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Abstract

Background Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly contagious virus that uses
angiotensin converting enzyme 2 (ACE2), a pivotal member of the renin-angiotensin system (RAS), as its cell-entry
receptor. Another member of the RAS, angiotensin Il (Ang 1), is the major biologically active component in this
system. There is growing evidence suggesting that serum miRNAs could serve as prognostic biomarkers for SARS-
CoV-2 infection and regulate ACE2 expression. Therefore, the aim of this study is to evaluate the changes in the serum
levels of SACE2 and Ang II, as well as the expression level of miR-141-3p and miR-421 in SARS-CoV-2 positive and
negative subjects.

Methods In the present study, the serum levels of SACE2 and Ang Il were measured in 94 SARS-CoV-2 positive
patients and 94 SARS-CoV-2 negative subjects with some symptoms similar to those of SARS-CoV-2 positive patients
using the ELISA method. In addition, the expression level of miR-141-3p and miR-421 as ACE2 regulators and
biomarkers was evaluated using quantitative real-time PCR (qRT-PCR) method.

Results The mean serum sACE2 concentration in the SARS-CoV-2-positive group was 3.268+0.410 ng/ml, whereas
in the SARS-CoV-2 negative group, it was 3.564+£0.437 ng/ml. Additionally, the mean serum Ang Il level in the SARS-
CoV-2 positive and negative groups were 60.67 +6.192 ng/L and 67.97 £6.837 ng/L, respectively. However, there

was no significant difference in the serum levels of SACE2 (P value: 0.516) and Ang Il (P value: 0.134) between the
SARS-CoV-2 positive and negative groups. Meanwhile, our findings indicated that the expression levels of miR-141-3p
and miR-421 in SARS-CoV-2 positive group were significantly lower and higher than SARS-CoV-2 negative group,
respectively (P value <0.001).

Conclusions Taken together, the results of this study showed that the serum levels of SACE2 and Ang Il in SARS-
CoV-2 positive and negative subjects were not significantly different, but the expression levels of miR-141-3p and
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miR-421 were altered in SARS-CoV-2 positive patients which need more investigation to be used as biomarkers for

COVID-19 diagnosis.
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Introduction

At the end of 2019, a novel coronavirus named severe
acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2) was first officially reported in Wuhan, the capi-
tal of Hubei Province in China. However, a number of
studies have indicated that the virus was already preva-
lent in some parts of the world prior to this report [1, 2].
SARS-CoV-2 was highly transmissible which spread all
over the world, resulting in a serious pandemic. The clini-
cal symptoms of COVID-19 (Coronavirus disease 2019)
are fever, fatigue, myalgia, cough (most common), head-
ache, sore throat, diarrhea, and loss of smell and taste
(less common). A better understanding of SARS-CoV-2
pathogenesis may lead to the identification of more
effective therapeutic and preventive strategies. Current
studies suggest that the pathogenesis of SARS-CoV-2
pneumonia comprises of two phases. The first phase is
viral replication and subsequent direct tissue damage by
the replicating virus. The second phase includes immune
hyperactivity (the recruitment of immune cells that result
in local/systemic inflammatory responses) [3, 4].

The SARS-CoV-2 receptor is angiotensin-converting
enzyme 2 (ACE2), which plays a critical role in the patho-
genesis of COVID-19 [5]. ACE2 is a transmembrane gly-
coprotein that is located on the cell membrane (known
as the membrane-bound form or mACE2), but does not
always remain on the cell surface. For instance, it can be
detached through an event called shedding induced by
disintegrin and metalloprotease 17 (ADAM17), which
produces the soluble form of ACE2 (sACE2), resulting
in the loss of mACE2 [6]. ACE2 has important func-
tions in the renin—angiotensin system (RAS): blood pres-
sure maintenance and electrolyte homeostasis [7-9]. In
the RAS, after releasing renin into the blood, it cleaves
angiotensinogen to angiotensin I (Ang I), and then ACE
catalyzes the conversion of Ang I to Ang II. Ang II, the
major biologically active component of the RAS, has sev-
eral effects, including vasoconstriction, hypertension,
thrombosis, and inflammation. The final consequence of
the RAS axis depends on the balance between ACE and
ACE2 [10]. Additionally, previous studies have shown
that there are possible correlations between RAS and
the clinical outcomes/pathogenesis of acute respiratory
distress syndrome (ARDS) [11-14]. The binding of the
SARS-CoV-2 spike protein to the cell surface of ACE2
results in mACE2 cleavage at the enodomain and ectodo-
main sites. This process triggers the shedding of cellular
mACE2 receptors, which results in their systemic release
into the blood circulation, which is associated with the

severity of COVID-19 [15, 16]. On the other hand, sev-
eral studies have demonstrated that Ang II levels are
correlated with the severity and mortality of respiratory
virus-infected patients [17].

However, despite rapid progress in understanding of
the pathophysiological roles of ACE2, little is known
about the mechanisms that regulate its expression.
Numerous investigations have documented that microR-
NAs (miRNAs) possess the ability to regulate ACE2
expression in various diseases [18—20]. miRNAs are
small non-coding RNAs (with an average of 22 nucleo-
tides) capable of negatively regulating gene expression
[21]. There is growing evidence suggesting that serum
miRNAs could serve as prognostic biomarkers for SARS-
CoV-2 infection. Various studies have shown the regula-
tion of ACE2 expression by different miRNAs, including
miR-17-5p, miR-5197-3p, miR-212-p, miR-20b-5p, miR-
4677-3p, and miR-3909 which have been demonstrated
to have a direct impact on the SARS-CoV-2 genome,
thereby inhibiting its post-transcriptional expression
[18, 22]. ACE2 is also post-transcriptionally regulated
by miR-141-3p and miR-421 [18, 19, 23]. However, there
are few studies which have investigated the expression of
miR-141-3p and miR-421 in COVID-19 patients, in the
present study, we aimed to investigate the serum levels of
sACE2 and Ang II, as well as the expression levels of miR-
141-3p and miR-421 in SARS-CoV-2-positive and nega-
tive subjects.

Materials and methods

Patient sample collection

One hundred eighty-eight outpatients were enrolled in
the present study between June and August 2022, which
divided into case and control groups. The inclusion cri-
teria for the case group were having symptoms related
to COVID-19 and a positive result of the SARS-CoV-2
quantitative real-time polymerase chain reaction (qQRT-
PCR) test. For the control group, the inclusion criteria
were having symptoms related to COVID-19 and a nega-
tive result of the SARS-CoV-2 qRT-PCR test.

These patients were referred to a private medical labo-
ratory for the SARS-CoV-2 PCR diagnostic test (Vahid
Laboratory, Isfahan, Iran) according to the decision of
their physicians. The study was approved by the medical
ethics committee of Tehran University of Medical Sci-
ences, and written informed consent was obtained from
all study subjects before enrollment (ethical approval
number: IR-TUMS.SPH.REC.1400.145). The swab speci-
mens for detection of SARS-CoV-2 were obtained from
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both the oropharynx and nasopharynx and placed in viral
transport media (VTM). Simultaneously, five milliliters
of blood was obtained from all study participants in clot
activator-containing tubes for the determination of Ang
II, sSACE2 and miRNAs levels. Participants who used any
drug that might affect Ang II or ACE2 (Ang II receptor
blockers and ACE blockers) or who had any kidney/heart
disease were excluded. The blood samples were allowed
to coagulate for 30 to 60 min at room temperature (22—
25 °C) and then centrifuged at 1200 relative centrifugal
force (RCF) for 15 min. The sera were separated, trans-
ferred to new tubes, and stored at -70 °C until analysis
without freeze-thaw cycles. The Fig. 1 shows the study
flow diagram.

Viral nucleic acid extraction and SARS-CoV-2 detection by
qRT-PCR

SARS-CoV-2 nucleic acid was extracted from 200 pL of
each swab specimen using a commercially available viral
RNA/DNA extraction kit in a silica column (Payesh Gene
Rasti, Iran) according to the manufacturer’s instruc-
tions. The extraction product was stored in -70 °C until
the SARS-CoV-2 detection step. SARS-CoV-2 genome
detection was performed by a one-step TagMan probe-
based RT-PCR method using a commercial kit target-
ing the RNA-dependent RNA polymerase (RdRp) and
nucleocapsid (N) genes (Pishtaz Teb, Tehran, Iran). All
RT-PCR protocols were run based on the manufacturer’s
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instructions on an AusDiagnostics real-time PCR system
(AusDiagnostics Pty. Ltd., Sydney, Australia).

Analysis of serum sACE2 and Ang Il levels

Serum sACE2 and Ang II levels were measured using a
commercially available sandwich enzyme-linked immu-
nosorbent assay (ELISA) kit (Bioassay Technology Labo-
ratory, Shanghai, China) according to the manufacturer’s
protocol. The assay ranges for Ang II and sACE2 were 1
to 350 ng/L and 0.05 to 20 ng/ml, respectively. The sensi-
tivity of the assay was 0.52 ng/L for Ang II and 0.021 ng/
ml for sSACE2. The mean intra- and interassay coefficients
of variation (CVs) for sACE2 and Ang II were <8% and
<10%, respectively. ELISA standard curves were drawn,
and the corresponding Ang IT and sACE2 concentrations
were subsequently determined according to the optical
density (OD) data.

Evaluation of mir-141-3p and miR-421 expression

Total RNA was extracted from all serum samples using
a total RNA isolation kit (Bon Yakhteh, Tehran, Iran)
according to the manufacturer’s instructions. The RNA
purity and concentrations were determined using a
NanoDrop ND-1000 spectrometer (Thermo Fischer
Scientific, USA). Then, reverse transcription of miR-
141-3p and miR-421 was carried out using the BONmiR
1st-strand ¢cDNA synthesis kit (Bon Yakhteh, Tehran,
Iran). Subsequently, qRT-PCR was performed using

Excluded from SARS-CoV-2
Negative (n= 16):

Potentially eligible participants (n=210)

SARS-CoV-2 PCR Positive (n= 100)
SARS-CoV-2 PCR Negative (n=110)

Excluded from SARS-CoV-2
Positive (n= 6):

Using Ang Il receptor

Using Ang Il receptor

A

blockers and ACE blockers
(n=11)
Consent not given (n=5)

v

blockers and ACE blockers
(n=5)
Consent not given (n=1)

Eligible participants enrolled to study (n= 188)

Cases: SARS-CoV-2 PCR Positive (n=94)
Controls: SARS-CoV-2 PCR Negative (n=94)

Evaluation of Ang I, ACE2, miR-421, and miR-
141-3p levels

Fig. 1 Study flow diagram
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Table 1 Demographic characteristics of SARS-CoV-2-positive and negative subjects

SARS-CoV-2-positive SARS-CoV-2-negative Total Pvalue
(N=94) (N=94)
Age, mean years?® 35.71+0.995 3340+0.932 34.56+0.687 0.155
Age groups 15-24 16 7 23 0.088
25-34 37 44 81
35-44 32 25 57
45-54 7 15 22
55-65 2 3 5
Total 94 94 188
Male, N (%) (74 46%) 67 (71.27%) 137 (72.87%) (Male/Female ratio)
Female, N (%) 4(25.53%) 27 (28.72%) 51 (27.12%) 0372
symptoms Cough (25 53%) 40 (42.55%) 64 (34.04%) 0.027
Fever (2 27%) 40 (42.55%) 60 (31.91%)
Gastrointestinal 3 (24.46%) 7 (18.08%) 40 (21.27%)
Headache (40 42%) 40 (42.55%) 78 (41.48%)
Sore Throat 4 (57.44%) 45 (47.87%) 99 (52.65%)
?Values are presented as the mean+SEM
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Fig. 2 Standard curve of ELISA for SACE2 (A) and Ang Il (B) quantitation. OD; optical density

BON- High-Specificity microRNA qPCR Master mix
(Bon Yakhteh, Tehran, Iran) and Rotor-Gene Q system
(Qiagen, Hilden, Germany). The U6 snRNA was used as
an internal reference gene and fold-change expression of
miRNAs was evaluated using 278ACt method [24].

Statistical analysis

The data analysis was performed using SPSS software ver-
sion 18.0 (SPSS, Inc. Chicago, USA) and GraphPad Prism
program 8.0 (GraphPad Software, Inc.). A nonparametric
Mann-Whitney U test was used for variables that were
not normally distributed. Normality was determined by
the Kolmogorov—Smirnov test. Fisher’s exact test was
used to calculate the male/female ratio. In addition, the
correlation between miR-141-3p and miR-421expression
with sACE2 and Ang II levels was analyzed using Pearson
test. P value <0.05 was considered statistically significant.

Results

Demographic characteristics

Demographic characteristics of the patients and controls
are shown in Table 1. The gender distribution in the two
studied groups were not significantly different (P value:
0.372). Most of the patients in the case and controls were
in the age group of 25—34 years.

Serum sACE2 and Ang Il levels

Based on the ELISA protocol, standard curves were
established for SACE2 and Ang II (Fig. 2A and B). Then,
according to the standard curves, the serum Ang II and
SACE2 levels in SARS-CoV-2 positive and negative sub-
jects were calculated.

The mean serum sACE2 concentration in the SARS-
CoV-2-positive group was 3.268+0.410 ng/ml, whereas in
the SARS-CoV-2 negative group, it was 3.564+0.437 ng/
ml. Additionally, the mean serum Ang II concentration
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Fig. 3 Serum sACE2 (A) and Ang Il (B) levels in the SARS-CoV-2-positive (case) and -negative (control) groups. The data are presented as the mean + SEM.

The Mann-Whitney U test was used for comparisons between study groups
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Fig. 4 Expression of miR-141-3p (A) and miR-421 (B) levels in the SARS-CoV-2-positive (case) and -negative (control) groups. The data are presented as
the mean + SEM. The Mann-Whitney U test was used for comparisons between study groups

in the SARS-CoV-2-positive and -negative groups were
60.67£6.192 ng/L and 67.97+6.837 ng/L, respectively.
Statistical analysis revealed that there were no significant
differences in the mean serum concentrations of SACE2
(P value: 0.516) and Ang II (P value: 0.134) between the
SARS-CoV-2 positive and negative groups (Fig. 3A and
B). Additionally, serum sACE2 and Ang II levels were
analyzed according to the gender. Neither females nor
males had significantly different serum levels of sSACE2 (P
value: 0.903) and Ang II (P value: 0.384).

Expression of mir-141-3p and miR-421
The expression of miR-141-3p and miR-421 as regula-
tors of ACE2 in the serum of SARS-CoV-2 negative

and positive subjects was investigated using qRT-PCR
method. Our findings indicated that the expression lev-
els of miR-141-3p in SARS-CoV-2 positive group were
significantly lower than SARS-CoV-2 negative group (P
value<0.001) (Fig. 4A). Meanwhile, the expression lev-
els of miR-421 were significantly increased in the SARS-
CoV-2 positive group compared to the SARS-CoV-2
negative group (P value<0.001) (Fig. 4B). We next ana-
lyzed the correlations of miR-141-3p and miR-421 with
sACE2 and Ang II levels in SARS-CoV-2-positive and
negative population by Pearson correlation analysis. As
shown in Fig. 5, no significant correlation was observed
between the expression of miR-141-3p and miR-421 with
the SACE2 and Ang II levels, but there was a significant
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Fig.5 Scatter plots representing the correlation between the expression of miR-141-3p and miR-421 with SACE2 and Ang Il levels in SARS-CoV-2-positive

and negative subjects

positive correlation between sACE2 and Ang II levels (P
value<0.001).

Discussion

After COVID-19 was declared by the World Health
Organization (WHO) as a pandemic in March 2020,
extensive global efforts have been made to control the
pandemic and mitigate the spread of SARS-CoV-2 via
mass vaccination, face mask wearing, isolation, and the
use of several therapeutic agents [25, 26]. The pandemic
caused by SARS-CoV-2 has highlighted the indispens-
able role of the RAS in the virus’s pathogenesis. The virus
utilizes ACE2, an important component of RAS, as its
host cell-entry receptor, and Ang II, another member of
RAS, is the major biologically active component in this
system. The interplay between these two elements and
their potential impact on COVID-19 has been a subject
of intense research [27-29]. Emerging evidence suggests
that serum miRNAs, specifically miR-141-3p and miR-
421, could serve as prognostic biomarkers for SARS-
CoV-2 infection and may regulate sACE2 expression
[19, 30]. In this study the changes in the serum levels of
sACE2 and Ang II, as well as the expression level of miR-
141-3p and miR-421 in SARS-CoV-2 positive and nega-
tive subjects were evaluated.

Serum sACE2 and Ang Il levels in SARS-CoV-2 positive
patients compared to the controls

The results of this study showed that there was no sig-
nificant differences in the mean serum concentrations

of SACE2 and Ang II between the SARS-CoV-2 positive
and negative groups. These results were consistent with
the findings of several previous studies. Rieder et al
[31] analyzed the serum levels of sSACE2 in 24 COVID-
19-positive and 61 COVID-19-negative patients with
similar symptoms admitted to the emergency unit. They
reported no changes in serum sACE2 and Ang II levels
between SARS-CoV-2 positive and the control groups.
A meta-analysis study conducted by Naderi et al. found
that the levels of ACE-2 were not significantly different
when comparing severe COVID-19 patients with healthy
controls or mild COVID-19 patients. Thus the authors
proposed that SACE2 serum levels cannot be used as a
biomarker to evaluate disease severity in COVID-19
patients [32]. Also, Hani et al. carried out a cross-sec-
tional observational study on the association between
serum sACE2 levels with the severity of COVID-19. They
demonstrated that serum sACE2 levels did not change
among SARS-CoV-2-positive and negative groups [33].
In addition, another study by Kintscher et al. reported
that sACE2 levels and the Ang II/Ang I peptide ratio did
not change in COVID-19 patients [34].

In contrast to these findings, several reports have
shown that serum sACE2 levels were increased in
COVID-19 patients and elevated sACE2 levels were asso-
ciated with the severity of COVID-19 [35-39]. A study
published in the scientific reports has compared the
protein expression status of sSACE2 in post-mortem lung
specimens obtained from severe COVID-19 and non-
COVID-19 patients, using immunohistochemistry (IHC).
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Their results showed markedly raised sACE2 protein
expression in severe COVID-19 disease correlated with
increased macrophage infiltration and microthrombi.
The authors proposed that sSACE2 might have a pathobi-
ological role in the severity of COVID-19 [40]. In a large
longitudinal 28-day study of 306 COVID-19 patients and
78 individuals without COVID-19, sACE2 plasma levels
were measured, and the results showed that higher base-
line sACE2 plasma levels in COVID-19 patients were
significantly correlated with increased severity of the dis-
ease [41]. Increased serum sACE2 levels could be related
to the spread of SARS-CoV-2 through the body and dis-
ease burden [42]. Increased lysis of mACE2-expressing
cells as a result of severe infection could explain the pos-
sible causes of increased serum sACE2 levels in critically
ill/deceased patients compared to mild or non-severe
patients. Measurement of serum sACE2 in COVID-19
patients admitted to the hospital and control subjects
showed that sACE2 serum levels were markedly greater
in more severe and non-survivor cases of COVID-19
than in the milder patients [43]. Therefore, some stud-
ies have suggested that sSACE2 can be used as a possible
predictor marker of COVID-19 severity [33]. Contrary
to these reports, several studies have demonstrated that
serum/plasma sACE2 levels were significantly lower in
severe COVID-19 patients than in the mild and healthy
control subjects [44]. There is evidence that SARS-CoV-2
can downregulate SACE2 expression, which exacerbates
disease symptoms [45, 46]. A study showed that SACE2
serum levels were significantly lower in SARS-CoV-2
patients than in SARS-CoV-2 unexposed patients and
also in hospitalized SARS-CoV-2 infected patients com-
pared to discharged SARS-CoV-2 infected patients [47].
Although many studies have been conducted on the asso-
ciation of serum sACE2 and COVID-19, the obtained
results were controversial. There are several possible
reasons for this discrepancy: (I) geographic/ancestry-
related differences in SACE2 and Ang II gene expression
[48, 49]. (I) disease severity, it is likely expected that if
the serum levels of SACE2 and Ang II are measured in
SARS-CoV-2-positive and -negative individuals, a sig-
nificant difference may not be observed. However, if their
levels are measured in more severe or non-survivor cases
of COVID-19 compared to the milder patients, a statis-
tically significant difference is more likely to occur. (III)
The timing of the serum sample collection following a
positive SARS-CoV-2 PCR test [47].

Mir-141-3p and miR-421 expression level in SARS-CoV-2
positive patients compared to the controls

MicroRNAs, particularly those found in circulation
(circulating miRNAs), have been identified as key fac-
tors in COVID-19 infection [22]. Nevertheless, there is
limited understanding regarding the roles of miRNAs
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in COVID-19. In the present study, we evaluated the
expression of miR-141-3p and miR-421 as regulators of
SACE2 in the serum of SARS-CoV-2 positive and nega-
tive population. Previous studies and bioinformatics
analyses have shown that miR-141-3p and miR-421 can
regulate the sACE2 transcript by binding to its 3’-UTR
region [19, 23]. According to Giannella et al., low serum
levels of miR-141-3p, miR-4433b-5p, miR-23b-3p, miR-
1-3p, and miR-155-5p were associated with increased
mortality after hospitalization [50]. In a study con-
ducted by Elemam et al. they evaluated the serum levels
of sACE2, miR-421, miR-3909, miR-212-5p, and miR-
4677-3p in COVID-19 patients. Their results revealed
that serum levels of sSACE2 and the four examined miR-
NAs were significantly increased in COVID-19 patients,
indicating their promising role as biomarkers in COVID-
19 diagnosis [18]. In line with these studies, our results
also revealed that the expression level of miR-141-3p
was significantly decreased in the SARS-CoV-2 positive
compared to the SARS-CoV-2-negative groups. Mean-
while, the expression level of miR-421 was significantly
increased in the SARS-CoV-2-positive compared to the
SARS-CoV-2-negative groups.

Limitations of the study

There were several limitations in our study. The selec-
tion of patients with mild COVID-19 infection was one
of the limitations. Indeed, we did not include the factor
of COVID-19 severity in our study and did not quan-
tify serum sACE2 and Ang II in more severe and milder
COVID-19 patients. Additionally, the sample size in the
case and control groups was small. Moreover, we did not
follow up the patients and monitor changes in serum lev-
els of SACE2 and Ang II at different time points. How-
ever, one of the strengths of our study was the selection of
the control group as SARS-CoV-2-negative subjects with
some symptoms similar to those of COVID-19 patients
rather than healthy individuals without symptoms.

Conclusion

Taken together, the results of this study showed that the
serum levels of SACE2 and Ang II in SARS-CoV-2 posi-
tive and negative subjects were not significantly differ-
ent, but the expression of miR-141-3p and miR-421 was
altered in SARS-CoV-2 and may serve as biomarkers
for COVID-19 diagnosis. We suggest that future studies
should investigate the serum levels of SACE2 and Ang II
in SARS-CoV-2-positive and negative patients, simulta-
neously in more severe and milder cases of COVID-19, as
well as at different time points. Additionally, we suggest
that further clinical investigations with a large sample
size are needed to evaluate miR-141-3p and miR-421 in
SARS-CoV-2 patients to confirm the biomarker roles of
these miRNAs.
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