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ABSTRACT

MicroRNAs (miRNAs) are small non-coding RNA molecules that negatively regulate gene expression. They
actively participate in the modulation of important cell physiological processes and are involved in the
pathogenesis of lung diseases such as lung cancer, pulmonary fibrosis, asthma and chronic obstructive
pulmonary disease. A better understanding of the role that miRNAs play in these diseases could lead to the
development of new diagnostic and therapeutic tools. In this review, we discuss the role of some miRNAs
in different lung diseases as well as the possible future of these discoveries in clinical applications.

© 2012 SEPAR. Published by Elsevier Espaiia, S.L. All rights reserved.
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Rol de los microARN en las enfermedades pulmonares

RESUMEN

Los microARN (miRs) son pequefias moléculas de ARN no codificante capaces de regular negativamente la
expresion génica. Participan activamente en la modulacién de importantes procesos celulares fisiol6gicos
y estan involucrados en la patogenia de enfermedades pulmonares tales como el cancer de pulmén, la
fibrosis pulmonar, el asma y la enfermedad pulmonar obstructiva crénica. Un mayor conocimiento del
papel que los miRs desarrollan en estas patologias podria abrir las puertas a nuevas herramientas diag-
nésticas y terapéuticas. En esta revisién, repasamos el rol que algunos miRs desempefian en la patogenia
de ciertas enfermedades pulmonares, asi como la posible proyeccién de estos descubrimientos hacia la
aplicacién clinica.

© 2012 SEPAR. Publicado por Elsevier Espaiia, S.L. Todos los derechos reservados.

Introduction

different cell processes and mediators intervene before the dis-
ease becomes evident. In this respect, microRNAs (miRNAs) seem

In recent decades, proteomic and genomic analyses have
enabled us to better understand the pathogenesis of certain lung
diseases. Nevertheless, as the knowledge of their physiopathol-
ogy advances, the complexity of the system and the number of
“actors” involved seem to increase. After exposure to a noxa,
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to play an important role in the development and progression of
pulmonary pathologies.!-6

MiRNAs are a type of non-coding, evolutionally preserved,
small-sized RNA that are able to regulate genic expression by differ-
ent mechanisms.” Even though several years passed between the
discovery of the first miR (lin-4) in 1993 and the characterization
of the second member of the family, to date the number of miRNAs
described and the quantity of scientific publications about them
have grown exponentially.8 Close to 2000 human miRNAs have
been described (Sanger miRBase version 18) that are involved in
the control of important physiological processes and in the patho-
genesis of different diseases.>”?
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Fig. 1. Schematic representation of the different stages in the biogenesis of miRs and repression mechanisms of gene expression: mRNA degradation or inhibition of its
translation. Also shown are the possible secretions of miRs, as well as their interaction with non-coding, long-chain RNA.

Biogenesis and MicroRNA Function

MiRNAs can be located in the introns or exons of protein-
coding genes or in non-coding sectors of the genome. Once
activated, the transcription is carried out by RNA polymerase Il
or III, originating an RNA structure in the shape of a hairpin that
constitutes the primary transcript of the miR (pri-miR, Fig. 1).”
Within the nucleus, both ends of the pri-miR are cut by the
Drosha/DGCR8 complex, giving rise to the precursor of mature
miR (pre-miR), with an approximate size of 70-100 nucleotides.
This is actively transported to the cytoplasm through Exportin-
5, where it is processed by the Dicer/TRBP complex, originating
a double-chain RNA molecule that is 19-25 nucleotides long. One
of the chains constitutes the mature miR, while its complement
(called miR*)is generally degraded. Mature miR is incorporated into
the RNA-induced silencing complex (RISC), whose most important
complexes are the proteins of the Argonaut family.10

MiRNAs are fundamentally repressors of genic expression at
the posttranscriptional level, degrading messenger RNA (mRNA) or
inhibiting its protein translation.!’ Once miR is incorporated into
the RISC (miRISC), the complex is able to recognize the target mRNA

by means of the interaction between complementary regions of the
miR and mRNA. Although there are exceptions, as a general rule the
binding site is at the 3’ end of the non-coding region of the mRNA.
The degree of complementarity between both seems to be one
of the determinants of the repression mechanism that is started:
degradation of the mRNA if it is almost perfect or inhibition of the
translation when the complementarity is lower. Although it was
thought that the degradation of mRNA was an uncommon mecha-
nism in animal cells, it has been currently demonstrated to have an
important role.!2 It is relevant that certain mRNA can be the target
of a large number of miRNAs, in the same way that each miR can
repress tens or hundreds of genes. In addition, there is evidence
that suggests the possible transference of miRNAs from one cell
to another, generating an interesting mechanism of intercellular
regulation and communication.!3-13

The activity of miRNAs is strictly regulated by means of the con-
trol of their transcription, of the different stages of biogenesis and
later of the function of the miRISC.!6-17 Recently, a complex com-
munication network has been described between long non-coding
RNA molecules (product of the transcription of pseudogenes),
miR and mRNA.'819 These molecules of non-coding RNA (from
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Table 1

MicroRNAs in Lung Diseases.
let-7 Cancer, COPD, smoking Reduced?225.264353.58
miR-1 COPD, cancer Reduced3447
miR-10a Smoking Reduced??
miR-15/107 COPD Increased3?
miR-16 Lung lesion Reduced®®
miR-17-92 group Cancer Increased4’
miR-21 Cancer, fibrosis, asthma Increased4260.73
miR-29 Fibrosis Reduced>86263
miR-31 Cancer Increased!
miR-34 Cancer, smoking Reduced?226:4546
miR-123 Smoking Reduced??
miR-126 Asthma Increased’*
miR-127 Lung lesion Reduced®”
miR-133a Asthma Reduced”®
miR-133b Cancer Reduced*®
miR-145 Smoking Reduced??
miR-146a COPD Reduced?6-28
miR-146b Cancer Increased>*
miR-150 Smoking, COPD Reduced?®
miR-155 Cancer, fibrosis Increased?>58.64
miR-183 Hypercapnia Increased®
miR-199b Smoking Reduced?32>
miR-200 Fibrosis Reduced®!
miR-218 Cancer, smoking Reduced?324
miR-222 Smoking Reduced?>2?6

COPD: chronic obstructive pulmonary disease.

hundreds to thousands of nucleotides) have binding sites for spe-
cific miRNAs, and they behave like true “catchers” of miRNAs,
impeding them to repress the target mRNA.

Taking into account the enormous capacity of the miRNAs to
influence the expression of a large part of the genome and the
intricate control system in which they are immersed, it is com-
prehensible that their deregulation has significant repercussions
on the homeostasis of the organism. A growing number of miRNAs
have been shown to be involved in different lung diseases, enabling
us to better understand their pathogenesis.

Smoking

Smoking is the main risk factor for the development of chronic
obstructive pulmonary disease (COPD) and lung cancer and it is
estimated to be responsible for almost 5 million deaths per year.20
It has been demonstrated that tobacco smoke causes changes in
the gene expression of the respiratory epithelium, which is linked
to the development of these diseases.2! Alterations in the levels
of certain miRNAs seem to be involved in this process (Table 1).
Thus, significant changes have been found in the lung expres-
sion of 133 miRNAs in rats exposed to cigarette smoke, some
of which may participate in the carcinogenic process.?? Specifi-
cally, they would favor cell proliferation and angiogenesis, while
at the same time reducing the activity of tumor suppressor mech-
anisms. Among the miRNAs whose expression is more diminished
are miR-34c and several members of the let-7 family, which, as
we will see further ahead, have been linked with the pathogene-
sis of lung cancer. Together with let-7, the reduction in the levels
of miR-10a, miR-123, miR-145 and miR-222 promotes angiogen-
esis, which is fundamental for tumor development and growth.
Schembri et al. compared the profile of miRNAs in the bronchial
epithelium between smokers and non-smokers, finding significant
differences in the expression of 28 miRNAs.23 Reduced levels of
miR-199b and miR-218 have been found in smokers, as observed
in lung cancer patients.242> Van Pottelberge et al. reported differ-
ences in the expression of 34 miRNAs between the induced sputum
of smokers and non-smokers.26 Among them, the reduction of miR-
150 could be relevant in the deteriorated the lung function linked

with smoking, since certain genes involved are targets for this miR.
Members of the let-7 family, miR-34c, miR-218 and miR-222 are
some of the miRNAs that were found to be lower in at least two
studies, underlining the importance that they could have in the
pathogenesis of diseases related with smoking, such as COPD or
lung cancer.22:23.26

Chronic Obstructive Pulmonary Disease

COPD constitutes the fourth cause of death in the world, and
it is estimated to become the third by the year 2020.27 Despite
the fact that much has been learned about the pathogenesis of
this disease with systemic inflammatory components, few stud-
ies until now have focused on the role of miRNAs in COPD
(Table 1). Sato et al. reported that the pulmonary fibroblasts of
COPD patients present less expression of miR-146a after stim-
ulation with proinflammatory cytokines when compared with
non-COPD subjects that had similar smoking histories.2® This
causes an overexpression of cyclooxygenase-2 (target of miR-146a)
and a subsequent increase in the production of prostaglandin E2
(PGE2). Interestingly, the production of PGE2 and the expression
of post-stimulation miR-146a are associated with the severity of
the disease examined by forced expiratory volume in one second
(FEV;).28

The analysis of miRNA profiles in the induced sputum of COPD
patients shows differences with that of non-smokers or smokers
without airflow obstruction.26 In particular, the expression of let-
7c and miR-146a is less in individuals with COPD who continue
to smoke than in smokers without airway obstruction. The tumor
necrosis factor receptor 2 (TNFR2) involved in the pathogenesis of
COPD is one of the target mRNAs of let-7c. In these patients, the
lower expression of let-7c in sputum correlates inversely with the
concentration of TNFR2. There is also a correlation between the
level of let-7c and FEV. In this way, the reduction of miR-146a and
let-7c could be two of the determinants of the inflammatory state
and the progression of COPD. Furthermore, taking into account that
the reduction in the levels of let-7 is linked with carcinogenesis,
the question arises as to whether alterations in the expression of
certain miRNAs can contribute to the increased risk for lung cancer
in COPD patients.26:29

Recently, Ezzie et al. studied miRNA levels in the lung tissue
of smokers with and without COPD.3? Seventy miRNAs presented
different degrees of expression between the two groups. Some of
these alterations, like the increase in members of the miR-15/107
family could affect important signaling pathways in the pathogen-
esis of COPD, such as transforming growth factor (3 (TGF-3) or the
proteins from the Wnt family.

Peripheral muscle dysfunction is a frequent manifestation in
COPD that is associated with poorer quality of life and higher
mortality.31:32 Atrophy and the change in the type of muscle fiber
(reductioninthe percentage of slow-contracting fibers and increase
in fast-contracting fibers) constitute a characteristic phenotype.33
Lewis et al. found a reduction of 2.5 times in the expression of miR-
1 in the quadriceps of patients with COPD, compared with healthy
individuals.34 The authors have also demonstrated a positive cor-
relation between the levels of miR-1 and functional and severity
indices of the disease, such as FEV1, the 6-min walk test and the St.
George’s respiratory questionnaire, as well as with the percentage
of slow muscle fibers (type I). At the same time, the patients pre-
sented greater levels of histone deacetylase 4 protein (whose mRNA
is a target of miR-1) at the muscular level, which could explain a
connection between the decrease in miR-1 and the change in fiber
type.34 Other relevant miRNAs in muscle biology, such as miR-
206, miR-208 or miR-499, did not present significant differences
between COPD patients and healthy individuals.3*
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Lung Cancer

Lung cancer represents an important cause of mortality
worldwide.3> Despite the advances in diagnostic and therapeutic
techniques, the 5-year survival rate continues to be very low.36
MiRNAs actively participate in the regulation of cell processes like
proliferation, differentiation and apoptosis. It is therefore not sur-
prising to see the evidence about abnormalities in the expression of
miRNAs in different types of cancer, acting in certain cases as onco-
genes (called oncomiRNAs) while in others as tumor suppressors.
Lung cancer, especially non-small-cell (NSCLC), is the respiratory
pathology in which miRNAs have been more extensively studied
(Table 1). There is great interest in their possible usefulness for
the early detection of the disease, subclassification of the different
types of cancer, prognostic staging, identification of patients with
a greater probability of resistance to chemotherapy and eventual
therapeutic tool 3738

The reduction in the levels of the Dicer enzymes, necessary for
the maturation of the miRNAs, has been reported in the tumor
tissue of patients with lung cancer in whom it had a prognos-
tic impact on survival.3® The members of the miR-17-92 group,
overexpressed in small-cell lung cancer, favor tumor development
and neovascularization.374° Liu et al. also demonstrated the role
of miR-31 as oncomiR in NSCLC, where it represses tumor sup-
pressor genes.*! Meanwhile, miR-21 presents higher levels in lung
cancer both in non-smokers as well as smoker patients.*? This
miR promotes cell growth and inhibits apoptosis, favoring tumor
growth and the development of metastasis.>8 The members of the
miRNA let-7 are characterized as tumor suppressor genes, repress-
ing oncogenes like ras, myc and HMGA2.37 The expression of let-7
is frequently seen to be lower in lung cancer, having a negative
impact on the survival of patients who are treated surgically.*3
The transcription of miR-34 is directly induced by tumor sup-
pressor p53 in response to DNA damage, inhibiting inappropriate
cell proliferation.** The expression of this miR is reduced in the
tumor tissue, associated with a greater risk of relapse after surgi-
cal resection.*>46 There is also a reported decrease in the levels
of miR-1 and miR-133b in the tumor tissue.#’#® This is associ-
ated with an increase in some of target compositions (MET, Pim-1,
HDAC4, MCL-1,BCL2L2)involved in pulmonary carcinogenesis.*748
The lower expression of miR-218 in the tumors of patients with
NSCLC has also led it to be proposed as a possible miR tumor
suppressor.24

The study of miRNAs can become an important diagnostic tool
in the short to mid-term. The histologic classification of lung can-
cer may be incomplete, especially in cases of tumors that are
not very differentiated, or when the biopsy material is limited.
The presence of mutations and expression of certain biomarkers
suggest the possible existence of a greater number of subcate-
gories with different prognoses. Therefore, the detection of certain
miRNAs may be useful to understand and identify the different
types of cancer.3” Moreover, beyond the analysis at the tumor
tissue level, miRNAs can be detected in samples obtained in a
minimally invasive manner.*® Reports have started describing
miRNA expression patterns in serum and sputum that could facil-
itate the early detection of patients with lung cancer.”?>2 In the
same way, the finding of certain miRNAs in tumor tissue has
prognostic implications. Yanaihara et al. reported that the high
expression of miR-155 and the low expression of let-7a-2 corre-
late with poorer survival in patients with lung adenocarcinoma.?>
Yu et al. described how the expression profile of 5 miRNAs was
associated with the prognosis in patients with NSCLC, with let-
7a and miR-221 acting as protectors, while miR-137, miR-372 and
miR-182* increase the risk of death.>3 In patients with squamous
cell carcinoma, the higher miR-146b in tumor tissue is associ-
ated with shorter survival>* At the serum level, the detection

of high levels of miR-486 and miR-30d together with low lev-
els of miR-1 and miR-499 has also been associated with a worse
prognosis.>®

Finally, there is much expectation about the role that miRNAs
may have in the development of therapeutic strategies in lung can-
cer. Resistance to chemo and radiotherapy is currently one of the
main problems for treatment. The expression of some miRNAs has
been implicated in the therapeutic resistance mechanisms in lung
cancer.*® This discovery opens up the possibility not only of guiding
treatment based on the profile of miRNAs, but also their eventual
modulation for increasing the tumor sensitivity to chemotherapy.
The field of miRNA manipulation in vivo is still being devel-
oped. Nevertheless, both the inhibition of specific oncomiRNAs
as well as the restored expression of miRNAs tumor suppres-
sors could represent an important advancement in lung cancer
treatment.

Idiopathic Pulmonary Fibrosis

Idiopathic pulmonary fibrosis (IPF) is a chronic disease char-
acterized by pulmonary interstitial fibrosis and progressive lung
function deterioration. Its cause is unknown, and the therapeutic
possibilities are limited.’® The fibrosis and distortion of the lung
parenchyma may be a product of the activation of the alveolar
epithelial cells, stimulating an epithelial-mesenchymal transition
(EMT) with an accumulation of fibroblasts and myofibroblasts
that express extracellular matrix.’’ Despite there being few pub-
lished studies, the role of miRNAs in the pathogenesis of IPF is
beginning to gain relevance (Table 1). Pandit et al. reported sig-
nificant differences in the expression of 46 miRNAs between the
lungs of patients with IPF and control subjects.>® Among healthy
individuals, there is a decrease in let-7d, whose levels in the
alveolar epithelium correlate with forced vital capacity. The TGF-
B cytokine represses the transcription of let-7d, determining an
increase in HMGA2, one of the targets of miR. Both TGF-f3 as
well as HMGA2 have been involved in the development of EMT
in pulmonary fibrosis.>® The repression of let-7d also could gen-
erate the overexpression of other compositions linked with the
fibrotic process, like the growth factor similar to insulin 1 and its
receptor.>8

MiR-21 levels are higher in the lungs of patients with IPF, and
this increase is mainly located in the fibroblasts/myofibroblasts.5?
The expression of miR-21 is induced by TGF-3; meanwhile, miR-21
represses Smad?7, promoting the activation of fibroblasts mediated
by TGF-B. In this way, miR-21 participates in a circuit of posi-
tive feedback with TGF-[3, favoring the fibrotic process. Yang et al.
recently reported that the expression of miR-200 is lower in the
lungs of patients with IPF (miR-200a, miR-200c) and in an animal
model of pulmonary fibrosis (miR-200a, miR-200b, miR-200c).6!
The authors demonstrated that miR-200 inhibits EMT induced by
TGF-P in alveolar epithelial cells, possibly by means of the repres-
sion of certain transcription factors involved in the process, like
GATAS3, ZEB1 or ZEB2. However, TGF-f3 itself negatively regulates
the expression of miR-200. Interestingly, both the treatment with
miR-200 and the inhibition of miR-21 reduce experimental pul-
monary fibrosis in rats.6061

The pulmonary expression of miR-29 is lower in mice after the
induction of pulmonary fibrosis, modifying the expression of sev-
eral genes associated with the extracellular matrix.62 In patients
with IPF, the lung levels of miR-29 are also seen to be lower.>863 The
inhibition of miR-29 seems to be mediated once again by TGF-{3.62
Lastly, miR-155 was found to be high in the lungs of patients with
IPF and animals with experimental fibrosis.?364 This miR represses
the keratinocyte growth factor in fibroblasts and increases their
migration.64
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Pulmonary Lesion

Acute pulmonary lesion (APL) and acute respiratory distress
syndrome (ARDS) are characterized by lesion and lung inflamma-
tion, determining edema, reduced distensibility and compromised
gas exchange.%5 Alterations in the expression of certain miRNAs
could participate in the regulation of the inflammatory process
and tissue repair in APL/ARDS (Table 1). The levels of miR-16 are
lower in experimental APL induced by lipopolysaccharides (LPS).56
At the same time, treatment with miR-16 reduces the expression
of the proinflammatory cytokines interleukin 6 (IL-6) and tumor
necrosis factor o (TNF-at) in macrophages after the exposure to
LPS. Recently, Xie et al. also reported a decrease in the pulmonary
expression of miR-127 in an animal model of non-infectious APL
and in alveolar macrophages exposed to LPS.%7 Treatment with
miR-127 not only reduced the production of IL-1f3, IL-6 and TNF-
a in macrophages exposed to LPS, but in vivo it also reduced the
degree of lesion in the experimental APL. The control of miR-127
on lung inflammation would be mediated through the repression
of the CD64 receptor of the macrophages.

Once the lesion is established, repairing the alveolar epithe-
lium is crucial for the recuperation of patients with APL/ARDS. This
process requires the proliferation and migration of the epithelial
cells. Many patients with APL/ARDS develop hypercapnia due to
the compromise of the pulmonary gas exchange, or of the respirator
strategy used in case of requiring mechanical ventilation assistance
(permissive hypercapnia). Recent evidence suggests that the ele-
vation of the partial CO, pressure has deleterious effects on the
lungs, regardless of the effects on pH.58 Hypercapnia determines
an increase of miR-183, causing mitochondrial dysfunction by
reducing the expression of the isocitrate dehydrogenase-2 enzyme
(IDH2).69 The induction of miR-183 by hypercapnia reduces the
proliferation of lung fibroblasts and alveolar epithelial cells.%® The
reparation of the alveolar epithelium in vitro is affected by hyper-
capnia as well as by miR-183, although the two factors have not
been studied together.”0.71

Asthma

Asthma is an inflammatory disease of the airway, character-
ized by an abnormal response of the Th2-type CD4+T lymphocytes
against certain antigens.’? In different experimental asthma mod-
els, there is an observed increase in the lung expression of miR-21.73
This would contribute to the inflammatory process in the airway by
means of the repression of IL-12, favoring the Th-2-type lympho-
cyte response. The levels of miR-126 are also high in experimental
asthma and its inhibition represses the activation of Th2 lympho-
cytes, preventing the development of airway hypersensitivity.”4
As for the smooth muscle cells, the reduction of miR-133a seems
to increase bronchial hyperactivity in an animal model of asthma
by increasing the expression of RhoA.”> Nevertheless, despite the
evidence from experimental models, Williams et al. did not find dif-
ferences in miRNA expression in airway biopsies between healthy
subjects and those with mild asthma.”® New studies will be nec-
essary in order to better comprehend the roles of miRNAs in the
pathogenesis of asthma.

Conclusions

Although the relationship of various miRNAs with lung diseases
has been extensively demonstrated, there is still much to under-
stand about the role that each miR plays in their pathogenesis
(Table 1). The rhythm at which our understanding of miRNAs is
growing leads one to speculate that the knowledge acquired about
miRNAs may be transferred to clinical practice, where powerful

diagnostic and therapeutic tools could be developed. Nevertheless,
the complexity of the control system in which they are immersed
and the impact that the modification of an miR may have over
dozens of mRNA make its pharmacological modulation very chal-
lenging.
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