protection during pathological settings [22].
Inflammatory mediators are involved in the stimula-
tion of MMP-3 secretion form endothelial cells and fibro-
blasts. On the other hand, MMP-3 can also target, and hence
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regulate, proinflammatory cytokines like interleukin (IL)-1p
and TNF-a [23]. Several reports indicate that inflammation
and dysregulated immune responses like cytokine storm and
related inflammatory mediators (such as IL-1B, IL-6 and
TNF-0) contribute to the pathology of COVID-19 [21]. A
study by Shi et al. revealed that MMP-3 level was higher in
the serum of COVID-19 patients that was correlated with
serum levels of IL-1P and IL-6 [9]. As a result, MMPs might
contribute to the inflammatory state in COVID-19 patients
and worsen the clinical presentations of the suffering cases.
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Fig. 2 Bar graphs show the
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It was indicated that SARS-CoV-2 exerts Transmem-
brane serine protease 2 (TMPRSS2) to prime S protein that
facilitates binding to ACE2 and entry to the target cells.
Additionally, a TMPRSS?2 inhibitor was suggested to block
the virus entry and might be used as a therapeutic compound
in the COVID-19 patients [24]. Additionally, it was reported
that zinc metalloproteases like MMPs might contribute to
the cell-cell fusion and entry of coronavirus [25]. As a con-
sequence, MMPs are probably involved in facilitating the
entry of virus to host cells. Our experiments also indicated
higher serum levels of MMP-9 and MMP-3 in COVID-19
patients. Hence, it is worthy to explore for the potential
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treatment options in COVID-19 patients through investigat-
ing compounds that inhibit the function of MMPs.

Studies have established that rs3918242 as the functional
SNP in the promoter region MMP9 gene affect the transcrip-
tional level of this gene [26, 27]. Additionally, i vitro stud-
ies revealed that the C—1562 T SNP (1rs3918242) is involved
in suppressing the binding of nuclear repressor protein to
the promoter region in which this SNP is harbored, resulting
in promotion of the expression of MMP9 [28]. At the posi-
tion —1612/-1617 upstream of the transcription start site
of MMP3 gene, insertion of adenosine into the promoter
region leads to constitution of a polymonomeric series of
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six adenosines (which is called allele 6 A), whereas the wild
type form occurs with five adenosines (named as allele 5 A).
Studies have demonstrated that the presence of the 6 A allele
was associated with the downmodulation MMP3 expression
[29]. Here we hypothesized that genetic polymorphisms in
the MMP genes might alter the protein levels of MMPs and
contribute to the development of COVID-19 disease. At
first, we detected that the T allele of MMP9 gene rs3918242
SNP (OR =1.84) as well as the G allele (5 A) of MMP3 gene
rs3025058 (OR =2.3) were associated with increased risk
of COVID-19. Moreover, the serum levels of both MMP-9
and MMP-3 were higher in the serum levels of COVID-19
cases. However, it was observed that none of the MMP-9
and MMP-3 had different levels among COVID-19 patients
with different three genotypes for MMP9 1s3918242 and
MMP3 153025058, respectively. As a result, it seems that
genetic polymorphisms might not be involved in the regula-
tion of the MMP levels in the COVID-19 patients. It should,
however, be noted that there are several genetic polymor-
phisms in each of these genes that might control the tran-
scription of MMPs that were not evaluated in this study.

It has been reported that MMP-9 play a role in the deg-
radation of the BBB in multiple sclerosis (MS), which is
a neurodegenerative disorder [8, 30]. MMP-9 degrades
the ECM and myelin basic protein (MBP) in MS patients,
resulting in infiltration of the inflammatory immune cells
into the CNS [31-34]. It seems that increased permeability
of BBB by MMP-9 alongside with promoted expression of
ICAM-1 (which mediates the recruitment of immune cells
through endothelium) on the endothelial cells by TNF-a
facilitates the migration of virus-infected monocytes to the
CSF [10]. Additionally, reports have shown the presence of
SARS-CoV-2 nucleic acid in the CSF samples of COVID-
19 patients [4]. Furthermore, increased number of immune
cells in the CSF of COVID-19 cases was reported [35].
Additionally, level of MMP-10 in the spinal fluid was corre-
lated with the level of neurologic dysfunction in COVID-19
cases [36]. Our previous research also revealed that mono-
cytes in the CSF of COVID-19 patients with neurological
syndrome secrets high levels of MMP-2, MMP-3, MMP-9,
and MMP-12 that might result in disruption of blood-CSF
barrier, which in turn might facilitate recruitment of more
immunoinflammatory cells into CNS, culminating in pre-
sentation of neurological symptoms in the COVID-19 sub-
jects [37].

Here we also observed that the levels of MMP-9 and
MMP-3 were higher in the serum samples from COVID-19
cases with neurologic syndrome in comparison to the con-
trols. We also detected significant association of MMP9 gene
rs3918242 and MMP3 gene 1s3025058 polymorphisms with
the risk of COVID-19 with neurologic syndrome. Nonethe-
less, there were no significant differences in the levels of

MMP-9 and MMP-3 in COVID-19 cases with neurologic
syndrome harboring three genotypes for MMP9 rs3918242
and MMP3 153025058, respectively. Therefore, at least we
can prematurely assert that MMP9 rs3918242 and MMP3
rs3025058 might not be involved in regulating the MMP-9
and MMP-3 in COVID-19 cases with neurologic manifesta-
tions. Probably other genetic markers in these gens as well
as other regulatory mechanisms play a role in the modu-
lation of MMPs in COVID-19 subjects with neurologic
symptoms.

Considering all the facts, our attempt to disclose the prob-
able implication of MMPs in risk of COVID-19 revealed
that MMP9 gene rs3918242 and MMP3 gene rs3025058
SNP, but not MMP?2 gene 15243865, was associated signifi-
cantly with increased risk of the disease. Additionally, both
these SNPs were associated with susceptibility to COVID-
19 with neurologic symptoms. Although levels of MMP-9
and MMP-3 was higher in the serum of COVID-19 cases as
well as COVID-19 individuals with neurologic syndrome,
the related genetic polymorphisms might not be involved
in the regulation of corresponding MMPs. Hence, we need
to be armed with further investigation to understand the
involvement of MMP genetic polymorphisms in raising
neurologic complications in the COVID-19 cases.
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