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Background: Bufei Yishen formula (BYF) is an effective prescription for the clinical treatment of chronic obstructive pulmonary 
disease (COPD). However, the molecular mechanism by which it exerts its pharmacological effects remains to be explored.
Methods: The human bronchial cell line BEAS-2B was treated with cigarette smoke extract (CSE). Cellular senescence markers were 
detected by Western blot and ELISA. Potential transcription factor of klotho was predicted using JASPAR and USCS databases.
Results: CSE induced cellular senescence with intracellular accumulation of cellular senescence biomarkers (p16, p21 and p27) and 
increased secretion of senescence-related secretory phenotypic (SASP) factors (IL-6, IL-8, and CCL3). In contrast, BYF treatment 
inhibited CSE-induced cellular senescence. CSE suppressed the transcription, expression and secretion of klotho, whereas BYF 
treatment rescued its transcription, expression and secretion. CSE downregulated the protein level of ZNF263, whereas BYF treatment 
rescued the expression of ZNF263. Furthermore, ZNF263-overexpressing BEAS-2B cells could inhibit CSE-induced cellular senes-
cence and SASP factor secretion by upregulating the expression of klotho.
Conclusion: This study revealed a novel pharmacological mechanism by which BYF alleviates clinical symptoms of COPD patients, 
and regulating ZNF263 and klotho expression may be beneficial to the treatment and prevention of COPD.
Keywords: Bufei Yishen formula, cell senescence, ZNF263, klotho, senescence-related secretory phenotypic

Introduction
Chronic obstructive pulmonary disease (COPD) is a respiratory disease characterized by airflow limitation that is not 
fully reversible. COPD affects the health and lives of more than 300 million people worldwide and is the third leading 
cause of death worldwide after ischemic heart disease and stroke.1 COPD imposes a huge economic and social burden 
and has become a major public health problem. In addition, its morbidity and mortality continue to rise. Currently, no 
pharmacological treatment is available to reduce the disease progression and mortality. Treatment strategies mainly focus 
on symptomatic treatment to improve the life quality of patient.2

Bufei Yishen Formula (BYF) is an effective formula for the clinical treatment of COPD, which can effectively 
alleviate the clinical symptoms of patients, and improve their exercise tolerance and life quality.3 In addition, it can 
reduce the severity, frequency, and volume of cough and improve wheezing symptoms.3 However, the molecular 
mechanism by which BYF exerts its pharmacological effects remains to be explored.

Cellular senescence is a state of irreversible permanent cell cycle arrest. Cyclin-dependent kinases inhibitory factors 
(p16, p21 and p27) accumulate in senescent cells. In addition, senescent cells secrete a variety of senescence-associated 
secretory phenotypes (SASP) of inflammatory proteins, leading to low-grade chronic inflammation. COPD is described 
as “accelerated lung aging disease”. Accumulated senescent cells, including alveolar epithelial cells and endothelial cells, 
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are found in the lungs of COPD patients.4 The accumulation of senescent cells may lead to small airway fibrosis and 
alveolar cell loss in COPD patients.5 Cigarette smoke exposure induced oxidative stress may be an important trigger of 
COPD aging.6 To date, no studies have reported the effect of BYF on COPD-related cellular senescence.

The klotho gene is a senescence suppressor gene that encodes a unidirectional transmembrane protein that has been 
shown to be a key regulator of oxidative stress and cellular senescence. Furthermore, the extracellular domain of the 
klotho protein can be cleaved and released as a soluble protein, which can be detected in cerebrospinal fluid and blood. 
Soluble klotho protein can act as an independent hormonal factor that regulates the activity of various growth factor 
signaling pathways (insulin/IGF-1 and Wnt) and various ion channels. It has been reported that the expression of klotho 
is significantly decreased in alveolar macrophages and airway epithelial cells of COPD patients.7–9 Our previous research 
showed that cigarette smoke extract (CSE) can significantly inhibit the expression of klotho in bronchial cells.10 

Increasing klotho levels in lung epithelial cells reduces CSE-induced inflammation, oxidative stress and cellular 
senescence.10,11 However, the regulatory mechanisms underlying the downregulation of klotho expression in COPD 
remain unknown.

In this study, we will use CSE-induced human bronchial cell lines in vitro to explore the effect of BYF on COPD- associated 
cellular senescence and the regulatory mechanism of the klotho expression down-regulation in COPD.

Materials and Methods
Preparation of CSE
The smoke from the combustion of one Marlboro cigarette (0.8 mg nicotine and 10 mg tar) was dissolved in 10 mL 
medium within 2 min using negative pressure. The pH value of the solution was adjusted to 7.4 with hydrochloric acid. 
The absorbance of the solution at 320 nm was measured by spectrophotometer, and adjusted to 1.8–2.0 with the 
medium. Subsequently, the solution was filtered through a 0.22 μm membrane. The solution was considered to be 
100% CSE. The CSE used for the experiments in this study was 10% CSE diluted with culture medium, and the cells 
were induced for 24 h for subsequent detection.12,13 CSE was prepared fresh for each experiment, and cells were 
processed within 15 min.

Preparation of BYF
72 g crude drugs (15 g Astragali Radix, 15 g Ginseng Radix et Rhizoma, 12 g Atractylodes macrocephala, 10 g Radix 
Rehmanniae Preparata, 10 g Fructus Corni and 10 g Herba Epimedii) were boiled in 1 L distilled water for 2 h, and 
filtered to remove drug residues. All crude drugs were provided by the Chinese Pharmacy of Huai’an Hospital of 
Traditional Chinese Medicine. The liquid concentration was adjusted to 72 g/144 mL (0.5 g/mL) and filtered through 
a 0.22 μm membrane. The BYF concentration used in this study was 100 μg/mL, and the cells were supplemented with 
BYF in parallel with CSE.

Cell Culture and Transfection
The human bronchial cell line BEAS-2B (ATCC) was cultured in DMEM containing 10% FBS at 5% CO2 and 37 °C. 
Transfection of pcDNA3.1 ZNF263 overexpression plasmid was performed using Lipofectamine 2000 (Invitrogen 
Biotechnology Co., Ltd., USA) according to the manufacturer’s instructions.

Western Blot
Cells were lysed on ice using RIPA Lysis Buffer. Total protein was collected, and impurities were removed by 
centrifugation at 12,000 g for 10 min at 4°C. Equal amounts of protein were separated by SDS-PAGE and electroporated 
onto PVDF membranes. The membranes were blocked in 5% nonfat milk for 1 h and incubated with primary antibody 
overnight at 4°C. Subsequently, the membrane was incubated with horseradish peroxidase-conjugated secondary anti-
body for 1 h at room temperature. Finally, the signals were visualized by Enhanced Chemiluminescence, and the band 
density was quantified using Image J software.
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Enzyme-Linked Immunosorbent Assay (ELISA)
Concentrations of IL-6 (ab178013, Abcam), IL-8 (b214030, Abcam) and CCL3 (KE00092, Proteintech) in the culture 
medium were measured using Human ELISA Kits according to the manufacturer’s recommendations.

Quantitative Real-Time PCR (RT-qPCR)
Total RNA was isolated from cells using Trizol reagent and reverse transcribed into cDNA. RT-qPCR was performed on 
a 7500 Real-Time PCR System (Applied Biosystems) using SYBR Green Master Mix. The relative expression of target 
gene was analyzed using the 2−ΔΔCT method, and normalized to GAPDH.

Statistical Analysis
All experiments were independently repeated three times. Data were analyzed using GraphPad Prism 8.0, and values are 
expressed as mean ± SD. Comparisons between two groups were made using Two-tailed t-test. P < 0.05 was considered 
statistically significant.

Results
BYF Inhibits CSE-Induced Cellular Senescence
BEAS-2B cells were exposed to CSE or CSE+BYF. p16, p21 and p27 proteins accumulated intracellularly in the CSE group 
compared to the negative control (NC) group (Figure 1A and B), whereas the protein levels of p16, p21 and p27 were reduced in 
the CSE+BYF group compared to the CSE group (Figure 1A and B). In addition, the secretion of SASP factors into the medium 
was measured by ELISA. The levels of IL-6, IL-8 and CCL3 secreted by cells in the CSE group were significantly higher than 
those in the NC group (Figure 1C–E), whereas the levels of IL-6, IL-8 and CCL3 in the CSE+BYF group were significantly 
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Figure 1 BYF inhibits CSE-induced cellular senescence. The protein levels of senescence markers p16, p21 and p27 were detected by Western blot (A and B). The 
secretion of IL-6 (C), IL-8 (D), and CCL3 (E) into the medium was measured by ELISA. *Compared into NC group, P<0.05; **Compared into NC group, P<0.01; 
***Compared into NC group, P<0.001; #Compared into CSE group, P<0.05; ##Compared into CSE group, P<0.01.
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lower than those in the CSE group (Figure 1C–E). These results suggest that BYF treatment inhibits CSE-induced senescence 
and secretion of SASP factors in BEAS-2B cells.

BYF Up-Regulates the Transcription, Expression and Secretion of Klotho
The effects of CSE+BYF treatment on the transcription, expression and secretion of klotho in BEAS-2B cells were 
examined by RT-qPCR, Western blot and ELISA, respectively. As shown in Figure 2, CSE decreased the mRNA and 
protein levels of klotho in BEAS-2B cells, as well as the levels of soluble klotho in the medium. Compared with the CSE 
group, the CSE+BYF group showed significantly increased levels of klotho mRNA and protein, as well as soluble klotho 
levels (Figure 2). These results indicate that CSE inhibited the transcription, expression and secretion of klotho in BEAS- 
2B cells, while BYF treatment activated the transcription, expression and secretion of klotho.

BYF Activates Klotho Transcription by Upregulating the Expression of Transcription 
Factor ZNF263
Given the effects of CSE and BYF treatment on klotho transcript levels, we predicted potential transcription factors for 
klotho using the JASPAR and USCS databases (Figure 3A). We found that CSE downregulated the protein level of 
ZNF263 in BEAS-2B cells, whereas BYF treatment rescued the ZNF263 expression (Figure 3B and C). Furthermore, 
ZNF263-overexpressing BEAS-2B cells could inhibit CSE-induced cellular senescence (Figure 3D–F) and SASP factor 
secretion (Figure 3G–I) by upregulating the klotho expression (Figure 3D and E).
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Figure 2 BYF up-regulates the transcription, expression and secretion of klotho. The transcription (A), expression (B and C) and secretion (D) of klotho in BEAS-2B cells 
were detected by RT-qPCR, Western blot and ELISA, respectively. *Compared into NC group, P<0.05; **Compared into NC group, P<0.01; ***Compared into NC group, 
P<0.001; ##Compared into CSE group, P<0.01; ###Compared into CSE group, P<0.001.
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Discussion
In a previous study, we found that CSE suppresses the expression of klotho in BEAS-2B cells, whereas BYF can inhibit CSE- 
induced inflammation by upregulating the expression of klotho.10 In this study, we found that CSE induced senescence in 
BEAS-2B cells, whereas BYF could inhibit CSE-induced cellular senescence by upregulating the transcription, expression 
and secretion of the anti-aging gene klotho. Currently, studies on the mechanism of BYF to alleviate clinical symptoms of 
COPD patients have focused on the regulation of oxidative stress and immune responses. In this study, we report that BYF can 
inhibit the cellular senescence of COPD, revealing a new molecular mechanism of by which BYF exerts its function.

Klotho is an important anti-aging gene. Klotho knockout mice exhibit syndromes similar to human aging, including shortened 
lifespan and early-onset emphysema.14 In contrast, mice with klotho overexpression have significantly longer lifespan. However, 
there are few studies on the expression regulation mechanisms of klotho. This study identified a novel transcription factor of 
klotho, ZNF263. ZNF263 activated the transcription of klotho and upregulated its expression. Importantly, we also found that 
BYF activated the transcription of klotho by upregulating the expression of the transcription factor ZNF263.

TCCCTCCCCTTTCCCTCCACA

ZNF263 binding Klotho promoter sequence:

Chr13: 33,015,444-33,015,464

A B C

D E F

G H I

0

20

40

60

80

NC CSE CSE+ZNF263

IL
-6

 le
ve

ls
 in

 m
ed

iu
m

 (
pg

/m
L) ** ##

*

0

50

100

150

NC CSE CSE+ZNF263

** #

IL
-8

 le
ve

ls
 in

 m
ed

iu
m

 (
pg

/m
L)

*

0

20

40

60

80

NC CSE CSE+ZNF263

C
C

L3
 le

ve
ls

 in
 m

ed
iu

m
 (

pg
/m

L)

*** ##

***

p27

p21

p16

GAPDH

NC CSE CSE+ZNF263

Klotho

ZNF263

ZNF263 Klotho

0.0

0.5

1.0

1.5

NC

CSE

CSE+ZNF263

F
ol

d 
ch

an
ge

***
###

***
###

0

1

2

3

4

5

p27 p21 p16

F
ol

d 
ch

an
ge

*** ##

**
** #

***

*
###

NC

CSE

CSE+ZNF263

NC CSE CSE+BYF

ZNF263

GAPDH

NC CSE CSE+BYF

0.0

0.5

1.0

1.5

F
ol

d 
ch

an
ge

***
###

Figure 3 BYF activates klotho transcription by upregulating the expression of transcription factor ZNF263. ZNF263 binding klotho promoter sequence with JASPAR and 
USCS databases (A). The protein level of ZNF263 in BEAS-2B cells with CSE exposure and BYF treatment was detected by Western blot (B and C). The protein levels of 
ZNF263, klotho and senescence markers in BEAS-2B cells with CSE exposure and ZNF263-expression plasmid transfection were detected by Western blot (D–F). The 
secretion of IL-6 (G), IL-8 (H), and CCL3 (I) into the medium was measured by ELISA. *Compared into NC group, P<0.05; **Compared into NC group, P<0.01; 
***Compared into NC group, P<0.001; #Compared into CSE group, P<0.05; ##Compared into CSE group, P<0.01; ###Compared into CSE group, P<0.001.
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ZNF263 is a transcriptional repressor and activator that contains an N-terminal scanning domain and nine C2H2 zinc 
finger domains at the C-terminus, as well as a kruppel association box (KRAB) domain.15,16 Frietze et al find that the gene with 
the greatest decrease in expression upon loss of ZNF263 is “cellular component organization and biogenesis”.17 ZNF263 has 
been reported to be involved in early human embryonic development,18 cardiac regeneration19 and adipogenesis.20 However, 
these studies are only based on software analysis and lack experimental validation. Our study demonstrates the role of ZNF263 
in regulating of cellular senescence. Other target genes regulated by ZNF263 remain to be further investigated.

To our knowledge, several different BYF components exist in some hospitals. In our hospital, the formula includes 6 
Chinese herbs including Astragali Radix, Ginseng Radix et Rhizoma, Atractylodes macrocephala, Radix Rehmanniae 
Preparata, Fructus Corni and Herba Epimedii in a ratio of 1.5:1.5:1.2:1.0:1.0:1.0. The formulation of Chen et al’s team 
(self-defined as BYF-2 in this study) contains 12 Chinese herbs, minus the use of Atractylodes macrocephala and Radix 
Rehmanniae Preparata, and adds Lycii Fructus, Schisandrae Chinensis Fructus, Fritillariae Thunbergii Bulbus, Paeoniae 
Rubra Radix, Pheretima, Perillae Fructus, Ardisiae Japonicae Herba and Citri Reticulatae Pericarpium.21–23 Their 
findings suggest that BYF-2 exerts beneficial effects on COPD by modulating pathways such as lipid metabolism, 
inflammatory responses, oxidative stress, and cell connectivity.21–23 The formulation of Li et al’s team (self-defined as 
BYF-3 in this study) includes only 4 Chinese herbs: Asragali Radix, Ginseng Radix et Rhizoma, Fructus Corni and 
Schisandrae Chinensis Fructus in a ratio of 1:1:1:0.6.24,25 Their findings suggest that BYF-3 has a therapeutic effect on 
COPD in rats through its effects on interleukin expression and/or secretion and lipid metabolism.24,25 Other groups have 
used systems pharmacology to identify the main active components of BYF, including icariin, astragaloside IV, nobiletin, 
ginsenoside Rh1, paeonol, etc.3,25,26 These studies all show the promise of the formulation in COPD treatment. However, 
the standardization and unification of formulations, the identification of all effective components, the molecular 
mechanism and pharmacological effects of the formulations (or effective components), basic and preclinical research, 
and cohort analysis of clinical applications will all be important contents of future research.

In conclusion, BYF inhibits the cell senescence of COPD by up-regulating the expression of transcription factor 
ZNF263 and activating the transcription, expression and secretion of the senescence suppressor gene klotho. This study 
reveals a novel possible molecular mechanism by which BYF alleviates clinical symptoms of COPD patients. In 
addition, the expression of transcription factor ZNF263 and senescence suppressor gene klotho are suppressed in 
COPD, and regulating their expression may be beneficial to COPD treatment and prevention.
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