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Summary

Identification of human miRNAs involved in coronavirus-
host interplay is important due to the current COVID-19
pandemic. Therefore, this study aimed to measure the
circulating plasma miR-155 expression level in COVID-19
patients and healthy controls to investigate its roles in
the pathogenesis and severity of COVID-19 disease and to
assess its usefulness as a clinical biomarker for the
detection of COVID-19 disease and the severity of
infection.

A total of 150 COVID-19 patients and 50 controls were
enrolled into our study. Beside the routine laboratory work
and chest computed tomography (CT) scans of COVID-19
patients, plasma miR-155 expression level was measured
using reverse transcription quantitative real-time PCR (RT-
gPCR) technique.

Our results demonstrated increased miR-155 expression
level in COVID-19 patients compared to controls, in severe
compared to moderate COVID-19 patients, and in non-
survival compared to survival COVID-19 patients. miR-
155 expression level also had significant correlation with
clinicopathological characteristics of COVID-19 patients
such as chest CT findings, CRP, ferritin, mortality, D-dimer,
WBC count, and lymphocytes and neutrophils percent-
ages. Also, our results showed that the area under the
curve (AUC) for miR-155 was 0.986 with 90% sensitivity
and 100% specificity when used as a biomarker for the
detection of COVID-19 disease; while in detection of
severity of COVID-19 disease, AUC for miR-155 was 0.75
with 76% sensitivity and specificity.

From these results we can conclude that miR-155 has a
crucial role in the pathogenesis and severity of COVID-19;
also, it could be a good diagnostic clinical biomarker for the
detection of COVID-19 disease and the severity of
infection.

Key words: Coronaviruses; COVID-19; SARS-CoV-2 infection; microRNAs
(miRNAs); miR-155.
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INTRODUCTION

Coronavirus disease (COVID-19) is an outbreak of respira-
tory illnesses caused by a new coronavirus and declared as a
pandemic by the World Health Organization (WHO) on 11
March 2020." In 1966, Tyrell and Bynoe first identified
coronaviruses as positive single stranded, enveloped RNA
viruses with a genomic size of 26—32 kb, which can infect
both humans and mammals.” The new Coronavirus (SARS-
CoV-2) is the causative agent of the COVID-19 pandemic
and was first identified in Wuhan, Hubei province, China.’
SARS-CoV-2 belongs to the B-subfamily of coronaviruses
such as MERS-CoV and SARS-CoV. Among all other seven
types of coronaviruses, 3-subtype is the most fatal. SARS-
CoV-2 contains four structural proteins (the spike, enve-
lope, membrane, and nucleocapsid) and RNA viral genome.
The structure of SARS-CoV-2 is considered as coreshell
morphology with about 60—140 nm in diameter.”

SARS-CoV-2 infections may be asymptomatic or cause
only mild symptoms in the majority of cases, but may dete-
riorate to interstitial pneumonia and acute respiratory distress
syndrome (ARDS) in about 10—-20% of cases, particularly in
older and comorbid people.5 Globally, many people were
infected by SARS-CoV-2 infection and the number of cases
and deaths increased dramatically. On 28 June 2020, about
10 million people were infected, which increased to 20
million cases on 10 August, then 30 million cases by 17
September, and 40 million cases by 19 October 2020; as of 23
May 2021, there were 167,058,099 confirmed cases and
3,468,924 deaths.® The mortality rate of COVID-19 is about
3.4-5.5%.

MicroRNAs (miRNAs), are highly conserved and short
non-coding RNA molecules of about 18-25 nucleotides,
present in animals, plants and even some viruses. Several
studies have shown that many miRNAs play vital roles in
gene expression regulation by targeting the mRNAs of
protein-coding genes. Also, the dysregulation of miRNAs has
been proved to be correlated with disease severity and ther-
apeutic outcomes by different treatments.’

MiRNAs have rapidly emerged not only as critically
contributing to various pulmonary diseases but also to normal
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development of the lung and maintenance of its homeostasis.®
Studies have proven that many miRNAs play crucial roles in
fine-tuning important pathogenic pathways including the
regulation of the effector function of T helper (Th)2 cells in
allergic asthma, the regulation of host defense immune re-
sponses, and the repair and remodelling of the airways.9
Numerous reports have consistently demonstrated the role
of miRNAs in viral infections, while others have focused on
differential expressions of miRNAs in response to viral
infection. '’

miRNA-155 (miR-155) has been identified to have
important roles in the regulation of immune responses and
plays a critical role in tissue fibrosis in liver and lung.1 I Also
it is identified as the master regulator of inflammation.'”
Therefore, this study aimed to measure the expression level
of miR-155 in the plasma of positive COVID-19 Egyptian
patients to investigate its roles in the pathogenesis and
severity of COVID-19 disease and to assess its usefulness as
a clinical biomarker for the detection of COVID-19 disease
and the severity of infection.

PATIENTS AND METHODS

Ethics statement

This study was approved by the ethics committees of Faculty of Medicine,
Port-Said University, Egypt [ERN MED (23/04/2020) S.no(5)MED].
Informed consents were obtained from all patients.

Human subjects

The study was conducted on 150 COVID-19 patients and 50 healthy controls.
All patients were infected with SARS-CoV-2 and recruited from Port-Said
hospital isolation department, Port-Said, Egypt. Sputum and throat swab
specimens (for gPCR for SARS-Cov-2 RNA test) and blood samples (for
laboratory tests and miR-155 expression level) were collected from all pa-
tients. Laboratory tests were conducted at admission, including a complete
blood count, liver function tests (AST, ALT), kidney function tests (urea,
creatinine), C-reactive protein (CRP), D-dimer and ferritin. Chest computed
tomography (CT) scans were performed on all patients, and then these pa-
tients received supportive oxygen therapy, antiviral medication, and other
supportive treatments according to Suspected COVID-19 Cases Management
in Triage Hospitals by Ministry of Health and Population of Egypt. Severity
of COVID-19 was graded according to Suspected COVID-19 Cases Man-
agement in Triage Hospitals by Ministry of Health and Population of Egypt.
Our COVID-19 patients classified according to their clinical status into two
main groups: moderate patients (patients with fever, respiratory manifesta-
tions, and radiological findings indicative of pneumonia), and severe patients
[patients with respiratory distress, resting oxygen saturation <93%, respira-
tory failure requiring mechanical ventilation, or failure of other organs
requiring intensive care unit (ICU) admission].

Determination of plasma expression level of miR-155 by reverse
transcription quantitative real-time PCR (RT-qPCR)

miRNA extraction

Peripheral blood samples (4 mL) were collected in tubes containing EDTA
and centrifuged at 10,000 rpm for 10 min at room temperature, then the su-
pernatant was transferred to be stored immediately in RNase free tubes at
—80°C until microRNA extraction. MicroRNA extraction was performed
using miRNeasy Mini kit (cat # 217004; Qiagen, USA) according to manu-
facturer’s instructions. The purity and the concentration of the purified
miRNA was detected using spectrophotometer nano-drop (Quawell, Q-500;
Scribner, USA) and stored at —80°C until further assessments.

Reverse transcription and cDNA preparation

Reverse transcription of miRNA was carried out using MiScript II reverse
transcription kit (cat # 218160; Qiagen) according to the manufacturer’s in-
structions and stored at —20°C until qPCR was performed.
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Quantitative real-time PCR (qPCR)

Quantitative real-time PCR was performed using miScript primer assay for
miR-155 (Hs_miR-155_2 miScript Primer Assay, MS00031486); the re-
action was carried out using MiScript SYBR Green PCR kit (cat # 218073;
Qiagen). Also, RNU6-2 (Hs_RNU6-2_11 miScript Primer Assay,
MS00033740) was used as an endogenous control to normalise the
expression levels of the investigated miRNAs. The primer sequences are
listed in Table 1.

The qPCR cycling conditions were as follows: 95°C for 10 min, followed
by 40 cycles of 95°C for 15 s, 55°C for 30 s, and 72°C for 30 s in which
fluorescence was acquired and detected by Stratagene Real-time PCR system
(Max3005P QPCR system; Stratagene, Agilent Biotechnology, USA). The
relative expression levels of the investigated miRNAs were evaluated using
the 2724C4 method described by Livak and Schmittgen. 13

Statistical analysis

Statistical analysis was performed using IBM SPSS software (version 23.0;
IBM, USA), and data were presented as means + SD. The comparison be-
tween COVID-19 patients and controls was made by chi-square test for
categorical variables, post hoc test (LSD) for normal distributed variables.
Pearson’s correlation coefficient was used to determine significant corre-
lations of miRNA-155 expression level and other clinical parameters. The
receiver operating characteristic (ROC) curve was used to calculate the area
under the curve (AUC) of circulating plasma miR-155 expression level in
order to evaluate its sensitivity and specificity as a biomarker for the
detection of COVID-19 disease and the severity of infection. The criterion
for significance was p<0.05.

RESULTS

Demographic and biochemical data of COVID-19
patients

The current study included 150 positive COVID-19 pa-
tients, 89 male and 61 female, with a mean age of
49.43+9.10 years. Twenty-six patients died during hospi-
talization. The clinical and biological data of healthy sub-
jects and COVID-19 patients are summarised in Table 2. As
the study was designed to match the age and gender between
cases and controls, no statistically significant difference was
observed for these parameters (p>0.05).

Data obtained from laboratory routine work of COVID-19
patients revealed a significant (p<0.05) increase in the serum
ALT, urea, creatinine and D-dimer. A highly significant
(p<0.001) increase in the serum CRP, ferritin, WBC count
and neutrophils count was observed among the positive
COVID-19 patients as compared to controls; lymphocytes
count was highly significantly (p<0.001) decreased when
compared to controls, as shown in Table 2.

Chest CT scan findings

At admission time, chest CT scan of our COVID-19 pa-
tients showed that 36 (24%) had normal CT scans, 79
(53%) had ground-glass opacity only, and 35 (23%) had
ground-glass opacity with consolidation, as shown in
Table 2 and Fig. 1.

Expression level of plasma miR-155 in COVID-19
patients

The plasma miR-155 had a differential expression pattern, as it
was found to be highly significantly (p<0.001) increased in
COVID-19 patients (3.11+1.26) when compared to the control
group (0.98+0.40), as shown in Fig. 2A. When COVID-19
patients were divided into moderate and severe patients, our
results revealed that miR-155 expression level was highly
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Table 1  Primer sequences for quantitative RT-PCR analysis
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Gene Primer sequence
miR-155 5'- UUAAUGCUAAUCGUGAUAGGGGU-3'
RNU6B 5'-CUCGCUUCGGCAGCACAUAUACUAA-3'

significantly (p<0.001) increased in severe patients (3.68+1.37)
when compared to moderate patients (2.48+0.71) or control
group (0.98+0.40), as shown in Fig. 2B.

The expression level of miR-155 was also examined be-
tween survival and non-survival COVID-19 patients and our
results showed that it was found to be significantly (p<0.05)
increased in non-survival (3.49+1.52) when compared to
survival (2.43%+1.29) COVID-19 patients, as shown in
Fig. 2C.

When the plasma miR-155 expression level was examined
among different chest CT findings of COVID-19 patients, our
results revealed it was significantly increased in patients with
ground-glass opacity and consolidation (3.97+1.44)
compared to patients with normal chest CT scans (2.45+0.71)
or with ground-glass opacity only (2.82+0.92), as shown in
Fig. 2D.

Correlation of miR-155 expression level with clinical
variables in COVID-19 patients

Data recorded in Table 3 show the correlation matrix of miR-
155 expression level with the different clinical parameters in
this study. It was found that the plasma miR-155 expression
level had highly significant positive correlations (p<0.001)
with chest CT findings, CRP and ferritin; while it had sig-
nificant positive correlations (p<0.05) with mortality, D-
dimer, WBC count and neutrophils percentage. However,

there was a significant negative correlation (p<0.05) between
plasma miR-155 expression level and lymphocytes
percentage.

ROC curves analysis

To evaluate the sensitivity and specificity of the circulating
plasma miR-155 expression level as marker for the detection
of COVID-19 infection and the severity of infection, ROC
curve analysis was performed. Our results showed that AUC
for miR-155 was 0.986 with 90% sensitivity and 100%
specificity when used as a biomarker for the detection of
COVID-19 disease, as shown in Table 4A and Fig. 3A; while
in detection of severity of COVID-19 disease, AUC for miR-
155 was 0.75 with 76% sensitivity and specificity, as shown
in Table 4B and Fig. 3B.

DISCUSSION

In our previous work, we measured the levels of serum IP-10
and SAA in positive COVID-19 patients to explore their
clinical values and significance in discrimination between
moderate and severe COVID-19 infection and in predicting
the severity and prognosis of COVID-19 disease. '“ Here, we
measured the circulating plasma miR-155 expression level in
COVID-19 patients and controls to investigate its roles in the
pathogenesis and severity of COVID-19 disease and to assess
its usefulness as a clinical biomarker for the detection of

Table 2  Clinicopathological characteristics and CT findings of COVID-19 patients and controls

Variable COVID-19 patients Control (n=50)
Mean+=SD
Moderate (n=98) Severe (n=52) Total (n=150)
Mean+SD Mean+SD Mean+SD

Age, years 48.369.14 50.40+9.06 49.439.10 45.80+8.82
Gender, n (%)

Male 56 (57.2%) 33 (63.5%) 89 (59.3%) 32 (64%)

Female 42 (42.8%) 19 (36.5%) 61 (40.7%) 18 (36%)
Mortality, n (%) 9 (9.2%) 17 (32.7%) 26 (17.3%) -
Chest CT findings, n (%)

Normal 36 (37%) 0 (0%) 36 (24%) -

Ground-glass opacity 61 (62%) 18 (35%) 79 (53%)

Ground-glass opacity with consolidation 1 (1%) 34 (65%) 35 (23%)
AST, U/L 33.15%21.97 38.28+37.65¢ 31.12+31.12 22.05+9.37
ALT, U/L 34.44+23.56™° 35.0+30.79*¢ 34.73+27.42%¢ 19.35+7.71
Urea, mg/dL 40.71+14.48"¢ 41.35+15.20*¢ 41.05+14.77*¢ 32.05%6.57
Creatinine, mg/dL 1.22+0.35%¢ 1.18+0.34™¢ 1.20+0.34*¢ 0.93+0.22
CRP, mg/dL 75.04+39.50"¢ 78.97+23.31"¢ 77.10+31.88"¢ 4.99+1.57
WBC, 10*/uL 10.03%4.174>¢ 14.38%6.06"¢ 12.32+5.66%¢ 7.47+2.05
Neutrophils, % 73.76£7.19>4 79.26+5.57>4 76.65+6.92%¢ 65.00%5.06
Lymphocytes, % 19.89+ 6.94%¢ 14.215.13>¢ 16.91+6.66>° 29.60+5.30
D-dimer, mg/L 0.43+0.35%¢ 2.64+3.34% 1.59%2.66™¢ 0.060.01

Ferritin, ng/mL 213.86£135.24%><

494.11+260.96>4 361.0+252.47>¢ 104.35+50.85

“Significant at p value <0.05.

Highly significant at p value <0.001.

¢ Significant difference versus control group.

d Significant difference versus moderate group.
¢ Significant difference versus severe group.
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Fig. 1 Chest computed tomography (CT) findings of COVID-19 patients: axial and coronal CT chest window images. (A,B) Moderate COVID-19 patient showing normal
findings. (C,D) Moderate COVID-19 patient showing peripheral ground glass opacities seen in upper and lower lung lobes, more on the left side, with a non-lobar dis-
tribution, which are associated with mild related interstitial septal thickening features specific for SARS-CoV-2 viral infection (CORAD 5), moderately affecting the lung.
(E,F) Severe COVID-19 patient showing peripheral, and to a lesser extent central dense ground glass opacities, seen in both upper lung lobes in a non-lobar distribution,
which are associated with moderate related interstitial septal thickening features specific for SARS-CoV-2 viral infection (CORAD 5), severely affecting the lung.

COVID-19 disease and the severity of infection. Results of
the present study revealed that the expression level of miR-
155 was highly significantly increased in COVID-19 pa-
tients when compared to controls, and in severe COVID-19
patients when compared to moderate COVID-19 patients.
Our findings indicate that miR-155 may play a role in the
progression and severity of COVID-19 disease.

In humans, miR-155 is encoded by MIRHG155 (formerly
known as BIC) gene, which is composed of three exons that
span a 13 kb region within chromosome 21.'7 It was found
that miR-155 regulated many (about 140) target genes that
encode for inflammatory-related proteins, immunomodula-
tory proteins and tumour-suppressor proteins. Therefore, the
circulating miR-155 is associated with specific disorders such
as inflammation, cardiovascular diseases and cancer.”” The
target genes of miR-155 with most potential are SHIPI
(tumour suppressor) and SOCS1 (negative regulator to inhibit
NF-kB and JAK2/STATS3 signalling pathways and therefore
control inflammation). 16

Pociask et al.'” found that miR-155 knockout mice have
decreased lung inflammation and recover faster from influ-
enza infection. De Smet e al.'® observed that the lung
inflammation induced by cigarette smoke is reduced in miR-
155 knockout mice and relieved by anti-miR-155 treatment.
Adwanikar et al.'’ reported that the miR-155/NF-kB

signalling cascade had a crucial role in the inflammatory
response initiation. Koranteng et al. U found that the inhibi-
tion of miR-155/NF-kB was effective in relieving the in-
flammatory response. Meduri et al”' demonstrated that
inflammatory cytokines (such as TNF-g, IL-6 and IL-1[)
were associated with ARDS development, shock and multi-
ple organ dysfunction syndromes. Liu et al”? hypothesised
that the miR-155/NF-kB pathway might be an effective
therapeutic target for the anti-inflammatory treatment of
ARDS in neonatal pigs. From all these observations along
with our results, we believe that miR-155 has a crucial role in
the pathogenesis and severity of COVID-19. Our results
demonstrate the increased miR-155 expression level in
COVID-19 patients compared to controls, in severe
compared to moderate COVID-19 patients, and in non-
survival compared to survival COVID-19 patients; also, it
has significant correlations with clinicopathological charac-
teristics of COVID-19 patients such as chest CT findings,
CRP, ferritin, mortality, D-dimer, WBC count and lympho-
cytes and neutrophils percentages.

The radiological evaluations and assessments such as
chest CT imaging are crucial for detection and prognosis of
SARS-CoV-2 infection, as chest radiography is not sensitive
for detecting ground-glass opacity, and may show normal
results in the initial stage of viral infection.”* Our results
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Fig. 2 Differential expression level of plasma miR-155 in (A) COVID-19 patients and controls; (B) moderate and severe COVID-19 patients and controls; (C) survival
and non-survival COVID-19 patients; and (D) COVID-19 patients with normal or ground-glass opacity with or without consolidation.

Table 3  Correlations of plasma miR-155 and different parameters among COVID-19 patients

Variable miR-155

r p value
Mortality, n (%) 0.322 0.001*
Chest CT findings 0.504 0.000°
AST, U/L 0.101 0.316
ALT, U/L 0.133 0.186
Urea, mg/dL 0.017 0.867
Creatinine, mg/dL 0.059 0.561
CRP, mg/dL 0.430 0.000°
WBC, 10%/uL 0.287 0.004*
Neutrophils, % 0.243 0.015*
Lymphocytes, % -0.259 0.009*
D-dimer, mg/L 0.336 0.001*
Ferritin, ng/mL 0.395 0.000°

# Significant at p value <0.05.
° Highly significant at p value <0.001.

revealed that the circulating plasma miR-155 expression patients with normal chest CT scans, which strengthens and
level was significantly increased in COVID-19 patients with emphasises our hypothesis that miR-155 has a crucial role in
ground-glass opacity and/or consolidation compared to the pathogenesis and severity of COVID-19.
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Table 4 Area under the curve (AUC), cut-off value, sensitivity and specificity of plasma miR-155 and other parameters in COVID-19 patients

miR-155 Ferritin CRP D-dimer
(A) For the detection of COVID-19 disease
AUC 0.986 0.893 1 1
Cut-off value 1.81 134.8 9.1 0.09
Asymptotic significance 0.000* 0.000* 0.000* 0.000*
Sensitivity 90% 84% 100% 100%
Specificity 100% 85% 100% 100%
(B) For the detection of COVID-19 disease severity
AUC 0.75 0.86 0.54 0.78
Cut-off value 2.88 286.5 71.8 0.65
Asymptotic significance 0.000* 0.000" 0.45 0.000"
Sensitivity 76% 81% 57% 69%
Specificity 76% 82% 53% 79%
AUC, area under the curve.
“Highly significant at p value <0.001.
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Fig. 3 Receiver operating characteristic (ROC) curve of circulating plasma miR-155 and other parameters for detection of (A) COVID-19 disease and (B) severity of

COVID-19 disease.

In agreement with our results, miR-155 is overexgressed in
5

different pulmonary diseases such as asthma,™ cystic
fibrosis,”*’ idiopathic pulmonary fibrosis,”® and acute lung
injury 29

Several studies have found miRNA signatures represen-
tative of diseases in various diseased tissues, as well as in
urine, serum, plasma, and other body fluids in numerous
pathologies, making them an appropriate candidate for bio-
markers. 032 Therefore, the current study also aimed to
elaborate and assess the potential role of miR-155 as a
diagnostic biomarker for the detection of COVID-19 disease
and the severity of infection. Our results showed that AUC
for miR-155 was 0.986 with 90% sensitivity and 100%
specificity when it was used as a biomarker for the detection
of COVID-19 disease; while in detection of severity of
COVID-19 disease, AUC for miR-155 was 0.75 with 76%
sensitivity and specificity. This makes it a good diagnostic
and prognostic biomarker for the detection of COVID-19
disease. Our results are consistent with Garg er al.*> who

found that miR-155 was able to differentiate between
severely ill, mechanically-ventilated COVID-19 patients.

Finally, from these results we can conclude that the level of
circulating miR-155 correlates with the presence and severity
of COVID-19 disease. Hence, it could serve as a good
diagnostic biomarker for COVID-19 disease.
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