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Abstract
Background  Many studies have revealed that microRNA (miRNA) molecules may take part in idiopathic pulmonary fibrosis 
(IPF). But, the role of miRNAs in the development of IPF is not yet clear.
Methods  We investigated the plasma levels of miR-21, miR-590, miR-192, and miR-215 in IPF (n = 88) and healthy control 
(n = 20) groups in this study. We compared the expression levels of target miRNAs in patients with IPF and healthy partici-
pants. We grouped the patients with IPF according to age, forced vital capacity, carbon monoxide diffusing capacity (DLCO), 
gender-Age-pulmonary physiology (GAP) score, the presence of honeycombing and compared the expression levels of target 
miRNAs in these clinical subgroups.
Results  82 (93.18%) of the patients with IPF were male and the mean age was 66.6 ± 8.6 years. There was no significant 
difference between the gender and age distributions of IPF and the control group. The mean plasma miR-21 and miR-590 
levels in IPF group were significantly higher than in the control group (p < 0.0001, p < 0.0001, respectively). There was 
no significant difference between the miR-192 and miR-215 expression levels of the IPF and control group. Both miR-21 
and miR-590 correlated positively with age (p = 0.041, p = 0.007, respectively) while miR-192 and miR-215 displayed a 
negative correlation with age (p = 0.0002, p < 0.0001, respectively). The levels of miR-192 and miR-215 increased as the 
GAP score decreased. The levels of miR-192 in patients with honeycombing were significantly lower than in those without 
honeycombing (p = 0.003).
Conclusions  Our study showed that both miR-21 and miR-590 were overexpressed in IPF. The miR-21 and miR-590 were 
associated with DLCO, while miR-192 and miR-215 were associated with the GAP score and honeycombing.
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Background

Idiopathic pulmonary fibrosis (IPF) is a progressive fatal 
fibrotic lung disease. Myofibroblasts related to the exces-
sive production of the extracellular matrix appear to play a 
central role in the pathogenesis of this disease. But the cell 
types and the pathways involved in the pathogenesis have 
not been elucidated yet [1]. MicroRNA (miRNA) molecules 
are small, non-coding endogenous RNAs. They regulate the 

translation of their target messenger RNAs [2]. They have 
a modulatory role in various cells types and almost every 
cellular function. Also, the majority of fibrotic processes are 
now thought to be regulated by miRNAs in fibrotic diseases 
[3]. According to recent evidence, some miRNAs which 
play a central role in the fibrotic signaling pathways are now 
also believed to be involved in the development of IPF [4]. 
Studies have shown that expression of miR-21 increased in 
the lung tissue of patients with IPF and the overexpression 
of miR-21 promoted lung fibroblasts [5]. In addition to its 
overexpression in tissue, miR-21 was also found to be high 
in level in the serum of patients with IPF [6]. Moreover, 
miR-21 levels have been associated with the diagnosis, pro-
gression, and severity of IPF recently [7].

Interestingly, another miRNA molecule, miR-590, has a 
similar nucleotide sequence to miR-21 [8]. It is predicted 
that these two miRNA molecules might share the same target 
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mRNA molecules and therefore may take part in similar 
cellular pathways. Previously, miR-21 has been shown to 
contribute to both pulmonary and cardiac fibrosis processes 
while miR-590 has been reported to be associated with car-
diac fibrosis. But, the role of miR-590 in pulmonary fibrosis 
has not been studied yet [9, 10].

The miR-192 molecule has also been reported to take 
part in the development of fibrosis. Extensive studies are 
being conducted on the regulatory role of miR-192 in fibro-
sis, particularly in renal fibrosis [11]. Furthermore, miR-
192 was higher in bleomycin-induced fibrotic lungs of mice, 
and miR-192 was present in the sputum of patients with 
IPF [12, 13]. But there is no data about its relation to IPF 
severity. As in the case of miR-21 and miR-590, there is a 
strong sequence homology between the miR-192 and miR-
215. Although miR-215 was reported to regulate fibroblast 
function, there is no study about its role in lung fibrosis [14].

Currently, the interest in the association between circu-
lating extracellular miRNA and the development of IPF has 
been increasing. So, the plasma expression levels of miR-
21, miR-590, miR-192, miR-215 molecules in IPF and their 
relationship with the clinical features were investigated in 
this study.

Methods

Study design and participants

This is a single-centered cross-sectional study. We conducted 
this study in the Chest Disease Department of Akdeniz Uni-
versity Hospital between June 2018 and August 2020. The 
IPF group consisted of IPF patients who met the criteria 
of the 2018 American Thoracic Society/European Respira-
tory Society Clinical Practice Guidelines [15]. We excluded 
the ones with end-stage renal disease, hepatic failure, acute 
coronary heart disease, or cancer in the study. The control 
group consisted of healthy individuals that matched the IPF 
group’s age and gender. None of the participants in the con-
trol group displayed any symptoms or had any preexisting 
disease. We performed an electrocardiogram and a blood 
test to check heart enzymes and kidney and liver function in 
all participants. We excluded the ones with any abnormality 
in these tests.

Clinical features

We obtained the data about age, gender, smoking history, 
symptoms, drug therapy, lung biopsy of the IPF patients. 
We used recent high-resolution computer tomography 
(HRCT) images. We accepted subpleural and basal domi-
nant reticulation with honeycombing as usual interstitial 
pneumonia (UIP). We classified as probable UIP if there 

was no honeycombing and all other HRCT findings were 
the same as UIP. We defined those patients with very lim-
ited subpleural reticulation or ground-glass opacities without 
other obvious features of pulmonary fibrosis, as indetermi-
nate UIP pattern. We also compared the miRNA levels of 
the IPF patients with and without honeycombing on HRCT. 
We used a modified Medical Research Council (mMRC) 
Questionnaire for the assessment of the severity of dyspnea. 
We calculated the gender-age-pulmonary physiology (GAP) 
score [16]. We performed spirometry and helium diffusion 
tests. We obtained blood samples of IPF patients for miRNA 
analysis simultaneously with these tests.

We also obtained data about the age, gender, smoking 
history, and comorbidities of the healthy control subjects. 
We collected blood samples of the participants in the con-
trol group for miRNA analysis. But, we did not perform 
spirometry and helium diffusion tests since all were healthy 
individuals.

We grouped the IPF patients according to age, FVC (% 
of predicted), DLCO (% of predicted), and GAP score. 
We grouped the patients < 65 years as a younger group 
and ≥ 65 years as an older group. We formed three subgroups 
based on FVC values (< 65%, 65–80%, > 80%), DLCO val-
ues (< 45%, 45–70%, > 70%), and GAP scores (0–2, 3–4, 
5–8) [17, 18].

miRNA expression analysis

We examined the expression levels of target miRNA mole-
cules by real-time PCR. We obtained plasma from peripheral 
blood samples and stored it at − 80 °C. We isolated miRNA 
from plasma with microRNA Purification Kit (Norgen 
Biotek Corp., Canada) and synthesized cDNA by using miR-
CURY LNA RT Kit (Qiagen, USA). We performed real-time 
PCR with miRCURY LNA SYBR Green PCR Kit (Qiagen, 
USA) for hsa-miR-21-5p, hsa-miR-590-5p, has-miR-192-5p, 
has-miR-215-5p, and hsa-miR-16-5p on LightCycler 480 II 
instrument via LightCycler 480 1.5 software (Roche Diag-
nostics GmbH, Germany). We used REST-MCS software 
and miR-16 as a reference for the relative quantification 
analysis of target miRNA genes [19].

Human ethics

We obtained written informed consent from all patients and 
control subjects. The Clinical Research Ethics Committee 
of Akdeniz University Faculty of Medicine approved the 
study on 17.01.2018 (Decision No: 53, Dated: 17.01.2018). 
Akdeniz University Scientific Research Projects Coor-
dination Unit supported the study (Project Number: 
TTU-2019-4793).
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Statistical analysis

Statistical analysis of the data was performed using Graph-
Pad Prizm 9 (GraphPad Software, USA) program. Descrip-
tive statistics for categorical variables were reported as num-
ber (n) and percentage (%) and for continuous variables as 
mean ± standard deviation (SD) or mean ± standard error 
of mean (SEM) values. Differences of means between two 
independent groups were examined with the Mann–Whitney 
U test, and between more than two independent groups with 
Kruskal Wallis test. Relationships of two independent cat-
egorical variables were interpreted by Chi-square analysis 
or with Fisher’s exact Test. The correlation of independent 
continuous variables was analyzed with Spearman’s Rank 
Correlation test. In all analyses, a value of p ≤ 0.05 was con-
sidered to be statistically significant.

Results

Demographic features, respiratory functions, 
and radiological findings

Eighty-eight patients with IPF and 20 healthy control sub-
jects were evaluated in this study. IPF group comprised 
82 (93.18%) males and the mean age was 66.6 ± 8.6 years 
(Table 1). There was no significant difference in gender dis-
tribution and the mean age of the IPF and the control groups. 
There was more smoker in the IPF group than in the control 
group (71% vs. 45%, p = 0.038). But, there was no significant 

difference in smoking amount between the IPF and the con-
trol group. The majority of the patients (81.8%) had dysp-
nea, in various degrees and the median mMRC score was 2. 
The mean FVC (% of predicted) was 71.3 ± 17.1% and the 
mean DLCO (% of predicted) was 60.6 ± 17.8%.

Sixty-four (72.7%) of the IPF patients had a UIP pattern 
and 24 patients (4 with indeterminate UIP and 20 with prob-
able UIP) had a surgical biopsy for the diagnosis. The mean 
age of patients with honeycombing on HRCT was signifi-
cantly higher than that of patients without honeycombing 
(68.5 vs. 62.1 years, p = 0.0027). The median GAP score 
was 3 and antifibrotic drugs were being taken by 75% of the 
patients. While the majority (74%) of the patients were tak-
ing pirfenidone (mean dose 2400 mg/day), the rest of them 
were using nintedanib (mean dose 275 mg/day).

The clinical features of the IPF patients differed between 
the younger and older groups, while gender and the smok-
ing features were similar in both age groups (Supplemental 
Table 1). Honeycombing was significantly more common 
(p = 0.015) and the GAP score was higher (p = 0.001) in the 
older group however, the mean FVC and the mean DLCO 
values were similar.

miRNA levels in IPF and control group

The mean plasma miR-21 and miR-590 levels in IPF were 
at least two-fold higher than in control group (Fig.  1). 
There was no significant difference in the mean plasma 
miR-192 and miR-215 levels between the IPF and con-
trol groups. The plasma levels of target miRNA molecules 
were not altered significantly with smoking amount in both 
the control (miR-21: 0.65 ± 0.35 vs. 0.77 ± 0.64, p > 0.05; 

Table 1   Demographic features, respiratory functions and radiological 
findings of participants

IPF Idiopathic pulmonary fibrosis, P/Y packet/year, SD standard 
deviation, FVC forced vital capacity, %pred. % of predicted, DLCO 
diffusing lung capacity for carbon monoxide, GAP gender-age-
pulmonary physiology, min minimum, max maximum, HRCT​ high-
resolution computed tomography, UIP usual ınterstitial pneumonia, n 
number
*p = 0.038, smoking rate in IPF versus control with Fisher’s exact test

Characteristic Control IPF
n = 20 n = 88

Age, mean ± SD 63 ± 7.2 66.6 ± 8.6
Gender (male) 80% 82%
Smoking history 45% 71%*
Smoking amount (P/Y), mean ± SD 31.8 ± 30.3 31.8 ± 18.3
Dyspnea 81.8%
FVC (%pred.), mean ± SD – 71.3 ± 17.1
DLCO (%pred.) (n = 82), mean ± SD – 60.6 ± 17.8
GAP score, median (min–max) – 3 (0–8)
HRCT (with honeycombing) (n = 84) – 76%
Drug therapy (n = 66) 75%

Fig. 1   Plasma expression levels of miR-21, miR-590, miR-192, and 
miR-215 in IPF and control groups. The relative expression level of 
the target miRNAs was calculated by using miR-16 as a reference. 
Bars represent means and error lines indicate standard deviation. 
*p < 0.0001
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miR-590: 0.52 ± 0.31 vs. 0.63 ± 0.51, p > 0.05; miR-192: 
1.50 ± 0.85 vs. 1.31 ± 0.45, p > 0.05; miR-215: 1.60 ± 0.86 
vs. 1.60 ± 0.71, p > 0.05; smoking history no vs. yes, respec-
tively) and IPF groups (miR-21: 1.49 ± 1.13 vs. 1.43 ± 0.90, 
p > 0.05; miR-590: 1.31 ± 0.90 vs. 1.41 ± 1.08, p > 0.05; 
miR-192: 1.29 ± 0.58 vs. 1.33 ± 0.40, p > 0.05; miR-215: 
1.35 ± 0.57 vs. 1.48 ± 0.69, p > 0.05; smoking history no 
vs. yes respectively). Additionally, there was no signifi-
cant difference between the mean target miRNA levels of 
patients taking anti-fibrotic drugs and those not taking anti-
fibrotic drugs (miR-21: 1.33 ± 0.78 vs. 1.48 ± 1.03, p > 0.05; 
miR-590: 1.20 ± 0.97 vs. 1.44 ± 1.04, p > 0.05; miR-192: 
1.35 ± 0.55 vs. 1.31 ± 0.42, p > 0.05; miR-215: 1.46 ± 0.71 
vs. 1.44 ± 0.65, p > 0.05; anti-fibrotic therapy no vs. yes, 
respectively). A positive correlation was found between the 
levels of miR-21 and miR-590, and between the levels of 
miR-192 and miR-215 in both IPF and control groups (Sup-
plemental Fig. 1).

The effect of age on serum miRNA levels

In the IPF group, there was a positive correlation between 
age and both miR-21 and miR-590, while miR-192 and 
miR-215 were negatively correlated with age (Fig. 2]. The 
mean miR-21 and miR-590 levels were significantly higher 
in the older group than in the younger group (1.1 ± 0.6 vs. 
1.6 ± 1.0, p = 0.032, 1.0 ± 0.5 vs. 1.6 ± 1.2, p = 0.039, respec-
tively). miR-192 and miR-215 levels were significantly lower 
in the older group than in the younger group (1.5 ± 0.5 
vs. 1.2 ± 0.3, p = 0.004, 1.6 ± 0.6 vs. 1.3 ± 0.6, p = 0.001, 
respectively).

In the control group, none of the miRNA molecules cor-
related with age (Fig. 2). The control subjects were separated 
into younger (n = 12) and older (n = 8) age groups. The lev-
els of miR-21 and miR-590 were similar in both subgroups. 
But the levels of miR-192 and miR-215 were significantly 

higher in the older group than in the younger group (miR-
192: 1.2 ± 0.7 vs. 1.6 ± 0.5, p = 0.047, miR-215: 1.3 ± 0.7 vs. 
1.9 ± 0.6, p = 0.031).

Association of miRNAs with pulmonary function 
tests, GAP score and radiological findings 
in patients with IPF

Among the FVC subgroups, no difference was determined 
in plasma levels of miR-590, miR-192, and miR-215, but 
there was a slight difference in the miR-21 level (Sup-
plemental Table 2). The plasma miR-21 level of patients 
with FVC > 80% was higher than that of patients with FVC 
66–80% (1.6 ± 0.9 vs. 1.2 ± 0.9, p = 0.012).

In DLCO subgroups, there was no significant difference 
in miR-192 and miR-215 levels (Supplemental Table 2). 
Both miR-21 and miR-590 were reduced in patients with 
DLCO < 45% compared to other DLCO subgroups, but the 
miR-21 and miR-590 levels of this group were similar to 
those of control subjects (Fig. 3). The plasma miR-21 and 
miR-590 levels were not significantly changed among DLCO 
subgroups (via Kruskal Wallis test). But the patients with 
the highest DLCO levels showed significantly increased 
miR-590 levels compared to patients with the lowest DLCO 
values (1.5 ± 0.9 vs. 1.0 ± 1.1, p = 0.022).

miR-21 and miR-590 levels did not change according to 
the GAP score (Supplemental Table 3). In contrast, miR-192 
and miR-215 were reduced along with the increased GAP 
scores [Fig. 3]. The plasma miR-192 level was significantly 
reduced in the patients whose GAP scores are higher than 
2 (p = 0.010). Although the plasma miR-215 levels were 
not significantly changed with the GAP score, their levels 
were reduced in the patients with a GAP score higher than 
2 (p < 0.05 with Mann Whitney U test).

According to the radiological findings, miR-21 and 
miR-590 levels were not different (Supplemental Table 3). 

Fig. 2   Correlation of age with miRNA in IPF and control groups. 
A Correlation of age with miR-21 (control: r = 0.06, p > 0.05, IPF: 
r = 0.21, p = 0.041). B Correlation of age with miR-590 (control: 
r = 0.17, p > 0.05, IPF: r = 0.28, p = 0.007). C Correlation of age 

with miR-192 (control: r = 0.42, p > 0.05, IPF: r = -0.38, p = 0.0002). 
D Correlation of age with miR-215 (control: r = 0.42, p > 0.05, IPF: 
r = -0.44, p < 0.0001)



2241Molecular Biology Reports (2022) 49:2237–2244	

1 3

The plasma miR-215 levels were lower in the patients with 
honeycombing compared to those without honeycombing, 
but the difference was not significant (Fig. 4). Among the 
patients with honeycombing, plasma miR-192 levels were 
significantly lower than in those without honeycombing 
(p = 0.003).

Discussion

In this study, we investigated plasma miR-21, miR-590, 
miR-192, and miR-215 levels in IPF patients. The plasma 
miR-21 and miR-590 levels in the IPF group were signifi-
cantly higher than those of the control group. But there was 
no significant difference between the miR-192 and miR-215 

levels of the IPF and control groups. Moreover, we found 
an association between all target miRNAs and age. Besides 
that, we observed that miR-21 and miR-590 were associated 
with DLCO, while miR-192 and miR-215 were associated 
with GAP score and honeycombing. These findings suggest 
that miR-21 and miR-590 may play a role in the development 
of IPF and can be used for diagnostic purposes. Additionally, 
we suggest that both miR-192 and miR-215 can be utilized 
to assess IPF progression.

The miRNA molecules have been reported to be involved 
in lung fibrosis. Studies have shown that miR-21 expression 
is increased in the lung tissue of patients with IPF [5]. Serum 
miR-21 is suggested as a representative of miR-21 expres-
sion in lung tissue of IPF patients. Because miR-21 levels 
are increased in the serum of patients with IPF, as in the lung 
tissue [20, 21]. In our study, we also found that the plasma 
miR-21 levels were significantly higher among IPF patients 
than in the control group, concordant with previous studies.

To the best of our knowledge, there is no knowledge 
about the plasma levels of miR-590, miR-192, and miR-215 
in patients with IPF. Although each of these miRNAs has 
been reported to play a role in various fibrotic diseases, only 
miR-192 has been associated with lung fibrosis so far [22, 
23]. miR-192 expression was found to be both elevated in 
the sputum of IPF patients and to be a modulator of airway 
remodeling in patients with asthma [13, 14]. In this study, 
the plasma miR-590 levels were significantly higher in IPF 
than in the control. But there was no significant difference 
in miR-192 and miR-215 levels between the IPF and control 
groups.

Besides being associated with the presence of IPF, our 
study provided evidence that plasma miRNAs could dis-
play expressional alterations according to the severity of the 
IPF. The mean plasma level of miR-590 was high in the IPF 

Fig. 3   miRNA levels according to the DLCO and GAP score sub-
groups. A Plasma miR-21 and B miR-590 levels among the sub-
groups of DLCO < 45%, 45–70%, and > 70% were not significantly 
different via the Kruskal–Wallis test. C Plasma miR-192 levels 
among the GAP score subgroups were significantly different via the 
Kruskal–Wallis test (p = 0.010). With Dunn’s multiple comparison 

test, the GAP 0–2 subgroup was significantly different from other 
subgroups. D Plasma miR-215 levels among the subgroups were not 
significantly different via the Kruskal–Wallis test but there was a sig-
nificant difference between the miR-215 levels of GAP 0–2 and 3–4 
subgroups with the Mann–Whitney U test (p = 0.035). Bars represent 
means and error lines indicate SEM. *p < 0.05

Fig. 4   miR-192 and miR-215 levels according to the presence of 
honeycombing on HRCT. A Plasma miR-192 levels of the patients 
with honeycombing were reduced compared to the patients without 
it (p = 0.003). B Plasma miR-215 levels were similar between the 
patients with honeycombing or without honeycombing (p > 0.05). 
Bars represent means and error lines indicate SEM. *p < 0.05
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group. This finding suggests that plasma miR-590 expres-
sion increases with IPF development. But plasma miR-590 
levels decreased along with decreasing DLCO. The decrease 
in miR-590 expression during disease progression suggests 
that there might be a negative feedback mechanism. Besides 
this, the plasma levels of miR-192 did not change in the 
presence of IPF. But they decreased along with the increase 
in the radiological severity or the GAP score. In the model 
of bleomycin-induced fibrosis, the miR-192 expression had 
also decreased as the fibrosis progressed [12]. Thus, the 
miR-192 could be a promising plasma biomarker for the 
prognosis and progression of IPF. Further investigation of 
changes in miR-192 expression in later stages of pulmonary 
fibrosis is needed.

In this study, we observed that miR-21 correlated with 
miR-590 in both control and IPF groups. But, miR-21 and 
miR-590 had before displayed an inverse pattern of expres-
sion in ulcerative colitis. [24]. So, mir-21 and mir-590 may 
show different expression patterns in different diseases. 
Moreover, miR-21 and miR-590 showed a correlation with 
the age of the IPF patients in our study. A previous study 
also revealed that circulating levels of miR-21 increase along 
with age, and miR-590 levels are higher in older people [25]. 
The recognition of miR-21 as a DNA damage-dependent 
circulatory biomarker for aging also supports these findings 
[26]. We observed that miR-192 and miR-215 also correlated 
with age in the IPF group. The levels of miR-21 and miR-
192 were higher in the circulating vesicles of aged mice [27]. 
The miRNA molecules in the circulation are distributed in 
several compartments as protein-bound or in exosomes. Cur-
rently, we don’t know whether these different compartments 
are necessarily associated with specific diseases. [28]. The 
effect of age on miRNA levels may depend on the severity 
of the disease and the specific compartment of miRNAs in 
which they are distributed.

The interaction of miRNAs with fibrotic processes could 
be through some signaling pathways. TGFb molecule, asso-
ciated with miR-21, is an important regulator in pulmonary 
fibrosis. It induces miR-21 expression and upregulates miR-
21 via Smad3 [29]. Moreover, miR-21 inhibits Smad7 and 
further stimulates TGFb signaling [30, 31]. Lung injury 
stimulates both miR-21 and TGFb expression and inhibits 
Smad7 expression [32]. All these suggest that miR-21 may 
be a positive feedback regulator of TGFb, the main driver 
of fibrosis.

Together with miR-21, miR-590 takes part in fibrotic 
TGFb signaling. TGFb reduces miR-590 expression. MiR-
590 directly inhibits both TGFb and TGFb receptors to 
suppress its signaling pathway. It also inhibits the expres-
sion of Smad3 and Smad7 [33, 34]. So, miR-590 and 
TGFb molecules seem to act as negative regulators of each 
other. But, in our study, we found that the plasma levels 

of miR-590 were higher in IPF patients than in healthy 
individuals. A possible explanation for this discrepancy 
might be in the inflammatory response. Pro-inflammatory 
cytokines regulate miR-590 expression by the JAK/STAT 
pathway [35]. During inflammatory processes, STAT3 
which is a target of miR-590 activates STAT5, and STAT5 
increases miR-590 expression [36]. It has previously been 
demonstrated that both STAT3 and STAT5 proteins play 
a role in the regulation of TGFb signaling and the Epithe-
lial-Mesenchymal Transition in pulmonary fibrosis [37]. 
This suggests that miR-590 may play a dual role in both 
inflammation and fibrosis as a negative feedback regula-
tor in IPF.

Previously, it was reported that the miR-192 expres-
sion was lower in cigarette smoke-exposed lung tissue 
[38]. Additionally, exosomal miR-192 was present in 
high amounts in the sputum of the patients with IPF [13]. 
TGFb-induced miR-192 functions seem to be much more 
heterogeneous. Because miR-192 can inhibit or stimulate 
fibrosis depending on the cell type. The TGFb promotes 
miR-192 expression by signaling with Smad3, while it 
reduces miR-192 expression via Smad7 [39]. In our study, 
the levels of miR-192 in IPF were not significantly differ-
ent than those in healthy individuals. But, miR-192 dis-
played a positive correlation with GAP score and honey-
combing. This suggests that we may use miR-192 to assess 
IPF progression.

There are some limitations in this study. The partici-
pants in the control group were small in number. Secondly, 
the correlation of target miRNAs with age in control 
group needs to be further analyzed with additional stud-
ies. Finally, we don’t know whether the miRNAs in the 
plasma of the IPF patients originated from lung tissue or 
extra-pulmonary tissues, or even from circulating cells.

In conclusion, we found the plasma miR-590 and miR-
21 levels were significantly higher in the IPF group than 
in the control group. We observed that all target miRNAs 
correlated with age. Moreover, the miR-21 and miR-590 
levels were associated with DLCO, while miR-192 and 
miR-215 levels were associated with GAP score and hon-
eycombing. These miRNAs may play a regulatory role 
in the development and progression of IPF. They may be 
used as a diagnostic or prognostic tool and even, as a new 
therapeutic target. Nevertheless, we need further research 
to better understand the roles of these plasma miRNAs in 
the development, progression, and severity of IPF.
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