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MicroRNA (miRNA) 

MicroRNAs 

- are non-coding RNA. 

- are small in size with an average length of 22 nucleotides. 

- play important roles in regulating the translation and 

degradation of mRNAs. 

Winter J et al. Nat Cell Biol. 2009;11:228-34.  



Exosomes 

Contained 

In 2007, Valadi et al showed the existence of miRNA in exosomes. 

 

In 2010, three groups showed transfer of miRNAs in exosomes to recipient cells led to the 

regulation of some target genes of these miRNA. 

Characteristics of EVs 

1. EVs have been isolated from different body fluids such as plasma, urine, 

sputum and bronchoalveolar lavage fluid. 

2. Cells responsible for the disease can secrete disease-specific EVs. (e.g. 

cancer cells)  

3. EVs are highly stable in biological fluids and protected from degradation by 

their lipid bilayer. 
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 EVs 

 → cell-cell communication tools 

 → predictive biomarkers and therapeutics for various diseases 
 



• There are growing evidences that EVs play a key role in cancer. 

• EVs serve as versatile intercellular communication tools. 

• Tumor-derived EVs modulate the recipient cell’s phenotype such as antigen 

presentation, apoptosis induction, cellular activation and differentiation.  

 

        

Kosaka, N, Yoshioka Y, Fujita Y, Ochiya T.  J Clin Invest. 2016;126:1-10. 

EVs in Cancers  



Clinical Applications of EVs 

Biomarker Therapeutics 

Drug Delivery System 
 Loading therapeutically active cargo molecules into EVs 

e.g. Nucleic acid drug 
 

 Vaccine  
 Regeneration medicine 
  (applying mesenchymal stem cells) 

 Disease specific EV-targeted 
therapy 

                                  etc 

 Companion diagnostics 
 Detection of the early stages of diseases 

(e.g. cancer)  
 



N Kosaka et al. J Biol Chem. 2010;285:17442-52.  N Kosaka et al. J Biol Chem. 2013;288:10849-59.  
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• Alveolar macrophages can secrete SOCS1,-3 within EVs 

• Uptake of these extracellular vesicles by alveolar epithelial cells allowed SOCS1,-3 

to suppress STAT signaling following activation by cytokines.  

• Exposure to cigarette smoke reduced levels of both SOCS1 and -3.  

Macrophage-derived EVs 



• There are the mucins decoration on the surface of human tracheobronchial epithelial 

cells (HTEC)–derived EVs. 

• The epithelial mucins MUC1, MUC4, and MUC16 contribute to the HTEC-derived EVs 

structure and these structure have a neutralizing effect on human influenza virus. 

HTEC derived EVs 

Epithelial cell-derived EVs 
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Infection, cigarette smoke, DNA damage, oxidative stress, etc 

To maintain homeostasis 

through the EV cargo 

Normal physiology 

1) modified EV compositions  

   (proinflammatory functions) 

2) EV secretion enhanced 

(by various secretion mechanisms) 

stress  

Stress physiology 

The Response of EVs in Stress Airway Physiology 



The Roles of EVs in Cigarette Smoke Induced COPD 
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Endothelium-derived EVs  

• Decreasing of α1-AT supplement induces emphysema 

Epithelium-derived EVs  

1) Activating secretion of MMP-1 by CCN1 cleaved from full length CCN1 in EVs  

2) miR-210 enriched EVs suppress autophagy, resulting in airway remodeling                                                         



Am J Physiol Lung Cell Mol Physiol 307: L326–L337, 2014. 

• Cigarette smoke extract induced CCN1-enriched EVs from epithelial cells. 

• The EVs-mediated secretion of full-length CCN1(flCCN1) potentially allows 

inflammatory signals to be transmitted to distant portions of the lung. 

• Prolonged Cigarette smoke exposure cleaved the flCCN1 in EVs into truncated form 

(cCCN) by CS-upregulated  plasmin. 

• cCCN interacts with  integrin-α7 and activates the secretion of MMP1 in lung 

epithelial cells via the Rho pathway. 



• AAT internalized by lung epithelial cells and protect lung from elastase, 

inflammation, and endothelial cell apoptosis.  

• Lung endothelial cells assist not only in AAT transcytosis but also in its release into 

the alveolar epithelial cells via EVs. 

• Cigarette smoke exposure inhibits AAT transport into epithelial cells  AAT: Alpha-1 antitrypsin  



Bacteria-derived EVs in COPD pathogenesis 
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Allergy. 2012;67:1271-81.  

• Repeated inhalation of Staphylococcus aureus-derived EVs induced 

pulmonary inflammation cells, especially neutrophil. 

• Repeated inhalation of the EVs induced the both Th1 (IFN-γ) and Th17(IL-

17) cytokines. 

• Immune responses induces by the EVs are dependent on TLR2 signaling. 



• Airway exposure to E.coli derived EVs, one of the Gram-negative bacteria, can induce 

neutorophilic inflammation and emphysema mainly in an IL-17a-dependent manner. 

• E.coli-derived EVs uptake by inflammatory cells such as macrophages is dependent on both 

LPS and TLR4 signaling. 
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CD144+EV, 31+EV, 62E+EVs were significantly higher in  patients during COPD 

exacerbation than in stable patients. 
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Circulating microRNA 
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than 60 differentially expressed miRNAs were detected in 

human skeletal muscle biopsy samples from patients with 

T2DM, including miR-143, which is upregulated, and two 

muscle-specific miRNAs, miR-206 and miR-133a, which 

are downregulated.32 Interestingly, the levels of about 15% 

of these miRNAs were already modified in individuals 

with impaired glucose tolerance, which suggests that the 

miRNAs are involved in the early phases of the disease 

process. The expression of some of these miRNAs is con-

trolled by insulin, but this regulatory mechanism seems to 

be impaired in patients with diabetes mellitus.33

As well as the changes in tissues targeted by insulin that 

are described above, diabetes mellitus results in consider-

able modifications in miRNA expression in blood vessels, 

heart, retina and kidneys. This finding indicates that 

these non-coding RNAs are involved in the development 

of long-term complications of diabetes mellitus.22,34,35

A functional role for circulating miRNAs?

In addition to regulating gene expression inside the 

cells that produce them, several miRNAs are found in 

blood and other body fluids in association with proteins, 

microvesicles and/or lipoprotein complexes (Figure 2).36–38 

The function of circulating miRNAs remains to be estab-

lished, but in vitro studies indicate that miRNAs trans-

ported by exosomes (Box 3) or HDL can be transferred 

in an active form to recipient cells.38,39 This observation 

raises the intriguing possibility of an involvement of 

miRNAs in a novel cell-to-cell communication mode. 

Circulating miRNAs are very stable and resistant to treat-

ment with ribonucleases, freezing/thawing cycles and 

other drastic experimental conditions.40,41 Consequently, 

serum or plasma samples can be stored at –20 °C or 

–80 °C for up to several months without notable degra-

dation of miRNAs,42 which suggests that these small RNA 

molecules are sufficiently robust to serve as biomarkers. 

Circulating miRNAs have several other advantages as 

potential biomarkers: they are found not only in blood 

but also in other easily accessible biologic fluids (such as 

urine, saliva, amniotic fluid and breast milk),43 they can be 

detected by highly sensitive and specific quantitative real-

time PCR, and most of them are evolutionarily conserved, 

which facilitates the translation of results obtained from 

in vivo animal studies to human health care. Moreover, 

profiles of the miRNAs in serum of healthy donors are 

fairly homogeneous and constant over 24 h and miRNAs 

can be measured in both serum and plasma.41,44,45

miRNAs as diabetes mellitus biomarkers
The idea of using miRNAs found in blood as bio markers 

is fairly new and was first proposed for detecting various 

forms of cancer,41,46,47 autoimmune diseases48 and sepsis.49 

Studies have now also analysed the miRNA profile in 

serum, plasma or blood cells in an attempt to develop 

new approaches to predict the development and pro-

gression of diabetes mellitus (Table 1). Zampetaki and 

colleagues50 were the first to identify a characteristic 

expression profile of miRNAs in blood that was related 

to T2DM. In their prospective study, they analysed blood 

samples from >800 individuals randomly selected from 

the Bruneck population (Bolzano Province, Italy) and 

identified a subset of five miRNAs (miR-15a, miR-28-3p, 

miR-29b, miR-126 and miR-223) that displayed a charac-

teristic deregulation in 80 participants with either pre-

diabetes or T2DM. Importantly, the levels of these 

miRNAs were already modified 5–10 years before 

the onset of the disease, providing initial evidence for 
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Figure 2 | Blood and other body fluids contain active miRNAs. miRNAs can 

be released or shed by cells and are found in a stable form in body fluids. 

The miRNAs present in the blood are associated with protein complexes such 

as Argonaute-2 or with HDL particles, or are transported inside membrane-bound 

vesicles such as exosomes (1). Evidence suggests that circulating miRNAs can be 

taken up in active form through different mechanisms, including receptor-mediated 

capture, endocytosis or fusion of exosomes with the plasma membrane of 

receiving cells (2). Transfer of miRNAs between distantly located cells constitutes 

a potentially new communication mode. Abbreviation: miRNA, microRNA.

Box 3 | Exosomes

Exosomes are microvesicles of 30–120 nm that were first observed to be 

released by reticulocytes in the 1980s.96–98 Since then, exosomes have been 

detected in the culture media of most cell types and are abundant in several 

body fluids, such as blood, urine, saliva and breast milk.43 The concentration 

of exosomes in the blood has been estimated to be ~3 million per μl.99 These 

vesicles display a characteristic size, form and lipid bilayer structure that can be 

visualized by electron microscopy. Exosome markers, such as the tetraspanins 

CD63 and CD81 and the Escort proteins Alix and Tsg101, are also routinely used 

to distinguish exosomes from other vesicles secreted by cells. Detailed analysis 

of the exosome content revealed that they can carry proteins and nucleic acids 

(such as mRNAs, microRNAs and long non-coding RNAs).39,100 The interest in 

exosomes has increased dramatically in the past 5 years, following the discovery 

that their cargo can be transferred in active form to recipient cells,39,101,102  which 

led to the exciting concept of exosomes as messengers of a new cell-to-cell 

communication mode. However, the precise mechanisms leading to exosome 

release and/ or uptake remain to be elucidated. Exosomes are produced inside 

cells via the multivesicular endosomal pathway,97,98 but very little is known about 

the selective packaging of nucleic acids and proteins composing the exosome 

cargo. An improved understanding of these mechanisms might reveal new biologic 

roles for exosomes in the healthy state, but also in pathophysiological conditions.

REVIEWS

© 2013 Macmillan Publishers Limited. All rights reserved

Guay C et al.Nat Rev Endocrinol. 2013;9:513.  



Potential Biomarkers for COPD 



Evidence that the expression of STA T-3 is increased in COPD

supports this concept (38).
miRNA s that were differential between never-smokers and

patients with COPD in the screening cohort were analyzed in
the independent validation cohort. Our validation study con-

firmed the significant decrease in expression of let-7c and miR-

125b in currently smoking patients with COPD compared with

never-smokers. More importantly, these miRNA s were also
significantly lower in current smokers with COPD compared

with current smokers without COPD. This indicates that both
miRNA s were not only affected by current smoking, but that

their expression was even further reduced in currently smoking
patients with COPD. This was already suggested by the in-

dependent correlation of let-7c with FEV 1 in our initial
screening cohort and is confirmed by the association between

FEV1 or FEV 1/FVC and let-7c in our validation cohort.
Importantly, sputum levels of let-7c and miR-125b were not

altered in ex-smoking patients with COPD compared with
healthy control subjects. This suggests that these miRNA s are

involved mainly in the development of COPD due to smoking,
but not in the persistence of airway inflammation despite

smoking cessation.
To elucidate the biological relevance of thedetected miRNA s

in the pathogenesis of COPD, we performed gene set enrichment
analysis. We found significant enrichment of predicted target

genes of let-7c in the sputum of patients with severe and very
severe COPD. In addition, sputum let-7c levelswere significantly

inversely correlated with sputum protein levels of sTNFR-I I ,
which isa primary target of let-7c. These findings are compatible

with the functional role of let-7c in inhibiting the translation of its
target genes.

In thepast, our group hasshown that TNFR-I I isimplicated in

COPD pathogenesis. In a mouse model of COPD, TNFR-I I
knockout mice were protected against cigarette smoke–induced

inflammation and emphysema (39). In addition, other groups
have shown that TNFR-I I is increased in the sputum of patients

Figure 3. Replication of differentially expressed miRNAs in the valida-

tion cohort. Relative expression of (A) let-7c and (B) miR-125b in the

validation cohort. Data are presented as box-and-whisker plots. *Signif-

icant P values between the two groups. COPD 5 chronic obstruct ive

pulmonary disease.

TABLE 5. DIFFERENTIAL miRNA EXPRESSION IN VALIDATION COHORT

A. Current Smokers without

COPD vs. Never-Smokers

B. Current Smokers with

COPD vs. Never-Smokers

C. Current Smokers with

COPD vs. Current Smokers without COPD

D. Current Smokers with

COPD vs. Ex-Smokers with COPD

MicroRNA ID Fold Change P Value Fold Change P Value Fold Change P Value Fold Change P Value

let-7c 1.13 0.450 2 2.94 0.007 2 3.24 0.004 2 3.25 0.009

miR-125b 1.26 0.112 2 2.93 0.041 2 3.63 0.019 2 3.13 0.057

miR-150 1.49 0.151 2 4.99 0.023 2 7.36 0.003 2 7.14 0.017

miR-146a 2 1.07 0.597 2 8.33 0.008 2 7.69 0.007 2 7.15 0.011

miR-449 2 1.07 0.650 2 1.75 0.364 2 1.62 0.326 2 3.57 0.035

miR-203 2 1.66 0.496 2 8.62 0.001 2 6.06 0.003 2 16.0 0.001

miR-340 2 1.40 0.041 2 1.08 0.705 2 1.29 0.174 1.15 0.360

miR-222 2 1.75 1.00 2 1.23 0.705 1.41 0.940 2 3.48 0.003

Negative fold change values represent down-regulation. Significant differences between study groups are marked in boldface.

TABLE 6. LINEAR REGRESSION ANALYSIS: VALIDATION COHORT

miRNA ID R2 Predictor Variable b P Value

hsa-let-7c 0.66 FEV1/FVC 0.95 0.007

Age 0.34 0.189

Sex 2 0.01 0.939

Pack-years 0.05 0.965

Quit smoking, yr 2 0.06 0.792

ICS 0.07 0.769

hsa-miR-125b 0.68 FEV1/FVC 1.10 0.003

Age 0.47 0.070

Sex 0.08 0.730

Pack-years 0.07 0.745

Quit smoking, yr 2 0.12 0.568

ICS 2 0.10 0.661

Definition of abbreviations: COPD 5 chronic obstructive pulmonary disease;

ICS 5 inhaled corticosteroids.

Linear regression analysis wasperformed on the subgroup of current smokers

with or without COPD.

Van Pottelberge, Mestdagh, Bracke, et al.: MicroRNA in COPD 903

• miRNAs can be measured in induced sputum supernatant. 

• Cigarette smoking has a significant influence on miRNA expression.  

• Several miRNAs are associated with the severity of airway obstruction in 

COPD, independent of smoking. 



• Endothelial cell-derived EVs in plasma were analyzed. 

• CD31+EVs, suggestive of endothelial cell apoptosis, were elevated in mild COPD 

and emphysema. 

• CD62E+EVs indicative of endothelial activation were elevated in severe COPD. 

Am J Respir Crit Care Med. 2013;188:60-8. 



• Endothelial cell-derived EVs in plasma were analyzed. 

• The numbers of CD144+EVs, CD31+EVs, CD62E+EVs were significantly 

higher in the stable COPD patients than in the non-COPD volunteers. 
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Mechanisms Underlying Airflow Limitation  

in COPD 

Small Airways Disease 

• Airway inflammation 
• Airway fibrosis, luminal plugs 
• Increased airway resistance 

Parenchymal Destruction 

• Loss of alveolar attachments 
• Decrease of elastic recoil 

AIRFLOW LIMITATION 

Fibrosis 

Inflammation 

COPD lung 
normal lung 

James C Hogg. Lancet 2004; 364: 709–21 
 

Airway smooth muscle 



Air space 

(bronchi and alveoli)  

Mesenchyme 

Senescent epithelium Squamous metaplasia 

Small Airway Remodeling 
The interaction between bronchial epithelial cell and fibroblast 

active TGF-β 

Cytokines and Chemokines 

Fibroblasts myofibroblasts 

Do smoking-trigged bronchial epithelial cell-derived EV and EV miRNAs  

influence lung fibroblasts (airway remodeling)?? 



EVs 
microRNAs 

Bronchial epithelium 

Fibroblasts 

Hypothesis 

Objective 

 To reveal the involvement of extracellular vesicles (EVs)-

mediated intercellular communication between bronchial 

epithelial cells and lung fibroblasts in the mechanisms for 

airway fibrotic remodeling during COPD pathogenesis 

Cigarette smoke exposure 

→ Airway fibrosis 

EVs from bronchial epithelium 



Methods 

fibroblasts 

EV miRNA microarray 

Using clinical samples 
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Characteristics of EVs from  

Human Bronchial Epithelial Cells 
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The Uptake of Bronchial Epithelial Cell-Derived EVs 

into Fibroblasts 
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Differential miRNA Expression  

in EV-derived from CSE-stimulated HBEC  
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EV miR-210 Is Transferred to Lung Fibroblasts and 

Promotes Myofibroblast Differentiation 
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Increased miR-210 Expression in Smoker Lung 
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Table S1. Characteristics of participating patients (for lung tissues) 

 

 

 

 

 

 

 

 

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 

second; FVC, forced vital capacity. Values are mean ± SD. 

 

 

 

 

 

 

 

  

 
Non-smoker group 

Smoker group 

 Non-COPD COPD 

 (n = 7) (n = 13) (n = 4 ) 

Age, years 55.5 ± 8.6 60.8 ± 9.1 64.8 ± 5.1 

Male, % of group 57.1 92.3 50.0 

Brinkman Index 0 1100 ± 431.0 1305 ± 852.5 

FEV1/FVC 83.4 ± 2.4 81.3 ± 7.1 63.0 ± 3.1 
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Scrumble control β-actin miR-210-3p probe 

Characteristics of participating patients (for lung tissue)  



miR-210 Targets ATG7 
Autophagy Related Gene 

14 
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TargetScan miRanda 

ISCU, NR1D2, NDUFA4, 

BDNF, GPD1L, MID1IP1, 

SMG5, ATG7 

552 

Microarray data 

Target genes 

Autophagy plays a key role in the pathogenesis of COPD 
Insufficient autophagy promotes bronchial epithelial cell 
senescence, which is involved in COPD pathogenesis. 

Araya J et al. Oncoimmunology. 2012;1:630. 
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miR-210 Directly Regulates Autophagy Process via 

Targets ATG7 in Airway Fibroblasts 
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Summary 

bronchial epithelial cells Smoking 

:microRNAs 

miR-210-enriched EVs 

miR-210↑ 

lung fibroblasts 

→insufficient autophagy-induced myofibroblast differentiation 

ATG7 

autophagosome isolation membrane :EVs  

Airway remodeling in COPD 
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