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Abstract
Bronchial asthma (BA) is a serious problem affecting the quality of life of patients. Long non-
coding RNAs (lncRNAs) are involved in BA. This study set out to investigate expressions of 
PVT1/miR-423-5p in the serum of BA patients and its clinical value on BA diagnosis and evalu-
ation. This study included the same number (N = 100) of patients with BA at remission (BA-R), 
BA at exacerbation (BA-E), and healthy controls. PVT1 level was increased in BA-R and BA-E 
patients, and PVT1 level was higher in BA-E patients than BA-R patients. miR-141-3p targeted 
PVT1. miR-423-5p was downregulated in the serum of BA patients and was negatively cor-
related with PVT1. Area under ROC curve of PVT1/miR-423-5p axis on BA-R patients was 0.837 
with sensitivity 0.74, specificity 0.84, while that of BA-E was 0.974 with sensitivity 0.87 and 
specificity 0.95. PVT1/miR-423-5p axis was negatively correlated with FEV1/FVC, FEV1% pred, 
and IL-10, and positively correlated with IgE, TNF-α, and IL-6. PVT1 and PVT1/miR-423-5p axis 
were associated with increased severity while miR-423-5p axis was negatively associated with 
BA severity. In conclusion, increased levels of PVT1/miR-423-5p had higher diagnostic effi-
ciency on BA patients, especially patients with acute exacerbation.
© 2022 Codon Publications. Published by Codon Publications.
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Introduction

Bronchial asthma (BA) is a prevalent chronic disease of 
the airway which involves many cells and cellular com-
ponents.1 Asthma is a complex syndrome with a variety 
of pathophysiological mechanisms.2 Recent data showed 
that BA has affected more than 10% of the population 
and the prevalence continues to increase.3 BA at remis-
sion (BA-R) is the absence of asthma symptoms for a 
period of time,4 while BA at exacerbation (BA-E) is a pro-
gressive increase in asthma symptoms.5 In recent years, 
the incidence and mortality rate of BA is on the rise due 
to the deterioration of environmental pollution, which 
adversely impacts the health condition and the quality 
of life of BA patients.6,7 Therefore, seeking novel bio-
markers for BA diagnosis and treatment is critical for BA 
patients.

Long noncoding RNAs (lncRNAs) are a heterogeneous 
group of noncoding RNAs with a length of 200–100,000 nt.8 
LncRNAs regulate protein expression or transcriptional and 
post-transcriptional level, and participate in the develop-
ment of multiple diseases including asthma through many 
mechanisms.9,10 Based on the existing study, lncRNA plas-
macytoma variant translocation 1 (PVT1) might be import-
ant in asthma and lncRNA PVT1 exacerbates inflammation 
and cell-barrier injury during asthma by modulating miR-
149.11 According to the study of Austin et al., PTV1 was 
upregulated in the primary airway smooth muscle cells of 
patients with asthma and PVT1 expression might affect the 
proliferation of airway smooth muscle cells and the release 
of interleukin (IL)-6.12 However, the expression of lncRNA 
PVT1 in the serum of BA patients and whether lncRNA 
PTV1 could be used for BA diagnosis and treatment require 
further investigation.

The biological function of lncRNA PTV1 needs to be 
clarified. Accumulating evidence has reported the effect 
of lncRNA/microRNAs (miRNAs) in BA, indicating its associ-
ation with the etiology of BA.13–15 The downstream miRNAs 
of lncRNA PVT1 were obtained through bioinformatics anal-
ysis. miR-423-5p, as one of the downstream miRNAs, was 
downregulated in the Th2-pretreated human airway epithe-
lial cells, which suggested that miR-423-5p might be critical 
in changing the pro-inflammatory and anti-viral responses 
in BA-E patients.16 But, the expression of miR-423-5p in the 
serum of BA patients, and the association of the lncRNA 
PVT1/miR-423-5p axis with the risk, severity, and inflam-
matory cytokines of BA has not been reported at home 
and abroad. This study intended to study the expressions 
of lncRNA PVT1/miR-423-5p and explore the clinical values 
of the lncRNA PVT1/miR-423-5p axis on BA diagnosis and 
severity evaluation.

Material and Methods

Ethics statement

This study was authorized by the Ethics Committee of Zibo 
hospital for the prevention and treatment of occupational 
diseases. All participants signed the informed consent 
before being recruited for the study.

Participants

In this study, 100 patients with BA-E and 100 patients with 
BA-R were recruited in Zibo hospital for the prevention and 
treatment of occupational diseases between June 2019 
and June 2020. The diagnosis accorded with the Global 
Initiative for Asthma (GINA) guidelines (2016). The inclusion 
criteria for BA-E patients were: (1) diagnosed as BA accord-
ing to the guideline; (2) manifested with exacerbated 
symptoms including dyspnea, chest tightness, and serious 
cough; and (3) aged above 18 years. The inclusion criteria 
for BA-R patients were: (1) diagnosed as BA according to 
the guideline; (2) with clinical remission status, the symp-
toms disappeared and pulmonary function was improved to 
the pre-acute level and maintained at least for 3 months; 
and (3) aged above 18 years. The exclusion criteria were: 
(1) cardiac asthma, endometrial lesions of trachea, bron-
chogenic carcinoma, or allergic pulmonary infiltration; 
(2)  hematological diseases, autoimmune disorders, or 
serious infections; (3) solid tumors or malignancies; and 
(4) pregnant or lactating women. And, 100 healthy con-
trols in the physical examination center of Zibo hospital 
for the prevention and treatment of occupational diseases 
during the same period were included in this study. The 
healthy controls had normal lung function, and no history 
of asthma, autoimmune diseases, allergic diseases, blood 
diseases, severe infection, or malignant tumors.

Data and sample collection

Characteristics of all participants, including age, gender, 
and family history, were recorded. The laboratory exam-
inations such as immune globulin E (IgE) and pulmonary 
ventilation function including forced expiratory volume in 
1 s (FEV1) and forced vital capacity (FVC) were recorded, 
followed by the calculation of FEV1/FVC and FEV1% pre-
dicted (FEV1% pred). The exacerbation severity of BA-E 
patients were assessed based on the Global Strategy for 
Asthma Management and Prevention (updated 2010) (www. 
ginasthma.org) on the day of hospital admission. 
Moreover, blood samples were collected using ethylenedi-
aminetetraacetic acid tubes after confirming eligibility, fol-
lowed by centrifugation at 1000 g for 15 min. The plasma 
was isolated and stored at −80°C for further examination.

Enzyme-linked immunosorbent assay (ELISA)

Levels of pro-inflammatory cytokines tumor necrosis fac-
tor-α (TNF-α), IL-6, and anti-inflammatory cytokine IL-10 in 
the serum were determined using ELISA kits (R&D Systems, 
Minneapolis, MN, USA) as per the instructions. The sample 
was incubated with coating solution at 37°C for 2 h in ELISA 
plates at 4°C overnight. Then, the sample was sealed with 10% 
bovine serum albumin (BSA) at 4°C overnight. After rinsing, 
the sample was incubated with primary antibodies at 37°C 
for 2 h and with secondary antibodies for 1 h. Termination 
solution was added after color reaction. Absorbance of 
each well at 450 nm was detected. The detailed informa-
tion of ELISA kits were as follows: TNF-α (SRTA00, Range: 
12.5–800 pg/mL, Sensitivity: 5 pg/mL), IL-6 (SR6000B, Range: 

http://www.ginasthma.org
http://www.ginasthma.org
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Statistical analysis

SPSS 21.0 (IBM Corp., Armonk, NY, USA), GraphPad Prism 
8 (GraphPad Software Inc., San Diego, CA, USA), and 
Medcalc® version 15.0 (Medcalc Software Ltd, Ostend, 
Belgium) statistical softwares were adopted for data anal-
ysis and graphing. Shapiro–Wilk test (W-test) was used to 
identify the normal distribution of data. Variable data 
were described as mean ± standard deviation or counts. 
Comparison between two groups was analyzed using the 
unpaired t-test or χ2 test, while comparison among multi-
ple groups was analyzed using one-way analysis of variance 
(ANOVA) and Tukey’s multiple comparisons test. The diag-
nostic value of lncRNA PVT1/miR-423-5p on BA was ana-
lyzed using receiver operating characteristic (ROC) curve. 
The differences of areas under the ROC curves were ana-
lyzed using MedCalc-Comparison of ROC curves. P < 0.05 
was statistically significant.

Results

Comparative analysis of clinical data of BA 
patients and healthy controls

This study included 100 patients with BA-R, 100 patients 
with BA-E, and 100 healthy controls. The severity of BA-E 
patients was assessed and BA-E patients were further 
assigned into mild (31 cases), moderate (43 cases), and 
severe BA-E patients (26 cases). The clinical parameters 
of BA patients and healthy controls were compared and 
analyzed, and the result showed no significant difference 
in clinical baseline parameters (age, gender, and family 
history) and the data were comparable. The results of 
blood biochemical parameters showed that the IgE level 
was significantly increased in BA-R and BA-E patients, and 
the IgE level of BA-E patients was higher than that of BA-R 
patients. The examination of lung function parameters 
showed that FEV1/FVC and FEV1% pred were significantly 
reduced in BA-R and BA-E patients, and the values of 
BA-E patients was lower than that of BA-R patients. The 
inflammatory cytokine level showed that levels of TNF-α 
and IL-6 were increased while IL-10 level was decreased in 
BA-R and BA-E patients, and the differences between BA-R 
patients and BA-E patients were significant (all P < 0.001, 
Table 2).

62.5–4000 pg/mL, Sensitivity: 36 pg/mL), and IL-10 (SR1000, 
Range: 31.2–2000 pg/mL, Sensitivity: 10 pg/mL).

Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR)

The total RNA was extracted using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) and transcribed into cDNA using 
PrimeScript RT reagent kit (Takara, Dalian, China). qPCR was 
conducted on ABI7900HT fast PCR real-time system (Applied 
Biosystems, Foster city, CA, USA) using SYBR® Premix Ex 
TaqTM II (Takara). Reaction conditions were as follows: prede-
naturation at 95°C for 10 min and 40 cycles of denaturation 
at 95°C for 10 s, annealing at 60°C for 20 s and extension at 
72°C for 34 s. Data were analyzed using the 2-ΔΔCt method, 
with GAPDH and U6 as internal controls.17 Primers were syn-
thesized by Shanghai Sangon Biotech Co., Ltd. (Shanghai, 
China). Primer sequences are illustrated in Table 1.

Bioinformatics analysis

The downstream target miRNAs of lncRNA PVT1 were pre-
dicted through ENCORI (http://starbase.sysu.edu.cn/ago-
ClipRNA.php?source=lncRNA) and LncBase database (http://
carolina.imis.athena-innovation.gr/diana_tools/web/index.
php?r=lncbasev2%2Findex-predicted). Intersections were 
taken and screened to obtain the target miRNA.

Dual-luciferase reporter assay

The binding sites of lncRNA PVT1 and miR-423-5p were 
predicted through Starbase (http://starbase.sysu.edu.
cn/agoClipRNA.php?source=lncRNA). The complementary 
sequences and mutant sequences of miR-423-5p and PVT1 
were amplified and cloned onto pmiRGLO dual-luciferase 
reporter gene vectors (Promega, Madison, WI, USA). The 
wild-type plasmid PVT1-WT and mutant plasmid PVT1-MUT 
were constructed and transfected with mimic NC or miR-
423-5p mimic (GenePharma, Shanghai, China) into HEK293T 
cells (Shanghai Institute of Biochemistry and Cell Biology, 
Chinese Academy of Sciences, Shanghai, China) using 
LipofectamineTM 2000 (Invitrogen) as per the instructions. 
Luciferase activity was detected after 48 h of transfection.

Table 1  Primer sequences.

Gene Forward 5’-3’ Reverse 5’-3’

LncRNA PVT1 TGAGAACTGTCCTTACGTGACC AGAGCACCAAGACTGGCTCT

GAPDH CTCAGACACCATGGGGAAGGTGA ATGATCTTGAGGCTGTTGTCATA

miR-423-5p GCCCCCAGCGCCCAAC AGTGCAGGGTCCGAGGTATT

U6 ATTGGAACGATACAGAGAAGATT GGAACGCTTCACGAATTTC

Note: lncRNA, long noncoding RNA; PVT1, plasmacytoma variant translocation 1; GAPDH, glyceraldehyde-3-phosphate 
dehydrogenase; miR, microRNA.

http://starbase.sysu.edu.cn/agoClipRNA.php?source=lncRNA�
http://starbase.sysu.edu.cn/agoClipRNA.php?source=lncRNA�
http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=lncbasev2%2Findex-predicted�
http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=lncbasev2%2Findex-predicted�
http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=lncbasev2%2Findex-predicted�
http://starbase.sysu.edu.cn/agoClipRNA.php?source=lncRNA�
http://starbase.sysu.edu.cn/agoClipRNA.php?source=lncRNA�
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Table 2  Comparative analysis of clinical data of BA patients and healthy controls.

Parameters
(N = 100)

(Control) 
(N = 100)

(BA-R) 
(N = 100)

(BA-E) Pa Pb Pc

Age (years) 38.85 ± 5.45 39.36 ± 5.83 40.04 ± 5.92 0.524 0.141 0.414
Gender. Male 56 61 59 0.566 0.775 0.885

Female 44 39 41

Family history of asthma No 86 78 75 0.197 0.073 0.739

Yes 14 22 25

IgE (IU/mL) 32.53 ± 15.42 96.17 ± 15.29 249.25 ± 30.36 <0.001 <0.001 <0.001
FEV1/FVC (%) 87.49 ± 6.25 80.02 ± 6.66 60.13 ± 6.51 <0.001 <0.001 <0.001
FEV1% pred (%) 98.08 ± 5.03 83.15 ± 5.05 66.73 ± 5.21 <0.001 <0.001 <0.001
TNF-α (pg/mL) 15.45 ± 5.67 26.60 ± 9.33 68.19 ± 8.35 <0.001 <0.001 <0.001
IL-6 (pg/mL) 8.59 ± 5.15 19.91 ± 7.63 43.58 ± 8.77 <0.001 <0.001 <0.001
IL-10 (pg/mL) 21.09 ± 5.26 15.33 ± 5.85 7.65 ± 4.01 <0.001 <0.001 <0.001
Exacerbation severity Mild — — 31 — — —

Moderate — — 43 — — —
Severe — — 26 — — —

Note: BA-R, bronchial asthma at remission; BA-E, bronchial asthma at exacerbation; FEV1, forced expiratory volume in 1 s; 
FVC, forced vital capacity; Pa BA-R vs Control; Pb BA-E vs Control; Pc BA-E vs BA-R.

LncRNA PVT1 was highly expressed in the serum 
of BA patients

RT-qPCR showed that the expression of lncRNA PVT1 was 
significantly increased in the serum of BA-R and BA-E 
patients, and the PVT1 level of BA-E patients was higher 
than that of BA-R patients (Figure 1).

miR-423-5p was poorly expressed in the serum of 
BA patients and negatively correlated with PVT1 
expression

One of the mechanisms of lncRNA in disease develop-
ment could be explained by competitive endogenous RNA 
(ceRNA) theory.18 The effect of lncRNA/miRNA axis in BA 
has been reported previously, suggesting that it might be 
involved in the etiology of BA.13–15 To investigate the effect 
of lncRNA PVT1/miRNA axis in BA, 17 downstream miRNAs 
were obtained by screening through ENCORI and LncBase 
databases (Figure 2A). Among the 17 miRNAs, miR-423-5p 
has been reported to be downregulated in Th2-pretreated 
human airway epithelial cells, indicating a critical role 
in changing pro-inflammatory and anti-viral responses 
during BA-E.16 Meanwhile, the target relation of miR-141-3p 
and PVT1 was verified by dual-luciferase reporter assay 
(Figure 2B). RT-qPCR showed that miR-423-5p expres-
sion was significantly decreased in the serum of BA-R and 
BA-E patients, and miR-423-5p expression in the serum of 
BA-E patients was lower than that of BA-R patients (all P < 
0.01, Figure 2C). In addition, Pearson’s correlation analysis 
showed that expression of lncRNA PVT1 was negatively cor-
related with miR-423-5p expression (P < 0.01, Figure 2D). 
Briefly, the lncRNA PVT1/miR-423-5p axis might be involved 
in of BA.

LncRNA PVT1/miR-423-5p axis had higher 
diagnostic efficiency on BA patients

To further explore the value of lncRNA PVT1/miR-423-5p 
axis in BA diagnosis, the changes of lncRNA PVT1/miR-
423-5p expressions in BA patients were analyzed. The 
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Figure 1  LncRNA PVT1 was highly expressed in the serum 
of BA patients. LncRNA PVT1 expression in the serum of BA 
patients and controls was detected by RT-qPCR. Data were 
expressed as mean ± standard deviation. Comparison among 
multiple groups was analyzed using one-way ANOVA, followed 
by Tukey’s multiple comparisons test. **P < 0.01.
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result showed that expressions of lncRNA PVT1/miR-423-5p 
were increased in the serum of BA-R and BA-E patients, and 
expressions of lncRNA PVT1/miR-423-5p in BA-E patients 
were higher than that in BA-R patients (all P < 0.01, 
Figure 3A). The diagnostic efficiency of lncRNA PVT1/miR-
423-5p in BA patients was analyzed through ROC curve. 
The area under the ROC curve of lncRNA PVT1 diagnosing 
BA-R patients was 0.784 with sensitivity 0.60 and specific-
ity 0.97; the area under the ROC curve of miR-423-5p diag-
nosing BA-R patients was 0.775 with sensitivity 0.78 and 
specificity 0.71; the area under the ROC curve of lncRNA 
PVT1/miR-423-5p diagnosing BA-R patients was 0.837 with 
sensitivity 0.74 and specificity 0.84. MedCalc-Comparison 
of ROC curves analysis showed that the areas under ROC 
curves among the three presented no significant difference 
(Figure 3B). In addition, the area under the ROC curve of 
lncRNA PVT1 diagnosing BA-E patients was 0.930 with sen-
sitivity 0.84 and specificity 0.97; the area under the ROC 
curve of miR-423-5p diagnosing BA-E patients was 0.916 
with sensitivity 0.98 and specificity 0.71; the area under 
the ROC curve of lncRNA PVT1/miR-423-5p diagnosing BA-E 
patients was 0.974 with sensitivity 0.87 and specificity 
0.95. MedCalc-Comparison of ROC curves analysis showed 
that the area under the ROC curve of lncRNA PVT1/miR-
423-5p axis diagnosing BA-R patients was higher than that 
of lncRNA PVT1 and miR-423-5p (all P < 0.05, Figure 3C). 
The above results indicated that the lncRNA PVT1/miR-
423-5p axis had higher diagnostic efficiency in BA patients, 
especially in patients with BA-E.
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Figure 2  miR-423-5p was poorly expressed in the serum of BA patients and negatively correlated with PVT1 expression. (A) Target 
miRNAs of lncRNA PVT1 were screened through ENCORI and LncBase databases and intersections were taken; (B) Target relation 
of miR-141-3p and PVT1 was verified by dual-luciferase reporter assay; (C) miR-423-5p expression was detected by RT-qPCR; (D) 
Correlation of lncRNA PVT1 and miR-423-5p was analyzed using Pearson’s correlation analysis. Data in panel B were analyzed 
using unpaired t-test, while data in panel C were analyzed using one-way ANOVA, followed by Tukey’s multiple comparisons test. 
**P < 0.01.

Correlation analysis of lncRNA PVT1/miR-423-5p 
axis and clinical parameters

The correlation of lncRNA PVT1/miR-423-5p axis with bio-
chemical parameters, pulmonary ventilation function, and 
inflammatory cytokines in BA-E and BA-R patients was ana-
lyzed. The result showed that the lncRNA PVT1/miR-423-5p 
axis in the serum of BA-R and BA-E patients was negatively 
correlated with FEV1/FVC, FEV1% pred, and IL-10, and pos-
itively correlated with IgE, TNF-α, and IL-6 (all P < 0.01, 
Table 3).

Correlation of lncRNA PVT1/miR-423-5p with BA 
severity in BA-E patients

Furthermore, changes of lncRNA PVT1/miR-423-5p in 31 
mild BA-E patients, 43 moderate BA-E patients, and 16 
severe BA-E patients were analyzed and the result showed 
that lncRNA PVT1 and the lncRNA PVT1/miR-423-5p axis 
were associated with increased severity while miR-423-5p 
was negatively correlated with BA severity (all P < 0.01, 
Figure 4A–C).

Discussion

BA is a common chronic disease of childhood with increas-
ing prevalence at an alarming rate.19 Many lncRNAs and 



	 Qiu J et al.

4

2

6

100

LncRNA PVT1
Auc = 0.784; Senstivity = 0.60; Specificity = 0.97

LncRNA PVT1
Auc = 0.775; Senstivity = 0.78; Specificity = 0.71

LncRNA PVT1
Auc = 0.837; Senstivity = 0.74; Specificity = 0.84

80

60

40

S
en

si
tiv

ity
 (%

)

20

0
0 20 40 60

100%-Specificity%

100%-Specificity%

80 100

100

LncRNA PVT1
Auc = 0.784; Senstivity = 0.84; Specificity = 0.97

LncRNA PVT1
Auc = 0.775; Senstivity = 0.98; Specificity = 0.71

LncRNA PVT1
Auc = 0.837; Senstivity = 0.87; Specificity = 0.84

80

60

40

S
en

si
tiv

ity
 (%

)

20

0
0 20 40 60 80 100

Ln
cR

N
A 

P
V

T1
/m

iR
-4

23
-5

p 
le

ve
l

0

Con
tro

l (N
 = 

10
0)

BA-R
 (N

 = 
10

0)

BA-E
 (N

 = 
10

0)

Figure 3  LncRNA PVT1/miR-423-5p axis had higher diagnostic efficiency in BA patients. (A) Changes of lncRNA PVT1/miR-423-5p 
expressions in BA patients; (B) Diagnostic efficiency of lncRNA PVT1/miR-423-5p axis on BA-R patients; (C) Diagnostic efficiency of 
lncRNA PVT1/miR-423-5p axis in BA-E patients. Data in panel C were analyzed using one-way ANOVA, followed by Tukey’s multiple 
comparisons test. **P < 0.01.

Table 3  Correlation analysis of lncRNA PVT1/miR-423-5p 
axis and clinical parameters.

Parameters LncRNA PVT1/miR-423-5p

BA-R (N = 100) BA-E (N = 100)

r P r P

IgE (IU/mL) 0.637 <0.001 0.598 <0.001
FEV1/FVC (%) −0.352 <0.001 −0.486 <0.001
FEV1% pred (%) −0.446 <0.001 −0.670 <0.001
TNF-α (pg/mL) 0.371 <0.001 0.566 <0.001
IL-6 (pg/mL) 0.792 <0.001 0.641 <0.001
IL-10 (pg/mL) −0.469 <0.001 −0.693 <0.001

Note: lncRNA, long noncoding RNA; miR, microRNA;  
BA-R, bronchial asthma at remission; BA-E, bronchial 
asthma at exacerbation; IgE, Immunglobulin E; FEV1, forced 
expiratory volume in 1 s; FVC, forced vital capacity;  
TNF-α, tumor necrosis factor-α; IL, interleukin.

miRNAs have been found to be potentially associated with 
asthma.20 This study demonstrated that lncRNA PVT1 was 
upregulated in the serum of BA patients while miR-423-5p 
was downregulated in the serum of BA patients and nega-
tively associated with PVT1 expressions.

Generally, allergic BA is associated with the increase of 
serum IgE.21 In this study, the IgE level of BA-R and BA-E 
patients was remarkably increased and the IgE level of 
BA-E patients was comparatively higher than that of BA-R 
patients. BA severity is associated with FEV1/FVC.22 Our 
study result showed that the value of FEV1/FVC and FEV1% 
pred were decreased in BA-R and BA-E patients. BA is char-
acterized by elevated pro-inflammatory cytokines IL-6 and 

TNF-α.23 Changes of IL-10 expression are also associated 
with BA incidence and severity.24 Our result showed that 
levels of pro-inflammatory cytokines TNF-α and IL-6 were 
increased while anti-inflammatory cytokine IL-10 level was 
decreased in BA-R and BA-E patients, and the difference 
between BA-R and BA-E patients was significant. Based on a 
previous study, lncRNA PVT1 was clearly decreased in air-
way smooth muscle cells exposed to anti-asthma drugs.25 
The expression level of lncRNA PVT1 was higher in the 
serum of children with asthma than in control children.26 
In this study, expression of lncRNA PVT1 was significantly 
increased in the serum of BA-R and BA-E patients, and PVT1 
level in BA-E patients was higher than that in BA-R patients, 
indicating that PVT1 expression pattern may be useful in BA 
diagnosis and helpful to distinguish BA-R from BA-E.

To further explore the effect of lncRNA PVT1 on BA, 
the downstream miRNAs of lncRNA PVT1 were investi-
gated. miR-423-5p was found to be poorly expressed in the 
human airway smooth muscle cells pretreated with Th2.16 
In our study, miR-423-5p expression was decreased in the 
serum of BA-R and BA-E patients, and miR-423-5p expres-
sion in the serum of BA-R patients was higher than that of 
BA-E patients. The target relation of PVT1 and miR-423-5p 
was verified by dual-luciferase reporter assay and expres-
sions of lncRNA PVT1 and miR-423-5p were negatively cor-
related. The negative correlation of PVT1 and miR-423-5p 
was also found in thyroid cancer.27 Taken together, lncRNA 
PVT1/miR-423-5p axis might be involved in BA.

To investigate the diagnostic value of lncRNA PVT1/
miR-423-5p on BA, changes of lncRNA PVT1/miR-423-5p 
expressions in BA patients were analyzed. In our study, 
expressions of lncRNA PVT1/miR-423-5p were increased 
in the serum of BA-R and BA-E patients, and expressions 
of lncRNA PVT1/miR-423-5p in BA-E patients were higher 
than that in BA-R patients. The area under the ROC curve 
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lncRNA PVT1/miR-423-5p axis on BA patients, without con-
sidering the differences between allergic asthma and non-
allergic asthma. Therefore, whether asthma patients had 
allergic asthma (whether antigen-specific IgE was positive) 
was not considered during enrollment. In future studies, 
we will further explore the clinical value of the lncRNA 
PVT1/miR-423-5p axis in patients with allergic and nonal-
lergic asthma. Moreover, future studies will be carried out 
to explore the molecular regulatory mechanisms of lncRNA 
PVT1/miR-423-5p axis in BA.
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of lncRNA PVT1/miR-423-5p diagnosing BA-R patients was 
0.837 with sensitivity 0.74 and specificity 0.84. The area 
under the ROC curve of lncRNA PVT1/miR-423-5p diagnos-
ing BA-E patients was 0.974 with sensitivity 0.87 and spec-
ificity 0.95. The areas under ROC curves among the three 
(lncRNA PVT1, miR-423-5p, and lncRNA PVT1/miR-423-5p 
axis) on BA-R presented no significant difference, while the 
area under the ROC curve of lncRNA PVT1/miR-423-5p axis 
diagnosing BA-R patients were higher than that of lncRNA 
PVT1 and miR-423-5p, indicating a higher diagnostic effi-
ciency of lncRNA PVT1/miR-423-5p axis in diagnosing BA 
patients, especially acute BA-E patients. PVT1 was prom-
ising in diagnosis of asthma, with high sensitivity (0.844) 
and specificity (0.978).25 Specifically, our results showed 
that lncRNA PVT1/miR-423-5p axis in the serum of BA-R and 
BA-E patients was negatively correlated with FEV1/FVC, 
FEV1% pred, and IL-10, and positively correlated with IgE, 
TNF-α, and IL-6. The changes of lncRNA PVT1/miR-423-5p 
expressions in mild, moderate, and severe patients var-
ied. Mice received ovalbumin + ozone showed higher PVT1 
expression, and were associated with limited Th1/Th2-
like cytokines.25 PVT1 knockdown inhibited the levels of 
inflammatory factors in asthma.11 Altogether, lncRNA PVT1 
and lncRNA PVT1/miR-423-5p axis were associated with 
increased severity of BA while miR-423-5p was negatively 
correlated with BA severity.

To summarize, this study elicited that the lncRNA 
PVT1/miR-423-5p axis has higher diagnostic efficiency in BA 
patients, especially in patients with acute BA-E, and thus 
provided a new reference for BA diagnosis and severity 
evaluation. Several limitations exist in the current study. 
The number of cases and events analyzed in this study 
was small. The sample size needs to be expanded and 
multi-center researches are required to further clarify the 
diagnostic capability of the lncRNA PVT1/miR-423-5p axis. 
Multi-center prospective studies should be carried out in 
the future to increase the reliability of the results. In the 
current study, we focused on the diagnostic value of the 

Mild
 (N

 = 
31

)

Mod
era

te 
(N

 = 
43

)

Sev
ere

 (N
 = 

26
)

Mild
 (N

 = 
31

)

Mod
era

te 
(N

 = 
43

)

Sev
ere

 (N
 = 

26
)

Mild
 (N

 = 
31

)

Mod
era

te 
(N

 = 
43

)

Sev
ere

 (N
 = 

26
)

R
el

at
iv

e 
ex

pr
es

si
on

 o
f

In
cR

N
A 

P
V

T1

1.0

2.0

2.5

(A) (B) (C)

0.5

1.5

0.0

R
el

at
iv

e 
ex

pr
es

si
on

 o
f

m
iR

-4
23

-5
p 1.0

0.5

1.5

0.0

Ln
cR

N
A 

P
V

T1
/m

iR
-4

23
-5

p 
le

ve
l

4

2

6

0

Figure 4  Correlation of lncRNA PVT1/miR-423-5p with BA severity in BA-E patients. (A) Changes of lncRNA PVT1 expression in 
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