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Background and objectives: A new phenotype with overlapping characteristics between 

asthma and chronic obstructive pulmonary disease (COPD) called asthma–COPD overlap 

syndrome (ACOS) is emerging among inflammation diseases. To date, there is no agreement 

on specific criteria to define this syndrome, and the current guidelines are insufficient to classify 

the analogy and differences between overlap and COPD or asthma phenotypes. It would be 

necessary to identify new biomarkers able to identify these diseases clearly. Thus, the aim of 

this study was to identify a serum and supernatant of sputum microRNA (miRNA) expression 

profile of miRNA-145 and miRNA-338 in patients with asthma (n=13), COPD (n=31), and 

ACOS (n=8) and controls (n=7).

Methods: The expression was evaluated using quantitative real-time polymerase chain reac-

tion (qRT-PCR). For statistical analysis, the ANOVA test, Kruskal–Wallis test, Mann–Whitney 

U-test, and Spearman’s rank correlation were used.

Results: The main finding of this work is that the expression of miRNA-338 is higher in the 

supernatant of different obstructive diseases than in peripheral blood, while miRNA-145 is 

higher only in the supernatant of asthma patients. The expression of both selected miRNAs is 

higher in the supernatant of asthma and COPD patients than in controls.

Conclusion: Differences in sputum miRNA expression profile were observed between patients 

with ACOS and asthma or COPD, which underline the potential role of miRNA as a biomarker 

that is able to discriminate patients with ACOS, asthma, and COPD.

Keywords: asthma–COPD overlap syndrome, ACOS, asthma, chronic obstructive pulmonary 

disease, miRNA, sputum

Introduction
Asthma and chronic obstructive pulmonary diseases (COPD), characterized by airway 

disorders associated with persistent inflammation, are classified as chronic conditions and 

are influenced by a combination of environmental, genetic, and epigenetic components.1 

The combination of these two disorders has been recently defined as asthma–COPD 

overlap syndrome (ACOS). To date, there is no universal agreement about the defini-

tion of ACOS, but usually a combination of spirometric parameters and some clinical 

signs or symptoms are used to characterize a subset of patients who could be affected 

by this syndrome.2 According to Spanish guidelines, major and minor criteria were 

established to diagnose this mixed phenotype: two major criteria or two minor criteria 

should be met. On the other hand, according to Global Initiative for Asthma (GINA) 
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guidelines, ACOS was defined as a syndrome characterized 

by persistent airflow limitation with several features usually 

associated with asthma and others associated with COPD.3,4 

However, to better characterize this syndrome, it could be 

necessary to identify some biomarkers that can help physi-

cians to diagnose this mixed phenotype in each patient, in 

order to improve diagnosis and therapy.

MicroRNAs (miRNAs) are assuming greater significance 

in research as novel regulators of gene expression, playing a 

central role in different pathophysiological processes. It has 

been shown that these classes of noncoding regulatory RNA 

are involved in several aspects of inflammation which is a 

determinant feature in many lung diseases such as asthma 

and COPD.5,6 Previous observations have suggested that the 

presence of miRNA in whole blood induced sputum, serum, 

and some other body fluids such as saliva.7–9

Few studies examined miRNA expression in asthma and 

COPD, but no studies have been conducted on the ACOS 

phenotype. We focused our attention on miRNA-145 and 

miRNA-338 which are involved in many processes of airway 

inflammation. miRNA-145 play a role in the regulation of 

airway smooth muscle (ASM) function, a component of 

airway wall, which contributes to the remodeling of airway 

in the presence of chronic inflammation in both asthma 

COPD diseases.10,11 While miRNA-338 seems to have a role 

in the control of cellular differentiation, apoptosis and tissue 

degeneration have been demonstrated in some types of human 

cancers, including non-small cell lung cancer (NSCLC).12

The aim of this study was not only to evaluate whether 

miRNAs are involved in the pathogenesis of main obstruc-

tive diseases such as asthma and COPD but also to define 

whether they could be useful to better characterize ACOS 

patients from a clinical point of view.

Patients and methods
Patients and clinical specimens
We enrolled 52 consecutive patients from the Clinic of Obstruc-

tive Pulmonary Diseases of the Ospedali Riuniti of Foggia, 

Foggia University, during the period of 3 months. Participants 

were classified into three groups based on their medical history: 

patients with asthma (n=13), patients with COPD (n=31), and 

patients with ACOS (n=8); seven healthy nonsmoker subjects 

were also enrolled as the control group. All the patients were 

non- or former smokers and had been clinically stable during 

the period of 6 months prior to testing. This study and all study 

protocols were approved by the Medical Ethics Committee 

of Ospedali Riuniti of Foggia (Ref 17/CE/2014) and written 

informed consent was obtained from all of the subjects.

Asthmatics were classified and treated according to 

GINA guidelines: we chose never-smoker patients with a 

classic reversibility of 12% and 200 mL increase in forced 

expiratory volume in 1 s (FEV
1
). COPD patients were clas-

sified according to Global Initiative for Chronic Obstructive 

Lung Disease (GOLD) guidelines: former smokers with no 

reversible airflow limitation at spirometry. Furthermore, 

we selected ACOS patients according to Spanish guidelines 

using two major criteria: very positive bronchodilator test 

(increase in FEV
1
 $15% and $400 mL) and eosinophilia 

in sputum (.2%). Forced spirometry (before and after 

bronchodilation) was determined following international 

standards in all patients.13

Collection of blood and sputum
Spontaneous sputum was collected in a sterile cup before 

receiving any treatment and later treated with Sputolysin® 

(Calbiochem; EMD Millipore, Billerica, MA, USA) centri-

fuged at 1,000× g for 15 min to obtain the supernatant. At the 

same time, peripheral whole blood was collected in EDTA 

tubes and centrifuged at 3,000  rpm for 20  min to obtain 

serum. Both biological samples were stored at −80°C. All 

samples were analyzed within 6 months from collection.

The resuspended pellet was used to analyze the cell 

viability and to prepare the cytospin slides. The Dulbecco’s 

phosphate-buffered saline (D-PBS) cell suspension was centri-

fuged at 450 rpm (Shandon centrifuge) for 5 min.14 The slides 

were stained by Diff-Quick staining (Medion Diagnostic, 

Düdingen, Switzerland) for cell differentiation counts with 

400 cells being counted from each slide. A value of ,70% of 

contamination from squamous epithelial cells was accepted.

RNA isolation
Total RNA containing small RNA was extracted from serum 

and supernatant of sputum by using, respectively, the Trizol 

reagent and mirVana Paris Isolation Kit (Thermo Fisher 

Scientific, Waltham, MA, USA), in accordance with the man-

ufacturer’s protocol. The concentration and quality of eluted 

RNA were measured using NanoDrop Spectrophotometer 

(Thermo Fisher Scientific). RNA purity was evaluated by 

the ratio of absorbance at OD260/OD280.

Reverse transcription and detection of 
miRNA expression by quantitative real-
time polymerase chain reaction (qRT-PCR)
The total RNA was reverse transcribed using a TaqMan 

MicroRNA RT kit (Thermo Fisher Scientific) according to 

the manufacturer’s protocol. The identified miRNAs were 
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evaluated in serum and supernatant by qRT-PCR with Taq-

man miRNA assay (Thermo Fisher Scientific) according 

to the manufacturer’s instructions. miRNA-16 (assay ID 

000391) and RNU44 (assay ID 001094) were proven as 

internal control for miRNA quantification in serum and 

supernatant to normalize the C
t
 value of miRNA-145 (assay 

ID 002278) and miRNA-338 (assay ID 002658). Prior to 

purification, an exogenous miRNA (Cel-miR-39), a synthetic, 

nonhuman control, was added to each supernatant of sputum 

to monitor RNA isolation. Relative expression of targeted 

miRNAs was computed using the equation 2−ΔΔCt, where ΔC
t
 = 

C
t
 (targeted miRNA) − C

t
 (internal control gene) with respect 

to the expression of miRNA in the control group.15 All of 

the assays were performed in triplicate and one no-template 

control (NTC) was carried out in each experiment.

Statistical analysis
Results are presented as mean ± SD. The ANOVA test was 

used to compare differences among groups. We used the 

Kruskal–Wallis test to compare the differential expression 

level of miRNAs among the three groups, while the Mann–

Whitney U-test was employed to evaluate the differences 

between the expression of miRNA in serum and supernatant. 

Spearman’s rank correlation was used to assess the correla-

tions between relative miRNA expression and clinical and 

biological parameters. A P-value ,0.05 was considered 

statistically significant.

Results
According to inclusion criteria, we selected 52 patients: 13 

asthmatics, 31 COPD, and eight ACOS. Table 1 presents the 

main demographic, clinical, and functional characteristics 

of participants. The asthma patients were younger than the 

COPD subjects (52.46±13.19 vs 70.26±8.01 years), while the 

ACOS group had an intermediate age of 63.25±8.96 years. 

Baseline FEV
1
 % was lower in the COPD group than the others  

and, by definition, had poor improvement while both asth-

matic and ACOS groups had higher improvement in FEV
1
 

after administering salbutamol. As expected, there were many 

differences in sputum cell count: ACOS and asthmatic groups 

had the same percentage of eosinophils and both showed 

higher level compared to the COPD group (19.50±26.97%, 

26.43±35.52% vs 1±1.58%, P=0.003). On the contrary, 

COPD patients had a higher percentage of neutrophils in 

the sputum compared to other groups (81.48±22.52% vs 

52.09±31.79%, 52.71±35.54%, P=0.004; Table 1).

The expression of miRNA-145 in sputum was higher in 

asthmatic and COPD patients than in controls. The expres-

sion of miRNA-145 in ACOS patients was intermediate 

between two other groups, but no significant difference 

was detected. No difference was found in the expression of 

miRNA-145 in the serum among the three groups (Figure 1A 

and C). On the contrary, the expression level of miRNA-338 

in the sputum was higher in all patient groups compared to 

controls; moreover, asthmatics showed a significantly higher 

miRNA-338 expression compared to COPD patients. Thus, 

in this case, ACOS patients also showed a higher level of 

miRNA-338 compared to controls (Figure 1B). Finally, the 

serum of ACOS and COPD patients showed a lower level 

of miRNA-338 expression compared to controls, while in 

asthma patients even if the level tends to be lower with respect 

to the control, any significant difference was demonstrated 

(Figure 1D).

There is no correlation between the expression level of 

miRNA both with main parameters of population such as 

age or FEV
1
 and with the cellularity of sputum.

Table 1 Clinical characteristics of population and sputum cellularity

Characteristics ACOS Asthma COPD Control P-value

Mean SD Mean SD Mean SD Mean SD

Age (years) 63.25 8.96 52.46 13.19 70.26 8.01 65.20 5.45 0.000
BMI (kg/m2) 27.73 3.02 29.16 7.66 28.52 5.03 28.10 4.13 0.852
FEV1/FVC 53.00 8.37 61.92 12.29 49.13 12.31 82.32 3.65 0.008
FEV1 (%) 67.00 16.83 75.77 22.45 52.68 19.40 87.27 4.76 0.003
FVC (%) 81.25 17.21 88.67 16.18 60.28 24.37 90.86 3.95 0.001
PaCO2 (mmHg) 37.44 2.41 41.67 7.02 44.64 6.11 41.27 2.01 0.050
PaO2 (mmHg) 74.58 5.00 72.67 10.12 69.96 10.08 80.36 4.24 0.588
Eosinophils (%) 26.43 35.52 19.50 26.97 1.00 1.58 1.1 0.3 0.003
Neutrophils (%) 52.71 35.54 52.09 31.79 81.48 22.52 15.76 5.38 0.004
Macrophages (%) 19.29 13.02 30.08 27.94 16.89 21.56 77.31 6.87 0.246

Note: Significant differences are marked in bold.
Abbreviations: ACOS, asthma–COPD overlap syndrome; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; 
FVC, forced vital capacity; SD, standard deviation. 
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Interestingly, in all groups analyzed, the expression of 

miRNA-338 was higher in the sputum than in peripheral 

blood sample while no differences were found in healthy 

subjects. Moreover, asthma patients showed a higher 

level of miRNA-145 in sputum compared to serum, while 

in ACOS and COPD patients and controls the level of 

expression was almost the same in sputum and serum 

sample (Figure 2).

Figure 1 Evaluation of miRNA expression by qRT-PCR.
Notes: After normalization to miRNA-16 in each group, data were represented as mean ± SD and the obtained average values for each miRNA were used for statistics 
in ACOS, asthma, and COPD groups compared to healthy controls. Sputum miR-145 (A) was higher in asthma and COPD patients compared to healthy controls. At the 
same time, sputum miR-338 (B) was also present in higher abundance in all three groups analyzed, while there was no significant difference for serum miR-145 (C) in 
ACOS, asthma, and COPD patients compared to healthy controls. Serum miR-338 (D) was lower in ACOS, asthma, and COPD patients compared to healthy controls. The 
experiment was conducted in triplicate. *P,0.05.
Abbreviations: ACOS, asthma–COPD overlap syndrome; COPD, chronic obstructive pulmonary disease; qRT-PCR, quantitative real-time polymerase chain reaction.

∆∆ ∆∆

∆∆ ∆∆

Figure 2 Relative quantity of expression of miR-145 (A) and miR-338 (B) in sputum and serum of ACOS, asthma, and COPD patients and controls, calculated as 2-∆ct.
Note: *P0.05.
Abbreviations: ACOS, asthma–COPD overlap syndrome; COPD, chronic obstructive pulmonary disease.
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Discussion
The main finding of this work is that the expression of 

miRNA-145 and miRNA-338 is higher in the supernatant 

of COPD and asthma patients than in controls. This result 

confirms that the lung environment participates in the patho-

genesis of obstructive diseases and many biological factors 

are involved in the modulations of pathological mechanisms. 

For many years, much attention was given to biomarkers of 

inflammation and oxidative stress. Furthermore, the obtained 

results highlight that distinct patterns of miRNA expression 

in sputum may be involved in the pathogenesis of chronic 

obstructive diseases.

Different papers have recently demonstrated that some 

miRNAs are elevated in asthma and COPD patients.16 

Moreover, the expression of miRNAs seems to be different 

in various asthma models. Wang et al17 identified differ-

ent expressions of miR-145-5p, miR-636, miR-338-3p, 

miR-4485, miR-1229-3p, miR-4707-3p, and miR-3620-3p 

in the serum of patients with asthma, compared to patients 

with COPD. While in the exhaled breath condensate (EBC), 

Roff et al18 have analyzed the expression of 11 miRNAs, 

reporting decreased levels of miR-570-3p in EBC and in 

the serum from asthma patients. Altered miR-221 expres-

sion was documented in human primary ASM cells from 

patients with non-severe and severe asthma compared to 

healthy individuals.19

A pathophysiological role of miRNAs has been studied 

in asthma and in COPD and differential expression of 

miRNAs has been identified. Even if COPD and asthma are 

characterized by chronic airways inflammation, they have 

a distinct cellular composition of the airway inflamma-

tory infiltrate. In fact, while in COPD, the main important 

role was usually played by neutrophils, macrophages, and 

lymphocytes, whereas eosinophils are the most prominent 

inflammatory cells in asthma. In addition, the inflammatory 

pattern is substantially different, and the miRNA expression 

seems to be different in these diseases.

Cao et al20 suggests a role of miR-183, miR-200b, and 

miR-200c in the regulation of BKCaβ1 expression, which 

in turn might be correlated with the severity of the disease. 

Donaldson et al21 found that plasma levels of muscle-specific 

miR-499 are associated with NF-κB p50 in mild/moderate 

COPD, whereas in severe and very severe disease, miR-206 

and miR-133 are associated with circulating cytokines. Puig-

Vilanova et al22 analyzed muscle-specific miRNAs (miR-1, 

miR-133, and miR-206), which were downregulated in 

COPD and hypothesized an adaptive mechanism to better 

overcome the continuous inspiratory loads of the respiratory 

system in COPD. However, to date, relatively very few 

miRNAs have been studied in detail and, hence, the precise 

biological relevance remains yet to be determined.

We quantified the expression of two miRNAs for which 

the published data indicate important parts on regulating 

interferon-gamma-inducible protein 30 and tumor necrosis 

factor receptor superfamily, miRNA-145 and miRNA-338, 

respectively.

A large number of miRNAs are differentially expressed 

in asthma in a predominantly cell-specific manner. These 

include miRNA-145 that has regulatory effects on the smooth 

muscle cell differentiation, plasticity, and phenotype differ-

entiation and participates in the modulation of eosinophilic 

inflammation, mucus hypersecretion, Th2 cytokine produc-

tion, and airway hyperresponsiveness in allergic airway 

diseases.23–25 Solberg et al26 examined 217 miRNAs in 

bronchial epithelium of asthma patients who have a very 

different level of expression compared to healthy subjects. In 

addition, the use of corticosteroids does not alter the expres-

sion of miRNA in the asthmatic population. O’Leary et al11 

helped to identify miRNA-145 as a potential key regulator 

of ASM function in COPD. Despite it is highly expressed 

in the healthy lungs and in healthy ASM cells specifically, 

human and animal models showed that miRNA-145 could 

also contribute to the development of COPD.27–30

On the other hand, recent studies have indicated the 

important role of miRNA-338 in epithelial cell differentia-

tion by facilitating the translocalization of β1-integrin to the 

basolateral membrane. Kos et al12 have shown that miRNA-

338 regulates differentiation, apoptosis, and probably tissue 

degeneration, by modulation of the AATK mRNA. miRNA-

338 is also downregulated in some types of human cancers, 

including NSCLC, where it has a role in cancer differentia-

tion, pathological stage, and lymph node metastasis. This 

regulation might be explained by targeting the Ras-related 

protein 14 (RAB14) gene.31 Despite this evidence, the role 

of miRNA-338 in pulmonary functions has not been clearly 

identified. Our results seem to show that it could be involved 

in the pathogenesis of obstructive diseases. To date, we can 

only speculate that inflammation and cell proliferation at the 

base of the remodeling processes can be promoted by the 

activation of miRNA-338.

Another purpose of this study was to identify a novel 

possible biomarker that can be helpful in discriminating 

patients affected by ACOS. This is a common condition 

in which subjects present a commixture of clinical and 

spirometric characteristics presented in both COPD and 

asthma. There is a fervent debate around ACOS that seems 

to be a particular phenotype of COPD characterized by a 

younger age, less smoking history, and frequent and severe 
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respiratory exacerbations. However, it is not always easy to 

distinguish ACOS subjects from COPD only using spirom-

etry and bronchodilatator response. A biomarker able to 

discriminate these two entities can be useful in clinical 

practice. Recently, Iwamoto et al32 has shown that neutrophil 

gelatinase-associated lipocalin (NGAL), a protein associ-

ated with inflammation and airway injury, was higher in the 

sputum of ACOS patients than in COPD patients. The same 

paper confirmed that the sputum of COPD patients is charac-

terized by neutrophils, while eosinophils are higher in asthma 

and ACOS patients. Our group studied mitochondrial DNA 

that seems to be altered in ACOS with respect to asthma or 

COPD, but it is indisputable that we are far from the routine 

use of these molecules in clinical practice.33

The results of the present study do not show differences 

between the expression of miRNA-145 and miRNA-338 in 

ACOS patients compared to asthma or COPD patients, and 

this confirms that this syndrome presents some characteristics 

overlapping between both diseases. However, the presence 

of different expression levels of miRNA in the sputum of all 

obstructive diseases compared to controls underlines a pos-

sible role of miRNA in the pathogenesis and development 

of obstructive diseases even if their role is not fully clari-

fied because many confounding factors can influence their 

expression. Thus, a large population should be analyzed to 

have more information about their functions.

The main limitation of this study is that we selected only 

two miRNAs, while high numbers of them may be involved 

in the same diseases. Thus, a large panel should be evaluated 

to collect more details about their role in the pathogenesis 

of diseases. Nevertheless, our results can encourage the 

research in this field even if a large-scale validation study 

across multiple centers is required.

Conclusion
This pilot study suggests that miRNA could be important in 

obstructive diseases, because it may modulate the expres-

sion of different genes responsible for many biological pro-

cesses such as development of airway epithelial cells, stress 

responses, formation of pulmonary surfactant, and inflamma-

tion, involved in the pathogenesis and evolution of obstructive 

lung diseases. Moreover, the study of miRNA may become 

a novel approach to evaluate new therapeutic target or the 

development of new miRNA-related inhaled medications.
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