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A B S T R A C T

Introduction: MicroRNAs in exosomes play a role in biological processes such as inflammation and 
Epithelial-mesenchymal transition (EMT). In EMT, epithelial cells undergo phenotypic changes 
and become similar to mesenchymal cells. EMT increases the invasion and metastasis of cancer 
cells. We aimed to evaluate the expression levels of miRNA-21, miRNA-218, miRNA-155, and 
miRNA-10b, which are effective in the pathway of inflammation and EMT in serum-derived 
exosome of COVID-19 patients.
Method: Blood samples were taken from 30 patients with COVID-19 and five healthy individuals 
as a control group. After separating the serum from the collected blood, the exosomes were pu-
rified from the serum. Relative expression of microRNAs was measured by real-time PCR method.
Results: The relative expression of miRNA-21, miRNA-218, and miRNA-155 in serum-derived 
exosomes of patients with COVID-19 had a significant increase (p < 0.0001). Also, the relative 
expression of miRNA-10b was significantly increased in the patient group (p < 0.01), but the 
changes in the expression level of miRNA-10b were not as significant as the changes in the 
expression level of other microRNAs.
Conclusion: miRNA-21, miRNA-218, miRNA-155, and miRNA-10b are involved in the pathogen-
esis of COVID-19 disease, and their transmission by exosomes leads to pathogenic lesions and 
problems in other parts of the body.

1. Introduction

Coronavirus disease-2019 (COVID-19) is a critical global health problem that has claimed the lives of thousands of people 
worldwide [1]. The causative agent of the pandemic is severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) [2]. It generally 
has two clinical consequences. In the first consequence, SARS-CoV-2 infection leads to the destruction and lysis of its target cells. It 
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leads to complications such as a respiratory infection similar to the flu virus. In the second consequence, the disease enters a severe 
inflammatory phase. Under this consequence, the expression of inflammatory genes and cytokines such as interleukin-6 (IL-6), 
interleukin-8 (IL-8), and interleukin-1 (IL-1) increases, and the disease progresses to acute respiratory distress syndrome (ARDS). At 
this stage, there is not much hope for the patient to recover [3,4]. In this regard, various studies showed a direct and significant 
relationship between its severity and the expression of inflammatory genes [5–9]. Virus-infected cells can transmit inflammatory 
mediators and regulators of inflammation to the adjacent cells by secreting exosomes, thereby causing involvement in other cells. 
Exosomes are a type of cellular transport system that cells use to communicate [10]. Exosomes are vesicles in the size of 30–200 nm 
secreted from cells under pathological and physiological conditions [11,12].

Exosomes contain microRNAs that can regulate their target gene expression by identifying and binding to 3ʹ-untranslated regions 
(3′-UTR) [13]. MicroRNAs are short non-coding RNAs, usually composed of 10–15 nucleotides. This group of RNAs plays a role in 
fundamental biological processes such as differentiation, proliferation, apoptosis, inflammation, and immune system regulation 
[14–16].

Recently, the role of microRNAs as essential regulators of the human immune system in lung disease, respiratory distress syndrome, 
and respiratory tract inflammation has been identified. Also, in viral diseases, it has been revealed that host microRNAs can prevent 
virus replication in the host cell by directly destroying the RNA-infected virus genome or suppressing the translation of viral proteins 
[17,18]. Besides, microRNAs are important host regulators in generating inflammatory responses to prevent the spread of viral disease 
[19]. In this regard, research has shown the association of several specific types of microRNAs with the immune responses against 
various respiratory viruses, including respiratory syncytial virus (RSV), influenza virus (IV), human rhinovirus (hRV), and human 
Coronavirus (HCoV) [20,21]. The human Coronavirus OC 43 (HCoV-OC43) can bind to microRNA-9, a negative regulator of nuclear 
factor kappa-light-chain-enhancer of activated B cells (NF-κB), and silence this microRNA, and finally indirectly activate NF-κB [20]. 
Also, the virus has been shown to select specific microRNAs from the host to disrupt the antiviral immune response. The Coronavirus 
Transmissible Gastroenteritis Virus downregulates microRNA-30a-5p expression, thereby disrupting the type 1 interferon response, 
suppressing the defense responses against itself in this pathway [22].

Epithelial-mesenchymal transition (EMT) is a unique process affected by various microRNAs. EMT is a biological process in which 
epithelial cells lose their phenotypic properties and regain the phenotypic properties of mesenchymal cells. It is commonly seen in the 
process of growth, wound healing, and tissue fibrosis. Unfortunately, this process can be used by cancer cells, which often leads to 
tissue invasion, cancer cells’ resistance to apoptosis, and failure to treat cancer [23].

Evaluation of the expression level of effective microRNAs in the EMT pathway, which has the potential for carcinogenicity and 
metastasis in cancer patients, is also of considerable importance in patients with COVID-19. Many microRNAs, such as microRNA-21 
and microRNA-10b, are involved in the EMT process and promote metastasis in cancer patients [24,25]. Also, microRNAs, such as 
microRNA-21, microRNA-10b, microRNA-218, and microRNA-155, are involved in inflammatory pathways, and their expression 
levels increase during inflammation [26–33].

The study of the expression of microRNAs in the path of EMT and inflammation is of considerable importance. As it uncovers 
biological processes taking place in the cell, understanding these processes helps to design drugs that treat viral infections effectively. 
Also, the expression of specific microRNA profiles during infection can be used as a faster and better approach to diagnosis and 
monitoring of the disease [34,35].

Based on our research, no study has been performed to investigate the expression level of microRNAs involved in inflammation and 
EMT in serum-derived exosomes of patients with COVID19. This study aimed to evaluate the expression levels of miRNA-21, miRNA- 
218, miRNA-155, and miRNA-10b, which are effective in the pathway of inflammation and EMT in serum-derived exosomes of patients 
with COVID-19.

2. Materials & methods

2.1. Samples

In the present study, blood samples were taken from 30 patients with mild to moderate COVID-19 whose condition was confirmed 
by real-time PCR, and Five healthy individuals (Age range from 30 to 65 years 2 women and 3 men) as controls who had no previous 
infection or inflammatory disease. Notably, patients with COVID-19 had not been treated with any medication before blood sampling. 
The patients participating in this project did not have underlying diseases such as diabetes and hypertension and written informed 
consent was obtained from all participants in this study. Demographic and clinical information of patients were also collected by 
studying their files. Blood samples were centrifuged at 4000 rpm for 10 min to separate serum. Also, the work described has been 
carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving 
humans. This research was approved by the ethics committee of Ahvaz Jundishapur University and the ethics code of this study was IR. 
AJUMS.REC.1399.176.

2.2. Isolation of serum exosomes

The exosomes were purified from 1 mL of serum obtained from COVID-19 patients. Initially, the serum was filtered using a 0.22 μm 
filter and then centrifuged at 3,000g for 15 min to remove cell debris. Following the instructions of the ExoQuick kit (ExoQuick, System 
Biosciences LLC, USA), the serum was mixed with Regent A at a ratio of 5 to 1. The mixture was vortexed for 5 min and then left at 4 ◦C 
overnight. After 24 h, the serum and Regent A mixture were centrifuged at 4500 rpm for 45 min at 4 ◦C, and then the exosomes were 
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extracted.

2.3. Dynamic light scattering and flow cytometric assessment of serum-derived exosomes

The size and homogeneity of the exosomes we extracted were assessed using dynamic light scattering (DLS). Following the in-
structions of the Particle Size Analyzer (PSA, Scatteroscope-І, Qudix, Korea), the samples were diluted in sterile, particle-free PBS at a 
ratio of 1:2000 and then mixed or ultrasonicated to ensure uniform distribution of the particles. The diluted samples were then injected 
into the laser chamber at 25 ◦C. This process was repeated twice for accuracy. Furthermore, CD63 and CD9 have been identified as 
specific biomarkers for the assessment of exosomal surface markers. In this study, exosomes that were incubated with latex beads were 
subjected to staining with anti-CD9 and anti-CD63 antibodies (Abcam, Cambridge, UK), followed by analysis utilizing a FACS caliber 
flow cytometer (BD Bioscience, San Diego, CA, USA) in conjunction with Flow Jo software (San Jose, CA, USA).

2.4. Scanning Electron Microscope of serum-derived exosomes

The shape and size of exosomes isolated from the serum of patients with COVID-19 were examined using a Scanning Electron 
Microscope (SEM). First, a 5 μl drop of exosome was diluted in deionized water for 2 min, and the exosome suspension was fixed with 2 
% paraformaldehyde. Next, 2 μL of the sample prepared in the previous step were placed on silicon chips and then dried in acetone for 
6 min. Finally, images were captured with the SEM at 30 kV after gold-palladium sputtering. The SEM used for this examination was 
the KYKY-EM 3200 by KYKY Technology Development Ltd, China.

2.5. Bicinchoninic Acid Assay

Exosome protein concentration was measured with BCA Protein Assay Kit (Thermo Scientific Pierce). For this objective, according 
to the manufacturer’s instructions, BSA standards, and samples (25 μl) were set in a 96-well plate, blended with the working solution 
(200 μl) and incubated for 30 min at 37 ◦C and later examined by spectrophotometer at 562 nm (MPR4+; Hiperion, Roedermark, 
Germany).

2.6. Total RNA extraction and cDNA synthesis

To extract the total RNA from the purified exosomes, according to the instruction, miRCURY™ RNA Isolation Kit (Biofluids – 
Exiqon, USA) was used. Also, the quality and concentration of total RNA extracted were determined by NanoDrop (NanoDrop 2000, 
Thermo Fisher Scientific, USA). Then cDNA was synthesized from the RNA, according to the miScript II RT kit instruction (Qiagen, 
USA). Poly-A method was adopted for DNA synthesis. In this method, the poly Adenine sequence is added to all the RNAs in the sample, 
and then cDNA is synthesized from the polyadenylated RNAs. The synthesized cDNAs were stored at minus 20 ◦C until further testing.

2.7. Evaluation of microRNA expression level by real time PCR

Real-time PCR was utilized to obtain the expression level of microRNAs. In this experiment, first, the synthesized cDNAs were 
diluted, and then, using specific primers, the samples were prepared for real-time PCR. Reaction components were comprised of SYBR 
Green Master Mix (Takara, Japan), two μl diluted cDNA, and specific primers miRNA-21, miRNA-218, miRNA-155, and miRNA-10b as 
well as water nuclease-free. Also, the U6 gene, a short-sequence RNA, was used as an internal control to normalize the results. 
Nucleotide sequence of forward primers miR-155-5p, miR-21-5p, miR-218-5p, miR-10b-5p and U6 were, respectively,5′- TTAATGC-
TAATCGTGATAGGGGTTAA-3′,5′-GCAGTAGCTTATCAGACTGATGT-3′,5′-GGGTTGTGCTTGATCTAACCAT-3′,5′-GTGTTTAAGCCAA-
GATGTCCCAT-3′ and 5′-CGCAAGGATGACACGCAAATTC-3′. Conversely, the sequence of the common reverse primer that hybridizes 
to the oligo-dT adapter was 5′-GCGAGCACAGAATTAATACGAC-3’.

After combining the reaction components, the expression of genes was investigated using the desired temperature program. Finally, 
the Applied Biosystems Step One TM (Life technologies, Waltham, USA) and related software Step one V2.2.2 were used.

2.8. Statistic analysis

For statistical analysis between clinical factors, the normality of the data was first ensured followed by independent sample t-test. 
Mann-Whitney U test was also run due to abnormal distribution of WBC clinical factor data.

The relative expression of miRNA-21, miRNA-218, miRNA-155, and miRNA-10b in patients with COVID-19 and controls were 
determined using comparative CT. First, CT, the Number of cycles required to pass the fluorescent signal from the threshold, was 
determined by real-time PCR method, and then FOLD CHANGE was determined according to formula 2-ΔΔ Ct. After determining the 
intensity of abnormal data distribution, Mann-Whitney U non-parametric test was used. Graph-pad Prism software (version 8) was also 
used for statistical analysis.
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3. Results

3.1. Characteristics of purified exosomes from serum

The spherical structure and size of exosomes purified from the serum of patients with COVID-19 and the control group were 
confirmed by electron microscopy. The diameter of the exosomes was also determined using the DLS method. Particle Size Analyzer 
measurement results indicated that the isolated exosomes were uniform in size, represented by a single peak in the distribution plots. 
This experiment showed that 90 % of the exosomes purified from the serum of patients and the control group were 71.8 nm in 
diameter. Furthermore, flow cytometric analysis showed high percentages of CD63 and CD9. Scanning electron microscopy images of 
purified exosomes showed that the exosomes had a spherical structure and the diameter size of exosomes ranged from 55 to 98 nm. 
(Fig. 1). Also, the protein content (1 mg/ml) of exosomes isolated from patients’ serum was determined by BCA method.

3.2. Clinical information of patients

The study was performed on 30 patients with COVID-19, in which 80 % of the subjects were male, and 20 % were female. The mean 
age of the subjects was 54.5 years. The mean inflammatory factor C-reactive protein (CRP) in patients with COVID-19 was 59.20 mg/L, 
the lowest of which was 13.90 mg/L, and the highest was 96.00 mg/L. Also, the mean of another inflammatory factor Erythrocyte 
Sedimentation Rate (ESR) in patients was 59.97 mm/h with a maximum of 102.00 mm/h and a minimum of 13.00 mm/h. Blood 
oxygen saturation in COVID-19 patients averaged 90.6 %. Demographic and clinical information of patients is also listed in Table 1.

Fig. 1. Characteristics of purified exosomes from serum. (A), DLS test report to check the diameter of the exosomes. (B), Exosomes were imaged and 
their spherical structure was confirmed by SEM. (c), Flow cytometric analysis of isolated exosomes for surface expression of CD63 and CD9 in the 
presence of unstained results.
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3.3. Comparison of clinical factors between different groups

In this study, we compared clinical factors including body temperature, oxygen saturation, white blood cell count, CRP, and ESR in 
the two age groups below the mean age of (54.5) years and above. The statistical analysis results showed that factors including body 
temperature, oxygen saturation, WBC, CRP, ESR with P-value obtained from statistical analysis were (p = 0.7468), (p = 0.1127), (p =
0.3927), (p = 0.7414) and (p = 0.8035), respectively and none of the factors mentioned above were significantly different in the two 
age groups. We also compared body temperature, oxygen saturation, WBC, CRP, and ESR in the two groups with lower and higher 
blood pressure above (120/80), and the obtained P-values were (p = 0.9861), (p = 0.0865), (p = 0.1125), (p = 0.7190) and (p =
0.4995), respectively. These P-values indicated no significant difference in any of the factors in the two groups with different blood 
pressure. Three factors CRP, ESR, and WBC, in two groups with lower and higher oxygen saturation than the average oxygen saturation 
(90.6 %) were compared. The obtained P-values included (p = 0.5459), (p = 0.2312) and (p = 0.6404). The statistical analysis results 
demonstrated no significant differences in the factors in the two groups. In addition, regarding the difference between the two factors, 
CRP and ESR, measured in the two groups with a WBC count lower and higher than the mean (8.5*103μL), there was a significant 
difference between the two factors in two groups (p = 0.0442; p = 0.0382) (Fig. 2).

3.4. Relative expression of microRNAs in both patient and control groups

The results of the experiments showed that the relative expression of miRNA-21 in exosomes derived from patients with COVID-19 
significantly increased (p < 0.0001). Also, the relative expression of miRNA-218 significantly rose in exosomes derived from them (p <
0.0001). Similarly, the relative expression of miRNA-155 in exosomes derived from COVID-19 patients increased significantly (P <
0.0001). However, the increase in miRNA-155 expression changes was not as significant as the miRNA-218 and miRNA-21 expression 
changes.

The relative expression of miRNA-10b was significantly higher in the patient group (p < 0.01). However, the expression level rates 
was not as significant as the changes in the expression level of miRNA-21, miRNA-218, and miRNA-155 (Fig. 3).

3.5. Relative expression of microRNAs in low O2 saturation group and high O2 saturation group

The relative expression of microRNAs enclosed in exosomes was compared between the low O2 saturation group and high O2 
saturation groups to differentiate patients with moderate and mild conditions. The results indicated that the expression of miRNA-21, 

Table 1 
Demographic and clinical information of patient.

Code Age Gender Body 
temperature

Blood 
pressure

O2 

saturation
WBC 
(103/ 
μL)

Platelets 
(103/μL)

Lymphocyte 
count (103/μL)

Neutrophil 
count (103/μL)

CRP 
(mg/ 
L)

ESR 
(mm/ 
hr)

1 67 Man 37.6C 120/80 87 % 4 128 1.13 67.9 37 60
2 72 Man 36C 125/74 77 % 5.2 126 1.43 68.5 36 13
3 76 Man 37C 132/70 88 % 3.2 117 0.52 73.7 13.9 35
4 41 Man 36.6C 115/65 90 % 2.5 138 0.68 65.7 34 50
5 48 Man 36C 140/85 88 % 12.1 181 3.71 63.6 85 85
6 57 Man 37C 110/65 96 % 5.8 159 3.5 68.3 48.4 42
7 60 Female 37.5C 120/80 91 % 17.9 181 2.11 83.3 90 70
8 73 Female 37.5C 110/65 93 % 4.5 182 1.23 68.7 62 30
9 53 Man 38.5C 140/100 94 % 11.6 249 2.05 78 76 85
10 58 Man 37.5C 115/60 94 % 5.6 149 3.5 74.2 52.4 50
11 59 Man 36C 130/80 92 % 9.5 237 1.39 80.5 55 80
12 48 Man 37.4C 120/80 95 % 4.6 234 1.11 70.9 39 44
13 33 Man 37.5C 120/80 87 % 5.9 149 1.08 76.4 81 50
14 69 Female 36.8C 120/70 89 % 4.5 176 0.92 74.3 52.2 80
15 65 Man 36.5C 160/90 89 % 5.2 216 1.09 73.3 80 100
16 51 Man 37.5C 110/80 95 % 5.8 164 2.6 77 56.4 52
17 40 Man 37C 120/80 97 % 6.1 153 0.85 82.2 28 40
18 38 Man 35.5C 110/80 96 % 5.8 135 1.73 65.2 63 55
19 48 Man 35.8C 115/60 94 % 11.4 282 0.79 88.9 60 35
20 39 Female 36.4C 120/60 85 % 11.2 219 1.68 80.3 96 102
21 42 Man 36.5C 120/70 94 % 5.4 131 1.06 77.2 86 60
22 71 Man 37C 120/80 83 % 6.7 220 0.93 84.9 89 90
23 59 Man 37.5C 120/80 94 % 6.2 156 3.5 76.9 57.4 54
24 48 Man 37.2C 170/110 92 % 11.1 174 2.33 74.8 21 15
25 62 Female 38C 140/80 85 % 13.5 195 1.5 63.5 70 82
26 49 Female 37.8C 130/90 90 % 15.8 180 2.1 82.2 69 74
27 56 Man 37.5C 130/80 92 % 16.5 178 2.35 85.3 66 72
28 53 Man 38C 120/80 88 % 14.9 181 3.56 83 62 77
29 50 Man 37.5C 120/80 93 % 16.2 176 2.9 75.9 61 70
30 52 Man 37C 120/80 92 % 6.5 155 1.96 69.9 49.4 47
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miRNA-218, and miRNA-155 was significantly higher in the low O2 saturation group compared to the high O2 saturation group (P =
0.0074, P = 0.0036 and P = 0.04, respectively). However, the expression of miRNA-10b did not show a significant difference between 
these two groups (P = 0.067) (Fig. 4).

3.6. Correlation between each inflammatory marker (ESR, WBC, CRP) and each microRNA

The results indicate a correlation of ESR with miRNA-21, miRNA-218, miRNA-155, and miRNA-10b (r = 0.4731, P = 0.0083; r =
0.6431, P = 0.0001; r = 0.3844, P = 0.036; and r = 0.4884, P = 0.0062, respectively). However, the CRP marker did not show any 
correlation with any of the microRNAs, and the WBC marker was only correlated with miRNA-21 (r = 0.4077, P = 0.0253) (Fig. 5).

4. Discussion

This study aimed to evaluate the expression level of inflammatory microRNAs in the exosomes of patients with COVID-19. 
Recently, a correlation has been found between EMT and certain viral infectious diseases. SARS-CoV-2 has been found to trigger 

Fig. 2. Comparison of clinical factors including body temperature, oxygen saturation, white blood cell count, CRP, and ESR between different 
groups by Independent sample t-test and Mann-Whitney U non-parametric test. Clinical factors such as body temperature, oxygen saturation, WBC, 
CRP, and ESR in both (age) groups less and more than 54.5 years were compared and there was no significant difference between the two groups in 
any of the factors. Factors of body temperature, oxygen saturation, WBC, CRP, and ESR in the two groups with (blood pressure) less and more than 
120/80 were compared and there was no significant difference between the two groups in any of the factors. WBC, CRP, and ESR in two groups with 
(oxygen saturation) less and more than 90.6 % were compared and there was no significant difference between the two groups in any of the factors. 
CRP and ESR factors in two groups with less (WBC) and more than 8.5* (103 μL) was a significant difference.
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EMT in A549 cells that overexpress ACE2, as demonstrated in various studies [36,37]. Additionally, it has been observed that 
rhinovirus can interfere with adherens and tight junctions, resulting in heightened membrane permeability. This is believed to be a 
potential mechanism for rhinovirus-induced viremia and EMT [38,39].

The results of our study showed that the level of miRNA-21 expression in serum-derived exosomes had a significant rise. Previous 
research has shown that miRNA-21 as an extracellular microRNA or carried by exosomes can be considered a marker for inflammation 
[40,41]. Increased expression of this microRNA has also been observed in various cancers such as colon, ovarian, breast, and mela-
noma and inflammatory diseases such as colitis and osteoarthritis [42–45]. Besides, microRNA has been shown to augment the 
expression of pro-inflammatory cytokines such as IL 6, IL 1, TNF, and IL 8 [46,47]. Given that patients with COVID-19 develop 
cytokine secretion syndrome, it is likely that miRNA-21 will play a vital role in the pathogenesis of COVID-19. Recently, a study similar 
to our results reported an increase in the expression level of miRNA-21 in the serum of COVID-19 patients [48]. On the other hand, 
miRNA-21 plays an important role in the EMT phenomenon, which increases metastasis in cancer patients [24,49]. It is hypothesized 
that this miRNA may increase metastasis in patients with cancer and COVID-19. Moreover, there is a hypothesis that exosomes 
containing the miRNA-21 can cause pathogenic lesions in different places and even far from the exosome secretion site. Another study 
showed that higher expression of miRNA-21 increased TGFβ signaling, which led to fibrosis of target tissue [50]. As patients with 
COVID-19 develop lesions and fibrosis in their lungs, miRNA-21 is probably an essential component in developing these lesions in lung 
tissue (Fig. 6). Our results also showed a significant increase in the expression of miRNA-218 in the patient group compared to the 

Fig. 3. Relative expression of microRNAs, by Mann-Whitney U non-parametric test (A), the relative expression of miRNA-21 in the patient group 
was significantly higher than in the control group (P < 0.0001). (B), the relative expression of microRNA-218 in the patient group was significantly 
higher than in the control group (P < 0.0001). (C), the relative expression of microRNA-155 in the patient group was significantly higher than that 
in the control group (P < 0.0001). (D), the relative expression of microRNA-10b in the patient group was slightly higher than that in the control 
group (P < 0.01).

Fig. 4. Relative expression of microRNAs in low O2 saturation group and high O2 saturation group. (A), the relative expression of miRNA-21 in the 
low O2 saturation group was significantly higher than in the high O2 saturation group (P = 0.0074). (B), the relative expression of microRNA-218 in 
the low O2 saturation group was significantly higher than in the high O2 saturation group (P = 0.0036). (C), the relative expression of microRNA- 
155 in the low O2 saturation group was significantly higher than that in the high O2 saturation group (P = 0.04). (D), the relative expression of 
miRNA-10b was not significantly different between the two groups (P = 0.067).
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control group. miRNA-218 has been a major regulator in several types of malignancies, including gastric and colon cancers [51,52]. 
miRNA-218 has been shown to inhibit the production of IFN-I, a critical cytokine in the immune system against virus-infected cells, 
leading to the virus escaping immune system responses [53]. It is hypothesized that the SARS-COV2 virus may impair the immune 
response by increasing the expression of this microRNA in the cells, serum, or circulating exosomes of patients with COVID-19 On the 
other hand, a study has shown that inhibition of miRNA-218 reduces synovial inflammation in rats with knee osteoarthritis. In other 
words, miRNA-218, like miRNA-21, can play an inflammatory role [54], and possibly miRNA-218 could also induce pro-inflammatory 
cytokines in these patients.

We also measured the expression level of miRNA-155. Our results also showed that miRNA-155 expression was increased in serum- 
derived exosomes of patients with COVID-19. The role of miRNA-155 in the induction of pro-inflammatory cytokines in various 
diseases such as various cancers and ARDS has been proven [55–57]. There is a direct relationship between increased miRNA-155 
expression and the severity of ARDS. Inhibition of miRNA-155 has been revealed to reduce pneumonia in mice infected with the 
respiratory virus [58]. Higher expression of this microRNA in the serum of patients with COVID-19 is consistent with our results [48]. 
Also, increased expression of this microRNA has been reported in SARS-COV 2 virus-infected Calu-3 lung cell lines [59]. On the other 
hand, studies report the role of miRNA-155 in developing EMT in various cancers such as hepatocellular carcinoma [60,61]. In this 
regard, due to the transport of miRNA-155 by exosomes and their transfer to other cells, it is possible that this microRNA, like 
miRNA-21, can cause lesions and inflammation in other cells.

The miRNA-10b was another factor that we measured in serum-derived exosomes of patients with COVID-19, and our results 
showed a significant difference between the control and patient groups. miRNA-10b expression is increased in various sites such as 
glioblastoma, pancreas and breast [62]. It has also been shown that the expression of miRNA-10b in cancer patients and cytomega-
lovirus infections is increased by the LMP 1 protein, a viral protein CMV. In other words, this viral infection intensifies the expression of 
miRNA-10b [63] and these changes in microRNA expression were also identified in our study. The influential role of miRNA-10b in the 

Fig. 5. Correlation between each inflammatory marker (ESR, WBC, CRP) and each microRNA.

Fig. 6. A sketch of the role of exosomes containing microRNA in causing lesions elsewhere from the site of exosome formation. The secretion of 
exosomes containing microRNAs is involved in inflammatory processes and the EMT pathway from cells, as well as the development of lesions and 
pathogenic reactions elsewhere by the entry of these exosomes into other cells.
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EMT phenomenon in various cancers such as breast cancer has been proven. Higher expression of this microRNA in circulatory 
exosomes of patients with COVID-19 possibly activates invasive mechanisms and metastasis in patients with cancer and COVID-19 
[64]. In a recent study, Mimmi and her team discovered significant differences in the expression of certain microRNAs in patients 
with acute phase COVID-19. They found that exosomes expressing angiotensin-converting enzyme 2 (ExoACE2) exhibited upregu-
lation of let-7g-5p and hsa-miR-4454+miR-7975, while hsa-miR-208a-3p and has-miR-323-3p were downregulated compared to 
non-ExoACE2 samples. These findings shed light on potential biomarkers and therapeutic targets for COVID-19 [65]. It has been 
discovered that hsa-miR-4454 and miR-7975 are implicated in the invasion and migration of tumor cells. Given their elevated 
expression in exosomes derived from the plasma of COVID-19 patients, it is plausible to propose that these microRNAs, along with the 
microRNAs identified in this study, may contribute to the pathogenesis of COVID-19 and the EMT pathway [66–68].

Our empirical findings indicated that miRNA-21, miRNA-155, and miRNA-218 were significantly upregulated in individuals 
experiencing hypoxia (O2 saturation <90.6 %). This upregulation may imply a contributory function for these microRNAs in the 
pathophysiology of COVID-19, particularly via mechanisms related to the induction of inflammation and the exacerbation of hypoxic 
states. Furthermore, extant literature has demonstrated that hypoxic conditions can precipitate an augmented expression of these 
microRNAs [69–71]. Consequently, it is plausible to postulate that hypoxic conditions may enhance the expression of these micro-
RNAs, which could subsequently facilitate inflammatory responses.

Due to the critical role of miRNA-21, miRNA-218, and miRNA-155, and miRNA-10b in the pathogenesis of COVID-19 disease, they 
can be used as therapeutic targets in formulating the drug. Perhaps targeting these microRNAs can prevent the progression of COVID- 
19 disease to acute and systemic inflammation. The high expression level of the microRNAs mentioned above in the serum-derived 
exosomes of people with asymptomatic COVID-19 can also be considered a biomarker.

5. Conclusion

Based on the findings of this study, the expression levels of miRNA-21, miRNA- 218, miRNA-155, and miRNA-10b are higher in 
serum-derived exosomes of COVID-19 patients, which can be involved in the pathogenesis of this disease. These microRNAs activate 
other cell signaling pathways due to their transmission by exosomes and engage other parts of the body.
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[59] E. Wyler, K. Mösbauer, V. Franke, A. Diag, L.T. Gottula, R. Arsie, et al., Bulk and Single-Cell Gene Expression Profiling of SARS-CoV-2 Infected Human Cell Lines 
Identifies Molecular Targets for Therapeutic Intervention, BioRxiv, 2020.

[60] X. Kong, F. Liu, J. Gao, MiR-155 promotes epithelial-mesenchymal transition in hepatocellular carcinoma cells through the activation of PI3K/SGK3/β-catenin 
signaling pathways, Oncotarget 7 (40) (2016) 66051.

[61] F. Liu, X. Kong, L. Lv, J. Gao, TGF-β1 acts through miR-155 to down-regulate TP53INP1 in promoting epithelial–mesenchymal transition and cancer stem cell 
phenotypes, Cancer letters 359 (2) (2015) 288–298.

[62] A. Lund, miR-10 in development and cancer, Cell Death Differ. 17 (2) (2010) 209–214.
[63] G. Li, Z. Wu, Y. Peng, X. Liu, J. Lu, L. Wang, et al., MicroRNA-10b induced by Epstein-Barr virus-encoded latent membrane protein-1 promotes the metastasis of 

human nasopharyngeal carcinoma cells, Cancer letters 299 (1) (2010) 29–36.
[64] X. Han, S. Yan, Z. Weijie, W. Feng, W. Liuxing, L. Mengquan, F. Qingxia, Critical role of miR-10b in transforming growth factor-β1-induced 

epithelial–mesenchymal transition in breast cancer, Cancer Gene Ther. 21 (2) (2014) 60–67.
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