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ABSTRACT

Background. MicroRNAs are short (20-22 nucleotides) non-coding RNAs
that can posttranscriptionally regulate gene expression and are considered
aregulator of the innate immunity system. Previously, many papers were published
on the prediction of the interaction of the single-stranded (+)RNA virus SARS-CoV-2
with human microRNAs, as well as on the profile of circulating microRNAs in patients
with COVID-19 of varying severity. However, no works are analyzing the possible
contribution of miRNAs circulating in blood plasma to the severity of COVID-19.
The aim. To study the features of the blood plasma microRNA profile of patients
with different severity of the new coronavirus infection COVID-19 and to evaluate
the possibility of microRNA interaction with the SARS-CoV-2 genome.

Materials and methods. The results of NGS sequencing of plasma miRNAs of 3 re-
covered and 8 deceased patients with a highly severe form of COVID-19 were studied.
Differentially presented microRNAs were determined using bioinformatics methods,
and their binding sites with the SARS-CoV-2 genome were predicted.

Results. This study demonstrates that in patients who have recovered from a highly
severe form of COVID-19, the level of hsa-miR-19b-3p in the blood plasma is signifi-
cantly increased. This microRNA makes up about 1.5 % of all circulating microRNAs
and can bind to SARS-CoV-2 regions encoding proteins that suppress intracellular
immunity mechanisms (NSP3, NSP9). In addition, this miRNA can stimulate the func-
tional activity and proliferation of cytotoxic T-lymphocytes, one of the critical com-
ponents of acquired cellular immunity against SARS-CoV-2.

Conclusion. The results of the study can be used in the development of antiviral
drugs based on RNA interference, as well as in the development of predictive test
systems to optimize the tactics of treating patients with COVID-19.
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PE3IOME

O6ocHosaHue. MukpoPHK-kopomkue (2022 Hykneomuda) Hekodupytoujue PHK,
obnadaroujue cnocobHOCMbIO NOCMPAHCKPUNYUOHHO pezy/iupo8amsp SKCnNpeccuto
2eH08, paccMampusaromcs 8 Kadecmae pezynamopa cucmemsl 8pOXOEHHO20
ummyHUmema. Paxee 6171 0ny61uko8aH pso pabom, NoC8AWEHHbIX NPeOCKAa3aHUIo
83aumodelicmaus o0Hoyeno4e4Hozo (+)PHK-supyca SARS-CoV-2 c mukpoPHK ueso-
8eKa, a makxe 0cobeHHOCMAM NPogua YupKyupyrowux MukpoPHK y nayueHmos
¢ COVID-19 paznuyHol cmeneHu msaxecmu. OOHAKO Npakmu4ecku omcymcmayrom
pabomel, aHanusupyowue 803MOXHbIl 8K1A0 hakmuyecku YUPKYaupyrowux
8 nnasme Kposu MukpoPHK e maxxecme meueHus COVID-19.

Lens. V3yuume ocobeHHocmu npogunia mukpoPHK nnasmel kposu nayueHmos
C pas/IUYHOU MAXECMbIo meyeHUs Ho8oU KOpoHasupycHoU uHgekyuu COVID-19
U OYeHUMb BO3MOXHOCMb 83aumooelicmaus MukpoPHK ¢ zeHomom SARS-CoV-2.

Mamepuanel u Mmemoodewl. V3ydeHsl pesyremamsi NGS-cekgeHUpog8aHusA
MukpoPHK nnasmel 3 8bi300posesLuux u 8 ymepuiux nayueHmos ¢ KpatiHe msaxeénol
¢opmoti COVID-19. C nomowibo 6UOUHGBOPMAUUOHHbIX Memooo8 onpedesieHbl
ougpepeHyuanbHo npedcmaseHHole MUKpoPHK, npedckasaHbl mecma ux ces-
3b18aHUA ¢ 2eHomoMm SARS-CoV-2.

Pe3synemamel. B 0aHHoU pabome npo0eMOHCMpupOo8AHO, YMO y NAYUeHMo8,
8bI300posesLUx nocsie kKpatiHe msaxénol ¢popmel COVID-19, 8 nnasme Kposu
cmamucmuyecku 3Ha4umo noswlleH ypogeHs hsa-miR-19b-3p. [laHHas mukpoPHK
cocmasnisem okoso 1,5 % om scex yupkynupyouwux mukpoPHK, cnocobHa
c8Aa3b18aMbCA € pecuoHamu SARS-CoV-2, kodupyrowumu besku, nodasnsaoujue
8HYMpUKemoyYHble MexaHudmsl ummyHumema (NSP3, NSP9). Kpome moeo,
O0aHHasa MukpoPHK cnocobHa cmumynupogame ¢pyHKYUOHAIbHYIO AKMUBHOCMb
U nposugepayuro yumomokcudeckux T-1um@oyumos — 00HO20 U3 K/Tl0HYEBbIX
KOMNOHEHMOo8 NpUOBPemMEHHO20 KIlemoyHo20 uMMyHUmMemanpomus SARS-CoV-2.
3akmoyeHue. Pe3ynbmamesi uccie0o08aHUA Mo2ym GbIMb UCNO6308AHbI NPU Pa3-
pabomke npomugo8UPYCHbIX npenapamos Ha ocHose PHK-uHmepgepeHyuu,
a makxe npu pazpabomke npo2HOCMUYECKUX mecm-cucmem 0719 onmumu3ayuu
makmuku e4yeHus nayueHmos ¢ COVID-19.

Knioueswie cnosa: miRNA, COVID-19, SARS-CoV-2, miR-19b, maxxecmos meyeHus
3a6oesaHus

Ona untuposanma: WkypHukos M.IO., KonecHnkos C.M. Ponb umpkynupyowein
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OBJECTIVES

In 2019, a new disease called COVID-19, caused
by the SARS-CoV-2 coronavirus, was identified. This vi-
rus was characterised by rapid, difficult to control spread
due to its certain characteristics. The body’s first line of de-
fence against viruses, including SARS-CoV-2, is innate immu-
nity, which limits viral entry into cells, translation, replication
and virion assembly, and allows detection and destruction
of infected cells, coordinates and enhances acquired immuni-
ty [1]. Innate antiviral immunity has two components: cellular
and humoral immunity, which include macrophages, mono-
cytes, dendritic cells, neutrophils, NK cells, cytokines and in-
terferons, and intracellular immunity. Intracellularimmunity
includes various families of cytoplasmic receptors and en-
zymes that can recognise and destroy viruses within a cell [2].

Several studies consider microRNA molecules asa compo-
nent of the innate immunity system [3-5]. MicroRNAs are short
(about 22 nucleotides) non-coding RNAs that regulate gene
expression post-transcriptionally. The microRNA sequencein-
cludes the so-called seed region, which is located from the 2nd
to the 7th nucleotide from the 5’-end of the mature mole-
cule, and which is responsible for the specificity of its binding
to target RNAs. It has been shown that host cell microRNAs
can act as a component of intracellular immunity, regulating
the translation and replication of (+)RNA viruses and altering
the pathogenesis of viral infections [6, 7]. Two main effects
of the interaction between the viral RNA-genome and micro-
RNA are identified: inhibition of virus translation and slowing
down its replication, stabilisation of viral RNA and increasing
the rate of virus replication. Moreover, the slowdown of vi-
rus replication is primarily associated with the interaction
of microRNA with the 3"-untranslated region of the virus [8],
and the stabilisation of viral RNA is associated with the inter-
action with the 5’-untranslated region of the virus [9]. More-
over, microRNAs are able to modulate the activity of both in-
nate [10] and acquired immunity cells [11].

A number of papers have been published on predicting the
interaction of the single-stranded (+) RNA virus SARS-CoV-2 with
human microRNAs [12-14], as well as the profile of circulating
microRNAs among patients with different degrees of COVID-19
severity [15]. However, there are practically no works analysing
the possible contribution of microRNAs circulating in plasma
to SARS-CoV-2 biogenesis and COVID-19 pathogenesis.

THE AIM OF THE STUDY

To study the features of the blood plasma microRNA
profile of patients with different severity of the new coro-
navirus infection COVID-19 and to evaluate the possibili-
ty of microRNA interaction with the SARS-CoV-2 genome.

METHODS

Plasma microRNA profile of patients with COVID-19
Primary microRNA sequencing data (GSE195898) iso-
lated from blood plasma of 3 recovered (two men and one
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woman) and 8 deceased patients (five men and three wom-
en, comparison group) with extremely severe COVID-19,
comparable in sex and age, treated at the IRCCS Policlini-
co San Donato Intensive Care Unit (Milan, Italy) were used
for analysis [16]. For each patient, the plasma microRNA
profile was assessed at the time of hospital admission (T0)
and before discharge or death (T1).

The study was carried out in full compliance with
the World Medical Association Declaration of Helsinki.
The experimental protocol was approved by the local ethi-
cal committee at San Raffaele Hospital (Milan, Italy, Minutes
No. 75/INT/2020 dated April 20, 2020).

HTG EdgeSeq miRNA Whole Transcriptome targeted
sequencing kit (HTG WTA, HTG Molecular, USA) was used
for library preparation. Sequencing was performed on an -
lumina NextSeq 500 sequencer (lllumina Inc., USA) using
the NextSeq High Output v. 2 75 cycles kit (Illumina Inc.,
USA) [16].

Sequencing data analysis
The 3'-adapter sequence was removed using Cutadapt
v. 2.10. Sequencing read quality control was performed
using FastQC v. 0.11.9. After removal of the 3"-adapter se-
quence, sequencing results were processed using IsoMiR-
map [17].

Identification of microRNA binding motifs
to the SARS-CoV-2 genome

For each microRNA, SARS-CoV-2 RNA regions reverse-
complementary to the 2-7 nucleotide region of the 5’-end of
the mature microRNA were identified. Following a common
classification [18], such binding regions are labelled “6mer”.
Interaction of the corresponding microRNA with them leads
to suppression of translation and degradation of the target
RNA.To determine whether 6mer belongs to regions encod-
ing SARS-CoV-2 proteins, the binding positions were pair-
wise aligned against the reference sequence of the Wuhan-
Hu-1 strain using the stringr and spgs packages.

Statistical analysis
Differences in microRNA representation were analysed
using DESeq?2 [19]. Comparison of data on the number of mi-
croRNA binding motifs to the SARS-CoV-2 genome was per-
formed using the Wilcoxon test. Data processing and statisti-
cal analyses were performed in the R software environment.

RESULTS

Sequencing results showed that 932 types of microRNAs
and their 5’-isoforms were present in the patients’ plasma
at more than 150 rpm at the time of admission (T0). At T1,
990 types of molecules were identified. Moreover, 54 types
of molecules occurred only at TO and 112 occurred only
at T1. The following microRNAs are among the most high-
ly represented at TO and T1: hsa-miR-22-3p|0, hsa-miR-339-
3p|0, hsa-miR-451al0.

Analysis of differences in microRNA profile between re-
covered and non-recovered patients showed that the ex-



pression of 46 microRNAs was significantly altered. At TO,
subsequently recovered patients had higher expression
of hsa-miR-19b-3p|0 (4.5-fold, p =0.017), hsa-miR-25-3p|+1
(4.8-fold; p = 0.047). The representation of 291 microRNAs
differed significantly at T1. The largest differences in plas-
ma representation between the group of recovered patients
and the comparison group were observed for the follow-
ing microRNAs: hsa-miR-451a|0 (13-fold; p = 7.65E-07), hsa-
miR-22-3p|0 (4.3-fold; p = 7.67E-05), hsa-miR-19b-3p|0 (14-
fold; p = 1.23E-06).

Several studies have demonstrated the correlation
of hsa-miR-451a representation and the level of haemoly-
sisin blood samples [20, 21]. The hypothesis of significance
of differences in the representation of microRNAs associat-
ed with haemolysis between the comparison groups at TO
and T1 was tested (Table 1). At the time of hospital admis-
sion, the levels of microRNAs associated with haemolysis
and erythropoiesis did not differ between the comparison

TABLE 1

groups. Meanwhile, all microRNAs associated with haemol-
ysis and erythropoiesis were significantly elevated at T1
in the group of recovered patients.

Comparison of microRNA sets differing between recov-
ered patients and the comparison group showed that only
two microRNAs changed codirectionally at TO and T1 (Ta-
ble 2).

The possible binding sites of multiple microRNAs
differing between the convalescent patient group
and the comparison group at TO and T1 to the SARS-
CoV-2 genome were evaluated (Figure 1). A number
of microRNAs had no binding sites with the virus genome:
hsa-miR-1225-3p|+3, hsa-miR-4498|+1, hsa-miR-6787-5p|+2,
hsa-miR-1538|+1, hsa-miR-1307-5p|+1, hsa-miR-7111-5p|+2.
The number of microRNA binding sites of hsa-miR-19b-3p|0
and hsa-miR-25-3p|+1 were 12 and 9, respectively. At the same
time, the median of binding sites of the other microRNAs was 3.
It can be concluded that recovered patients had a significantly

DIFFERENCES IN THE REPRESENTATION OF MICRORNAS ASSOCIATED WITH HEMOLYSIS BETWEEN THE COMPARISON

GROUPSINTOAND T1

MicroRNA representation in plasma at TO, log2RPM MicroRNA representation in plasma at T1, log2RPM

MicroRNAs

recovered deceased
hsa-miR-451a|0 144+22 13.2+1.7
hsa-miR-16-5p|0 11615 11613
hsa-miR-486-5p|0 11.2+28 10315
hsa-miR-93-5p|0 10.7+1.9 10.1+1.2
hsa-miR-17-5p|0 93+14 9+1
hsa-miR-20a-5p|0 89+1 89+1
hsa-miR-107|0 88+1.2 88+0.7
hsa-miR-106a-5p|0 85+1.2 79+0.7
hsa-miR-20b-5p|0 78+04 76%03

TABLE 2

p value recovered deceased p value
0.0959 174+£1.8 139+1.6 1.0E-06
0.9370 13913 12.1+0.8 2.0E-04
0.1206 13718 105+13 1.0E-05
0.1771 128+1.3 10.1+£0.9 4.0E-07
0.4637 11+1.1 94 +0.7 4.0E-04
0.7719 111211 94+0.8 2.0E-04
0.7764 102+ 1.1 9.1+£04 1.4E-03
0.1640 102+1.3 8.2+0.7 2.0E-05
0.6410 9.1+0.7 7.7x05 2.0E-04

REPRESENTATION OF CONCOMITANTLY CHANGED MIRNAS IN COMPARISON GROUPS INTO AND T1

MicroRNA representation in plasma
at TO, log2RPM

MicroRNAs
recovered deceased p value
hsa-miR-19b-3p|0 11.7+£29 106 £1.5 0.017
hsa-miR-25-3p|+1 34+£1.2 19+0.8 0.047

MicroRNA representation in plasma at T1, log2RPM

p value adjusted
recovered deceased p value . .
for multiple comparisons
143+18 10614 1.23E-06 0.003
47+1.2 2+0.7 2.25E-05 0.046

29



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N2

increased level of microRNAs with a significant number of bind-
ing sites to the SARS-CoV-2 genome (p = 0.048).
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The number of possible binding sites of miRNAs in the SARS-CoV-2
genome

The location of possible binding sites of microRNAs
to the virus genome was also analysed (Figure 2). The high-
est number of binding sites was located in the ORF1ab re-
gion encoding non-structural proteins. hsa-miR-19b-3p|0
had the highest number of binding sites in the short re-
gion (338 nucleotides) encoding the NSP9 protein. Both
microRNAs analysed had two possible binding sites
each with the extended region (5834 nucleotides) encod-
ing the NSP3 protein. None of the microRNAs had binding
sites in the 5°- and 3’-untranslated regions of the SARS-
CoV-2 genome.
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Location of possible miRNA binding sites in the SARS-CoV-2 ge-
nome

DISCUSSION

Study main result summary
The representation of hsa-miR-19b-3p|0 and hsa-miR-
25-3p|+1 microRNAs differed significantly in the plasma

of hospitalised patients with extremely severe COVID-19,
both at the time of hospital admission and at the time
of discharge or death. Both microRNAs have a high num-
ber of possible binding sites to the SARS-CoV-2 genome (12
and 9, respectively) compared to other plasma variable mi-
croRNAs. The majority of the binding sites are in the parts
of the virus genome encoding NSP3 and NSP9.

Study main result discussion

MicroRNAs are short non-coding single-stranded RNA
molecules of about 22 nucleotides in length that function
as post-transcriptional regulators of gene expression [22].
MicroRNA molecules are involved in many processes in-
cluding development, proliferation and apoptosis. In addi-
tion, microRNAs are associated with many pathological pro-
cesses [23]. Determination of microRNA expression profiles
can act as a method for classifying, diagnosing and predict-
ing disease course [24]. MicroRNAs are detected in various
biological fluids and have remarkable stability, emphasis-
ing their possible role as promising minimally invasive diag-
nostic and prognostic markers [25]. Moreover, several stud-
ies consider microRNA molecules as a component of the in-
nate immunity system [3-5].

In this study, we studied the profile of circulating mi-
croRNAs in the plasma of extremely severe COVID-19 pa-
tients. The representation of hsa-miR-19b-3p|0 and hsa-
miR-25-3p|+1 differed significantly in the plasma of pa-
tients with different COVID-19 outcomes, both at the time
of hospital admission and at the time of discharge or death.
MicroRNAs can act as a component of intracellular immu-
nity by regulating translation and replication of (+) RNA vi-
ruses and altering the pathogenesis of viral infections [6,
7]. Considering that the lung tissue area is 75 to 100 m?
and that it is abundantly blood supplied [26], it is conceiv-
able that circulating microRNAs could penetrate infect-
ed alveocytes and interact with SARS-CoV-2 [27]. hsa-miR-
19b-3p|0 significantly elevated in the group of recovered
patients is among the most highly represented in plasma.
It accounts for more than 1.5 % of all circulating microRNA
molecules. This work shows that this microRNA has a signif-
icant number of binding sites to the SARS-CoV-2 genome.
They are detected in its most stable part which is ORF1ab.

The largest number of hsa-miR-19b-3p|0 binding sites
is in the 338-nucleotide long region encoding the NSP9
protein. The NSP9 protein is able to bind to 7SL RNA, com-
ponent of signal recognition particles, thereby disrupting
protein transport into the endoplasmic reticulum and onto
the cell membrane [28]. The major histocompatibility com-
plex (MHC) class 1 molecules are produced in the endoplas-
mic reticulum. Disruption of their synthesis may contribute
to impaired antiviral activity of cytotoxic T lymphocytes.
In addition, hsa-miR-19b-3p|0 is able to bind to the region
encoding the NSP3 protein. NSP3 and NSP4 are responsible
for the formation of double-membrane vesicles in the infect-
ed cell that protect the virus from the mechanisms of intra-
cellularinnate immunity [29]. Thus, hsa-miR-19b-3p|0 highly
represented in the plasma of recovered COVID-19 patients
is able to bind to virus regions encoding proteins respon-
sible for suppressing intracellular immunity mechanisms.
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Moreover, hsa-miR-19b-3p|0 is able to potentiate
the activity of cytotoxic T lymphocytes. Levels of hsa-miR-
19b-3p|0 were found to be significantly elevated in periph-
eral blood mononuclear cells of patients in long-term HIV
remission. Overexpression of hsa-miR-19b-3p|0 promotes
CD8* T-cell proliferation as well as interferon-y and gran-
zyme B expression by inhibiting CD8* T-cell apoptosis in-
duced by anti-CD3/CD28 stimulation. The target of miR-19b
was found to be the PTEN gene [30].

CONCLUSION

Previously, many papers were published on the pre-
diction of the interaction of the single-stranded
(+) RNA virus SARS-CoV-2 with human microRNAs,
as well as on the profile of circulating microRNAs in pa-
tients with COVID-19 of varying severity. However, there
are practically no works analysing the possible contribu-
tion of microRNAs circulating in plasma to SARS-CoV-2 bi-
ogenesis and COVID-19 pathogenesis. This study demon-
strates that in patients who have recovered from a high-
ly severe form of COVID-19, the level of hsa-miR-19b-3p
in the blood plasma is statistically significantly increased.
This microRNA is present in plasma in significant amounts
and is able to bind to SARS-CoV-2 regions encoding pro-
teins that suppress intracellular immune mechanisms.
Morevover, it is able to stimulate the functional activity
and proliferation of cytotoxic T lymphocytes, a key com-
ponent of adaptive cellular SARS-CoV-2 immunity. The re-
sults of the study can be used in the development of anti-
viral drugs based on RNA interference, as well as in the de-
velopment of predictive test systems to optimize the tac-
tics of treating patients with COVID-19.
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