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ABSTRACT
Background: The role of cytokine storm in the immunopathogenesis 
of coronavirus disease 2019 (COVID-19) has been implicated. To 
determine the association of microRNA (miRNA)-10b and serum 
levels of IL-2 and IL-8 in patients with COVID-19.
Methods: Blood samples were obtained from 33 COVID-19 
patients and 29 healthy subjects. After RNA extraction and cDNA 
synthesis, the transcript level of miR-10b was determined by Real-
time PCR. In addition, the serum levels of IL-2 and IL-8 were 
measured in subjects using ELISA.
Results: The patient group comprised of 33 patients with 
COVID-19 (62.4 ± 3.7 years old), containing 13 (39%) males and 
20 (61%) females. In the control group, 29 subjects (56.6 ± 1.6 years 
old) containing 9 (31%)males and 20 (69%) females were included. 
The expression of miR-10b was significantly downregulated in the 
peripheral blood of COVID-19 patients in comparison to the healthy 
controls (fold change= 0.12, P< 0.0001). The levels of IL-2 (P< 
0.001) and IL-8 (P< 0.001) were significantly increased in the serum 
samples of COVID-19 patients compared to the healthy subjects. 
The expression level of miR-10b was correlated significantly with 
the serum levels of IL-2 and IL-8 as well as with the age of patients, 
ESR and CRP level.
Conclusions: miR-10b is downregulated in the COVID-19 patients 
and might result in increased levels of IL-2 and IL-8, hence 
contributing to cytokine storm.
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INTRODUCTION

The recently emerging coronavirus disease 
2019 (COVID-19), caused by the severe 
acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), has become pandemic since 
late 2019 (1). Based on the declaration of 
the World Health Organization (WHO), a 
deadly pandemic of COVID-19 affects all 
lives (2). SARS-CoV-2 attacks the lungs and 
other tissues, such as the heart and kidney, 
that express angiotensin-converting enzyme 
2 (ACE2) receptor, and causes damage to 
these organs (3, 4). While COVID-19 occurs 
frequently in a mild form, the patients 
with acute respiratory distress syndrome 
(ARDS), shock, cardiovascular injury, or 
multi-organ dysfunction are common that 
are accompanied by a systemic inflammatory 
response (5). In this context, the inflammatory 
cytokines increase and result in cytokine 
release syndrome (CRS), also known as 
cytokine storm, which plays a critical 
function in the severity of COVID-19 clinical 
symptoms. The produced cytokine profile in 
COVID-19 cases is usually different. Some 
studies indicate the role of the innate immune 
system in cytokine storm development and 
other studies introduce the cytokines of the 
adaptive immune system as the main cause 
of the disease (6). Nevertheless, it was not 
distinct that which cytokines are the major 
cause of severe symptoms in the patients with 
COVID-19 (7). 

Interleukin (IL)-2 is one of the most 
important cytokines of the adaptive immune 
system and was first defined as a T cell 
growth factor (8). IL2 gene is located on 
chromosome 4 (4q27) (9), and its product (i.e. 
IL-2 cytokine) is a pleiotropic cytokine. IL-2 
induces the proliferation and differentiation 
of both pro and anti-inflammatory T cells 
by binding with high affinity (Kd ≈ 10−11 
M) to the trimeric IL-2 receptor (IL-2R) (8). 
Some studies have reported that patients with 
severe COVID-19 have higher plasma levels 
of IL-2 and IL-2R than patients with non-
severe forms of the disease (10-13).

Known as C-X-C motif chemokine ligand 
8 (CXCL8) chemokine, IL-8 is a major 
mediator of the inflammatory response in the 
innate immune system (14). In humans, the  
CXCL8 gene (that encodes the IL-8 protein) 
is harbored on chromosome 4 (4q13.3) (15). 
IL-8, also known as a neutrophil chemotactic 
factor, is produced by various cells like 
epithelial cells, macrophages, and airway 
smooth muscle cells (16). This molecule 
induces chemotaxis of the target cells, mainly 
neutrophils as well as other granulocytes, 
which causes them to migrate to the infection 
site (17). Severe symptoms in some patients 
with COVID-19 are accompanied by 
promoted levels of inflammatory cytokines, 
such as IL-8 (10, 18). 

Nevertheless, the exact roles of IL-2 and 
IL-8 in the development of cytokine storms 
in patients with COVID-19 and progression 
of the disease severity are not completely 
understood. Additionally, the main 
mechanism of cytokine storm development 
and altered expression of these molecules 
in severe COVID-19 patients is unclear. 
Therefore, the study of the causes of cytokine 
storm etiology in patients with COVID-19 is 
valuable. In this context, regulating factors 
of transcription and translation are the most 
important research goals in these patients.

MicroRNAs (abbreviated miRNAs) 
are small non-coding RNA molecules that 
contain approximately 22 nucleotides and are 
involved in the modulation of gene expression 
level (19). These molecules act through base-
pairing with complementary sequences within 
target mRNAs (20), which mostly interact 
with the nucleotides of 3′ untranslated region 
(3′-UTR) to trigger the mRNA degradation 
and suppression of translation (21). However, 
it has been reported that miRNAs can interact 
with other regions of target mRNAs, including 
the gene’s promoter, coding sequence, and 5′-
UTR (22). Moreover, it has been shown that 
miRNAs can activate gene expression under 
certain conditions (23). miRNAs dynamically 
interact with their target mRNAs and this 
interplay relies on numerous factors, such 
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as the affinity of miRNA-target, the copy 
number of miRNAs and target mRNAs, and 
subcellular location of miRNAs (24). miRNAs 
play pivotal roles in multiple physiological 
processes and improper expression of them is 
involved in the occurrence of multiple diseases 
(25). Furthermore, miRNAs are released in 
extracellular body fluids and are engaged in 
cell–cell communications (26). A bulk of 
evidence has established that extracellular 
miRNAs are potential biomarkers for 
various diseases (27, 28). According to the 
role of miRNAs in regulating other genes, 
they might be involved in the modulation of 
cytokine production in COVID-19 patients.

miR-10b can be upregulated by pro-
inflammatory cytokines, such as IL-6 and 
tumor necrosis factor (TNF)-α (29); hence, 
the cytokine storm in COVID-19 patients 
might impress the expression of miR-10b. 
On the other side, miR-10b can regulate the 
production of cytokines (29, 30). This miRNA 
regulates the levels of CXCL-8, which in turn 
modulates the infiltration of inflammatory 
immune cells to the site of inflammation 
(31). miR-10b has been implicated in multiple 
immune system-related disorders as well 
as cancers (29, 30, 32-34), but its role in 
COVID-19 is still obscure. Therefore, the 
current investigation aims at evaluating the 
potential regulatory role of miR-10b on the 
plasma levels of IL-2, IL-8, and investigate 
the relationship between these molecules in 
emerging clinical presentations in patients 
with COVID-19. 

MATERIALS AND METHODS

Study Participants
The local ethics committee by Rafsanjan 

University of Medical Sciences endorsed 
the protocol of this study and all individuals 
voluntarily signed a written consent to 
participate in the study. Our study included 
33 patients who were hospitalized in Ali-Ebn 
Abi-Taleb Hospital of Rafsanjan city, Kerman, 
Iran due to the diagnosis of COVID-19. For all 
COVID-19 patients, diagnosis of the disease 
was determined by a positive Real-Time PCR 
test, radiological data confirming COVID-19 
infection, and the approval of an infectious 
disease specialist. Moreover, 29 age- and sex-
matched healthy controls were selected. None 
of the healthy controls were infected with 
other viruses and they did not have immune-
related diseases such as autoimmunity, allergy 
,and cancer, or liver diseases. C-reactive 
protein (CRP) concentration and erythrocyte 
sedimentation rate (ESR) of participants were 
also evaluated. The Baseline demographic 
and clinical specifications of COVID-19 
patients and healthy individuals are shown 
in Table 1.

Sampling
All tested plasma samples of the patients 

were collected immediately after hospital 
admission. Approximately 5 ml of peripheral 
blood was taken using an EDTA-containing 

Table 1. Baseline and demographic characteristics of COVID-19 patients and healthy controls.

Characteristic COVID-19 patients 
(N=33)

Healthy subjects 
(N=29)

P value

Sex Male, N (%) 13 (39%) 9 (31%) >0.05
Female, N (%) 20 (61%) 20 (69%)

Age (year) 62.4 ± 3.7 56.6 ± 1.6 >0.05
ESR (mm/hr) 27.6 ± 16.3 11 ± 2.9 <0.001
CRP (mg/L) 34.6 ± 13.6 3.8 ± 2.1 <0.001

Comorbidities Hypertension, N (%) 6 (18%) NA NA
Cardiovascular disease, N (%) 2 (6%) NA NA

Diabetes, N (%) 4 (12%) NA NA
COVID-19; Coronavirus disease 2019, ESR; Erythrocyte sedimentation rate, CRP; C-reactive protein, 
NA; not available.
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tube from each patient and healthy control. 
Plasma samples were isolated by 2500 rpm/10 
min centrifugation and stored at −80°C until 
further experiments.

Cytokines Analysis
Plasma levels of IL-2 and IL-8 were 

examined exerting the commercial enzyme-
linked immunosorbent assay (ELISA) kits 
(Karmania Pars Gene, Iran) following 
manufactures’ instructions. The sensitivity of 
the assay was 4 pg/ml for IL-2 and 2 pg/ml for 
IL-8. The absorbance (optical density (OD)) 
was measured at 450 nm wavelength.

RNA Isolation and Quantitative mRNA 
Expression 

RNA was isolated from plasma using 
miRNeasy Serum/Plasma Kit (Cat No. 
217184, QIAGEN, USA) complying with 
the manufactures’ guidelines. The purity 
and concentration of the isolated RNA were  
confirmed using the relative absorbance 
ratio at A260/A280 and A260/A230 by 
a spectrophotometer (Nano Drop 2000, 
Thermo Scientific, USA). The purified 
RNA was stored at -80°C for later analysis. 
For miR-10b quantification via Real-Time 
PCR in all samples, template RNA was 
reverse-transcribed by miScript II RT Kit 
(Cat No. 218161, QIAGEN, USA) following 
the company’s guidelines, in Thermal 
Cycler instrument (Eppendorf, Germany). 
Then, cDNA was used in each of the qPCR 
assays by ABI StepOnePlus real-time PCR 
System and miScript SYBR® Green PCR 
Kit (Cat No. 218073, QIAGEN, USA). The 
qPCR analyses were conducted in triplicate. 
The expression levels of miR-10b were 
normalized using U6 small nuclear RNA (U6 
snRNA) as reference RNA. Also, the qPCR 
results were evaluated using the comparative 
threshold cycle method (2−∆∆ct), as described 
by Schmittgen and Livak (35).

Statistical Analysis
The evaluation of data for normal 

distribution was done using Kolmogorov–

Smirnov test. To compare non-parametric 
scale values, the Mann–Whitney U-test was 
used. Pearson’s and Spearman’s correlations, 
where appropriate, were exerted to measure 
the correlation between scale variables. 
For drawing the graphs, the GraphPad 
Prism version 6.00 for Windows (GraphPad 
Software, La Jolla, CA, USA) was used. Data 
analysis was conducted by SPSS software 
version 22 for windows (SPSS, Chicago, IL, 
USA).  The study results were presented as 
mean ± standard error of the mean (SEM), 
with statistical significance set at a P less than 
0.05.

RESULTS

Baseline Data of the Patients
Table 1 demonstrates the specifications 

of the study participants in the current 
research. The patient group comprised 33 
patients with COVID-19, with a mean age 
of 62.4 ± 3.7 years old, involving 13 (39%) 
males and 20 (61%) females. In the control 
groups, 29 subjects, containing 9 (31%) 
males and 20 (69%) females, with a mean 
age of 56.6 ± 1.6 years old were included. 
The patient and control groups were age- and 
sex-matched. The ESR level in the patients 
and controls were 27.6 ± 16.3 and 11 ± 2.9 
mm/hr, respectively (P< 0.001). There were 
also increased levels (P< 0.001) of CRP in the 
COVID-19 patients compared to the controls 
(34.6 ± 13.6 vs. 3.8 ± 2.1 mg/L). The most 
causes of comorbidities in the patients were 
6 (18%) subjects with hypertension, 4 (12%) 
cases with diabetes, and 2 (6%) subjects with 
cardiovascular disease. 

miRNA expression and serum level of 
cytokines

The expression of miR-10b was observed 
to be significantly downregulated in the blood 
samples of COVID-19 patients in comparison 
to the healthy controls (fold change= 0.12, P< 
0.0001; Figure 1.A). However, the cytokine 
level of IL-2 was significantly higher in the 
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serum of COVID-19 subjects compared to the 
healthy control group (P< 0.001; Figure 1.B). 
There was a higher level of IL-8 in the serum 
of the patient group than the  healthy control 
group (P< 0.001; Figure 1.C).

The expression level of miR-10b was 
significantly downregulated in the blood 
samples of male COVID-19 cases in 
comparison to female COVID-19 subjects 
(fold change= 0.63, P= 0.032; Figure 2.A). 
It was detected that serum level of IL-2 was 
higher in the male COVID-19 cases compared 
with female COVID-19 patients (P= 0.015, 
Figure 2.B). Furthermore, the serum level 

of IL-8 was higher significantly in the male 
COVID-19 subjects compared with female 
COVID-19 cases (P= 0.028, Figure 2.C).

Correlation analysis 
The expression level of miR-10b was 

correlated significantly with the serum levels 
of IL-2 (r= -0.66, P= 0.017) and IL-8 (r= 
-0.58, P= 0.024) in the COVID-19 patients. 
The expression level of miR-10b in serum 
was correlated significantly with the age 
of patients (r= -0.53, P= 0.037). However, 
the serum levels of IL-2 and IL-8 were not 
correlated with the patient’s age. A correlation 

Figure 1. Expression level of miR-10b in the peripheral blood and serum levels of IL-2 and IL-8 in the 
COVID-19 patients and healthy controls.

Figure 2. Expression level of miR-10b in the peripheral blood and serum levels of IL-2 and IL-8 in the 
male and female subjects with COVID-19.
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was detected between the transcript level 
of miR-10b and ESR (r= -0.64, P= 0.011) 
and CRP level (r= -0.71, P= 0.008) in the 
COVID-19 subjects. The serum level of IL-2 
was correlated significantly with CRP level in 
the subjects (r= 0.68, P= 0.019). However, the 
IL-18 level indicated significant correlation 
(r= 0.72, P= 0.004) with ESR in the patients 
(Table 2).

DISCUSSION

Here in this research, we determined, for 
the first time, the transcript level of miR-
10b in the peripheral blood samples of the 
COVID-19 cases and evaluated its association 
with the IL-8 and IL-2 as well as pre-clinical 
presentations of the patients. It was detected 
that patients with COVID-19 had decreased 
expression levels miR-10b compared to the 
healthy controls. Besides, the serum levels of 
IL-2 and IL-8 were higher in the COVID-19 
cases in comparison to the healthy controls. 

In a study to profile the transcript level 
of miRNAs, Li et al. (36) examined the 
peripheral blood of 10 COVID-19 cases and 
four healthy controls. This study indicated 
that 35 miRNAs were overexpressed and 
38 miRNAs were underexpressed in the 
peripheral blood of COVID-19 patients in 
comparison to controls. The top 10 miRNAs 
with highest reduction were hsa-miR-183-
5p, hsa-miR-627-5p, hsa-miR-941, hsa-miR-
21-5p, hsa-miR-20a-5p, hsa-miR-146b-5p, 
hsa-miR-454-3p, hsa-miR-18a-5p, hsa-miR-
340-5p, and hsa-miR-17-5p. By performing 
cluster analysis, it was recognized that all of 
the differentially expressed miRNAs targeted 

genes involved in the modulation of molecular 
functions, cellular components, and biological 
processes. By performing enrichment 
analysis, it was detected that protein kinases, 
peptidases, and the ubiquitin system had 
the greatest enrichment categories. As a 
consequence, aberrant expression of miRNAs 
might play a role in the modulation of the 
immune responses and viral replication in the 
COVID-19 (36). Our analysis indicated that 
miR-10b was downregulated in the peripheral 
blood samples of the COVID-19 cases in 
comparison to the controls. 

Cytokine storms in the COVID-19 patients 
associate with the uncontrolled production 
of proinflammatory cytokines, such as IL-
2, IL-6, IL-8, and TNF-α, which leads to 
aberrant hyper-responses of the immune 
system. This hyperactivation of the immune 
system culminates in acute lung injury and 
ARDS. As a consequence, acknowledging 
the mechanisms causing cytokine storms  
and targeting the involved cytokine with 
different strategies can contribute to 
ameliorate the COVID-19 patients and 
achieve better clinical outcomes (37). IL-2 is 
involved in the stimulation of the proliferation 
and differentiation of both pro and anti-
inflammatory T cells by ligation to IL-2R 
(8). Several investigations have demonstrated 
that severe COVID-19 cases have increased 
plasma levels of IL-2 and IL-2R than patients 
with non-severe forms of the disease (10-
13). Furthermore, IL-8 is involved in the 
chemotaxis of immune cells, particularly 
neutrophils, to the site of involvement by an 
infectious agent (17). Studies have reported 
that IL-8 is higher in the serum of COVID-19 
cases than eventuated in the  presentation of 

Table 2. Correlation of miRNA, IL-2, and IL-8 with demographic and para-clinical characteristics 
of the COVID-19 subjects.

Item IL-2 IL-8 Age ESR CRP
miR-10b r= -0.66, P= 

0.017
r= -0.58, P= 

0.024
r= -0.53, P= 

0.037
r= -0.64, P= 

0.011
r= -0.71, P= 0.008

IL-2 - r= 0.12, P= 0.166 r= 0.18, P= 0.245 r= 0.41, P= 0.074 r= 0.68, P= 0.019
IL-8 - - r= 0.23, P= 0.371 r= 0.72, P= 0.004 r= 0.39, P= 0.088

IL; Interleukin, ESR; Erythrocyte sedimentation rate, CRP; C-reactive protein
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severe manifestations in the patients  (10, 
18). Our study also indicated that levels of 
both IL-2 and IL-8 were higher in the serum 
samples of the COVID-19 cases compared 
to the controls. In addition, the increased 
levels of these cytokines were correlated 
with an inflammatory state in the subjects, 
as presented by CRP and ESR. Furthermore, 
we observed that downregulated transcription 
level of miR-10b was correlated with 
increased cytokine levels. As a consequence, 
miR-10b might be involved in the modulation 
of cytokine storm and inflammation in the 
COVID-19 cases.

Liu et al., by conducting a retrospective 
investigation of 1190 COVID-19 cases, 
indicated that males were more frequently 
infected with the disease. Additionally, 
increased rates of acute cardiac injury 
(9.1% vs. 4.3%), acute kidney injury (5.5% 
vs. 2.9%), and disseminated intravascular 
coagulation (2.5% vs. 0.7%,) were observed 
in male subjects compared to the females. 
Additionally, male COVID-19 subjects had 
an increased hospital mortality rate (15.7% vs. 
10.3%) in comparison to the female COVID-19 
subjects. It appears that the male gender is 
related to a poor prognosis of COVID-19 
(38). In line with these pieces  evidence, our 
investigation indicated that cytokine storm-
related mediators in the COVID-19 patients, 
IL-2 and IL-8, were higher in the male 
patients in comparison to the female patients. 
On the other side, the miRNA regulating 
these cytokines (miR-10b) was detected 
to be lower in the male subjects compared 
to the female patients. Besides , aging has 
been associated with higher frequency and 
severity of the COVID-19 (39). We observed 
that miR-10b had a negative correlation 
with the age of COVID-19 patients. These 
observations suggest that a higher decrease 
in the miR-10b levels per  aging in the 
COVID-19 patients may be associated with 
higher inflammation and cytokine storm, 
leading to higher mortality rate and severity 
of the diseases. However, it should be noted 
that none of the IL-2 and IL-8 levels were 

correlated with the age of the subjects. As a 
result, miR-10b may regulate other cytokines 
involved in the cytokine storm phenomenon 
of the COVID-19 subjects, a hypothesis that 
requires further examination.

CONCLUSIONS

Considering all the facts, we indicated that 
miR-10b is downregulated in the peripheral 
blood samples of the COVID-19 cases that 
might be in association with increased levels 
of IL-2 and IL-8 in these patients. The 
aberrant levels of these factors were associated 
with male sex, aging, and inflammatory 
state in the COVID-19 patients. Further 
investigations are required to disclose the 
exact involvement of miR-10b, IL-2, and IL-8 
in the immunopathogenesis of COVID-19.
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