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Abstract 

Background  Pulmonary fibrosis is an emerging complication of SARS-CoV-2 infection. In this study, we speculate 
that patients with COVID-19 and idiopathic pulmonary fibrosis (IPF) may share aberrant expressed microRNAs (miR‑
NAs) associated to the progression of lung fibrosis.

Objective  To identify miRNAs presenting similar alteration in COVID-19 and IPF, and describe their impact on 
fibrogenesis.

Methods  A systematic review of the literature published between 2010 and January 2022 (PROSPERO, 
CRD42022341016) was conducted using the key words (COVID-19 OR SARS-CoV-2) AND (microRNA OR miRNA) or 
(idiopathic pulmonary fibrosis OR IPF) AND (microRNA OR miRNA) in Title/Abstract.

Results  Of the 1988 references considered, 70 original articles were appropriate for data extraction: 27 studies 
focused on miRNAs in COVID-19, and 43 on miRNAs in IPF. 34 miRNAs were overlapping in COVID-19 and IPF, 7 
miRNAs presenting an upregulation (miR-19a-3p, miR-200c-3p, miR-21-5p, miR-145-5p, miR-199a-5p, miR-23b and 
miR-424) and 9 miRNAs a downregulation (miR-17-5p, miR-20a-5p, miR-92a-3p, miR-141-3p, miR-16-5p, miR-142-5p, 
miR-486-5p, miR-708-3p and miR-150-5p).

Conclusion  Several studies reported elevated levels of profibrotic miRNAs in COVID-19 context. In addition, the bal‑
ance of antifibrotic miRNAs responsible of the modulation of fibrotic processes is impaired in COVID-19. This evidence 
suggests that the deregulation of fibrotic-related miRNAs participates in the development of fibrotic lesions in the 
lung of post-COVID-19 patients.

Keywords  COVID-19, Idiopathic pulmonary fibrosis, microRNA, Post-COVID-19 lung fibrosis

*Correspondence:
Makon‑Sébastien Njock
ms.njock@chuliege.be
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12931-023-02413-6&domain=pdf


Page 2 of 23Guiot et al. Respiratory Research          (2023) 24:112 

What is already known on this topic
An emerging complications of SARS-CoV-2 infection 
is pulmonary fibrosis. In this study, we speculate that 
patients with COVID-19 and idiopathic pulmonary fibro-
sis (IPF) may share aberrant expressed miRNAs associ-
ated to the progression of lung fibrosis.

What this study adds
This is the first review to identify miRNAs presenting 
similar alteration in COVID-19 and IPF. Interestingly, 
these miRNAs are key regulators of fibrosis processes. 
The deregulation of these fibrotic-related miRNAs may 
participate in the development of fibrotic lesions in the 
lung of post-COVID-19 patients.

How this study might affect research, practice 
or policy
The study of these miRNAs may help to decipher molec-
ular pathways involved in the development of lung fibro-
sis in post-COVID-19 patients.

Introduction
Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
has infected more than 523 million persons and caused 
over 6.3 million deaths worldwide until May 2022 [1]. 
SARS-CoV-2 primarily affects the lungs, inducing a 
range of clinical manifestations, from asymptomatic to 
severe form characterized by acute respiratory distress 
syndrome (ARDS) and some immune-mediated lung 
complications, that require intensive care treatment and 
mechanical ventilation and can ultimately result in res-
piratory failure and death [2–5].

An emerging complication of SARS-CoV-2 infection 
is pulmonary fibrosis [6–10]. A recent meta-analysis 
study by Hama Amin et al. shows that a significant por-
tion of recovered COVID-19 patients (44.9%) appear to 
have developed pulmonary fibrosis, which may persist 
over time [10]. The prevalence of post-COVID-19 fibro-
sis will become more apparent in time, but early analysis 
from patients with COVID-19 highlighted a high level of 
fibrotic lung function abnormalities [11–15]. In a recent 
study, McGroder et  al. found that among survivors of 
severe COVID-19, 20% of non-mechanically ventilated 
and 72% of mechanically ventilated patients had fibrotic-
like radiographic abnormalities 4 months after hospitali-
zation, which correlates with loss of lung function and 
cough [12, 16]. Similarly, Aul et al. reported that patients 
who had severe COVID-19 infection, particularly those 
who were intubated and who have persistent breathless-
ness are at risk of developing post-COVID-19 pulmo-
nary fibrosis [14]. In a recent study, they showed that 
up to 9.3% of post-COVID-19 patients with persistent 

respiratory symptoms present pulmonary fibrosis. In a 
multicentric observational study including 600 COVID-
19 cases with lung involvement, Patil et al. observed lung 
fibrosis in 13.66% of post-COVID-19 pneumonia patients 
[15].

Idiopathic pulmonary fibrosis (IPF) is the archetypal 
progressive fibrosing interstitial lung disease, of unknown 
etiology and cure which leads to rapid death (2–3 years 
after diagnosis) [17–21]. IPF is characterized by progres-
sive and irreversible destruction of the lung architecture 
caused by excessive extracellular matrix (ECM) deposi-
tion and remodeling, resulting in the formation of fibrotic 
scar that ultimately leads to organ destruction and death 
from respiratory failure [22, 23].microRNAs (miRNAs) 
are small noncoding RNA molecules (20–22 nucleotides) 
that post-transcriptionally modulate gene expression by 
blocking the translation or inducing degradation of tar-
get mRNAs [24–28]. Several studies reported the dys-
regulation of the levels of circulating miRNAs in lung 
diseases [29, 30]. Previously, we identified a unique sig-
nature of three sputum-derived miRNAs presenting an 
aberrant expression in IPF patients compared to healthy 
donors [29]. Besides their capacity as potential biomark-
ers of lung diseases, miRNAs are essential regulators of 
various cellular processes, including fibrosis [27, 31–33]. 
Several studies have shown that miRNAs also participate 
in SARS-CoV-2 infection and pathogenesis through dif-
ferent mechanisms [34, 35], such as: host cell miRNA 
expression interfering with SARS-CoV-2 cell entry [36, 
37]; SARS-CoV-2-derived RNA transcripts acting as 
competitive endogenous RNAs that may attenuate host 
cell miRNA expression [38–41]; and host cell miRNA 
expression modulating SARS-CoV-2 replication [38, 42–
44]. In addition, miRNAs have also been implicated in 
COVID-19 associated manifestations, including pulmo-
nary fibrosis [45].

Because a portion of post-COVID-19 patients devel-
ops pulmonary fibrosis, we speculate that COVID-19 and 
IPF patients share aberrant expressed miRNAs that may 
be implicated in lung fibrosis. Therefore, the objective of 
this systematic review was to identify miRNAs present-
ing similar alterations in COVID-19 and IPF, and to pre-
sent their impact on fibrogenesis.

Methods
Review question
The objective of this systematic review was to identify 
miRNAs presenting similar alterations in COVID-19 and 
IPF, and to present their impact on fibrogenesis.

Data sources and eligibility criteria
A systematic review of the literature was conducted 
to search for all articles reporting the deregulation of 
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circulating or cellular miRNAs related to COVID-19 
and IPF between 2010 and January 2022 according to 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines [46], with the 
relative flow diagram shown in Fig.  1. This study satis-
fied all the recommended items reported in the PRISMA 
2020 checklist available (Additional file  1: Fig. S1). The 
protocol of this synthesis of the current literature has 
been registered in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO) database 
(CRD42022341016). The systematic review was con-
ducted using a defined search strategy by two investiga-
tors (JG and MSN) using electronic databases (Pubmed, 
ScienceDirect, Scopus, EMBASE and Cochrane).

Inclusion/exclusion criteria
The databases were searched using the keywords 
(COVID-19 OR SARS-CoV-2) AND (microRNA OR 
miRNA) or (idiopathic pulmonary fibrosis OR IPF) AND 
(microRNA OR miRNA) in Title/Abstract. We consid-
ered all studies that reported circulating miRNAs in 
either COVID-19/SARS-CoV-2 and/or IPF in human 
samples. Studies that are excluded in our meta-analysis 
met the following criteria: (1) reviews, letters, corre-
spondence, expert opinion, and editorial; (2) animal or 
in vitro studies; (3) duplicate articles.

Data collection
Two independent reviewers (JG and MSN) performed 
the initial screening of study titles and abstracts, based 
on predefined inclusion and exclusion criteria, as men-
tioned above. After the selection of potential eligible 
papers using the title and the abstract, JG and MSN inde-
pendently retrieved the full-text articles to assess the 
final eligibility. A third reviewer (MH) resolved disagree-
ments. From a total of 1988 research articles that were 
obtained after an extensive database search, 70 original 
studies were selected for data extraction (Fig. 1).

Outcomes of interest and data extraction
After the selection of eligible papers, JG and MSN 
extracted the following information independently: name 
of the first author, year of publication, country of study, 
methodology (miRNA related and other relevant meth-
ods), sample source (biological material (patients’ sam-
ples and/or cell lines) and online databases), miRNAs 
analyzed, main results, and conclusions.

Results
The COVID-19 search identified 1188 articles and the IPF 
search 800 articles, for a total of 1988 articles. After the 
removal of 911 duplicates and 899 through the screening 
of titles and abstracts, we reviewed 178 full-text articles 
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Fig. 1  Flow diagram of the systematic research method for detecting matching miRNAs in COVID-19 and IPF
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for eligibility and subsequently excluded 108. In the end, 
this resulted in a total of 70 articles related to deregu-
lated miRNAs in COVID-19 and IPF: 27 studies focused 
on miRNAs in COVID-19, and 43 on miRNAs in IPF 
(Fig. 1).

Subsequent analysis revealed that 147 miRNAs were 
dysregulated in COVID-19 context (Additional file  2: 
Table S1), and 113 in IPF (Additional file 3: Table S2). A 
total of 34 miRNAs were overlapping in COVID-19 and 
IPF, 7 miRNAs presenting an upregulation in COVID-
19 and IPF (miR-19a-3p, miR-200c-3p, miR-21-5p, miR-
145-5p, miR-199a-5p, miR-23b, and miR-424) (Table 1), 
9 miRNAs presenting a downregulation (miR-17-5p, 
miR-20a-5p, miR-92a-3p, miR-141-3p, miR-16-5p, miR-
142-5p, miR-486-5p, miR-708-3p, and miR-150-5p) 
(Table 2), and 18 miRNAs presenting an opposite regula-
tion in COVID-19 and IPF (Table 3).

Overlapping miRNAs between COVID‑19 and IPF: 
upregulated miRNAs
MiR‑19a‑3p in COVID‑19 and IPF
M Fayyad-Kazan et  al. have shown that eight miRNAs 
were differentially expressed in the plasma of COVID-19 
patients versus healthy donors, among which miR-19a-3p 
being up-regulated whilst miR-17-5p being down-reg-
ulated in SARS-CoV-2-infected patients [47]. Similarly, 
Kadota et al. have shown that miR-19a-3p is upregulated 
in extracellular vesicles (EVs) derived from lung fibro-
blasts of IPF patients [48].

MiR‑200c‑3p in COVID‑19 and IPF
MiR-200c-3p expression is upregulated in saliva [49] and 
serum [50] of COVID-19 patients, as well as serum of IPF 
patients [51]. Controversial results have been observed 
in the lung of IPF patients, with decreased expression of 
miR-200c-3p [52, 53].

MiR‑21‑5p in COVID‑19 and IPF
The data collected on miR-21-5p demonstrate that its 
expression is upregulated in plasma [54] and serum 
[55] of COVID-19 patients, as well as in serum [51, 56, 
57], serum-derived EVs [58] and alveolar epithelial cells 
(AECs) [52] of IPF patients compared to healthy controls.

MiR‑145‑5p in COVID‑19 and IPF
MiR-145-5p is upregulated in COVID-19 patients [50, 
59], particularly in EVs derived from the blood of patients 
with COVID-19 [50]. Similarly, this miRNA is upregu-
lated in EVs generated in the IPF context [48]. Indeed, 
Kadota et al. found that lung fibroblast-derived EVs from 
IPF patients (n = 20) contain an elevated level of miR-
145-5p compared to controls without IPF (n = 26) [48].

MiR‑199a‑5p in COVID‑19 and IPF
MiR-199a-5p is upregulated in the blood of COVID-19 
[60] and IPF patients [51] compared to healthy donors. 
In addition, Lino Cardenas et  al. have shown that 
miR-199a-5p pulmonary expression was significantly 
increased in IPF patients [61].

MiR‑23b and miR‑424 in COVID‑19 and IPF
MiR-23b is upregulated in plasma of COVID-19 
patients [54] as well as in EVs derived from lung fibro-
blasts of IPF patients [48]. Similarly, the level of miR-
424 is high in EVs from serum of COVID-19 [50] and 
lung fibroblasts of IPF patients [48].

Overlapping miRNAs between COVID‑19 and IPF: 
downregulated miRNAs
MiR‑17–92 cluster members in COVID‑19 and IPF
M Fayyad-Kazan et  al. have shown that miR-17-5p 
is down-regulated in SARS-CoV-2-infected patients 
[47]. The modulation of miR-17-5p in COVID-19 con-
text was confirmed in another study by Demiray et  al. 
Indeed, they highlighted the decrease of miR-17-5p in 
the serum of COVID-19 patients compared to healthy 
donors [62]. Similarly, miR-17-5p is downregulated in 
lung fibroblasts of IPF patients [63].

In addition, two other members of miR-17–92 clus-
ter, miR-20a-5p and miR-92a-3p, are downregulated in 
both COVID-19 [60, 64] and IPF patients [63, 65].

miR‑141‑3p in COVID‑19 and IPF
miR-141-3p is a member of the miR-200 family that 
has been associated with the regulation of the epithe-
lial-mesenchymal transition (EMT) phenotype [66]. 
This miRNA is downregulated in COVID-19 periph-
eral blood mononuclear cells (PBMCs) [67] and IPF 
patients’ lungs [68, 69].

miR‑16‑5p in COVID‑19 and IPF
miR-16-5p is downregulated in these two diseases [60, 
70]. In a recent study, Gonzalo-Calvo et  al. examined 
the plasma miRNA profile of hospitalized COVID-19 
patients (n = 36) and identified several miRNAs dys-
regulated in ICU patients compared to ward patients 
(n = 43), among which miR-16-5p (downregulated) 
[60]. Lacedonia et  al. also reported a reduction of the 
levels of miR-16-5p in the serum of a group of IPF 
patients (n = 61) compared to healthy controls (n = 15) 
[70].

miR‑142‑5p in COVID‑19 and IPF
A study comparing patients affected by COVID-19 
(n = 6) to healthy volunteers (n = 6) reported that the 
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level of miR-142-5p being down-regulated [47]. In 
another study by Li et  al. [64], whole-transcriptomic 
sequencing of blood samples from COVID-19 patients 
(n = 10) and healthy donors (n = 4) enabled to identi-
fied 23 differentially expressed miRNAs, among which 
an upregulation of miR-142-5p. In the IPF context, sev-
eral studies reported a reduced level of miR-142-5p in 
serum [56] and lung tissues [69] of IPF patients com-
pared to healthy controls.

miR‑486‑5p in COVID‑19 and IPF
In the COVID-19 context, D de Gonzalo-Calvo et  al. 
identified a signature of three miRNAs, among which 
miR-486-5p, that distinguishes between ICU and ward 
patients [60]. Similarly, miR-486-5p expression was 
decreased in serum samples from patients with silicosis, 
as well as the lung tissues of patients with either silicosis 
or IPF, compared with healthy donors [71].

MiR‑708‑3p in COVID‑19 and IPF
miR-708-3p is downregulated in the PBMCs of COVID-
19 [67] and IPF patients [63, 72] compared to healthy 
controls. In a recent study, Chen et  al. have shown that 
the expression level of miR-708-3p is reduced between 
COVID-19 patients with mild and serious symptoms, 
and between COVID-19 patients and healthy controls 
[67]. Another study by Liu et al. showed that miR-708-3p 
expression was lower in the PBMCs of the patients with 
IPF than in those of the normal individuals [72].

MiR‑150‑5p in COVID‑19 and IPF
MiR-150-5p is downregulated in the plasma of COVID-
19 patients. Indeed, a study by D de Gonzalo-Calvo 
et  al. reported a decrease of the level of miR-150-5p in 
critically ill COVID-19 patients [60]. Similarly, there is a 
reduction of the expression of miR-150-5p in the PBMCs 
of IPF patients according to disease severity [73].

Overlapping miRNAs between COVID‑19 and IPF: miRNAs 
with opposite regulation
Several other overlapping miRNAs are of potential inter-
est, but they present an opposite regulation in COVID-
19 and IPF context (Table 3). Indeed, opposite regulation 
have been reported for miR-15a-5p [47, 50, 74], miR-
31-5p [73, 75], miR-29c-3p [54, 76], miR-195-5p [69, 
75], miR-27b-3p [60, 69], miR-15b-5p [74, 77] and miR-
190a-5p [62, 63]: both are upregulated in COVID-19 
and downregulated in IPF. For example, miR-15a-5p 
and miR-15b-5p are upregulated in blood of COVID-19 
patients [47, 77], as well as in EVs derived from serum of 
COVID-19 patients for miR-15a-5p [50]. In contrast, the 
levels of these two miRNAs are decreased in the lung of 
IPF patients compared to healthy controls [74].

On the other hand, miR-142-3p [29, 33, 67, 77], miR-
93-5p [62, 63], miR-96-5p [64, 78], miR-144-3p [64, 73], 
miR-34b [62, 79], miR-34c [67, 79], miR-192-5p [29, 
67], and miR-1275 [73, 75] present a downregulation in 
COVID-19 and an upregulation in IPF (Table  3). Two 
studies reported a downregulation of miR-142-3p in 
blood [77] and PBMCs [67] of COVID-19 patients com-
pared to controls, whereas two others showed an upregu-
lation of miR-142-3p in exosomes derived from sputum 
[29] and plasma [33] of IPF patients compared to healthy 
controls. Njock et  al. characterized for the first time 
the miRNA content of exosomes from the sputum of 
patients with IPF (n = 16) compared to healthy controls 
(n = 14) and identified a unique signature of three altered 
miRNAs: miR-142-3p, miR-33a-5p and let-7d-5p [29]. 
Interestingly, they found a negative correlation between 
miR-142-3p and diffusing capacity of the lungs for car-
bon monoxide/alveolar volume.

Other miRNAs present a controversial regulation in 
COVID-19 (Table 3). Two studies reported the upregula-
tion of miR-29a-3p in the plasma [54] and PBMCs [80] 
of COVID-19 patients compared to healthy subjects, 
whereas two others reported its downregulation in the 
plasma [81] and serum [82] of COVID-19 patients. In IPF 
context, a study by Tsitoura et al. reported the reduction 
of the level of miR-29a-3p in BAL cells [83].

Discussion
It is well established that miRNAs are essential regu-
lators of pulmonary fibrosis, by targeting several pro-
cesses including ECM deposition and EMT. The miRNA 
balance which participates in the maintenance of 
physiological state in the lung is disrupted during IPF, 
participating in the progression of pulmonary fibrosis 
[84]. Similarly, we hypothesize that the miRNAs dysregu-
lated in COVID-19 participate in the apparition of lung 
fibrogenesis by inducing collagen deposition and myofi-
broblast transformation. For this, we identified miRNAs 
similarly expressed in COVID-19 and IPF (Tables 1 and 
2), and reported their implication in the pathogenesis of 
IPF (Fig. 2).

Upregulated miRNAs during COVID‑19: impact on fibrotic 
processes
The miR-200 family consisting of 5 members (miR-
200a, miR-200b, miR-200c-3p, miR-141-3p and 
miR-429) has been shown to play crucial roles in the 
regulation of pulmonary fibrosis and is potentially 
important for the diagnosis and treatment of IPF [53]. 
Two members of the miR-200 family are dysregulated 
similarly in COVID-19 and IPF: miR-200c-3p (upregu-
lated) and miR-141-3p (downregulated). Yang et  al. 
have shown that miR-200 family members can reverse 
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the fibrogenic activity of pulmonary fibroblasts from 
both bleomycin-treated mice and IPF patients [53]. 
Indeed, they have demonstrated that the introduc-
tion of miR-200c-3p diminishes bleomycin-induced 
pulmonary fibrosis in mice, suggesting that restoring 
miR-200c-3p may be a novel approach for treating lung 
fibrosis. In addition, the miR-200 family is also able to 
regulate the progression of pulmonary fibrosis by sup-
pressing EMT of alveolar epithelial cells (AECs) [85].

Several studies demonstrated the profibrotic impact 
of miR-21-5p. Previously, Liu et  al. have found an 
upregulation of miR-21-5p in the lungs of mice with 
bleomycin-induced fibrosis and also in the lungs of 
patients with IPF, primarily localized in myofibroblasts 
[86]. The overexpression of miR-21-5p in pulmonary 
fibroblasts increased the expression of profibrotic 
markers, such as fibronectin (FN) and α-smooth mus-
cle actin (α-SMA) [86]. The authors have demonstrated 
that miR-21-5p induces fibrosis by interfering with 
SMAD7, a modulator of fibrotic pathway. MiR-21-5p 
inhibition suppressed morphological markers of pul-
monary fibrosis in a mouse model of IPF and inversely 
regulates TGF-β1-induced ECM protein expression in 
human pulmonary fibroblast cell lines [87]. Another 
study by Yamada et al. has shown that miR-21-5p also 
facilitates EMT, one of the major processes underlying 
the dissemination of fibrotic injury [52].

Studies focusing on the functional properties of 
miR-145-5p in IPF context have been performed and 
highlighted its profibrotic property. Indeed, the over-
expression of miR-145-5p in lung fibroblasts increased 
SMA-α expression, enhanced contractility, and pro-
moted the formation of focal and fibrillar adhesions, 
and the depletion of miR-145-5p is protective against 
bleomycin-induced lung fibrosis [88]. It has been 

shown that miR-145-5p is also implicated in the induc-
tion of EMT process [89].

Lino Cardenas et  al. have shown that miR-199a-5p 
pulmonary expression was significantly increased in IPF 
patients, and demonstrated that this miRNA behaves 
as a major mediator of lung fibrosis by promoting the 
pathogenic activation of pulmonary fibroblasts includ-
ing proliferation, migration, invasion, and differentiation 
into myofibroblasts [61]. It has been shown that miR-
199a-5p is also increased during liver fibrosis and that 
miR-199a-5p plays a role in hepatic stellate cell activa-
tion, promoting α-SMA production and fibrosis progres-
sion [90].

Kadota et  al. highlighted that the expression of miR-
23b and miR-424 are elevated in EVs derived from IPF 
lung fibroblasts compared to that in healthy controls [48]. 
These EVs are able to induce epithelial-cell senescence 
by targeting SIRT3, indeed acting as paracrine mediator 
in IPF pathogenesis. In addition, miR-424 induces the 
myofibroblast differentiation during EMT by potentiat-
ing the TGF-β signaling pathway [91, 92].

Downregulated miRNAs during COVID‑19: impact 
on fibrotic processes
The polycistronic miR-17–92 cluster encodes six indi-
vidual miRNAs: miR-17-5p, miR-18a-5p, miR-19a-3p, 
miR-19b-3p, miR-20a-5p and miR-92a-3p [93, 94]. Inter-
estingly, three of them are downregulated in COVID-
19 and IPF: miR-17-5p, miR-20a-5p, and miR-92a-3p 
(Table  2). Dakhlallah et  al. have reported the reduction 
of miR-17∼92 cluster expression in lung tissue from IPF 
patients, and its re-expression leads to reduced fibrotic 
gene expression in vitro and in vivo [95]. In addition, sev-
eral studies have shown that miR-17∼92 cluster members 
modulate the expression of matrix metalloproteinases 

34 OVERLAPPING MIRNAs

113 miRNAs 79 miRNAs

COVID-19 IPF

↑↑ miR-21-5p
↑↑ miR-145-5p

PROFIBROTIC MIRNAs

↓↓ miR-17-5p
↓↓ miR-20a-5p
↓↓ miR-92a-3p 
↓↓ miR-141-3p 

ANTIFIBROTIC MIRNAs

Extracellular matrix deposition 
Epithelial-mesenchymal transition

      LUNG FIBROSIS
in post-COVID-19 patients 

↓↓ miR-16-5p 
↓↓ miR-142-5p
↓↓ miR-486-5p
↓↓ miR-708-3p

↑↑ miR-199a-5p
↑↑ miR-23b
↑↑ miR-424

miR-17-5p
miR-20a-5p
miR-92a-3p 
miR-141-3p 

miR-16-5p 
miR-142-5p
miR-486-5p
miR-708-3p
miR-150-5p

9 miRNAs ↓↓
miR-19a-3p
miR-200c-3p
miR-21-5p
miR-145-5p

miR-199a-5p
miR-23b
miR-424

7 miRNAs ↑↑

18 miRNAs ↔↔
Fig. 2  Overlapping of dysregulated miRNAs in COVID-19 and IPF: impact in the development of fibrotic lesions in the lung of post-COVID-19 
patients
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implicated in IPF [96–98]. All these studies clearly dem-
onstrated that the deregulation of miR-17∼92 cluster 
members are implicated in IPF development, and may 
participate in the progression of pulmonary fibrosis 
observed in post-COVID patients.

MiR-141-3p is a member of the miR-200 family that 
has been associated with the regulation of EMT pheno-
type [66]. A study by Huang et al. has shown that upregu-
lation of miR-141-3p in tubular epithelial hindered EMT 
by enhancing E-cadherin and decreasing vimentin and 
fibroblast-specific protein 1 expression [99]. In another 
study, Qian et al. have shown that miR-141-3p inhibited 
EMT by targeting Zinc-finger E-box binding homeobox 1 
(ZEB1) [68]. The decrease of miR-141-3p observed in 
COVID-19 patients could participate in the development 
of fibrotic lesions in the lung.

MiR-16-5p plays an important role in the regulation 
of EMT [100, 101]. The loss of expression of miR-16-5p 
observed during transdifferentiation of hepatic stellate 
cells (HSC) is correlated to the myofibroblast-specific 
phenotype [102]. The upregulation of miR-16-5p abro-
gates characteristic functions of myofibroblasts, including 
collagen and α-SMA expression, reversing myofibroblast 
phenotype to HSC-like cells [103, 104]. Interestingly, The 
overexpression of miR-16-5p in exosomes significantly 
suppressed the enhancing effects of TGF-β1 on prolif-
eration, migration, and collagen (COL1A1) expression of 
fibroblasts, and attenuated bleomycin-induced skin fibro-
sis [105]. In an elegant study, Inomata et al. reported the 
antifibrotic properties of miR-16-5p and demonstrated 
that these effects occur via the mTORC2 pathway [101].
miR-142-5p plays a pivotal role in tissue fibrogenesis, by 
regulating the switch of macrophage to profibrotic M2 
phenotype. Indeed, the inhibition of miR-142-5p in vivo 
reduces bleomycin-induced lung fibrosis by modulating 
the polarization of macrophages to M2 phenotype and 
subsequent profibrotic activation [106].

MiR-486-5p and miR-708-3p also present antifibrotic 
properties. A study by Ji et al. revealed that the overex-
pression of miR-486-5p significantly decreased both the 
distribution and severity of lung lesions in silica-induced 
mouse model of pulmonary fibrosis compared to con-
trol group [71]. Another study by Liu et al. showed that 
the level of miR-708-3p decreased during fibrosis and 
inversely correlated with IPF [72]. Therefore, the decrease 
of these miRNAs might represent a primary pathogenic 
mechanism underlying the development of lung fibrosis 
in post-COVID-19 patients.

Interestingly, several downregulated miRNAs in 
COVID-19 context, but not in IPF, also possess antifi-
brotic properties, such as miR-142-3p [33] or miR-34c 
[107]. Guiot et  al. have shown that the overexpres-
sion of miR-142-3p in alveolar epithelial cells and lung 

fibroblasts was able to reduce the expression of trans-
forming growth factor β receptor 1 (TGFβ-R1) and 
profibrotic genes [33]. Furthermore, exosomes isolated 
from macrophages present antifibrotic properties due 
in part to the repression of TGFβ-R1 by miR-142-3p 
transfer in target cells. Following this, overexpression 
of miR-142-3p represses the expression of profibrotic 
genes in cardiomyocytes [108] and hepatic stellate cells 
[109].

Limitations
The main limitation is the heterogeneity of the individual 
studies. The differences can be biological, experimental, 
or variations in technique. For example, the difference in 
techniques, tissues and biofluids (blood/saliva, lung cells/
exosomes), laboratory methods (RT-qPCR, sequenc-
ing) and various miRNA profiling platforms in selected 
studies. The effect of this limitation was reduced by col-
lecting the results of these heterogeneous studies, evalu-
ating their similarities and finding common differentially 
expressed miRNAs.

Conclusion
Several studies reported elevated levels of profibrotic miR-
NAs (miR-21-5p, miR-145-5p, miR-199a-5p, miR-23b and 
miR-424) in COVID-19 context. In addition, the balance 
of antifibrotic miRNAs responsible of the modulation of 
fibrotic processes (miR-17∼92 cluster members (miR-
17-5p, miR-20a-5p, miR-92a-3p), miR-141-3p, miR-16-5p, 
miR-142-5p, miR-486-5p, miR-708-3p) is completely bro-
ken in COVID-19 (Fig. 2). All these evidences suggest that 
the deregulation of fibrotic-related miRNAs (upregulation 
of profibrotic miRNAs and downregulation of antifibrotic 
miRNAs) may participate in the development of fibrotic 
lesions in the lung of post-COVID-19 patients.
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