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Abstract
Purpose of Review The study of microRNA in asthma has revealed a vibrant new level of gene regulation underlying asthma 
pathology. Several miRNAs have been shown to be important in asthma, influencing various biological mechanisms which 
lead to asthma pathology and symptoms. In addition, miRNAs have been proposed as biomarkers of asthma affection status, 
asthma severity, and asthma treatment response. We review all recent asthma-miRNA work, while also presenting compre-
hensive tables of all miRNA results related to asthma.
Recent Findings We here reviewed 63 recent studies published reporting asthma and miRNA research, and an additional 14 
reviews of the same. We summarized the information for both adult and childhood asthma, as well as research on miRNAs 
in asthma–COPD overlap syndrome (ACOs), and virus-induced asthma exacerbations.
Summary We attempted to present a comprehensive collection of recently published asthma-associated miRNAs as well as 
tables of all published asthma-related miRNA results.

Keywords miRNA · Asthma · Review

Introduction

Asthma is one of the most prevalent non-communicable 
diseases, and it has a significant influence on many people’s 
quality of life. It affects 23.4 million people in the USA 
alone (5–10% of the population), including 7 million chil-
dren [1]. It affects an estimated 300 million people world-
wide, with another 100 million predicted to be impacted by 
2025 [2]. The World Health Organization (WHO) estimates 
that 15 million disability-adjusted life-years are lost each 
year, with 250,000 asthma fatalities reported globally [3]. 
Asthma is the 16th greatest cause of years lived with disabil-
ity and the 28th leading source of disease burden, as defined 
by disability-adjusted life years, globally.

Asthma is a multifaceted condition with a complex etiol-
ogy involving interactions between genetic susceptibility, 
host factors, and environmental exposures. Environmen-
tal factors may involve exposure to air pollution, pollens, 

mold, aeroallergens, tobacco smoke, etc., while host factors 
include obesity, nutrition, infections, allergic sensitization, 
etc. Genetic factors include asthma susceptibility loci on 
genes or family history of asthma. Although the precise 
mechanisms of asthma are unknown, they may include 
airway inflammation, airway tone control, and airway 
responsiveness [4]. Asthma has been studied at multiple 
omics levels, encompassing genomes, metabolomics, epi-
genomics, and transcriptomics, and therefore is associated 
with complex cellular and genomic interactions [5, 6]. 
RNAs have traditionally been regarded to be molecules 
that solely encode genetic information for protein produc-
tion, while gene modulation and cell-signaling networks 
have been thought to be the key regulatory systems in 
cells. However, following relatively recent breakthroughs 
in non-coding RNAs, such as the discovery of microRNAs 
(miRNAs), this paradigm is evolving. miRNAs are 18–22 
nucleotides long and stop protein translation by interact-
ing with mRNA [7]. Each miRNA may affect hundreds 
to thousands of genes and, when taken in aggregate, may 
lead to a combinatorial increase in regulatory complex-
ity. Even though miRNAs were discovered about 30 years 
ago, their immense role in the immune system has only 
begun to be appreciated. miRNAs’ role has been deeply 
studied in several human diseases including cancer, skin 
conditions, and several lung disorders, including but not 
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limited to idiopathic pulmonary fibrosis (IPF), cystic fibro-
sis (CF), chronic obstructive pulmonary disease (COPD), 
asthma, and pulmonary illness [8, 9]. In asthma, miRNAs 
regulate multiple pro-inflammatory pathways as well as 
smooth muscle cell proliferation, driving airway hyper-
responsiveness and contributing to the disease’s develop-
ment [10–13].

In the year leading up to this review, 63 research arti-
cles on asthma and miRNAs were published, with another 
14 reviews. Here, we contribute to the previously remark-
able collection of work by summarizing the quite remark-
able body of work on the impact of miRNAs in asthma. Our 
purpose is to review the recent contributions to the field of 
miRNA in asthma; prior work has already been reviewed, 
and we refer the interested reader to other excellent reviews 
[10, 13–18, 19••, 20, 21, 22••, 23–25]. However, we have 
attempted to provide comprehensive treatment of the entire 
body of literature in our figures and tables, which we hope 
will be a useful reference for miRNA researchers doing work 
in asthma.

Asthma and miRNA

Asthma has a high degree of variability among patients, 
making it difficult to develop diagnostic and therapeutic 
tools. Chronic airway inflammation, mucus hyper-secretion, 
and bronchial hyper-responsiveness, as well as respiratory 
symptoms such as wheezing, shortness of breath, chest tight-
ness, and cough, are all hallmarks of asthma. Asthma can  
further be classified into distinct mechanistic pathways or 
endotypes based on variable clinical presentations or pheno-
types [26]. Using induced sputum or peripheral blood cytol-
ogy to phenotype and endotype asthma can help with treat-
ment responsiveness, identifying pathogenic pathways, and 
anticipating complications. Moreover, asthma shifts signifi-
cantly throughout the lifespan. Childhood asthma is charac-
terized by having a high general frequency, a male predomi-
nance prior to puberty, frequent remission, and rare fatality. 
Female preponderance, exceptional remission, and atypical 
mortality are all characteristics of adult asthma [27]. The  
longevity of asthma symptoms, medication use, lung func-
tion, low socioeconomic status, racial/ethnic minorities, and 
a neutrophilic phenotype have all been linked to the severity 
of childhood asthma. Increased IgE, elevated FeNO, eosino-
philia, obesity, smoking, and low socioeconomic status have  
all been linked to adult asthma severity [28]. Despite higher 
prebronchodilator FEV1/FVC, adult-onset illness is related 
to more respiratory symptoms and asthma medication use 
[28]. Adult-onset asthma is less quiescent and appears to 
be more stable than childhood-onset asthma, with more 
relapses and fewer remissions. These characteristics reflect 
the complexity of asthma and the various elements involved  
in its pathophysiology.

A layer of regulation by miRNA adds to the regulatory 
network governing genetics, epigenetics, protein synthesis, 
and immune response in asthma. miRNAs are short non-
coding RNAs that regulate gene expression by binding to 
target messenger RNAs and causing mRNA degradation 
or translational repression [29]. miRNAs can also regulate 
epigenetic DNA modifications, while also being influenced 
by epigenetic modifications [20, 30]. miRNAs play broadly 
different roles based on their location in the organism: (1) 
extracellular miRNAs are found inside extracellular vesi-
cles such as exosomes, macrovesicles, and apoptotic bodies, 
which may act as cell-to-cell or system-to-system messen-
gers, and (2) intracellular miRNAs, which govern protein 
production internal to a cell [31]. Intracellular miRNAs 
govern a variety of cellular pathways, and because their 
expression varies by tissue and disease, they have been 
widely exploited as prognostic and diagnostic biomarkers 
for a variety of disorders, including viral infections, cancer, 
cardiovascular disease, and allergic diseases [32, 33]. Extra-
cellular, or circulating miRNAs, have also been investigated 
as potential biomarkers as they are resistant to degradation 
and ubiquitination [34].

Childhood Asthma and miRNA

Allergic asthma may start as early as childhood, with up 
to 50% of adults reporting symptoms as children [35]. The 
composition of miRNAs in circulation and their potential 
as asthma biomarkers have been studied [17, 22••]. For 
instance, changes in miR-196a-2 expression and serum 
ANXA1 levels may play a role in asthma etiology. Further-
more, ANXA1 and miR-196a-2 could be used as diagnostic 
biomarkers for asthma and therapeutic targets in the future 
[36]. Wang et al. showed that deregulated miR-451a-ETS1 
axis is a unique molecular mechanism responsible for pedi-
atric asthma pathogenesis [37]. A study with CAMP data 
showed baseline FEV1/FVC and miR-221-5p were inde-
pendent predictors of asthma remission by early adulthood 
[38]. Another study revealed reduced expression of miR-
145-5p as a risk factor for early decline of long-term lung 
function growth leading to adult COPD in children with 
asthma and additionally increases airway smooth muscle cell 
proliferation [39]. A study showed that the aberrant expres-
sion of immune-related miRNAs (miR-146a and miR-106b) 
and inflammatory cytokines (IL-5 and IL-13) among asth-
matic children led to their probable role in asthma pathogen-
esis [40]. Cancer-related long non-coding RNAs (lncRNA) 
were negatively correlated with miR-33a and miR-495 and 
positively with inflammatory cytokines in asthmatic chil-
dren [41]. Another study on lncRNA showed that a lncRNA, 
RMRP, plays a pro-inflammatory and pro-fibrotic effect in 
pediatric asthma through targeting the miR-206/CCL2 axis 
[42]. Tiwari et al. investigated the association of circulating 
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miRNAs from asthmatic children with seasonal variation in 
allergic inflammation and asthma symptoms and found that 
miR-328-3p and let-7d-3p expression varies seasonally and 
are significantly associated with seasonal asthma symptoms 
and seasonal allergies where let-7d-3p plays a potentially 
protective role and miR-328-3p has a deleterious role in 
asthmatic children sensitized to mulberry [43]. miR-15a is 
expressed during human lung development, is influenced 
by intrauterine smoke exposure, regulates the intrauterine 
expression of asthma genes, and is associated to asthma 
severity [44]. A study showed that baicalin regulates the 
onset of asthma in children by up-regulating miR-103 and 
modulating the TLR4/NF-B pathway [45]. After demonstrat-
ing that many miRNAs are altered in asthma, more research 
is needed to mechanistically characterize their role(s) in 
childhood asthma etiology (Table 1, Fig. 1).

Adult Asthma and miRNA

Numerous miRNAs have also been detected in adult asthma 
studies, which may help in better understanding the disease. 
One of the studies on RNA samples from eosinophils of 
individuals with atopic dermatitis, atopy, allergic rhinitis, 
and asthma identified 18 miRNAs (miR-1276, miR-29B2, 
miR-3175, miR-33B, miR-4308, miR-4523, miR-4673, miR-
4785, miR-590, miR-638, miR-614, miR-142, miR-3064, 
miR-4434, miR-1304, miR-2355, miR-26A2, and miR-645) 
differentially expressed in eosinophil samples in cases of 
atopic dermatitis or asthma, or according to PC20 or IgE 
levels, compared to healthy samples [11]. According to a 
meta-analysis, the miR-499 rs3746444 (T > C) polymor-
phism is associated to asthma susceptibility, while the miR-
146a rs2910164 (G > C) polymorphism is protective against 
asthma susceptibility [46]. A study found that c-kit + cells 
reduce asthma-related pathologies, likely through modulat-
ing miR-126 and miR-133 production [47]. miR-139 can 
decrease the inflammatory response of Th2 cells by down-
regulating the Notch pathway and encouraging bone mar-
row-derived mesenchymal stem cells into asthmatic lung 
tissues [48] (Table 2).

Circulating and Exosome‑Derived miRNAs

Even outside of the airways, miRNAs have showed prom-
ise as asthma predictors. Several studies with plasma sam-
ples of asthmatic patients have been undertaken to identify 
dysregulated miRNAs. A study identified miR-19b-3p and 
miR-320c significantly dysregulated in moderate asthmatic 
patients in comparison with control group and showed a 
positive correlation between the expression level of miR-
320c and IL-4 levels [49]. Under the influence of vitamin D 
treatment, a plasma circulating miRNA, miR-574-5p, was 
discovered to be related with and predictive of asthma [50]. 

It has been reported that plasma circulating miR-223 and 
miR-21 had a diagnosis estimation probability of 83 and 
76% in moderate asthmatic patients, respectively, and could 
be employed as biomarkers or for targeted immunotherapies 
in asthma [51]. It has been shown that plasma miR-206, 
IL-4, IL-13, and INF-γ has potential significance for prog-
nosis of asthma-induced pulmonary arterial hypertension 
[52]. It is intriguing to suggest that plasma miR-122-5p can 
differentiate different subtypes of asthma, such as neutro-
philic versus eosinophilic asthma, given its IPA-predicted 
role in lymphocyte differentiation and function [53]. Plasma 
miR-206, IL-4, IL-13, and INF-γ have been found to have 
potential prognostic value in asthma-induced pulmonary 
arterial hypertension [52].

Recently, miRNAs were utilized to identify asthma 
subgroups in serum; investigations reported that miR‐
28‐3p, miR‐16‐2‐3p, miR‐210‐3p, miR-185, miR-125b, 
miR-338-3p, and miR-125b were associated with severe 
asthma [54–56]. Another study found that miR-3934 lev-
els in PBMCs and serum can distinguish asthma patients 
from controls, particularly severe asthma patients, and that 
miR-3934 levels in PBMCs were negatively correlated with 
serum levels of IL-6, IL-8, and IL-33 in asthma patients, 
respectively [57]. Several biomarker studies have been 
undertaken to identify extracellular vesicle-derived miRNAs 
from bronchoalveolar lavage (BAL) as well as cell-specific 
miRNAs that are dysregulated in asthma. By comparing 
serum expression levels in asthmatic patients to those in 
healthy controls and associating their levels with serum 
IL-4, one study found that miR-21 and miR-155 are prom-
ising non-invasive biomarkers in the diagnosis of eosino-
philic asthma and its response to therapy [58]. Another 
study identified miR-1246, miR-5100, and miR-338-3p as 
biomarkers for predicting the response to the biological drug 
benralizumab [59]. One study evaluated the effect of aging 
on serum miRNA expression in asthmatics and found that 
serum miRNA (miR-146a, miR-126a, miR-106a, and miR-
19b) expression correlates with clinical characteristics of 
asthma and systemic inflammation in an age-dependent man-
ner, implying that miRNA may contribute to asthma patho-
genesis differently in elderly and non-elderly patients [60].

Recent in-depth investigations have revealed possible links 
between miRNA gene targets and asthma pathology, imply-
ing that numerous signaling systems could be involved. It is 
reported that miR-20a-5p targets ATG7-regulated cell death, 
fibrosis, and inflammation in an ovalbumin (OVA)–induced 
mouse model of allergic asthma [61]. Another study found 
that the miR-106b-5p/E2F1/SIX1 signaling pathway could be 
used to develop asthma therapies [62]. It has been reported 
that borneol reduces asthma symptoms by inhibiting  CD4+ 
T-cell proliferation by down-regulating miR-26a and miR-
142-3p [63]. In asthma, up-regulation of miR-92a in the 
serum leads to the blocking of goblet cell metaplasia by 
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targeting MUC5AC [64]. Still, there is a need to study more 
miRNA and its target genes for better understanding the 
asthma pathogenesis.

The exosome plays an important role in chronic asthma. 
The DDAH1/Wnt/-catenin signaling pathway enhances 
oxidative stress and inflammatory responses in asthmatic 
mice via miR-21 secreted by mast cell–derived extracellular 
vesicles [65]. miR-21-5p in macrophage-derived exosomes 
targets Smad7 in airway epithelial cells to promote epithelial 
mesenchymal transition [66]. Exosomes generated from M2 
macrophages carry miR-370, which slows asthma progres-
sion by inhibiting FGF1 production and the MAPK/STAT1 
signaling pathway [67].

Thus, circulating miRNAs have showed potential as non-
invasive biomarkers and asthma etiology predictors.

Asthmatic Airways and Airway Remodeling

Asthma has been associated to airway remodeling, which is 
a change in the fundamental architecture of the airway walls. 
These structural changes are characterized by epithelial gob-
let cell hyperplasia and metaplasia, an increase in bronchial 
smooth muscles and new blood vessels, and interstitial col-
lagen deposition that extends beyond the thickened lamina 
reticularis to involve the entire inner airway wall in proportion 
to disease severity [68]. Several studies were conducted to 
examine the expression and role of miRNA in airway remod-
eling. One of the studies showed a role for miR-620 in pro-
moting TGF-β1-induced proliferation of airway smooth mus-
cle cell through controlling PTEN/AKT signaling pathway 
[69]. The investigators reconstructed circular-RNA-miRNA-
mRNA regulatory network using miRNA and mRNA expres-
sion data of bronchial brushing samples from asthma patients 
and healthy patients. Downstream analysis identified the top 
10 epithelial RNAs: hsa_circ_0001585, hsa_circ_0078031, 
hsa_circ_0000552, miR-30a-3p, miR-30d-3p, KIT, CD69, 
ADRA2A, BPIFA1, and GGH, demonstrating the utility of the 
epithelial circRNA-miRNA-mRNA network in understanding 
the pathogenesis of asthma [70]. miR-21 dysregulation in the 
circulation and airways has been widely observed in allergic 
asthma and extensively investigated in humans and mice [71, 
72]. According to studies, in an ovalbumin-induced allergic 
asthma mice model, miR-21 inhibition suppresses alveolar 
M2 macrophages [71], and in human bronchial smooth mus-
cle cells, the miR-21-transforming growth factor 1-Smad7 
axis controls the pathogenesis of ovalbumin-induced chronic 
asthma [72]. According to a study, TUG1 reinforces HMGB1 
expression by sequestering miR-181b, which activates the 
NF-B signaling pathway and promotes airway remodeling in 
asthmatic mice [73]. An in vitro investigation showed that 
miR-30b-5p targets phosphatase and tensin homolog deleted 
on chromosome ten (PTEN) and stimulates the proliferation 
and migration of human airway smooth muscle cells triggered Ta
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e 
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by platelet-derived growth factor [74]. According to a study, 
reduced A-to-I editing of miR-200b-3p position 5 in lower air-
way cells from moderate-to-severe asthmatic individuals may 
lead to overexpression of SOCS1 and defective cytokine sign-
aling [75]. Interlukin-13-dependent RhoA protein expression 
is negatively controlled by miR-140-3p in ASMs, according 
to a study, and the RhoA/Rho-kinase pathway has been sug-
gested as a new target for the therapy of AHR in asthma [76, 
77]. miR-149 inhibits TGF-1-induced airway smooth muscle 
cell proliferation and migration via targeting TRPM7 and 
altering the downstream MAPK signal pathway [78]. miR-
135a reduces asthmatic mice’s airway inflammatory response 
through modulating the JAK/STAT signaling pathway [79]. 
Pulmonary macrophage polarization and asthma airway 
remodeling are regulated by miR-142-5p and miR-130a-3p 
[80]. By regulating the transforming growth factor-Smad7 
pathway, miR-21 inhibition reduces airway inflammation 
and remodeling [72]. In nicotine-induced airway remodeling, 
miR-98 suppresses nerve growth factor expression [81].

PRMT1 was found to be a coactivator for STAT1 or 
RUNX1, which is required for the transcription of pri-let-
7i and pri-miR-423 in epithelial cells and could be linked 

to asthmatic epithelial dysfunction [82]. By targeting miR-
143-3p via HMGB1, OIP5AS1 increased Der p1-induced 
inflammation and apoptosis in BEAS2B cells [83]. TNF 
receptor-associated factor 6 is targeted by miR-146a-5p, 
which reduces the inflammatory response and damage of 
airway epithelial cells [84]. The CD39–extracellular ATP 
axis, which represents a potentially unique therapeutic target 
in type 2–high asthma, is targeted by epithelial miR-206, 
which up-regulates airway IL-25 and TSLP expression [85]. 
A study discovered that miR-141-3p governs pathological 
airway mucus production, and in T2-high asthma, miR-
141-3p and/or its mRNA targets could be useful therapeutic 
targets [86]. Airway smooth muscle cell (ASMC) regulation 
is strongly influenced by epigenetic processes. By modu-
lating miR-149, the lncRNA PVT1 exacerbates asthmatic 
inflammation and cell-barrier damage [87]. The PVT1-miR-
15a-5p/miR-29c-3p-PI3K-Akt-mTOR lncRNA axis has been 
associated with the development of ozone-induced asthma 
by stimulating ASMC proliferation and a Th1/Th2 imbal-
ance [88]. Furthermore, another study showed that lncRNA 
TUG1 facilitates Th2 cell differentiation on macrophages 
by targeting the miR-29c/B7-H3 axis [89]. The increase of 

Fig. 1  Illustrating miRNAs and 
their target genes associated 
with childhood asthma
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CD38 protein in ASMC of asthmatic patients may be caused 
by the down-regulation of miR-140-3p produced by IL-13 
[76]. Another study found that the miR-375/Krüppel-like 
factor 4 (KLF4) axis contributes to IL-13-induced inflam-
matory cytokine and mucus production in nasal epithelial 
cells (NECs) via circARRDC3 [90] (Table 3).

Together, emerging data indicate that the miRNAs play 
a crucial role in asthmatic airways and airway remodeling, 
performing an integral role in post-transcriptional regula-
tion within the complex biological network (Tables 2 and 
3; Fig. 2).

Asthma–COPD Overlap Syndrome

Recently, several studies were conducted to identify miR-
NAs as biomarkers for distinguishing patients with ACOS 
(asthma–COPD overlap syndrome) from patients with 
COPD or asthma. Hirai et al. proposed miR-15b-5p as a 
potential marker for identifying patients with ACOS. When 
miR-15b-5p, serum periostin, and YKL-40 were combined, 
it can improve diagnosis accuracy for ACOS (AUROC, 0.80) 
[91]. Another study depicted free-circulating miR-19b-3p, 
miR-125b-5p, and miR-320c in the blood plasma as three 
potential biomarkers for the diagnosis of COPD, bronchial 
asthma, and ACOS [92]. The collected literature reflects 
potential use of miRNAs as a tool for distinguishing these 
three very similar diseases: COPD, asthma, and ACOS.

miRNA and Virus‑Induced Exacerbations in Asthma

Human respiratory virus (RV), human respiratory syncytial 
virus (RSV), and influenza viruses are all common viruses 
that attack the respiratory system. These viruses are known 
to induce illness and exacerbations in asthmatics [93]. The 
study found that suppressing STIM1 alleviated influenza A 
virus (IAV)–induced lung epithelial cell inflammation by 
inactivating NLRP3 (NLR Family Pyrin Domain Containing 
3) and the inflammasome and increasing miR-223 expres-
sion. These findings may aid researchers to better under-
stand the mechanism of influenza A virus (IAV)–induced 
lung injury and aid in IAV infection treatment [94]. The 
induction of MUC5AC synthesis by reduced miR-34b/c-5p 
was partly mediated by activation of c-Jun in RSV-infected 
HBECs. These findings shed light on the mechanism of 
mucus obstruction following RSV infection and point to 
potential therapeutic targets for RSV infection and airway 
obstruction [95]. In vivo, miR-122 enhances RV-induced 
asthma by suppressing its target SOCS1 [96]. In addition, 
influenza virus induces miR-146a. By directly targeting the 
tumor necrosis factor receptor association factor 6 (TRAF6), 
infection and down-regulation of miR-146a have been dem-
onstrated to decrease influenza A virus multiplication by 
increasing IFN type 1 responses [97]. These findings point Ta
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to miRNA modulation of immune responses to respiratory 
viruses (Fig. 3), and it is tempting to believe that miRNAs 

that alter virus replication play a key role in asthma exacer-
bations caused by viruses (Table 4).

Fig. 2  Illustrating miRNAs and 
their target genes associated 
with adult asthma
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Fig. 3  miRNAs associated with 
virus-induced exacerbation in 
asthma
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Conclusion

It is difficult to accurately compare childhood and adult-
onset asthma due to existing gaps in the literature and we 
acknowledge this limitation. In addition, because some find-
ings are reported more in adults, this does not necessarily 
mean they are more prevalent, but rather a possible manifes-
tation of publication bias. In this review, we tried to group 
the miRNAs from recent publications broadly into adult and 
childhood asthma and further sub-categorized into exosome 
derived, plasma/serum, ACOs, and role of miRNA in virus-
induced exacerbations in asthma.
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