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A B S T R A C T

Chronic obstructive pulmonary disease (COPD) is a respiratory condition characterized by several symptoms. 
The pathogenesis of COPD is complex and involves multiple factors. A fantastic drug from traditional 
Chinese medicine, Isodon Suzhouensis (ISZ) is a perennial herb belonging to the Labiaceae family. It has the 
functions of resolving phlegm, removing stasis, promoting blood circulation and eliminating qi stagnation. 
ISZ has been found to possess great potential against COPD. Present study is focused on identifying 
microRNA (miRNA) biomarkers for COPD and determining the role of ISZ leaf extract in regulating the 
disease through miRNA expression in serum exosomes. The Sprague Dawley (SD) rats were randomly 
divided into control group, COPD group and COPD + ISZ group. After the establishment of the model, the 
rats were sacrificed, and the results were compared with the control group. Then the total RNA of rat serum 
was extracted and identified by nanoparticle tracker. Finally, high-throughput screening and sequencing were 
performed to screen miRNAs with significant differential expression. Then, different databases were used to 
figure out the possible target genes, and their functions were assessed by employing Gene Ontology (GO) as 
well as Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses. The sequencing results were then 
further verified by qRT-PCR. The results pointed out that these 17 differentially expressed miRNAs may have 
the potential of diagnostic and prognostic biomarkers against COPD. Interestingly, it was also found that ISZ 
leaf extract may regulate the occurrence of COPD by affecting the expression of miRNAs. This study 
identified the biomarkers of COPD and clarified the mechanism of the treatment of COPD by ISZ leaf extract, 
which is helpful to improve the level of early diagnosis and treatment of COPD.

© 2025 Beijing Academy of Food Sciences. Publishing services by Tsinghua University Press.
This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.　Introduction

Chronic obstructive pulmonary pneumonia (COPD) is the leading 
cause of death and morbidity of chronic diseases worldwide, which 
imposes a heavy burden on society the economy[1]. It is a preventable 
and treatable respiratory disease in which the reaction of harmful 
particles or gases can lead to chronic airway inflammation in the lungs[2-3]. 
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COPD is characterized by dyspnea, chronic cough, and sputum, is a 
disease with complex pathogenesis[4]. It can further develop into pulmonary 
heart disease and respiratory failure, which is a common chronic disease[5]. 
Technically, COPD is associated with abnormal inflammatory reactions 
of harmful hazardous gases and particles with high disability and 
fatality rates[6]. The global incidence rate of over-40-year-olds has 
reached 9%–10%. Because of the complex pathophysiology and extreme 
variations of COPD, its pathogenesis remains unclear[7].

Exosomes are small membrane vesicles (30–200 nm) containing 
complex RNAs and proteins that play an important role in cellular 
interactions. The release of microRNA (miRNA) by exosomes is an 
important mechanism of genetic exchange between the cells[8]. As a 
regulatory factor of gene expression, miRNA is highly stable in 
serum or plasma and is a promising biomarker, so there is increasing 
hope for its future use as a biomarker[9-10]. Recent studies of circulating 
miRNAs in plasma, serum, and other body fluids have shown that 
circulating miRNAs are not digested by RNase and remain stable at 
high pH after boiling and multiple freeze-thaw cycles[11]. miRNAs 
regulate a wide range of diseases, such as atherosclerosis (AS)[12], 
oral squamous cell carcinoma (OSCC)[13], and nasopharyngeal 
carcinoma (NPC)[14]. Most cellular processes and pathways can be 
regulated by negatively affecting the protein expression of multiple 
target genes. These small non-coding RNAs play an important role in 
a variety of human diseases[15]. Multiple miRNAs are involved in the 
regulation of COPD lesions, suggesting that miRNAs can be used as 
biomarkers of COPD[16]. To detect COPD earlier and more 
accurately, there is a dire need for the identification of precise 
biomarkers for the diagnosis and prognosis of COPD.

As a traditional Chinese herbal medicine in Suzhou area, Isodon 
Suzhouensis (ISZ) is a perennial herb belonging to the Labiaceae 
family. It has the functions of resolving phlegm and dispersing 
congealing, promoting blood circulation and removing stagnation of 
qi, etc.[17]. The taste is bitter, it has the effect of reducing lung qi, 
relieving cough and panting, treating Yang heat and syndrome of 
deficiency and accumulation. It has the effect of clearing heat, 
purging fire, cooling blood and antipyretic poison. There is a folk 
tradition of taking ISZ decoction to cure diseases. It is used to treat 
chronic bronchitis, COPD, lung abscess, chronic osteomyelitis, boil 
abscess, tonsillitis, sepsis, etc., and has achieved good results[18-19]. 
Earlier studies have reported that the extract of ISZ contains a large 
number of flavonoids and diterpenoids[20]. The discovery of a large 
number of potential miRNAs biomarkers of chronic obstructive 
disease as well as the interventional studies of ISZ leaves extract 
showed that flavonoids have the role of strong antioxidants under 
normal conditions as well as pathological oxidative conditions, can 
activate apoptosis, inhibit proliferation and inflammation, and 
possess strong immunomodulatory effects. Terpenoids have also been 
found involved in many cancerous diseases. Additionally, earlier 
published studies have reported the strong potential of ISZ in the 
regulation and improvement of COPD[17].

2.　Material and methods

2.1　Preparation of extracts from ISZ

ISZ was purchased from Suzhou Lvyuan Traditional Chinese 
Medicine Technology Co., Ltd. (Suzhou, China). The specific 
extraction methods refer to Wang et al.[17]. In brief, the dried ISZ is 

crushed through an 80 mesh sieve, using ultrasonic extraction 
method to prepare ISZ leaf extract.

2.2　 Animal and chronic obstructive pulmonary disease 
model

Specific pathogen free (SPF) grade Sprague Dawley (SD) male 
rats (8 weeks old, weight (200 ± 20) g) were purchased from 
Anhui Medical University. Animals were kept at a standard 
temperature of (22 ± 2) ℃ , relative humidity of 55%–65%, and a 
12 h light/12 h dark cycle. A total of 36 male SD rats were randomly 
divided into 6 groups: control group (K1, K2), COPD group (M1, M2), 
and COPD + ISZ group (D1, D2), with 6 animals in each group. 
COPD model was established by nasal inhalation of lipopolysaccharide 
(LPS) and smoking in rats[21]. The experiment began after 3 days of 
adaptive feeding. The control group was not fumigated. The COPD 
group and COPD + ISZ group were fumigated once every 8 h, twice a 
day, passive smoking of 10 cigarettes per time, exposure time of 30 min, 
and a total of 28 days. LPS 0.2 mL (200 μg) was inhaled intranasally 
on days 1 and 14, and no fumigation was performed on the same 
day. Feed normally the rest of the time. Drug intervention was 
initiated on the 15th day of modeling. The COPD + ISZ group was 
intragastrically given ISZ leaves extract 150 mg/kg, and the control 
group and COPD group were intragastrically given normal saline 
10 mL/kg for 14 days. Rat drinking water was disinfected with 
ultraviolet light, and water bottles and pads were replaced every other 
day. On day 28, the rats were anesthetized with chloral hydrate 
solution (10% concentration) by standard intraperitoneal injection of 
0.6 mL/100 g. The rats were transferred to the anatomic table and fixed 
in the supine position. Make a quick abdominal incision along the 
midline to collect aortic blood. After the rats had been killed, the 
right lung was cut along the hilum. All animal handling procedures 
followed the application of Suzhou University Laboratory Animal 
Management Guidelines (SZU-19002).

2.3　Hematoxylin and eosin (HE) staining

The right lung tissue was taken, rinsed with PBS buffer solution, 
cut 0.2 cm × 0.2 cm, fixed with Tissue-Tek O.C.T. compound (Sakura 
Finetek Co., Ltd., Tokyo, Japan) embedding glue, frozen, and processed 
into slices with thickness of 8 μm, which were stuck on the slide, 
namely, the preparation process was completed, and HE staining (Yi 
Fei Xue Biotechnology Co., Ltd., Nanjing, China)[22] was performed.

HE staining procedure: frozen sections were fixed with 
paraformaldehyde for 30 min and washed with PBS; Hematoxylin 
was stained for 5–10 s, rinsed with PBS, treated with 1% hydrochloric 
acid ethanol differentiated solution for 5–10 s, rinsed with PBS, 
and dyed with eosin for 1 min. Rinse with PBS and cover with 
cover glass. The histopathological changes were observed under a 
light microscope.

2.4　Isolation and identification of exosomes

The blood from arteries was drawn and stored in the refrigerator 
(4 ℃) for a couple of hours and then centrifuged at 2 500 × g for 
15 min for serum isolation. The obtained serum as supernatant was 
then subjected to total exosome isolation by Thermo Fisher 
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Scientific (MA, USA) as per briefed instructions of the manufacturer. 
The morphological assessment of the obtained exosomes was 
assessed by transmission electron microscopic technique (TEM; 
JEM-1200EX, Japan) as per manufacturer’s specifications revised 
by Rodriguez-Caro and Dragovic[23]. Exosomes (10 µL) were 
incubated for 10 min at room temperature on a copper grid, stained 
with aqueous uranyl acetate (2%), and then air dried. The sample 
was then examined by TEM. Nanoparticle tracking analysis (NTA) 
was employed for the assessment of the size of exosomes with the 
utility of Zetaview (Particle Metrix) at a wavelength of 488 nm. For 
this particle size assessment, the samples were diluted with PBS, 
and the final input dilution was 1:1 000 as recommended by the 
Zitaview (Particle Metrix) manufacturer, while the prevalence of 
particular exosomes was further assessed via Western blotting for 
which the isolated exosomes were nurtured with cell lysate 
buffer[24]. The used primary antibodies CD9 for this Western blot 
were obtained from Cell Signaling Technology (Beverly, MA, 
USA), while the secondary antibodies were obtained from 
Bioworld Technology INC (MN, USA). The reactive protein bands 
were obtained on polyvinylidene difloride (PVDF) membrane and 
were accordingly visualized using FluorChemHD2 Imaging system 
(Protein Simple, CA, USA). The intensities of obtained bands were 
assessed via Alpha View SA software as briefly described by 
previous studies[12,23].

2.5　RNA extraction

Extraction of serum exosome miRNA was done by express 
miRNA extraction kit (Tissue&Cell, HaiGene Co., Ltd., Harbin, 
China). The specific extraction methods was adapted from Zhai et al.[12]. 
In brief, the exosome suspension was obtained, and 300 µL miRNA 
reagent A was added to the sample, which was shaken vigorously 
and then allowed to settle down for 5 min at room temperature. Then, 
300 µL of miRNA reagent B was added with gentle mixing of 
solutions. Afterward, the solution was centrifuged at 13 400 × g for 
5 min, and about 550 µL supernatant was transferred into a new 
1.5 mL EP tube. Further, 200 µL anhydrous ethanol was added into 
the supernatant with thorough mixing, then allowed to settle down 
for 5 min at room temperature. The EP tube was then centrifuged 
again at 13 400 × g for 10 min, 700 µL supernatant was transferred 
to a 1.5 mL EP tube, along with a vigorous addition of 300 µL 
isopropyl alcohol. The finally formulated solution was then 
transferred into adsorption column and centrifuged at 13 400 × g 
for 1 min out of which the filtrate was separated and 700 µL of 75% 
isopropyl alcohol was dripped into the adsorption column for 
washing, then centrifuged at 13 400 × g for 1 min after which the 
filtrate separated away, another 500 µL anhydrous ethanol was added 
into the adsorption column after careful washing, then centrifuged 
(13 400 × g, 1 min) and poured away the filtrate. The adsorption 
column was centrifuged at 13 400 × g for 2 min to remove the 
residual ethanol. The adsorption column was placed in a new 
1.5 mL EP tube and placed at room temperature for 2 min for the 
complete evaporation of ethanol. RNase Free TE Buffer was then 
added into the filter element of the adsorption column, placed at 
room temperature for 2 min, and centrifuged at 13 400 × g for 
2 min, and the elution product was the extracted miRNA.

2.6　Screening significant differential miRNAs

The total RNAs from 6 samples were extracted for sequencing. 
HiSeq2000 deep sequencing technology (Shenzhen BGI Co., Ltd., 
Wuhan, China). Constructed a small RNA library and constructed a 
cDNA library. miRNAs were sequenced using next-generation 
high-throughput sequencing techniques[25]. Briefly, the raw sequencing 
data is obtained using the Illumina HiSeq2000 sequencer (BGI), which 
is then mapped to small RNA databases, including siRNA, RNase, 
RFAM, siRNA, snoRNA, and other databases used to classify annotations.

2.7　Bioinformatics analysis

To pinpoint the differentially expressed miRNA targets, several 
different types of software of the latest available versions were used 
for the bioinformatic analyses including RNAhybrid, miRNAda, and 
TargetScan. The pointed findings were then statistically analyzed 
(P £ 0.05), and the finalized miRNA were then further subjected to 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analysis.

2.8　Confirmation of expression of miRNAs

From deep sequencing and bioinformatic tools, resultantly 
obtained differentially expressed miRNAs were further verified with 
in vitro experimentation. The COPD associated shortlisted miRNAs 
were then analyzed via qRT-PCR as per the protocol followed by[26]. 
Express miRNA extraction kit (tissue and cell) was used for 
obtaining the miRNAs from the exosomes, while cDNA synthesis kit 
(Haigene Biotech, Harbin, China) was used for reverse transcription 
of RNAs. All of the studied samples were normalized and 
standardized as per the reference value of internal reference gene 
U6 snRNA, and the relative fold change (FC) was quantified in 
comparison to the internal reference gene for the analytical purpose 
(U6 snRNA) as described by previous studies[27-28].

2.9　Statistical analysis

The data were statistically analyzed using GraphPad Prism 
version 8.0 and expressed as mean ± standard error of mean (SEM). 
The difference between the two groups was evaluated by Student’s 
t-test. P < 0.05 and P < 0.01 were considered statistically significant.

3.　Results

3.1　Pathological changes of lung tissue of rats in each group

The results of HE staining showed that there was a little 
inflammatory cell infiltration in the lung tissue of rats in the control 
group, the alveolar epithelium and bronchial wall were intact, and no 
obvious mucosal edema or alveolar destruction was observed in 
Fig. 1A. In the COPD group, the bronchial wall of lung tissue was 
thickened, a large number of inflammatory cells were attached, the 
trachea mucosal epithelium was necrotic, and the alveolar structure 
was disturbed (Fig. 1B). The pulmonary histopathology of rats in the 
COPD + ISZ group was improved to a certain extent, and the 
bronchial wall was significantly thinner, the invasion of inflammatory 
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cells was reduced, and the destruction of alveolar septum was lighter 

than that in the COPD group (Fig. 1C). These results indicate that 

ISZ can improve COPD.

3.2　Isolation and characterization of exosomes

Exosomes are small extracellular vesicles that play a crucial role 

in cell-to-cell communication. They are released by various cell 

types, including immune cells, stem cells, and tumor cells. Exosomes 

contain a diverse range of biomolecules, including proteins, lipids, 

nucleic acids (such as RNA and DNA), and signaling molecules. These 

vesicles are involved in intercellular communication by transferring their 

cargo to recipient cells. Exosomes are formed through the process of 

endocytosis, where a portion of the cell membrane invaginated and 

formed an intracellular vesicle called an endosome. These endosomes 

then mature and develop into multivesicular bodies (MVBs) within 

the cell. Eventually, these MVBs fuse with the cell membrane, releasing 

the internal vesicles (exosomes) into the extracellular space. Once 

released, exosomes can travel through bodily fluids, such as blood, 
urine, and cerebrospinal fluid, and reach distant target cells. They 
can bind to recipient cells and deliver cargo, thereby influencing 
various cellular processes, including cell differentiation, immune 
response modulation, and tissue repair[29]. Exosomes have gained 
significant attention in the field of biomedical research due to their 
potential applications in diagnostics and therapeutics. Their unique 
composition and ability to carry molecular cargo make them 
attractive candidates for various purposes. Exosomes derived from 
specific cell types can be isolated and analyzed to gain insights into 
disease progression or used as biomarkers for diagnostic purposes. 
Current studies are focusing on exploring the use of exosomes as 
delivery vehicles for therapeutics, including drugs, nucleic acids, and 
proteins, as they offer advantages such as improved stability, targeted 
delivery, and reduced immunogenicity. Our TEM analyses of 
exosome from the serum showed their irregularly circular to 
elliptical structures with wide variation in sizes ranging from 30 nm 
to 200 nm in diameter (Fig. 2A) for further clarity exosome specific 
biomarker CD9 was also analyzed via Western blotting (Fig. 2B). To 
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Fig. 1　Representative HE staining of lung tissue sections (×200). (A) Control group. (B) COPD group. (C) COPD + ISZ group. n = 6.
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further verify whether the particles are isolated exosomes, an NTA 

test was also performed, which showed that their diameters were 

concentrated around 153.6 nm, corresponding to a local concentration 

of 7.9 × 106 particles/mL (Figs. 2C and D). These data showed that 

exosomes had been isolated from human serum successfully.

3.3　miRNAs classification and annotation

miRNAs annotation statistics are identified by comparison with 

known sRNA databases. To identify each miRNA having a unique 

annotation a priority sequence was followed with, miRNA > pi-RNA > 

snoRNA > R-fam > other sRNA. By comparing the classification 

annotation results of mature miRNAs in miRNA database, the 

mature information and precursor information of mature miRNAs 

were screened out[30]. The known miRNAs were identified by comparison 
with miRNA database. The statistical results of sequencing data 
volume in each group are shown in Table S1. The results of miRNA 
classification annotation are shown in Fig. 3.

Extract total RNA from 6 samples respectively, the preparation 
of the 6 cDNA libraries, respectively named K1, K2 (2 replicates of 
the control group), M1, M2 (2 replicates of the COPD group) and D1, 
D2 (2 replicates in the COPD + ISZ group), sequenced by sequencing 
Illumina depth of these libraries, and to filter the original sequencing 
readings. Each cDNA library for K1, K2; M1, M2; and D1 and D2 
generated 25, 165 and 824 raw readings, respectively. The Q20 
values of pure sequencing were 99.1%, 99.2% for K1 and K2; 
99.2%, 99.3% for M1 and M2; and 99.1%, 99.2% for D1 and D2, 
respectively (Table 1). The resultant values of Q20 were consistently 
greater than 97% which is an indication of high-quality sequencing.
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Fig. 3　miRNA classification annotation results. (A) K1 and K2 group (Control group); (B) M1 and M2 group (COPD group); (C) D1 and D2 group (COPD + ISZ group).

Table 1
Transcriptome data statistics (n = 6).

Sample

Raw tag count

Low quality tag count

Invalid adapter tag count

Poly A tag count

Short valid length tag

Clean tag count

Q20 of clean tag

Percentage of clean tag (%)

K1

25 165 824

456 952

252 614

1 585

811 149

23 643 524

99.1

93.95

K2

25 165 824

456 249

197 202

2 550

317 678

24 192 145

99.2

96.13

M1

25 165 824

414 291

315 077

1 138

282 345

24 152 973

99.2

95.98

M2

25 165 824

447 712

176 872

650

235 180

24 305 410

99.3

96.58

D1

25 165 824

379 842

217 866

1 622

154 480

24 412 014

99.1

97.00

D2

25 165 824

448 796

363 800

1 066

354 599

23 997 563

99.2

95.36
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3.4　Screening for significantly different miRNAs

In this study, there were biological replicates in the control group 
(K1 and K2), the COPD group (M1 and M2), and the COPD + ISZ 
group (D1 and D2). The average expression level of the 
2 biologically duplicated groups was taken for further study. In the 
COPD group and the control group, the miRNA expression contrast, 
25 up-regulated miRNAs and 47 down-regulated miRNAs may be a 
biomarker of COPD (P £ 0.05 and |log2 FC| ³ 1) (Table 2). In the 
comparison of miRNA expression profiles between the COPD group 
and the COPD + ISZ group, there were 34 up-regulated miRNAs and 
44 down-regulated miRNAs (Table 3).

In order to confirm that the extract of ISZ regulates the disease 
by affecting the expression of serum exosomes, We further analyzed 
the co-intersecting cross miRNAs, a total of 32 miRNAs with 
significant differences were screened, among which 13 miRNAs were 
up-regulated and 19 were down-regulated (|log2 FD (M/K)| ³ 1, 
FDR < 0.001) (Table S2). A total of 17 miRNAs with significant 

differences were screened, including 4 up-regulated miRNAs and 

13 down-regulated miRNAs (|log2 FD (M/K)| ³ 2, FDR < 0.001) 

(Tables S3 and S4).

3.5　Differential miRNA cluster analysis

The heatmap function in R software was applied to hierarchical 

clustering analysis. The clustering analysis results (Fig. 4) showed 

that 17 differentially expressed miRNAs could be correctly separated 

between the COPD group and the control group. Therefore, these 

17 miRNAs may become biomarkers for the detection of COPD 

changes, and ISZ may improve COPD through their regulation.

3.6　Target gene prediction and functional analysis of miRNAs

Multiple software (miRANDA, TargetScan, and RNAHybrid) 

were used to predict target genes with significantly different miRNA 

expression. The statistical results of the number of target genes predicted 

Table 2
miRNA was differentially expressed between the COPD group (M) and control group (K) (n =12).

Gene ID

rno-miR-106b-5p

rno-miR-672-5p

rno-miR-190b-5p

rno-miR-324-5p

rno-miR-532-5p

rno-miR-335

rno-miR-338-5p

rno-miR-129-5p

rno-miR-345-5p

rno-miR-380-3p

rno-miR-18a-5p

rno-miR-702-3p

rno-miR-760-3p

rno-miR-3553

rno-miR-342-5p

rno-miR-3559-3p

rno-miR-181a-1-3p

rno-miR-181a-2-3p

rno-let-7a-5p

rno-miR-17-5p

rno-miR-103-3p

rno-miR-877

rno-miR-449a-5p

rno-miR-211-5p

rno-miR-125b-5p

rno-miR-423-5p

rno-miR-100-5p

rno-miR-199a-3p

rno-miR-378a-3p

rno-miR-676

rno-miR-342-3p

rno-miR-126a-3p

rno-miR-145-5p

rno-miR-185-5p

rno-miR-142-3p

rno-miR-30a-3p

log2 FC (M/K)

5.519 87

5.230 36

5.147 90

4.867 79

4.867 79

4.760 88

4.760 88

4.645 40

4.645 40

4.382 37

3.604 76

3.230 36

3.189 72

2.791 68

2.723 40

1.944 96

1.810 46

1.797 40

1.649 62

1.423 01

1.414 97

1.399 24

1.331 46

1.235 21

1.004 55

–1.049 19

–1.055 04

–1.080 42

–1.106 46

–1.122 43

–1.134 13

–1.216 96

–1.252 72

–1.253 22

–1.272 14

–1.297 22

P-value (M/K)

0

0.000 01

0.000 02

0.000 10

0.000 10

0.000 19

0.000 19

0.000 37

0.000 37

0.000 01

0

0

0

0

0

0

0

0.000 35

0

0.000 05

0

0.000 36

0

0

0

0

0

0

0

0.000 04

0

0

0

0

0.000 04

0

rno-miR-193a-5p

rno-miR-411-5p

rno-miR-15a-5p

rno-miR-664-3p

rno-miR-223-3p

rno-miR-652-3p

rno-miR-1298

rno-miR-490-5p

rno-let-7e-3p

rno-miR-365-3p

rno-miR-448-3p

rno-miR-1-3p

rno-miR-31a-5p

rno-miR-409b

rno-miR-3585-3p

rno-miR-186-5p

rno-miR-541-5p

rno-miR-3588

rno-miR-3585-5p

rno-miR-764-5p

rno-miR-188-5p

rno-miR-31a-3p

rno-miR-500-3p

rno-miR-323-3p

rno-miR-675-5p

rno-miR-203b-5p

rno-miR-487b-3p

rno-miR-219a-2-3p

rno-miR-3557-3p

rno-miR-450b-3p

rno-miR-200c-5p

rno-miR-1306-3p

rno-miR-330-3p

rno-miR-3596a

rno-miR-3570

rno-miR-183-5p

Gene ID log2 FC (M/K)

–1.298 64

–1.335 91

–1.372 52

–1.398 99

–1.448 25

–1.535 84

–1.861 81

–1.896 49

–1.980 59

–2.249 66

–2.261 49

–2.361 03

–2.524 52

–3.027 02

–3.509 42

–3.939 56

–4.463 12

–4.513 48

–4.583 42

–4.640 00

–4.640 00

–4.640 00

–4.640 00

–4.746 92

–4.846 45

–4.846 45

–5.027 02

–5.331 88

–5.331 88

–5.331 88

–5.331 88

–5.640 00

–6.149 02

–6.543 49

–6.983 96

–11.816 08

P-value (M/K)

0.000 11

0

0

0.000 02

0

0

0

0

0

0

0.000 21

0

0

0.000 34

0

0.000 11

0

0

0

0.000 28

0.000 28

0.000 28

0.000 28

0.000 15

0.000 08

0.000 08

0.000 03

0

0

0

0

0

0

0

0

0
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Table 3
miRNA was differentially expressed between the COPD group (M) and COPD + ISZ group (D) (n =12).

Gene ID

rno-miR-125b-5p

rno-miR-181a-2-3p

rno-miR-3120

rno-miR-672-5p

rno-miR-190b-5p

rno-miR-7b

rno-miR-129-5p

rno-miR-345-5p

rno-miR-674-5p

rno-miR-107-3p

rno-miR-3084a-5p

rno-miR-17-5p

rno-miR-301a-3p

rno-miR-196a-5p

rno-miR-214-3p

rno-miR-3596b

rno-miR-3556b

rno-miR-877

rno-miR-582-5p

rno-miR-18a-5p

rno-let-7a-5p

rno-miR-3068-5p

rno-miR-1949

rno-miR-708-5p

rno-miR-326-3p

rno-miR-181a-1-3p

rno-miR-143-3p

rno-miR-3559-3p

rno-miR-497-5p

rno-miR-196b-5p

rno-miR-27a-5p

rno-miR-187-3p

rno-miR-122-5p

rno-miR-342-5p

rno-miR-146a-5p

rno-miR-30c-5p

rno-miR-322-5p

rno-miR-206-3p

rno-miR-128-3p

log2 FC (M/D)

7.772 15

6.354 11

5.695 15

5.617 14

5.534 68

5.254 57

5.032 18

5.032 18

4.970 78

4.769 15

4.769 15

4.617 14

4.091 08

3.447 22

3.125 29

3.058 65

2.406 58

2.288 52

2.032 18

1.991 54

1.940 70

1.921 15

1.883 32

1.777 87

1.744 90

1.702 48

1.531 28

1.508 62

1.388 33

1.305 20

1.281 21

1.245 59

1.221 66

1.140 56

–1.022 28

–1.023 98

–1.062 80

–1.076 34

–1.127 02

P-value (M/D)

0

0

0

0.000 01

0.000 01

0.000 06

0.000 24

0.000 24

0

0.000 95

0.000 95

0

0

0

0

0

0

0

0.000 18

0.000 03

0

0

0

0

0

0

0.000 02

0.000 05

0.000 13

0.000 06

0.001 00

0.000 01

0

0.000 04

0

0

0

0.000 03

0

rno-miR-142-3p

rno-miR-224-5p

rno-miR-132-5p

rno-miR-130b-5p

rno-miR-339-5p

rno-miR-652-3p

rno-miR-9a-5p

rno-miR-223-5p

rno-miR-490-5p

rno-miR-144-3p

rno-miR-365-3p

rno-miR-223-3p

rno-miR-664-3p

rno-miR-23b-5p

rno-miR-1-3p

rno-miR-138-5p

rno-miR-672-3p

rno-miR-3585-3p

rno-miR-31a-5p

rno-miR-350

rno-miR-186-5p

rno-miR-369-5p

rno-miR-3588

rno-miR-3594-5p

rno-miR-324-3p

rno-miR-31a-3p

rno-miR-500-3p

rno-miR-124-3p

rno-miR-9a-3p

rno-miR-3557-3p

rno-miR-30c-2-3p

rno-miR-384-5p

rno-miR-764-5p

rno-miR-330-3p

rno-miR-532-3p

rno-miR-874-3p

rno-miR-3570

rno-miR-3596a

rno-miR-183-5p

Gene ID log2 FC (M/D)

–1.137 74

–1.208 63

–1.213 29

–1.265 50

–1.353 01

–1.369 84

–1.522 41

–1.676 16

–1.694 14

–1.762 23

–1.943 69

–1.944 33

–2.055 28

–2.318 31

–2.345 34

–2.450 90

–2.588 40

–3.137 74

–3.342 86

–3.640 24

–3.800 71

–4.012 21

–4.300 88

–4.552 78

–4.597 17

–4.722 71

–4.800 71

–5.012 21

–5.076 34

–5.253 22

–5.307 67

–5.410 76

–5.459 67

–5.597 17

–5.874 71

–5.979 04

–6.012 21

–6.489 50

–9.947 24

P-value (M/D)

0.000 29

0

0.000 03

0.000 82

0

0

0.000 57

0.000 02

0

0

0

0

0

0.000 09

0

0

0

0

0

0.000 60

0.000 21

0.000 05

0

0.000 36

0

0.000 13

0.000 08

0.000 02

0.000 01

0

0

0

0

0

0

0

0

0

0

Table 4
Differentially expressed miRNAs from different groups (n = 12).

Gene ID

rno-miR-672-5p

rno-miR-190b-5p

rno-miR-129-5p

rno-miR-345-5p

rno-miR-1-3p

rno-miR-31a-5p

rno-miR-3585-3p

rno-miR-186-5p

rno-miR-3588

rno-miR-31a-3p

rno-miR-500-3p

rno-miR-764-5p

rno-miR-3557-3p

rno-miR-330-3p

rno-miR-3596a

rno-miR-3570

rno-miR-183-5p

K expression

0

0

0

0

35.0

17.5

46.0

8.0

782.5

6.5

5.0

6.0

10.0

16.5

6 116.5

29.5

851.5

D expression

0

0

0

0

46.5

35.0

45.5

9.5

858.5

8.0

8.5

13.0

12.0

12.0

7 141.0

21.5

294.0

M expression

9.0

8.5

6.0

6.0

6.5

3.0

4.0

0.5

35.0

0

0

0

0

0

72.5

0

0

log2 FD (M/K)

5.230 36

5.147 90

4.645 40

4.645 40

–2.361 03

–2.524 52

–3.509 42

–3.939 56

–4.513 48

–4.640 00

–4.640 00

–4.640 00

–5.331 88

–6.149 02

–6.543 49

–6.983 96

–11.816 08

log2 FD (M/D)

5.617 14

5.534 68

5.032 18

5.032 18

–2.345 34

–3.342 86

–3.137 74

–3.800 71

–4.300 88

–4.722 71

–4.800 71

–5.459 67

–5.253 22

–5.597 17

–6.489 50

–6.012 21

–9.947 24

Q value (K vs. M)

0.000 03

0.000 05

0.000 91

0.000 91

0

0.000 01

0

0.000 32

0

0.000 74

0.000 74

0.000 74

0.000 01

0

0

0

0

Q value (D vs. M)

0.000 01

0.000 01

0.000 24

0.000 24

0

0

0

0.000 21

0

0.000 13

0.000 08

0

0

0

0

0

0

Note: K represents control group, M represents COPD group, and D represents COPD + ISZ group.
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by different software are shown in Table S4. Then select the intersection 
of the prediction results of different software for further analysis.

To understand the functional role of target genes, we further 
performed GO and KEGG enrichment analysis on the common regions 
obtained from the 3 software. GO consists of 3 main bodies, including 
molecular function (MF), biological process (BP), and cellular 
component (CC). These functional entries in GO indicate the 
biological function and signal correlation of target genes corresponding 

to differentially expressed miRNAs. The results showed that the 
target gene functions of different miRNAs were mainly BP, mainly 
manifested in cell part, organelle, binding and cellular process. 
KEGG pathway analysis has enriched the potential pathway for gene 
prediction. Among them, the important pathways include axon 
guidance, mitogen-activated protein kinase (MAPK) signaling 
pathway, AMP-activated protein kinase (AMPK) signaling pathway, 
and metabolic pathway (Fig. 5).

A BQ value Q value
0.00 0.00Molecular_function Golgi apparatus

Protein binding Endosome
Actin binding 0.05 Endoplasmic reticulum 0.05

Protein serine/threonine phosphatase activity Cytosol
Diacylglycerol O-acyltransferase activity 0.10 Cellular component

PDZ domain binding Nucleoplasm 0.10
Metal ion transmembrane transporter activity Cytoplasm

Retinol O-fatty-acyltransferase activity 0.15 Actin cytoskeleton 0.15
Transferase activity Membrane

RNApolymerase II transcription factor biding 0.20 Apical part of cell
2-Acylglycerol O-acyltransferase activity Endoplasmic reticulum membrane 0.20

Calcium-dependent protein serine/threomin kinase activity Cytoskeleton
Calmodulin binding Gene number Endosome membrane Gene number

Pre-mRNA 5′-splice site binding 1 Dendrite 2Pre-mRNA binding Early endosome membrane
28 68Voltage-gated calcium channel activity involved in regulation of

presynaptic cytosolic calcium levels Dendritic spine
Ubiquitin-protein transferase activity 55 Perinuclear region of cytoplasm 133Phosphatidylinositol-3-phosphate binding Calcineurin complex

82 199Structural constituent of postsynaptic density Interchromatin granule
Glycerol-1-phosphatase activity

109
Lysosome

264
0.0 0.2 0.4 0.6 0.8 1.0 0.10.0 0.2 0.3 0.4 0.5

Rich ratio Rich ratio

Q value Q value
0.0

Regulation of alternative mRNAsplicing, via spliceosome 0.15 Dorso-ventral axis formation
mRNA 5′-splice site recognition Glutamatergic synapse 0.1

Type B pancreatic cell proliferation Dopaminergic synapse
mRNA cis splicing, via spliceosome Renin secretion

0.20.20
Positive regulation of defense response to virus by hos t Endocytosis

Cardiac muscle hypertrophy in response to s tress Galactose metabolism
0.3

Intrinsic apoptotic signaling pathway in response to oxidatives s tress β-Alanine metabolism
Collateral sprouting in absence of injury

0.25 0.4
Starch and sucrose metabolism

Fatty acid homeostasis Glycerolipid metabolism 0.5

Membrane depolarization during cardiac muscle cell action potential Inositol phosphate metabolism
Calcineurin-mediated signaling

0.30
Glycerophospholipid metabolism

0.6

Cellular response to 2,3,7,8-tetrachlorodibenzodioxine mRNA surveillance pathway
Positive regulation of fibroblast apoptotic process Gene number RNA polymerase Gene number

Negative regulation of CD8-positive, alpha-beta T cell activation
2 Spliceosome 3

Positive regulation of production of miRNAs involved in gene silencing by miRNA MAPK signaling pathway10 6
Protein phosphorylation Calcium signaling pathway

Zinc ion transport 18 cGMP-PKG signaling pathway 10
Vesicle-mediated transport Phosphatidylinositol signaling system25

Protein ubiquitination Oocyte meiosis
13

Late viral transcription 33 AMPK signaling pathway 16

0.0 0.2 0.4 0.6 0.8 1.0 0.00 0.05 0.10 0.15 0.20 0.25 0.30
Rich ratio Rich ratio

C D

Fig. 5　GO and KEGG enrichment analysis. (A) GO analysis in molecular function. (B) GO analysis in cellular components. (C) GO analysis in biological 
processes. (D) KEGG pathways of top 20 enrichment score.

13rno-miR-345-5p
rno-miR-129-5p 10
rno-miR-190b-5p

8rno-miR-672-5p
rno-miR-31a-5p 5
rno-miR-1-3p

3rno-miR-3585-3p
rno-miR-3570 0
rno-miR-330-3p
rno-miR-3557-3p
rno-miR-186-5p
rno-miR-764-5p
rno-miR-500-3p
rno-miR-31a-3p
rno-miR-183-5p
rno-miR-3596a
rno-miR-3588

M expression D expression K expression

Fig. 4　Cluster analysis of 17 differentially expressed miRNAs. Red color represents a relative high expression level. Blue color shows a relative low expression level.
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3.7　Validation of expression of miRNAs

In order to verify the results of sequencing data, qRT-PCR based 
on TaqMan was used to detect and 4 miRNAs differentially 
expressed in the high-throughput sequencing results were selected for 
verification. The primer sequence is shown in Table S5. The expression 
results are shown in Fig. 6. The results showed that the expression of 
miR-672-5p, miR-190b-5p, miR-129-5p and miR-345-5p were all 
low in the control group and high in the COPD group, and the 
expression of the 4 miRNAs was significantly downregulated after 
the drug treatment which was consistent with the sequencing results. 
This indicates that the sequencing results are reliable.

4.　Discussion

Coronary obstructive pulmonary disease is a very prevailing 
disease. As per recent data on COPD, it is the third most common 
cause of death across the globe[31]. The disease includes small air 
pathway disorders, emphysema, and chronic bronchitis, which can 
be caused by environmental exposure, mainly smoking[32]. In recent 
years, miRNAs in tissues and body fluids have become a promising 
biomarker for a variety of diseases. Biomarkers in blood have been 
particularly popular in recent years because serum or plasma is 
readily available and can be repeatedly sampled[9,33]. Several 
different types of miRNAs have been found closely associated with 
asthma related inflammation[34]. In this context, miRNAs possess 
very high potential for diagnostic and therapeutic value. Though 
several limitations in profiling methods, miRNA profiling has its due 
advantages over other conventional detective techniques[35]. It not 
only reveals that the pathogenesis of COPD is closely related to the 
abnormal expression of miRNA, providing a new biomarker for the 
prediction and early detection of COPD[36], but also provides a new 
idea for studying the pathogenesis of COPD or airway epithelial injury[37].

The formation of COPD was determined by the pathological 
changes of rat lung tissue. In this study, high-throughput sequencing 
and bioinformatics analysis were combined to explore the influence 
of miRNA expression profiles in rat serum exosomes. Previous 

studies have shown that extracts from ISZ have a good therapeutic 
effect on COPD[38]. Exosomes were extracted from serum of normal 
rats, COPD rats and ISZ drug intervention COPD rats. Comparison 
of miRNA expression levels between the COPD group and control 
group showed that 72 miRNAs were differentially expressed in 
exosomes. These included 25 up-regulated and 47 down-regulated 
miRNAs, suggesting that these 72 miRNAs may be associated with 
COPD and that they may be biomarkers of COPD. Comparison of 
miRNA expression profiles between the COPD group and the COPD + 
ISZ group showed that 34 miRNAs were up-regulated and 44 miRNAs 
were down-regulated. In order to confirm that the extract of ISZ 
regulates the disease by affecting the expression of serum exosomes, 
we further analyzed the cross-over miRNAs, 17 of which showed 
significant differences during drug administration intervention, 
among which 4 were up-regulated and 13 were down-regulated. 
From 17 shortlisted miRNAs, majorly expressive miRNAs were then 
further evaluated via qRT-PCR that confirmed the differentially high 
expression of miR-190b-5p, miR-345-5p, miR-672-5p and miR-129-5p. 
Therefore, these 4 miRNAs have greater potential for the consideration 
as diagnostic and prognostic biomarkers against COPD. Interestingly, 
our findings concluded that these (miR-672-5p, miR-190b-5p, 
miR-129-5p and miR-345-5p) were significantly downregulated in the 
COPD + ISZ group indicating not only its relevancy but also the 
efficacy of ISZ against COPD. ISZ may reduce the expression of these 
4 miRNAs in the treatment of COPD. The results indicated that the 
composition of serum exosomes in COPD rats was significantly 
different from that in normal rats. The corresponding variations in 
the expression of serum exosome miRNA are linked with COPD and 
these 17 shortlisted miRNAs possess strong potential to qualify for the 
choice of COPD associated biomarkers.

The diagnosis of several human diseases has become quite 
conventional through high-throughput sequencing. Next-generation 
sequencing has enhanced the capabilities of medical science to narrow 
down the disease associated genes. At present, no marker of COPD 
with 100% sensitivity and specificity has been found, and how these 
miRNA affects the occurrence of the disease through expression 
remains unclear, which needs further in-depth research. From the 
family of Labiatae, ISZ of genus Camellia, is an herbal plant from 
traditional Chinese medicine. The plant is very famous for its edibility 
among Chinese community because of its nutritious and therapeutic 
importance[38]. Because of the presence of triterpenoids and sterols, 
several diseases have been reported to be potentially treatable with 
ISZ extract including, viral and bacterial infections as well as 
inflammatory and tumor diseases. Additionally, a very recent study 
has reported the potential therapeutic efficacy of ISZ against COPD[19]. 
Our earlier studies have published a comprehensive report on the active 
ingredients from ISZ chiefly including Glaucocalyxin A (GLA)[39]. It 
is worth noticing that GLA has the vast majority of herbs of the genus 
Camellia. Most pharmacological effects, such as anti-inflammatory, 
antibacterial, anticancer, antioxidant, antithrombotic and so on[40].

Circulating RNA has been documented as a potential diagnostic 
biomarker for a variety of diseases[41], including COPD. The results 
showed that the up-regulation of miR-672-5p, miR-190b-5p, miR-129-5p 
and miR-345-5p was closely related to COPD. The decreased expression 
of miR-627-5p may have an inhibitory effect on hepatocellular 
carcinoma, possibly through a transcriptional coactivator targeting 
recombinant B-cell CLL/lymphoma 3 (BCL3). miR-627-5p inhibited 
cell proliferation, delayed migration and promoted cell apoptosis by 

R
el

at
iv

e 
ex

pr
es

si
on

Control
100

## COPD
##

80 COPD + ISZ

60 ##

40

**
*20

0

** **

rno
-m

iR
-19

0b
-5p

rno
-m

iR
-12

9-5
p

rno
-m

iR
-67

2-5
p

rno
-m

iR
-34

5-5
p

miRNAs

Fig. 6　Verification results of qRT-PCR.The expressions of the 4 miRNAs 
were all low in the control group and high in the COPD group. The 

expressions of the 4 miRNAs were significantly down-regulated after drug 
treatment. Data are presented as mean ± SEM difference of three independent 

experiments. ##P < 0.01 compared with the control group; *P < 0.05 and 
**P < 0.01 compared with the control group.
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increasing Y-box binding protein 2 (YBX2) expression in oral 
squamous cell carcinoma[42]. miR-627-5p is associated with pathways 
related to myocardial hypertrophy, cardiomyocyte differentiation, 
proliferation, and P2Y purine signal transduction[43]. miR-190 is a 
microRNAs involved in the regulation of neuroinflammation, which 
can improve tumor formation and lung metastasis capacity of human 
hepatocellular carcinomas (HepG2) cells. Stable overexpression of 
miR-190 leads to downregulation of PH domain and leucine rich 
repeat protein phosphatase 1 (PHLPP1) protein[44], thus it possess 
good potential as a therapeutic and diagnostic target for 
hepatocellular carcinoma. Overexpression of miR-190 itself can 
enhance cell proliferation and malignant transformation, enhance 
protein kinase B (Akt) activation and vascular endothelial growth 
factor expression[45]. microRNA-129-5p (miR-129-5p) regulates cell 
proliferation and invasion in lung cancer. Its abnormal expression 
has been detected in various types of human cancer, and the 
validated target genes are involved in cancer-related biological 
processes such as cell proliferation, apoptosis, cell cycle, and 
metastasis, regulating a wide range of biological functions[46]. 
miR-129-5p plays an important role in tumorigenesis and acts by 
promoting or inhibiting tumors[47]. It is a potential therapeutic agent 
because of its association with apoptosis, cell cycle and chemical 
resistance. miR-345-5p can inhibit the malignant phenotype of lung 
adenocarcinoma cells by inhibiting cell proliferation, migration, 
invasion and promoting cell apoptosis, and miR-345-5p can inhibit 
the migration and invasion of lung adenocarcinoma cells by 
regulating ras homolog gene family, member A (RhoA) to induce cell 
apoptosis[48]. Overall, our studies have found that chronic obstructive 
pulmonary disease was very much linked with high expression of 
miR-190b-5p, miR-345-5p, miR-129-5p and miR-672-5p.

Concluding the studies after employing a mix of in silico, in vitro 
and in vivo experimental techniques, we were converged towards 
COPD related 17 different miRNAs from serum exosomes. Out of 
which 4 miRNA targets (miR-190b-5p, miR-345-5p, miR-129-5p 
and miR-672-5p) have strong predictive, prognostic and therapeutic 
potential against COPD. Additionally, it was also concluded that 
extract from ISZ leaves has convincing potential to treat the disease 
by regulating COPD associated miRNA that also explains the 
mechanism of the treatment of COPD by ISZ leaves extract.
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