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Abstract
Background: Chronic obstructive pulmonary disease (COPD) is related to inflammation and 
obstruction of the lungs and airways. Protein arginine methyltransferase 5 (PRMT5) that pro-
motes arginine methylation of histones is associated with inflammation of endothelial cell and 
is implicated in lung branching morphogenesis and progression of lung cancer. The mechanism 
of PRMT5 in inflammatory response of COPD was explored in this study.
Methods: Human bronchial epithelial cells, 16HBE, were treated with cigarette smoke extract 
for 24 h to establish cell model of COPD. Cell viability was examined by MTT assay. Western 
blot and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) assays were 
used to explore expression of PRMT5. Expression of Interleukin (IL)-6, IL-8, tumor necrosis 
factor-α (TNF-α), and IL-1β were investigated by enzyme-linked-ithe mmunosorbent serologic 
assay.
Results: Cigarette smoke extract treatment induced cytotoxity of 16HBE with reduced cell via-
bility. PRMT5 was enhanced in cigarette smoke extract-induced 16HBE. Knockdown of PRMT5 
increased cell viability of cigarette smoke extract-induced 16HBE, and attenuated cigarette 
smoke extract-induced increase of IL-6, IL-8, TNF-α, and IL-1β. Up-regulation of C-X-C Motif 
Chemokine 10 (CXCL10) in cigarette smoke extract-induced 16HBE was restored by knockdown 
of PRMT5. Over-expression of CXCL10 counteracted with the suppressive effect of PRMT5 
silence on expression of IL-6, IL-8, TNF-α, and IL-1β. Moreover, PRMT5 silence-induced increase 
of cell viability in cigarette smoke extract-induced 16HBE was reversed by over-expression of 
CXCL10.
Conclusion: Knockdown of PRMT5 promoted cell viability of cigarette smoke extract-induced 
16HBE, and reduced inflammation through down-regulation of CXCL10.
© 2021 Codon Publications. Published by Codon Publications.
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0.22 -µm membrane filter. The extract was diluted in F12K 
medium containing 10% fetal bovine serum to obtain 0.5%, 
1%, and 2% cigarette smoke extracts. The 16HBE was incu-
bated with 0.5%, 1%, and 2% cigarette smoke extracts for 
24 h before function assays.

Cell viability assay

The 16HBE post-cigarette smoke extract was plated on a 
96-well plate, and transfected with small interfering RNA 
(siRNA) targeting PRMT5 (si-PRMT5) or the negative control 
(si-NC) (YouBio, Changsha, China) by Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) for 24 h. pcDNA-CXCL10 
and negative control (pcDNA) were constructed by YouBio, 
and cotransfected with si-PRMT5 or si-NC into 16HBE post-
cigarette smoke extract by Lipofectamine 2000 (Invitrogen) 
for 24 h. The 16HBE post-cigarette smoke extract with 
or without transfection was seeded on plate for another 
24, 48, or 72 h. Cells were incubated with MTT solution 
(Dojindo, Tokyo, Japan) for 4 h, and dissolved with DMSO 
(dimethyl sulfoxide). Absorbance at 490 nm was measured 
by microplate reader (Bio-Rad, Hercules, CA, USA).

Enzyme-linked-immunosorbent serologic assay 
(ELISA)

The 16HBE post-indicated treatment was lysed in radioim-
munoprecipitation assay lysis buffer (Beyotime, Shanghai, 
China) and centrifuged at 12000 g for 1 h to collect super-
natants. Interlukin (IL)-6, IL-8, tumor necrosis factor-α 
(TNF-α), and IL-1β levels were determined by commercial 
kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China).

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

The 16HBE was lysed by Trizol (Invitrogen) to col-
lect RNAs. The RNAs were used to generate comple-
mentary DNAs (cDNA), and RT-qPCR analysis of PRMT5 
was determined by SYBR Premix Ex Taq II (Takara, 
Tokyo, Japan). Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) was used as an endogenous control, 
and the following primers were used: PRMT5 (forward 
primer: 5′-CCATGGAACAAAAAC-3′ and reverse primer: 
5′-GATCCGCCGCCACCA-3′) and GAPDH (forward primer: 
5′-CCATCTTCCAGGAGCGAGAT-3′ and reverse primer: 
5′-TGCTGATGATCTTGAGGCTG-3′).

Western blotting assay

Proteins isolated from 16HBE were separated by SDS-
PAGE, and transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Shanghai, China). The membranes 
were blocked in phosphate-buffered saline solution with a 
low-concentration detergent solution (PBST) with 5% non-
fat milk, and incubated with primary and secondary anti-
bodies, including anti-PRMT5 (1:2500; Abcam, Cambridge, 
UK), anti-CXCL10 (1:3000; Abcam), and anti-GAPDH (1:3500; 

Introduction

Chronic obstructive pulmonary disease (COPD) is one of the 
most common respiratory diseases and is characterized by 
progressive and irreversible limitation of airflow.1 The most 
common pathological features of COPD are emphysema 
caused by small airway stenosis and rupture of the lung 
tissue that results in high morbidity and mortality.2 COPD 
is associated with exposure to harmful gases and particles 
that lead to abnormal inflammatory responses.1 Genetics 
and environment are the major factors for the etiology of 
COPD, and the most cases of COPD are caused by environ-
ment factors, especially chronic smoking.3 Cigarette smok-
ing and other inhaled substances stimulate macrophages 
and epithelial cells to release large amounts of chemok-
ines, and subsequently neutrophils, monocytes, and lym-
phocytes are recruited to the damaged tissues, such as 
peripheral airways and the lung parenchyma.4 Therefore, 
reducing exposure to risk factors, including smoking and 
exposure to second-hand smoke, is an effective way to pre-
vent COPD.5

Protein arginine methyltransferase (PRMT) family cata-
lyzes arginine monomethylation, asymmetric, or symmetri-
cal dimethylation modifications, involved in conserved and 
ubiquitous physiological processes.6 Regulation of PRMTs 
on immune cells is related to pulmonary disorders.7 PRMT5 
modulates cell growth and transformation through cataly-
zation of omega-NG-mono-methyl arginine and symmetric 
omega-NG, and NG-dimethyl arginine was shown to be asso-
ciated with the progression of lung cancer.8 Cell metastasis 
of lung cancer was promoted by PRMT5.9 PRMT5 was also 
implicated in inflammatory diseases.10 For example, PRMT5 
regulated differentiation and function of abstract regula-
tory T cells (Tregs) during the development of ulcerative 
colitis,11 and suppressed synovial destruction and inflam-
mation to attenuate rheumatoid arthritis.11 Previous study 
has shown that the messenger RNA (mRNA) expression 
of PRMT5 was enhanced in the lung tissue specimen of 
patients with COPD.12 However, the role and mechanism of 
PRMT5 in COPD remains elusive.

In this study, in vitro cell model of COPD was estab-
lished in human bronchial epithelial cells (16HBE) through 
incubation with cigarette smoke extract. The effect of 
PRMT5 on inflammation of cigarette smoke extract-induced 
16HBE, as well as the underlying mechanism, was then 
investigated.

Materials and methods

Cell culture and treatment and transfection

Human bronchial epithelial cells (16HBE) were obtained 
from ATCC (Manassas, VA, USA), and cultured in F12K 
medium containing 10% fetal bovine serum (Gibco, 
Rockville, MD, USA). Cigarette smoke extract was prepared 
from without filter cigarettes. Briefly, a negative pres-
sure suction device was used to collect cigarette smoke 
extract from cigarettes without filters. The extract was 
then poured into a flask for shaking, the bacteria were 
removed, and the suspensions were collected through a 
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Down-regulation of PRMT5 increased cell viability 
of cigarette smoke extract-induced 16HBE

Cigarette smoke extract-induced 16HBE was trans-
fected with si-PRMT5 to investigate role of PRMT5 in 
COPD (Figure  2A). Result established that transfection 
with si-PRMT5 enhanced cell viability of cigarette smoke 
extract-induced 16HBE (Figure 2B), demonstrating the pro-
liferative effect of PRMT5 silence on COPD.

Down-regulation of PRMT5 suppressed cigarette 
smoke extract-induced inflammation in 16HBE

Levels of IL-6, IL-8, TNF-α, and IL-1β were increased in 
16HBE 24 h after treatment with 2% cigarette smoke extract 
(Figure 3). However, knockdown of PRMT5 decreased the 
levels of IL-6, IL-8, TNF-α, and IL-1β in cigarette smoke 
extract-induced 16HBE (Figure 3), indicating the anti-in-
flammatory effect of PRMT5 silence on COPD.

PRMT5 mediated cell viability and inflammation of 
cigarette smoke extract-induced 16HBE through 
regulation of CXCL10

The downstream target of PRMT5, CXCL10, was also 
up-regulated in cigarette smoke extract-induced 16HBE 

Cell signaling, Boston, MA, USA). ECL reagents (Roche, 
Shanghai, China) was used to detect protein signals, fol-
lowed by incubation with horseradish peroxidase (HRP)-
secondary antibody (1:5000; Abcam).

Statistical analysis

All experimental data were manifested as mean ± standard 
deviation (SD). Differences between groups were analyzed 
by Student’s t-test or one-way analysis of variance. P < 0.05 
was considered as statistically significant.

Results

PRMT5 was up-regulated in cigarette smoke 
extract-induced 16HBE

In order to establish cell model of COPD, 16HBE was 
incubated with different concentrations of cigarette 
smoke extract for 24 h. Treatment with cigarette smoke 
extract reduced cell viability of 16HBE (Figure 1A). Both 
mRNA (Figure 1B) and protein (Figure 1C) expressions of 
PRMT5 were up-regulated in cigarette smoke extract-
induced 16HBE, suggesting that PRMT5 might be involved 
in COPD.

(A) (B) (C)

Figure 1  PRMT5 was up-regulated in cigarette smoke extract-induced 16HBE. (A) Treatment with cigarette smoke extract 
reduced the cell viability of 16HBE. (B) Treatment with cigarette smoke extract enhanced the mRNA expression of PRMT5 in 16HBE. 
(C) Treatment with cigarette smoke extract enhanced the protein expression of PRMT5 in 16HBE. *, ** vs. control, P < 0.05, P < 0.01.

(B)(A)

Figure 2  Down-regulation of PRMT5 increased cell viability of cigarette smoke extract-induced 16HBE. (A) Transfection with 
si-PRMT5 reduced the protein expression of PRMT5 in cigarette smoke extract-induced 16HBE. (B) Transfection with si-PRMT5 
promoted cell viability of cigarette smoke extract-induced 16HBE. *, ** vs. 2% CSE + si-NC, P < 0.05, P < 0.01.
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airway epithelial cell death.13 Degradation of PRMT6 aggra-
vated cigarette smoke extract-induced lung epithelial cell 
apoptosis and inflammation.14 Considering that PRMT5 
was associated with lung branching morphogenesis15 and 
enhanced in the lung tissue specimen of patients with 
COPD,12 the regulatory role of PRMT5 on COPD was investi-
gated in this study.

Cigarette smoke extract has been shown to induce 
apoptosis and inflammation of bronchial epithelial cells.16 
Therefore, cigarette smoke extract-induced 16HBE was 
widely used as cell model of COPD.16 In this study, ciga-
rette smoke extract induced decrease in the cell viabil-
ity of 16HBE. In line with the previous study that PRMT5 
was up-regulated in the lung tissue specimen of patients 
with COPD,12 PRMT5 was also enhanced in 16HBE after 
treatment with cigarette smoke extract. Moreover, knock-
down of PRMT5 increased cell viability of cigarette smoke 
extract-induced 16HBE, suggesting the proliferative effect 
of PRMT5 silence on COPD. However, the role of PRMT5 on 
cigarette smoke extract-induced apoptosis of 16HBE should 
be investigated in the future research.

Cigarette smoke promotes activation of peripheral 
blood leukocytes and release of proinflammatory media-
tors resulting in tissue damage in pulmonary tissues during 
COPD progression.17 Suppression of inflammatory responses 
was considered to be a potential therapeutic strategy for 
the prevention of COPD.(17) Proinflammatory mediators (IL-
1β, IL-6, and TNF-α) were up-regulated in cigarette smoke 
extract-induced 16HBE.16 IL-6, IL-8, TNF-α, and IL-1β levels 
in this study were found to be up-regulated in cigarette 
smoke extract-induced 16HBE. Levels of IL-1β and TNF-α in 
fibroblast-like synoviocytes were reduced by inhibition of 
PRMT5 to attenuate rheumatoid arthritis.11 This study also 
confirmed the anti-inflammatory effect of PRMT5 silence on 
COPD, as evidenced that knockdown of PRMT5 decreased 
the levels of IL-6, IL-8, TNF-α, and IL-1β in cigarette smoke 
extract-induced 16HBE. Moreover, cigarette smoke has also 
been shown to promote secretion of reactive oxygen spe-
cies and deplete antioxidants, shift the balance to oxidant 
burden, and aggravate tissue damage.17 The increased alve-
olar macrophages and inflammatory leukocytes promote 
the pro-oxidant environment of the pulmonary tissues in 
COPD patients.17 Since inhibition of PRMT5 suppressed oxi-
dative stress in a renal ischemia-reperfusion injury model,18 

(Figure 4A). Knockdown of PRMT5 reduced protein expres-
sion of CXCL10 in cigarette smoke extract-induced 16HBE 
(Figure 4B). Moreover, over-expression of CXCL10 atten-
uated PRMT5 silence-induced increase of cell viability in 
cigarette smoke extract-induced 16HBE (Figure 5A). The 
reduced IL-6 (Figure 5B), IL-8 (Figure 5C), TNF-α (Figure 5D), 
and IL-1β (Figure 5E) in cigarette smoke extract-induced 
16HBE transfected with si-PRMT5 were restored by the 
over-expression of CXCL10, revealing that PRMT5 mediated 
COPD through regulation of CXCL10.

Discussion

Metabolism of arginine was altered in patients with COPD, 
and dysregulated expression or activity of PRMTs was impli-
cated in the pathogenesis of COPD.7 For example, cigarette 
smoke extract induced suppression of PRMT6 to promote 

Figure 3  Down-regulation of PRMT5 suppressed cigarette smoke extract-induced inflammation in 16HBE. Knockdown of PRMT5 
decreased IL-6, IL-8, TNF-α, and IL-1β levels in cigarette smoke extract-induced 16HBE. ** vs. control, P < 0.01. #, ## vs. 2% CSE + si-NC, 
P < 0.05, P < 0.01.

Figure 4  CXCL10 was up-regulated in cigarette smoke 
extract-induced 16HBE. (A) Treatment with cigarette smoke 
extract enhanced protein expression of CXCL10 in 16HBE. 
(B) Knockdown of PRMT5 decreased CXCL10 expression in 
cigarette smoke extract-induced 16HBE. ** vs. control, P < 0.01. 
# vs. 2% CSE + si-NC, P < 0.05.

(A)

(B)
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Conclusion

In summary, PRMT5 and the downstream target were dif-
ferentially expressed in cigarette smoke extract-induced 
16HBE, and knockdown of PRMT5 suppressed inflamma-
tory response in cigarette smoke extract-induced 16HBE 
through down-regulation of CXCL10. This study provided a 
novel target for clinical treatment of COPD. However, the 
protective effect of PRMT5–CXCL10 against COPD must be 
confirmed in murine emphysema model induced by ciga-
rette smoke extract.
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the anti-oxidant effects of PRMT5 silence on COPD must be 
investigated in the future research.

Chemokines mediate recruitment of immune cells into 
inflammatory lesions, and are related to the develop-
ment of COPD.19 A previous study has demonstrated that 
CXCL10 could recruit CXCR3+ type-1 T-lymphocytes to 
the peripheral airways of smokers with COPD, and type-1 
T-lymphocytes express interferon gamma to promote acti-
vation of macrophages, thus releasing inflammatory cyto-
kines, including IL-6, IL-8, TNF-α, and IL-1β.(20) Therefore, 
increased serum CXCL10 was regarded as a biomarker of 
COPD.21 Suppression of CXCL10 attenuated inflammatory 
response in cigarette smoke-induced COPD.22,23 A past 
study has established that PRMT5 mediated methylation of 
NF-κB p65 and regulated expression of CXCL10 in endothe-
lial cells.24 Repression of PRMT5 reduced CXCL10 expres-
sion to suppress osteoclast differentiation and attenuated 
ovariectomy-induced bone loss.25 CXCL10 was found to be 
up-regulated in cigarette smoke extract-induced 16HBE, 
and knockdown of PRMT5 decreased the protein expres-
sion of CXCL10. Moreover, over-expression of CXCL10 
attenuated PRMT5 silence-induced increase of cell viabil-
ity and decrease of IL-6, IL-8, TNF-α, and IL-1β in cigarette 
smoke extract-induced 16HBE, suggesting that PRMT5–
CXCL10 axis was implicated in the pathogenesis of COPD.

(A) (B)

(C) (D) (E)

Figure 5  PRMT5-mediated cell viability and inflammation of cigarette smoke extract-induced 16HBE through regulation of CXCL10. 
(A) Over-expression of CXCL10 attenuated PRMT5 silence-induced increase of cell viability in cigarette smoke extract-induced 
16HBE. (B) Over-expression of CXCL10 attenuated PRMT5 silence-induced decrease of IL-6 in cigarette smoke extract-induced 
16HBE. (C) Over-expression of CXCL10 attenuated PRMT5 silence-induced decrease of IL-8 in cigarette smoke extract-induced 
16HBE. (D) Over-expression of CXCL10 attenuated PRMT5 silence-induced decrease of TNF-α in cigarette smoke extract-induced 
16HBE. (E) Over-expression of CXCL10 attenuated PRMT5 silence-induced decrease of IL-1β in cigarette smoke extract-induced 
16HBE. *, ** vs. control, P < 0.05, P < 0.01. #, ## vs. 2% CSE + si-NC, P < 0.05, P < 0.01.
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