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Abstract. Exploring independent biomarkers and delineating 
pathogenic mechanisms could improve the early diagnosis and 
treatment of chronic obstructive pulmonary disease (COPD). 
In the present study, a study was conducted to determine 
the diagnostic potential of miRNA‑101‑3p.1 in identifying 
stable COPD (SCOPD) and acute exacerbation of COPD 
(AECOPD) patients and to reveal the molecular mechanism 
by which miRNA‑101‑3p.1 regulates COPD progression. 
miRNA‑101‑3p.1 profiles in peripheral blood mononuclear 
cells of COPD patients were evaluated. Subsequently, receiver 
operating characteristic curves were created to demonstrate 
the diagnostic accuracy of miRNA‑101‑3p.1 in discriminating 
SCOPD and AECOPD. Finally, the molecular mechanism 
by which miRNA‑101‑3p.1 regulates COPD progression 
was explored. The present study revealed that patients with 
COPD, and especially patients with AECOPD, had signifi-
cantly increased levels of miRNA‑101‑3p.1 and the level of 
miRNA‑101‑3p.1 was closely correlated with CAT score 
and FEV1% predicted. Notably, miRNA‑101‑3p.1 accurately 
discriminated SCOPD and AECOPD. Furthermore, increasing 
miRNA‑101‑3p.1 promoted cell proliferation and induced the 
expression of inflammatory cytokines. Mechanistic investiga-
tions revealed that miRNA‑101‑3p.1 inhibited the expression 
of von Hippel‑Lindau tumor suppressor (pVHL) and ubiquitin 
conjugating enzyme E2 D1 (UBE2D1). pVHL and UBE2D1 
co‑upregulated HIF‑1α, and HIF‑1α mediated activation of 
the EGFR/PI3K/AKT signaling pathway. The present results 
collectively demonstrated that miRNA‑101‑3p.1 could act 

as an independent biomarker for the diagnosis of SCOPD 
and AECOPD, and that miRNA‑101‑3p.1 facilitates COPD 
progression by activating the EGFR/PI3K/AKT signaling 
pathway.

Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic 
disease characterized by persistent airflow restriction and is 
associated with an abnormal chronic inflammatory response 
of airways and lung tissues to harmful gases or particles (1,2). 
Typical clinical manifestations of COPD are chronic cough, 
sputum, shortness of breath or dyspnea, and wheezing and 
chest tightness; however, some COPD patients lack clinical 
manifestations of chronic cough, sputum, or other clinical 
symptoms before airflow restriction (3,4). Notably, COPD 
is difficult to precisely diagnose, and it is estimated that 
only 60‑85% of COPD patients are diagnosed in the early 
to intermediate stages of disease progression (5). Currently, 
COPD severity is evaluated primarily according to clinical 
symptoms, pulmonary function and complications, espe-
cially for pulmonary function, it is typically measured 
by forced expiratory volume in 1 s/forced vital capacity 
(FEV1/FVC) after inhalation of a bronchodilator (6,7). Since 
pulmonary function decreases with age regardless of COPD, 
using pulmonary function tests to diagnose COPD may cause 
underdiagnosis in young patients and overdiagnosis in the 
elderly (8). Thus, timely and accurate COPD is very impor-
tant for its treatment, and can prevent further destruction of 
lung tissue.

At present, samples used for COPD diagnosis are derived 
from lung tissue, sputum, exhaled gas from patients, and 
bronchial biopsies. Acquiring lung tissue causes trauma 
and other samples have poor reproducibility and lack stan-
dardization (9,10). In recent years, microRNAs (miRNAs) 
have been revealed to be involved in regulating many 
physiological and pathological processes including cell 
differentiation, apoptosis, cell proliferation, and angio-
genesis, among others  (11,12). Shen  et  al (13) revealed 
that smoking induced the downregulation of miR‑149‑3p, 
increasing the inflammatory response in COPD patients 
through the TLR‑4/NF‑κB signaling pathway. In addition, 

miRNA‑101‑3p.1 as an independent diagnostic biomarker 
aggravates chronic obstructive pulmonary disease via 
activation of the EGFR/PI3K/AKT signaling pathway

SHUIFANG CHEN,  ZEYING ZHANG,  LINA CHEN  and  JIANLI ZHANG

Respiratory Department of Internal Medicine, The First Affiliated Hospital, College of Medicine,  
Zhejiang University, Hangzhou, Zhejiang 310003, P.R. China

Received January 16, 2019;  Accepted June 28, 2019

DOI:  10.3892/mmr.2019.10657

Correspondence to: Dr Shuifang Chen, Respiratory Department 
of Internal Medicine, The First Affiliated Hospital, College of 
Medicine, Zhejiang University, 79 Qingchun Road, Hangzhou, 
Zhejiang 310003, P.R. China
E‑mail: chen‑sf@zju.edu.cn

Key words: chronic obstructive pulmonary disease, diagnosis, 
miRNA‑101‑3p.1, ubiquitin conjugating enzyme E2 D1, von 
Hippel‑Lindau tumor suppressor



CHEN et al:  miRNA-101-3p.1 AS DIAGNOSTIC BIOMARKER AGGRAVATES COPD4294

Liu et al  (14) reported that miR‑23a was associated with 
the development of COPD, and identified miR‑23a as a 
potential biomarker to discriminate between frequent and 
non‑frequent exacerbators. miRNA‑101‑3p.1, a member of 
the miRNA‑101 family, had been identified to interact with 
COPD‑related genes involved in the mechanisms of COPD 
including imbalance between anti‑proteolytic and proteolytic 
activity, inflammatory response, apoptosis, and oxidative 
stress (15). Hassan et al (16) revealed that chronic cigarette 
smoke exposure could induce miR‑101 upregulation in the 
lung of mice and human bronchial epithelial cells, which 
may suppress CFTR which is involved in the pathogenesis 
of COPD/emphysema. Notably, miRNA‑101‑3p.1 was also 
revealed to be relevant as a non‑invasive diagnostic tool to 
identify acute cellular rejection in heart transplant patients. 
Thus, it was speculated that miRNA‑101‑3p.1 may be an ideal 
diagnostic marker of COPD and may play an important role 
in the development of COPD.

In the present study, the level, profile, and diagnostic 
accuracy of miRNA‑101‑3p.1 were investigated in periph-
eral blood mononuclear cells (PBMCs) from patients with 
stable COPD (SCOPD) and acute exacerbation of COPD 
(AECOPD). Furthermore, the molecular mechanism by which 
miRNA‑101‑3p.1 regulates COPD progression was elucidated. 
This research provides valuable information regarding the 
accurate diagnosis of COPD.

Patients and methods

Patients and clinical specimens. All study protocols were 
approved by The Ethics and Scientific Committees of 
Zhejiang University. Before study participation, written 
informed consent was provided by each participant. From 
October 2015 to September 2017, 58 patients with SCOPD 
and 46 patients with AECOPD were enrolled in the present 
study. In addition, 50 age‑ and sex‑matched healthy subjects 
with normal pulmonary function were also enrolled in 
this study. The clinical data for all study participants are 
described in Table I . Based on the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) guideline, the 
criterion for COPD was defined as FEV1/FVC<0.7. COPD 
severity was classified as follows: GOLD I was defined as 
FEV1 for predicted values (FEV1%pre)≥80%; GOLD  II 
was defined as 50%≤FEV1%pre<80%; GOLD III  was 
defined as 30%≤FEV1%pre<50%; GOLD IV was defined 
as FEV1%pre,<30%. Stable COPD (SCOPD) was identified 
as a COPD patient that had not undergone acute exacerba-
tion during the last 3  months. Acute exacerbation COPD 
(AECOPD) patients had a FEV1%pre 20.41±5.24. AECOPD 
is defined as an acute worsening of respiratory symptoms 
such as dyspnea, cough, or sputum purulence severe enough to 
warrant hospital admission. Frequent exacerbator was identi-
fied as AECOPD patients with 2.48±0.86 episodes of acute 
exacerbations during the preceding 1 year. Exclusion criteria 
included the existence of other chronic lung diseases, nervous 
system diseases, tumors, diabetes, unstable cardiovascular 
diseases and liver and kidney diseases. The COPD assessment 
test (CAT) consists of 8 items with scores ranging from 0 to 5 
(0=no impairment). The total scores ranging from 0 to 40 are 
calculated by adding the score from each item, higher scores 

indicating a poorer control of COPD or a more severe health 
status impairment.

Blood samples and PBMC isolation. Venous blood samples of 
participants were collected in BD CPT™ tubes after 12 h of 
fasting. The CPT™ tubes (BD Biosciences,) were used to sepa-
rate PBMCs and plasma from granulocytes and erythrocytes 
following centrifugation. Subsequently, blood samples were 
inverted ten times following blood collection and centrifuged 
at 1,500 x g for 20 min. Then, the PBMC layer was gently 
suspended in the plasma and transferred to conical tubes 
and washed with PBS by centrifugation (300 x g; 10 min). 
Monocyte purity was >97% as assessed by flow cytometry. 
PBMCs were cultured in RPMI‑1640 medium with 10% fetal 
bovine serum (both from Thermo Fisher Scientific, Inc.) in an 
incubator at 37˚C with 5% CO2.

RNA isolation, reverse transcription, and reverse transcription‑​
quantitative polymerase chain reaction (RT‑qPCR). Total 
RNA was extracted for reverse transcription using the PAXgene 
Blood miRNA Kit (Qiagen, Inc.) following the manufacturer's 
instructions. Following RNA transcription into cDNA, it was 
amplified with specific sense and antisense primers using the 
SYBR Premix Ex Taq II kit (Takara Biotechnology Co., Ltd.) 
for mRNA and the miRNA PrimeScript RT Enzyme Mix kit 
(Takara Biotechnology Co., Ltd.) for miRNA. U6 was used 
as a miRNA internal control; GAPDH was used as a gene 
internal control. The gene expression level was compared 
to internal control and calculated using the equation: Fold 
expression level=2‑ΔΔCq (17). Independent experiments were 
performed in triplicate, as were PCR reactions for each gene. 
The primers were as follows: miRNA‑101‑3p.1, 5'‑CTT​CAG​
TTA​TCA​CAG​TAC​TGT​A‑3'; and U6, 5'‑AAC​GCT​TCA​CGA​
ATT​TGC​GT‑3'. The primers for pVHL were as follows: 
Forward primer, 5'‑ACA​TCG​TCA​GGT​CGC​TCT​AC‑3' and 
reverse primer, 5'‑ATC​TCC​CAT​CCG​TTG​ATG​TG‑3'. The 
primers for UBE2D1 were as follows: Forward primer, 5'‑TAG​
CGC​ATA​TCA​AGG​TGG​AGT‑3' and reverse primer, 5'‑TGG​
TGA​CCA​TTG​TGA​CCT​CAG‑3'. The primers for GAPDH 
were as follows: Forward primer, 5'‑ACA​GTC​AGC​CGC​ATC​
TTC​TT‑3' and reverse primer, 5'‑GAC​AAG​CTT​CCC​GTT​
CTC​AG‑3'.

Transient transfection with siRNAs, miRNA mimics or miRNA 
inhibitor. siRNA, miRNA mimics and a miRNA inhibitor 
were designed and synthesized by Sangon Biotech Co., Ltd. 
PBMCs were plated onto a 6‑well plate at 30‑50% confluence. 
After 24 h, siRNA, miRNA mimics or miRNA inhibitor was 
transfected into cells via Lipofectamine 2000 (Thermo Fisher 
Scientific, Inc.) based on the manufacturer's protocol. PBMCs 
were collected after 48 h for further experiments. The sequences 
for the miRNA mimics were: 5'‑UAC​AGU​ACU​GUG​AUA​
ACU​GAA​G‑3' (sense) and 5'‑UUC​UGU​CAU​GACA​CUA​UUG​
ACU‑3' (antisense). The sequences of miRNA inhibitor were: 
5'‑CUU​CAG​UUA​UCA​CAG​UAC​UGU​A‑3'. The sequences of 
the negative controls (NC) were 5'‑GUG​GAU​AUU​GUU​GAC​
AUCA‑3' (sense) and 5'‑dTd​TAA​GAG​GCU​UGC​ACA​GUG​
CA‑3' (antisense). The sequences of pVHL siRNA was 5'‑CCA​
AUG​GAU​UCA​UGG​AGU​A‑3' (sense) and 5'‑CCA​CCC​AAA​
UGU​GCA​GAA​A‑3' (antisense). The sequences of ubiquitin 
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conjugating enzyme E2 D1 (UBE2D1) siRNA were 5'‑UCU​
AGC​GUC​CAC​AGU​GGU​TT‑3' (sense) and 5'‑GCG​ACA​UCU​
AUG​ACU​CAU​TC‑3' (antisense). The NC‑siRNA sequences 
were 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3' (sense) and 
5'‑AAT​TCT​CCG​AAC​GTG​TCA​CGT‑3' (antisense).

Stable expression of HIF‑1α. Lentiviral vectors overexpressing 
HIF‑1α (Ov‑HIF‑1α) and siRNA lentiviral vectors inhibiting 
HIF‑1α expression (Si‑HIF‑1α) were purchased from Cyagen 
Biosciences. The lentiviral vector expressing scrambled RNA 
acted as a control (NC). PBMCs were infected with lentiviral 
vector. Subsequently, flow cytometry sorted fluorescence‑acti-
vated PBMCs to select polyclonal cells with green fluorescent 
protein signals. RNA levels from these cell clones was quanti-
fied using qRT‑PCR. The sequences of siRNA were: 5'‑UCA​
AGU​UGC​UGG​UCA​UCA​GdT​dT‑3' (sense) and 5'‑CUG​
AUG​ACC​AGG​AAC​UUG​AdT​dT‑5' (antisense). Primers 
sequences of HIF‑1α were 5'‑TCA​TCC​AAG​AAG​CCC​TAA​
CGT​G‑3'(sense); 5'‑TTT​CGC​TTT​CTC​TGA​GCA​TTC​TG‑3' 
(antisense).

Western blot analysis. PBMCs were lysed using RIPA lysate 
buffer (Beyotime, Institute of Biotechnology) followed by 
quantification of total protein concentrations using Pierce 
BCA Protein Assay Kit (Thermo Fisher Scientific, Inc.). Total 
protein (50 µg) was separated using SDS‑PAGE gel preparation 
kit (Beijing Solarbio Science & Technology Co., Ltd.). After 
transfer to PVDF membranes (EMD Millipore), 5% skim milk 

was used for blocking. Subsequently, the cells were incubated 
overnight at 4˚C with a primary antibody and then a secondary 
antibody was added for 2 h. Signals were detected using the 
ChemiDoc Touch Imaging System (Bio‑Rad Laboratories, 
Inc.). ImageJ 1.8.0 software (National Institutes of Health) was 
used to analyze the protein expression level. The primary anti-
bodies and secondary antibody were purchased from Cayman 
Chemical Company, HuaBio and CST.

3'‑UTR luciferase reporter assays. miRNA‑101‑3p.1 
target genes, UBE2D1 and pVHL, were searched using the 
bioinformatics tool, TargetScanHuman (http:// http://www.
targetscan.org). UBE2D1 3'‑UTR fragment (2,020  bp) or 
pVHL 3'‑UTR fragment (3,722 bp) was amplified by PCR 
and cloned into psiCHECK‑2 vectors (WT). A GeneTailor 
Site‑Directed Mutagenesis System (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used for site‑directed mutagenesis 
of miRNA‑101‑3p.1 (MUT). MT or WT vector and control 
vector psiCHECK‑2 vector were cotransfected into PBMCs 
with miRNA‑101‑3p.1 mimics in 48‑well plates. Forty‑eight 
hours after transfection, PBMCs were harvested for luciferase 
assay using Dual‑Luciferase Reporter Assay System (Promega 
Corporation).

Cell proliferat ion. Cell Counting Kit‑8 (CCK‑8; 
MedChemExpress) was used to analyze cell proliferation. 
PBMCs (1,000‑1,500/well) were seeded in 96‑well plates and 
further incubated for 48 h. Next, cell viability was assessed 

Table I. Clinical characteristics of HS, SCOPD patients and AECOPD patients.

Clinical variable	 HS (n=50)	 SCOPD (n=58)	AECO PD (n=46)

Age, years	  63.47±11.31	 67.53±8.49	 65.13±9.87
Sex			 
  Male [n, (%)]	 41 (82)	 49 (84.48)	 39 (84.78)
  Female [n, (%)]	 9 (18)	 9 (15.52)	 7 (15.22)
GOLD grade			 
  GOLD I	NA	  8	NA
  GOLD II	NA	  15	NA
  GOLD III	NA	  21	 24
  GOLD IV	NA	  12	 22
BMI (kg/m2)	 28.64±4.92	 27.65±4.43	 27.11±4.82
Duration time (months) 	NA	    8.36±4.11	 10.15±5.26
Past Smoker [n, (%)]	 8 (16)	 49 (81.48)a	 42 (91.30)a

Leukocyte (x103 µl)	   6.47±2.83	    8.03±2.68a	    8.27±3.68a

Neutrophils (x103 µl)	   3.69±2.55	    5.12±2.04a	    5.49±2.81a

Lymphocyte (x103 µl)	   2.07±1.14	   2.11±1.03	   1.94±1.17
Fibrinogen (g/l)	   346.17±153.28	   365.81±115.93	 488.36±193.25a,b

FEV1 % predicted	 93.11±8.45	    54.19±14.67a	    20.41±5.24a,b

FVC/FEV1 (%)	 82.33±5.36	    60.88±11.10a	    27.92±9.33a,b

β‑receptor blocker [n, (%)]	NA	  55 (94.83)	 45 (97.83)
Steroid drugs [n, (%)]	NA	  34 (58.62)	 37 (80.43)b

aP<0.01 vs. the HS group; bP<0.01 vs. the SCOPD group. HS, healthy subjects; SCOPD, stable COPD; AECOPD, acute exacerbation of COPD; 
NA, not available.
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by adding 100  µl medium containing 10  µl WST‑8. The 
absorbance at a wavelength of 450 nm was detected using a 
microplate reader (Tecan Group, Ltd.).

Statistical analysis. All assays were independently performed 
in triplicate. All data are expressed as the mean ± standard 
deviation. Statistical Product and Service Solutions (SPSS) 
20.0 software (IBM Corp.) was performed for all statistical 
analyses. The Chi‑square test was used to analyze the count 
data. The t‑test was used for comparisons of data meeting 
normal distribution between two groups, and those did not 
conform to normal distribution were compared via non‑para-
metric test. One‑way analysis of variance (ANOVA) followed 
by Tukey's test was applied to compare multiple groups. 
Receiver operating characteristic (ROC) curves were used 
to analyze the predictive value and optimal cut‑off value of 
miRNA‑101‑3p.1. Two‑sided P‑values <0.05 were considered 
to indicate a statistically significant difference.

Results

Clinical characteristics of participants. The demographic and 
clinical characteristics of participants including 58 patients with 
SCOPD, 46 patients with AECOPD and 50 healthy subjects are 
presented in Table I. The statistical analyses revealed that there 
were no significant differences in the distribution of clinical 
variables including sex, age, and BMI among the three groups 
and routine blood tests (P>0.05) except for fibrinogen between 
the SCOPD group and AECOPD group. The fibrinogen levels 
in the AECOPD group were significantly higher than that in 
the SCOPD group and HS group (P<0.01), but there were no 
significant differences between the SCOPD group and HS 

group due to fewer participants. Notably, there were more 
males than females in the three groups. Among the three 
groups, there were significant differences in the smoking status. 
Specifically, the number of past smokers in the SCOPD group 
and AECOPD group was significantly higher than the healthy 
subjects (P<0.01). Notably, FEV1% predicted and FVC/FEV1 
(%) were significantly decreased in the SCOPD group and 
AECOPD group relative to healthy subjects (P<0.01).

The level of miRNA‑101‑3p.1 in patients with SCOPD 
or AECOPD. To explore the profiles of miRNA‑101‑3p.1 
in PBMCs, serum samples were collected from healthy 
subjects, SCOPD patients and AECOPD patients, and total 
RNA extraction and qRT‑PCR were performed. The results 
presented in Fig.  1A demonstrated that miRNA‑101‑3p.1 
levels in PBMCs were significantly increased in the COPD 
patients including SCOPD patients and AECOPD patients 
compared with healthy subjects, and were also signifi-
cantly higher in AECOPD patients than in SCOPD patients 
(P<0.05). To further explore the difference in the level of 
miRNA‑101‑3p.1 between the SCOPD patients and AECOPD 
patients, the relationship between CAT score and the level 
of miRNA‑101‑3p.1 was analyzed. The results in Fig.  1B 
revealed that the miRNA‑101‑3p.1 levels were significantly 
increased with the increase of CAT score (P<0.05). To 
explore the correlation between miRNA‑101‑3p.1 levels and 
COPD progression, a correlation analysis between FEV1% 
predicted and miRNA‑101‑3p.1 level was performed. Pearson 
correlation analysis, revealed a strong inverse correlation 
between FEV1% predicted and the level of miRNA‑101‑3p.1 
in COPD patients (r=‑0.7859, P<0.05; Fig. 1C). In addition, a 
similar result was observed in AECOPD patients, as revealed 

Figure 1. The level profile of miRNA‑101‑3p.1 in PBMCs. (A) The level of miRNA‑101‑3p.1 in PBMCs of participants including HS, SCOPD patients and 
AECOPD patients. (B) The level of miRNA‑101‑3p.1 of COPD patients with different CAT scores. (C) The relationship between miRNA‑101‑3p.1 level and 
FEV1% predicted in COPD patients based on Pearson correlation analysis (n=58). (D) The relationship between miRNA‑101‑3p.1 level and FEV1% predicted 
in AECOPD patients based on Pearson correlation analysis (n=46). All assays were independently performed in triplicate. *P<0.05 and **P<0.01. PBMCs, 
peripheral blood mononuclear cells; HS, healthy subjects; COPD, chronic obstructive pulmonary disease; SCOPD, stable COPD; AECOPD, acute exacerbation 
of COPD.
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in Fig.  1D (r=‑0.7274, P<0.05). The aforementioned data 
collectively indicated that miRNA‑101‑3p.1 may be used as 
a diagnostic marker in COPD and may be involved in COPD 
progression.

Diagnostic accuracy of miRNA‑101‑3p.1 in SCOPD and 
AECOPD. The diagnostic accuracy of miRNA‑101‑3p.1 as an 
independent biomarker to discriminate SCOPD and AECOPD 
was evaluated by plotting ROC curves. As is evident in 
Fig. 2A, miRNA‑101‑3p.1 could discriminate between SCOPD 
patients and healthy subjects with AUC values of 0.968 (95% 
CI: 0.942‑0.995; P<0.05). At the cut‑off value of 1.975 for 
miRNA‑101‑3p.1, the optimal sensitivity and specificity of 
miRNA‑101‑3p.1 were 93.1 and 92.0%, respectively, while 
Youden's index was 0.851. Notably, the results presented in 
Fig. 2B indicated that miRNA‑101‑3p.1 could also discriminate 
between AECOPD patients and healthy subjects with AUC 
values of 0.971 (95% CI: 0.945‑0.997; P<0.05). At the cut‑off 
value of 2.25 for miRNA‑101‑3p.1, the optimal sensitivity and 
specificity were 84.8 and 96.0%, respectively, while Youden's 
index was 0.808. To further evaluate the diagnostic accuracy 
of miRNA‑101‑3p.1 in discriminating between AECOPD 
and SCOPD, a ROC curve indicated that the AUC value of 
miRNA‑101‑3p.1 was 0.661 (95% CI: 0.549‑0.773; P<0.05). At 
the cut‑off value of 3.265, the optimal sensitivity and speci-
ficity were 54.3 and 84.5%, respectively, while Youden's index 
was 0.388 (Fig. 2C). Collectively, these data indicated that the 
determination in the level of miRNA‑101‑3p.1 was effective in 
detecting SCOPD or AECOPD.

Increasing miRNA‑101‑3p.1 is responsible for COPD develop‑
ment. To offer sufficient evidence of the role of miRNA‑101‑3p.1 
in COPD diagnosis and progression, miRNA‑101‑3p.1 mimics, 
miRNA‑101‑3p.1 inhibitor and miRNA‑101‑3p.1 negative 
control were established (Fig. 3A). Subsequently, the influ-
ence on cell proliferation was detected by CCK‑8 assay. 
As revealed in Fig. 3B, compared with NC group, ectopic 
expression of miRNA‑101‑3p.1 caused a significant enhance-
ment of proliferation (P<0.01). However, downregulation of 
miRNA‑101‑3p.1 expression resulted in the opposite effect 
on cell proliferation. Accumulating evidence indicates that 
inflammatory cytokines play crucial roles in COPD pathogen-
esis. To evaluate the effects of miRNA‑101‑3p.1 on pulmonary 
inflammation responses, inflammatory cytokines including 
IL‑13, IL‑9, IL‑1 and TNF‑α were assessed. These results, 
presented in Fig. 3C, demonstrated that ectopic expression 
of miRNA‑101‑3p.1 significantly enhanced the expression 
of inflammatory cytokines, including IL‑13, IL‑9, IL‑1 and 
TNF‑α, relative to the NC group (P<0.01). Conversely, down-
regulating miRNA‑101‑3p.1 caused marginal expression of 
IL‑13, IL‑9, IL‑1 and TNF‑α. Collectively, these results provide 
clear evidence that increasing miRNA‑101‑3p.1 promotes cell 
proliferation and inflammatory responses.

Increasing miRNA‑101‑3p.1 causes downregulation of 
UBE2D1 and pVHL in PBMCs. To delineate the molecular 
mechanism by which miRNA‑101‑3p.1 promotes the 
expression of inflammatory cytokines, influencing COPD 
progression, miRNA‑101‑3p.1 target genes were searched using 

Figure 2. The diagnostic accuracy of miRNA‑101‑3p.1 in SCOPD and AECOPD was evaluated by ROC curve analyses. (A) A ROC curve was used to 
discriminate between SCOPD patients and HS. (B) A ROC curve was used to discriminate between AECOPD patients and HS. (C) A ROC curve was used 
to discriminate between SCOPD patients and AECOPD patients. SCOPD, stable COPD; AECOPD, acute exacerbation of COPD; ROC, receiver operating 
characteristic; HS, healthy subjects.

Figure 3. Increasing miRNA‑101‑3p.1 is responsible for cell viability and the expression of inflammatory cytokines. (A) The miRNA‑101‑3p.1 levels after 
transfection of mimics or inhibitor were assessed by RT‑qPCR. (B) The effect of miRNA‑101‑3p.1 on cell viability was evaluated using CCK‑8. (C) The effect 
of miRNA‑101‑3p.1 on inflammatory cytokines was evaluated by ELISA. All assays were independently performed in triplicate. **P<0.01. RT‑qPCR, reverse 
transcription‑quantitative polymerase chain reaction.
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the bioinformatics tool, TargetScanHuman (http:// http://www.
targetscan.org). This tool predicted 1,100 conserved sites. 
Among these candidates, pVHL and UBE2D1 are two essential 
factors involved in cell proliferation, inflammatory reaction, 
autophagy, and related processes. Thus, a dual‑luciferase 
reporter system was used to verify whether miRNA‑101‑3p.1 
mediated pVHL and UBE2D1 expression. The 3'‑UTR regions 
of pVHL and UBE2D1 mRNA, including the WT site or MUT 
site (Fig. 4A‑C), were co‑transfected with miRNA‑101‑3p.1 
mimics. The results in Fig. 4A indicated that the plasmid with 
WT pVHL exhibited a significant decrease in luciferase activity 
after transfection with miRNA‑101‑3p.1 mimics; however, 
luciferase activity was not altered after co‑transfection with 
the MUT pVHL and miRNA‑101‑3p.1 mimics. Similar results 
were observed with UBE2D1 (Fig. 4B and C).

Subsequently, the expression levels of pVHL mRNA and 
protein were detected during ectopic expression and silencing 
of miRNA‑101‑3p.1. As reported in Fig. 4D and E, in contrast 
to the NC group, pVHL and UBE2D1 levels were signifi-
cantly reduced with ectopic expression of miRNA‑101‑3p.1. 
Conversely, silencing of miRNA‑101‑3p.1 resulted in a signifi-
cant increase in pVHL and UBE2D1 expression. Significantly, 
the downregulation of pVHL and UBE2D1 was observed with 
ectopic expression of miRNA‑101‑3p.1, while upregulation 
of pVHL and UBE2D1 was observed when downregulating 
miRNA‑101‑3p.1 (Fig. 4F and G).

miRNA‑101‑3p.1 activates the EGFR/PI3K/AKT signaling 
pathway. To further elucidate the miRNA‑101‑3p.1‑regulated 
mechanism accounting for the expression of inflammatory 
cytokines, HIF‑1α expression was investigated, since it is 
involved in chronic hypoxia. As revealed in Fig. 5A, ectopic 
expression of miRNA‑101‑3p.1 significantly increased the level 

of HIF‑1α (P<0.01), whereas inhibition of miRNA‑101‑3p.1 
expression had the opposite effect. Next, the decreased expres-
sion of pVHL and UBE2D1 was established (Fig. 5B and C). 
Following the decreased expression of pVHL, the HIF‑1α 
level was significantly enhanced in PBMCs (P<0.01, Fig. 5D). 
Similar results were obtained for UBE2D1, as presented in 
Fig.  5D. These data indicated that miRNA‑101‑3p.1 may 
participate in the regulation of HIF‑1α in inflammatory cyto-
kines. Subsequently, the expression of HIF‑1α was altered 
by siRNA or overexpression (Fig. 5E). Then the expression 
of p‑PI3K, p‑AKT, p‑IκBα, EGFR and NF‑κB was assessed 
by western blotting. As revealed in Fig. 5F, increased HIF‑1α 
levels were correlated with significantly increased levels of 
p‑PI3K/PI3K, p‑AKT/ AKT, p‑IκBα/IκBα, EGFR and NF‑κB 
(P<0.01). The opposite effects were observed on the activation 
of the EGFR/PI3K/AKT signaling pathway in the absence of 
HIF‑1α. It is concluded from all of these results that increasing 
miRNA‑101‑3p.1 aggravates COPD through HIF‑1α‑dependent 
activation of the EGFR/PI3K/AKT signaling pathway.

Discussion

COPD a progressive disease characterized by inflammation 
and airflow obstruction, is not fully reversible, and is respon-
sible for an increasing number of deaths (18,19). Despite the 
improved understanding of its pathophysiology, causes of 
development and management, the molecular mechanisms 
underlying COPD development are still not fully understood. 
Effective diagnostic methods for COPD are urgently required. 
In recent years, dysregulation of miRNAs has been reported to 
be involved in the development of various pulmonary diseases, 
including COPD, lung cancer, and emphysema (20,21). Notably, 
a set of studies reported that miRNAs could affect different 

Figure 4. miRNA‑101‑3p.1 directly inhibits the expression of pVHL and UBE2D1 by binding to their 3'‑UTRs. (A‑C) The effect of miRNA‑101‑3p.1 on the 
activity of a luciferase reporter containing either WT or MT 3'‑UTR was examined by luciferase reporter gene assays and the sequence alignment between 
miRNA‑101‑3p.1 and the 3'‑UTR of pVHL and UBE2D1. Western blotting was performed to detect the expression of (D) pVHL and (F) UBE2D1 after 
transfection with mimics and inhibitor. RT‑qPCR was performed to detect the expression of (E) pVHL mRNA and (G) UBE2D1 mRNA after transfection 
with mimics and inhibitor. All assays were independently performed in triplicate. **P<0.01. pVHL, von Hippel‑Lindau tumor suppressor; UBE2D1, ubiquitin 
conjugating enzyme E2 D1; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.
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biological processes involved in COPD, such as inflammation, 
tissue repair, and the development of airway lesions (13,22). 
Investigating miRNAs as contributors to COPD initiation 
and pathogenesis has potential for advancements in COPD 
diagnosis. In previous studies, miRNA‑101‑3p.1 was revealed 
to be closely related to pulmonary diseases and inflammatory 
responses  (23,24). The present study, was conducted to 
evaluate the diagnostic potential of miRNA‑101‑3p.1 to iden-
tify SCOPD and AECOPD using PBMCs and to reveal the 
molecular mechanism by which miRNA‑101‑3p.1 facilitates 
COPD progression.

In the present study, it was determined that the 
miRNA‑101‑3p.1 level in PBMCs of COPD patients was signif-
icantly increased. Especially, the level of miRNA‑101‑3p.1 
in AECOPD patients was significantly higher than that in 
COPD patients. Further studies revealed that the level of 
miRNA‑101‑3p.1 was significantly correlated with the increase 
of CAT score and the deterioration of pulmonary function. 
Diagnostically, ROC curves revealed that miRNA‑101‑3p.1 
AUC values were sensitive and specific for discriminating 
SCOPD and AECOPD. Furthermore, the biological function 
of miRNA‑101‑3p.1 was explored and it was revealed that 
miRNA‑101‑3p.1 could promote cell proliferation and induce 
the expression of inflammatory cytokines. Results from target 
prediction and validation assays indicated that miRNA‑101‑3p.1 
directly inhibited pVHL and UBE2D1 expression by binding 
to their 3'UTRs. Further studies revealed that pVHL and 
UBE2D1 co‑upregulated HIF‑1α, and then promoted activa-
tion of the EGFR/PI3K/AKT signaling pathway. Collectively, 
this provides convincing evidence that miRNA‑101‑3p.1 could 
act as a highlight biomarker for the diagnosis of SCOPD 
and AECOPD, and that miRNA‑101‑3p.1 facilitates COPD 
progression by activating the EGFR/PI3K/AKT signaling 
pathway.

Currently, miRNAs as biomarkers have been widely used 
for risk assessment, diagnosis, prognosis, and dynamic detec-
tion of various diseases, including cancer and cardiovascular 
disease (25,26). Ramshankar and Krishnamurthy (27) revealed 
7 differentially expressed miRNAs by screening lung cancer 
and COPD patients, demonstrating that miRNAs could be used 
as biomarkers to differentiate lung cancer and COPD. In the 
present study, it was revealed that the level of miRNA‑101‑3p.1 
in PBMCs of COPD patients was significantly increased 
compared with healthy subjects, while the miRNA‑101‑3p.1 
level of AECOPD patients was higher than in SCOPD patients. 
This observation is consistent with the more serious mani-
festation of AECOPD. However, Su et al (28) revealed that 
miRNA‑101 was downregulated in hepatocellular carcinoma. 
Such a discrepancy may be caused by the different contexts 
in these studies, including tissue types and hepatitis B virus 
infection. Furthermore, the present research revealed that the 
miRNA‑101‑3p.1 level was significantly enhanced with the 
increase of CAT scores and deterioration of pulmonary func-
tion, indicating that the level of miRNA‑101‑3p.1 may reflect 
the COPD severity. COPD development may be explained by 
high levels of miRNA‑101‑3p.1, leading to progressive pulmo-
nary function damage in COPD patients. Furthermore, these 
results also indicated that miRNA‑101‑3p.1 may be an ideal 
biomarker for the differentiation of SCOPD and AECOPD. 
Therefore, ROC curve analyses were performed and it was 
revealed that miRNA‑101‑3p.1 was able to discriminate 
SCOPD and AECOPD from healthy subjects. Because the 
level of miRNA‑101‑3p.1 was significantly higher in SCOPD 
patients and AECOPD patients than that in healthy patients, the 
ROC curve revealed high AUC values. Furthermore, similar 
AUC values in SCOPD patients and AECOPD patients may be 
affected by the fewer number of COPD patients enrolled and 
differences in severity of COPD. However, the analysis did not 

Figure 5. HIF‑1α regulates the EGFR/PI3K/AKT signaling pathway. (A) The effect of miRNA‑101‑3p.1 on HIF‑1α was detected by western blotting. (B) The 
pVHL levels after transfection of siRNA were detected by western blotting. (C) The UBE2D1 levels after transfection of siRNA were detected by western 
blotting. (D) The effect of pVHL and UBE2D1 on HIF‑1α was detected by western blotting. (E) The HIF‑1α levels after knockdown or overexpression of 
HIF‑1α were detected by western blotting. (F) Western blotting was performed to investigate the effect of HIF‑1α on the EGFR/PI3K/AKT signaling pathway. 
All assays were independently performed in triplicate. **P<0.01. pVHL, von Hippel‑Lindau tumor suppressor; UBE2D1, ubiquitin conjugating enzyme E2 D1.
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have satisfactory accuracy to discriminate between SCOPD 
and AECOPD due to the influence of COPD patients with 
GOLD Ⅲ or GOLD Ⅳ. This finding is largely consistent with 
a previous study in which biomarkers were unable to discrimi-
nate AECOPD from COPD (29,30). At present, the clinical 
diagnosis of SCOPD and AECOPD is still mainly dependent on 
comprehensive analysis of clinical symptoms, laboratory assay 
and imaging examinations, which is susceptible to the subjec-
tive judgment of doctors and the behavioral performance of 
patients (31,32). miRNA‑101‑3p.1 as an indicator is helpful in 
judging disease severity, patient susceptibility, disease status, 
and disease progression, all of which are clinically significant 
for guiding the rational use of drugs, prognostic evaluation and 
predicting treatment response.

Chronic airway inflammation is an important factor 
contributing to airway remodeling and progressive airway 
obstruction in COPD patients (33). Clinical and pathological 
studies indicated that overexpression of inflammatory cyto-
kines can cause histopathological injury and inhibit the 
proliferation of airway cells, causing airway reconstruction 
and pulmonary function decline (34,35). The present results 
demonstrated that increasing miRNA‑101‑3p.1 promoted 
PBMC proliferation, a finding largely consistent with a study 
by Kim et al (36) in which miR‑101‑3p played an important 
role in promoting proliferation and inhibiting endothelial 
cell apoptosis. Increased PBMC proliferation promotes the 
infiltration of large numbers of mononuclear cells in the lung. 
Mononuclear cells then differentiate into macrophages, leading 
to a continuous deterioration of inflammatory response. 
Several recent studies have revealed that upregulation of IL‑13, 
IL‑9, IL‑1, and TNF‑α induces inflammatory cell infiltration, 
including macrophages, neutrophils and dendritic cells that 
contribute to the airway remodeling and destruction of lung 
tissue in COPD (37‑39). Furthermore, Zhang et al (40) also 
revealed that HIF‑1α overexpression aggravated COPD patho-
logical changes by upregulating the level IL‑13, IL‑9, IL‑1, 
and TNF‑α. In the present study, it was also determined that 
increasing miRNA‑101‑3p.1 induced the expression of inflam-
matory cytokines, including IL‑13, IL‑9, IL‑1 and TNF‑α, 
indicating that miRNA‑101‑3p.1 may be involved in pulmonary 
inflammation. Systemic inflammation is also considered to be 
closely associated with increased mortality of COPD patients. 
Therefore, such observations further support the conclusion 
that miRNA‑101‑3p.1 participates in the development of COPD.

The functions of miRNAs are considered to strongly depend 
on post‑transcriptional regulation of target proteins (41). In the 
present study, bioinformatics analysis and functional verification 
indicated that miRNA‑101‑3p.1 directly inhibited pVHL and 
UBE2D1 expression by binding to their 3'UTR. Several recent 
studies demonstrated that pVHL and Cul2 can form a complex 
and cooperate with E2 ubiquitin‑binding enzyme to induce the 
ubiquitination and degradation of HIF‑1α (42,43). In addition, 
HIF‑1α can activate the transcription of oxygen‑sensitive genes 
to maintain survival under hypoxic conditions, and COPD 
is considered to be a chronic hypoxic lung disease (44‑46). 
Therefore, the relationship between miRNA‑101‑3p.1 and HIF‑1α 
was explored. It was revealed that HIF‑1α expression signifi-
cantly increased with ectopic expression of miRNA‑101‑3p.1 or 
decreasing expression of pVHL and UBE2D1, indicating that 
miRNA‑101‑3p.1 aggravates COPD in a HIF‑1α‑dependent 

manner. This also explains why miRNA‑101‑3p.1 has high 
resolution for COPD diagnosis. However, the regulatory mecha-
nism in which UBE2D1 downregulates the HIF‑1α level is still 
unclear. UBE2D1 may participate in pVHL‑mediated HIF‑1α 
degradation as an E2 ubiquitin‑binding enzyme. Subsequently, 
the effect of HIF‑1α on the EGFR/PI3K/AKT signaling pathway, 
an inflammatory‑related signaling pathway, was investigated. 
Notably, HIF‑1α overexpression was propitious to the upregula-
tion of p‑PI3K/PI3K, p‑AKT/AKT, p‑IκBα/IκBα, EGFR and 
NF‑κB, demonstrating the activation of the EGFR/PI3K/AKT 
signaling pathway. In agreement with previous findings, HIF‑1α 
upregulated the expression of inflammatory factors by acti-
vating the EGFR/PI3K/AKT pathway  (40). Collectively, 
the present study revealed that increasing miRNA‑101‑3p.1 
aggravates COPD through HIF‑1α‑dependent activation of the 
EGFR/PI3K/AKT signaling pathway.

In summary, the value of miRNA‑101‑3p.1 for diagnosis 
of SCOPD and AECOPD was determined, and the molecular 
mechanism by which miRNA‑101‑3p.1 facilitates COPD 
progression was explored. The results revealed that the level 
of miRNA‑101‑3p.1 in PBMCs of COPD patients was signifi-
cantly increased, especially in AECOPD patients and was 
significantly correlated with the increase of CAT score and 
deterioration of pulmonary function. Furthermore, by binding 
to their 3'UTRs, miRNA‑101‑3p.1 directly inhibited pVHL 
and UBE2D1 expression and co‑upregulated HIF‑1α, which 
activated the EGFR/PI3K/AKT signaling pathway. The ability 
of miRNA‑101‑3p.1 to differentiate COPD will allow for more 
accurate diagnosis of individual patients, complementing 
standard clinical techniques.
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