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Objectives: Cellular senescence is a state of irreversible growth arrest induced either by telomere 

shortening (replicative senescence) or stress. The bronchial epithelial cell is often injured by 

inhaled toxic substances, such as cigarette smoke. In the present study, we investigated whether 

exposure to cigarette smoke extract (CSE) induces senescence of bronchial epithelial cells; and 

Cordyceps sinensis mechanism of inhibition of CSE-induced cellular senescence.

Methods: Human bronchial epithelial cells (16HBE cells) cultured in vitro were treated with 

CSE and/or C. sinensis. p16, p21, and senescence-associated-galactosidase activity were used 

to detect cellular senescence with immunofluorescence, quantitative polymerase chain reaction, 

and Western blotting. Reactive oxygen species (ROS), PI3K/AKT/mTOR and their phosphory-

lated proteins were examined to testify the activation of signaling pathway by ROS fluorescent 

staining and Western blotting. Then, inhibitors of ROS and PI3K were used to further confirm 

the function of this pathway.

Results: Cellular senescence was upregulated by CSE treatment, and C. sinensis can decrease 

CSE-induced cellular senescence. Activation of ROS/PI3K/AKT/mTOR signaling pathway was 

enhanced by CSE treatment, and decreased when C. sinensis was added. Blocking ROS/PI3K/

AKT/mTOR signaling pathway can attenuate CSE-induced cellular senescence.

Conclusion: CSE can induce cellular senescence in human bronchial epithelial cells, and ROS/

PI3K/AKT/mTOR signaling pathway may play an important role in this process. C. sinensis 

can inhibit the CSE-induced senescence.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive disabling illness 

associated with an abnormal inflammatory response of the airways and the lungs to 

noxious stimuli. It is characterized by persistent airflow limitation that is not fully 

reversible and airway inflammation.1 Recently, it has been shown that cellular senes-

cence might play a role in the pathogenesis of COPD.2

Cellular senescence is a process that results from a variety of stresses, leading to a 

state of irreversible growth arrest. Senescent cells accumulate during aging and have 

been implicated in promoting a variety of age-related diseases, such as ischemic heart 

disease, Alzheimer’s disease, and COPD.3

Telomere shortening, activation of PI3K-AKT-mTOR signaling pathway, impaired 

autophagy, mitochondrial dysfunction, stem cell exhaustion, and low grade chronic 

inflammation are the main mechanisms of cell senescence.4 Many of these pathways 

are driven by chronic oxidative stress. Increased oxidative stress is well documented 
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in the lungs of patients with COPD. This increase in oxida-

tive stress is due to oxidants in cigarette smoke and acti-

vated inflammatory cells. Reactive oxygen species (ROS) 

are generated in oxidative stress, and activate PI3K, then, 

via activation of the kinase AKT, activates mTOR, the 

PI3K–AKT–mTOR signaling pathway is activated. Then, 

the activated pathway inhibits autophagy via unc-51-like 

autophagy activating kinase-1 and reduces sirtuin-1 activity, 

both of which accelerate the aging process.5 The pathway of 

mTOR is a key modulator of aging and age-related disease.6 

Activation of the mTOR pathway may play an important role 

in multimorbidity, and so inhibition of this pathway may 

offer a good future therapeutic opportunity.7

In the People’s Republic of China, many traditional 

Chinese medicines modalities are regularly used in the 

treatment of patients with COPD. Several clinical trials8,9 

have shown that traditional Chinese medicines might have 

a therapeutic effect on patients with COPD, including 

improvement of symptoms, quantity of life, and lung func-

tion. Cordyceps sinensis, or Dong Chong Xia Cao in Chinese, 

is a special type of medicinal mushroom, which forms on an 

insect larva infected by the C. sinensis fungus; it is rich in 

nucleoside, polysaccharide, sterol, protein, amino acid, and 

polypeptide.10 Now research on C. sinensis is mainly focused 

on chemical constituents and pharmacological actions.11 

C. sinensis has the functions of antiaging, anti-inflammatory, 

antioxidant, antitumor, antiapoptosis, and can regulate endo-

crine, respiratory, immune, and nervous systems.12 But the 

specific inhibitory mechanism of C. sinensis is not clear. 

Singh et al13 found C. sinensis could decrease oxidative 

stress in human lung epithelial cells. Antioxidation plays an 

important role in the functions of C. sinensis. The oxidative 

stress in the respiratory system is mainly caused by smoke, 

which has a close association with cell senescence.14

Based on earlier research mentioned in the previous 

paragraph, the functions of C. sinensis are wide, but there 

is no definite research about its effect on cell senescence 

and specific cellular mechanisms. Here, we investigate the 

inhibitory effect of C. sinensis on the senescence of human 

bronchial epithelial cells induced by cigarette smoke extract 

(CSE) and its mechanism.

Materials and methods
Cells and regents
Ethical approval was not required by the institutional review 

board of Qilu Hospital, Shandong University, because the 

cells mentioned in the experiment were derived from cell 

lines. The human bronchial epithelial cell line, 16HBE, was 

purchased from a cell bank (ATCC, Manassas, VA, USA) 

and cultured in high glucose Dulbecco’s Modified Eagle’s 

Medium (H-DMEM) complete medium supplemented with 

10% fetal bovine serum (FBS), 2 mM glutamine, 100 U/mL 

of penicillin, and 100 μg/mL of streptomycin at 37°C under 

conditions of 5% CO
2
. After 2 days in culture, the adherent 

cells were consistently 50% of epithelial morphology. The 

cells were treated with CSE and/or C. sinensis (2 hours 

before adding CSE).

CSE was prepared by a modification of the method of 

Carp and Janoff; briefly, three cigarettes without filters were 

combusted in a modified gas collecting pipe.15 The smoke 

was bubbled through 3 mL of phosphate-buffered saline. 

The resulting suspension was adjusted to pH 7.4 with con-

centrated NaOH and then filtered through a 0.22 μm pore 

filter (MILLEX®GP) to remove bacteria and large particles. 

CSE was applied to 16HBE cultures within 30 minutes of 

preparation. To make sure the concentration of CSE was 

stable, the burning time and the pressure of gas collecting 

pipe were fixed. The initial absorbance value was determined 

in the range of CSE (270–280 nm) by using the spectropho-

tometer, and the absorbance value of CSE was the same as 

that for each preparation. CSE solution was diluted by adding 

H-DMEM containing 10% FBS to concentrations of 0.5%, 

1%, 2%, and 5%.

Cultured C. sinensis extracts were provided by Hangzhou 

Zhongmei Huadong Pharmaceutical Co Ltd. (Hangzhou, 

People’s Republic of China) at a concentration of 0.99 g/mL; 

it was microfiltered to remove bacteria. C. sinensis was 

diluted by adding H-DMEM containing 10% FBS to a con-

centration of 100 mg/L.16,17

The PI3K signaling pathway inhibitor Ly294002 (#9901, 

Cell Signaling Technology, Danvers, MA, USA) 10 μM18 and 

ROS inhibitor N-acetylcysteine (S0077, Beyotime, Haimen, 

People’s Republic of China) 10 mM were added.19

3-(4, 5-Dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide assay
16HBE cells plated in 96-well plates were treated with 

CSE in different doses and time points. Cell viability was 

assayed using the Vibrant® MTT Cell Proliferation Assay 

Kit (Molecular Probes, Thermo Fisher Scientific, Waltham, 

MA, USA) following the manufacturer’s protocol.

Staining for senescence-associated- 
β-galactosidase
16HBE cells were fixed in 2% formaldehyde and 0.2% 

glutaraldehyde for 10 minutes at room temperature, washed 

in phosphate-buffered saline, and incubated for 24 hours at 

37°C with senescence-associated β-galactosidase (SA-β-gal) 
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(Sigma-Aldrich, St Louis, MO, USA) in staining solution 

(40 mM sodium citrate [pH 6], 150 mM NaCl, 5 mM potassium 

ferricyanide, 5 mM potassium ferrocyanide, 2 mM MgCl
2
, and 

1 mg/mL bromo-4-chloro-3-indolyl-β-d-galactoside).

Western blotting
16HBE cells were grown to confluence in six-well plates. 

After treatment with CSE, C. sinensis, N-acetylcysteine, or 

LY294002, 16HBE cells were lysed with a cell extraction 

buffer (Thermo Fisher Scientific), and the total amount of 

protein was quantitated using the Pierce BCA Protein Assay 

Kit (P0010S, Beyotime). Equal amounts of total protein (30 

μg) were separated on 10%–12% Bis–Tris gels in MOPS SDS 

Running Buffer (Thermo Fisher Scientific), transferred to a 

polyvinylidene difluoride membrane (Immobilon, Millipore 

Corp, Bedford, MA, USA).

Then the polyvinylidene difluoride membrane was 

blocked with 5% skimmed milk in Tris-buffered saline 

(50 mM Tris–Cl, pH 7.5, 150 mM NaCl) for 60 minutes 

at room temperature and probed with anti-p16 antibody 

(1:2,000; Abcam, Cambridge, MA, USA), anti-p21 antibody 

(1:500; Abcam), anti-PI3K antibody (1:500; Cell Signaling 

Technology), anti-AKT antibody (1:2,000; Cell Sig-

naling Technology), anti-p-AKT antibody (1:1,000; Cell 

Signaling Technology), anti-mTOR antibody (1:1,000; Cell 

Signaling Technology), and anti-p-mTOR antibody (1:1,000; 

Cell Signaling Technology) followed by overnight incubation 

with primary antibodies. The membrane was washed three 

times with 1× TBS-T for 5 minutes and then incubated for 

1 hour with secondary antibodies conjugated to horseradish 

peroxidase at room temperature. The membrane was exposed 

to a multicolor fluorescence gel imaging analysis system 

(FluorChem®Q, Cell Biosciences, Santa Clara, CA, USA) and 

visualized using the ECL system (Santa Cruz Biotechnology, 

Santa Cruz, CA, USA). The integrated density value of band 

intensities from the films was analyzed by the ImageJ software 

(National Institutes of Health, Bethesda, MA, USA).

Real-time quantitative polymerase chain 
reaction analysis20

16HBE cells were grown to confluence in six-well plates. 

After transfection with CSE and/or C. sinensis extract, RNA 

was isolated using TRIzol (Thermo Fisher Scientific), and 

quantified using a NanoDrop (Thermo Fisher Scientific). 

RNA was analyzed by real-time polymerase chain reaction 

(PCR) amplification. Briefly, 1 μg of total RNA per sample 

was denaturated at 70°C for 10 minutes and laid on ice for 

10 minutes, PCR reactions were performed in a volume of 

20 μL containing 4 μL 5× reverse transcriptase (RT) buffer 

(Toyobo, Osaka, Japan), 1 μL RT Enzyme Mix (Toyobo), 

1.0 μL (5 pmol) of each primer (sense and antisense) in the 

presence of PCR buffer (Toyobo). The complementary DNAs 

(cDNAs) were predenaturated for 2 minutes at 95°C followed 

by 35 cycles of 30 seconds denaturation at 95°C, 30 seconds 

annealing at 60°C, and 1 minute elongation at 68°C.

p16 was amplified by using the following primers (157 bp): 

forward primer (5′-3′): CTACTCTCCTCCGCTGGGAA and 

reverse primer (5′-3′): GGCCTAACTTAGCGCTGCTT. p21 

was amplified by using the following primers (74 bp): forward 

primer (5′-3′): 5′-CAGGCTCAGGAGTTAGCAAGG and 

reverse primer (5′-3′): TCAACACCCTGTCTTGTCTTCG. 

Glyceraldehyde 3-phosphate dehydrogenase was amplified 

by using the following primers (89 bp): forward primer 

(5′-3′): ATGATTCATCCCACGGCAAG and reverse primer 

(5′-3′): CTGGAAGATGGTGATGGGTT.

Real-time PCR reactions were performed in a volume 

of 20 μL containing 2 μL of cDNA, 8 μL of each primer 

(10 pmol/μL,10 μM) and 10 μL of QuantiTect™ SYBRs 

Green PCR containing DNA polymerase, dNTP mix, buffer, 

MgCl
2
, and fluorescent dyes (Qiagen, Mississauga, Ontario, 

Canada). The PCR protocol consisted of three programs: 

denaturation, amplification, and melting curve analysis for 

product identification. The denaturation and amplification 

conditions were 95°C for 20 minutes followed by 40 cycles 

of PCR. Each cycle included denaturation at 95°C for 

30 seconds, annealing of 10 seconds at 60°C, and exten-

sion of 15 seconds at 72°C. The primers of p16, p21, and 

glyceraldehyde 3-phosphate dehydrogenase were stated as 

above. The temperature transition rate was 20°C/s, except 

when heating at 72°C, when it was 5°C/s. Fluorescence was 

measured at the end of every cycle to allow quantification 

of cDNA. Data were acquired and analyzed with the com-

puter software Opticon Monitor (version 2.02.24; BioRad 

Laboratories, Hercules, CA, USA). Normalized expressions 

were calculated by using the calculated efficiency of each 

PCR reaction with a cDNA standard curve.

Immunofluorescence microscopy21

16HBE cells cultured on glass slides were fixed with 4% 

paraformaldehyde for 10 minutes, incubated with 0.5% Triton 

X-100 for 30 minutes, and then blocked with 1% bovine serum 

albumin for 30 minutes at room temperature. The slides were 

incubated with anti-p16 (1:50) and anti-p21 (1:200) overnight 

at 4°C and subsequently with goat anti-rabbit immunoglobu-

lin G-fluorescein isothiocyanate mAb (1:200)  for  1  hour. 

4′,6-Diamidino-2-phenylindole (500 ng/mL in 95% ethanol) 

was used to stain the nuclei for 20 seconds. Cover slips 

were mounted with 80% glycerol (Zsbio, Beijing, People’s 
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Republic of China). The slides were examined under fluores-

cence microscopy (Nikon, Gotemba, Japan).

ROS
ROS assay kit (E004, Nanjing Jiangcheng Bioengineering 

Institute, Nanjing, People’s Republic of China) was used to 

detect intracellular ROS level following the manufacturer’s 

protocol. 4′,6-Diamidino-2-phenylindole (500 ng/mL in 95% 

ethanol) was used to stain the nuclei for 20 seconds. Stained 

cells were observed with fluorescence microscope (Nikon).

Statistical analysis
All data were from at least three separate experiments for 

Western blotting and ten separate experiments for MTT and 

staining for SA-β-gal. Statistical analysis was performed 

using the SPSS 12.0 software package (SPSS Inc., Chicago, 

IL, USA). Data were analyzed using one-way analysis of 

variance between the groups studied. Significance was 

defined for P0.05.

Results
CSE-induced cellular senescence in 
human bronchial epithelial cells in vitro
To detect the appropriate dose and action time of CSE, the 

cell survival rate was observed by MTT assays. 16HBE 

cells were treated with CSE at different doses and time 

points. The relative cell number was detected to evaluate 

cell growth. Cell survival rate was inhibited by CSE in a 

time- and dose-dependent manner. According to the survival 

curve (Figure 1), considering IC
50

 and the obvious downward 

trend, stimulation by 2% CSE for 24 hours could be used in 

the follow-up experiments.

C. sinensis can inhibit the CSE-induced 
cellular senescence
Previous reports have demonstrated that cigarette smoke 

induces bronchial epithelial cellular senescence,22 and senes-

cent cells are readily found in airway epithelia of patients 

with COPD.23 Two major signaling pathways are involved 

in senescence: the p19ARF/p53/p21 and the p16INK4/CDK/

pRb pathways.24 We examined p21 and p16 protein levels 

to evaluate cell senescence, and higher p16 and p21 protein 

levels were found in epithelial cells in a time- and dose-

dependent manner after CSE treatment (Figure 2A and B). 

However, higher p16 and p21 expressions induced by CSE 

could be reduced when treated with C. sinensis (Figure 3A). 

Immunofluorescence cytochemistry and messenger RNA 

levels of p16 and p21 were also analyzed to verify the result. 

They were significantly increased in 16HBE cells after CSE 

stimulation, but decreased when the cells were treated with 

C. sinensis before CSE stimulation (Figure 3C and D). 

SA-β-gal staining was performed to examine senescent 

cells. β-Galactosidase, the lysosomal hydrolase, is active 

at pH 4, but SA-β-gal is active at pH 6 and is only present 

in senescent cells; allowing the two activities to be readily 

distinguished.25 We found SA-β-gal positive cells ratio 

was obviously increased by CSE stimulation. After adding 

C. sinensis, the ratio was able to be decreased compared to 

CSE group (Figure 3B). These data indicated that CSE stimu-

lation could induce cellular senescence in human bronchial 

epithelial cells, and C. sinensis can inhibit the senescence 

induced by CSE.

The role of ROS/mTOR signaling pathway 
and C. sinensis in CSE-induced senescence
ROS and PI3K/AKT/mTOR signaling pathway are involved 

in a variety of physiological processes, including cellular 

senescence.26 According to previous studies,26 we intend to 

determine the importance of ROS/mTOR signaling pathway 

in cellular senescence and the correlation between each other 

in this process. ROS can be caused by smoke, we used CSE to 

stimulate 16HBE cells and detect the change of ROS and the 

activation of PI3K/AKT/mTOR signaling pathway. We found 

ROS fluorescence was enhanced by CSE, and C. sinensis 

can weaken the ROS change (Figure 4). The expressions of 

p-AKT and p-mTOR were promoted by CSE in a time- and 

dose-dependent manner (Figure 5A and B). Activation of 

Figure 1 16HBE cells were incubated with CSE at different doses and time points.
Notes: Cell survival rate was assayed using the MTT assays to evaluate cell viability 
(*P0.05, vs control at respective time points). Data are expressed as mean ± SE. 
Results represent three independent experiments.
Abbreviations: CSE, cigarette smoke extract; HBE, human bronchial epithelial; 
MTT, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazoliumbromide; SE, standard error.
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Figure 2 Cellular senescence induced by CSE stimulation.
Notes: (A) 16HBE cells were stimulated with different doses of CSE for 24 hours, protein expressions of p16 and p21 were detected by Western blotting (*P0.05, 
**P0.05). (B) 16HBE cells were stimulated by 2% CSE for different time durations and protein expressions of p16 and p21 were detected by Western blotting (*P0.05). 
Data are expressed as mean ± SE. Results represent at least three independent experiments.
Abbreviations: CSE, cigarette smoke extract; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HBE, human bronchial epithelial; SE, standard error.

β

Figure 3 Cellular senescence affected by CSE and Cordyceps sinensis. 16HBE cells were stimulated with 2% CSE and/or C. sinensis (100 mg/L) (2 hours before adding CSE) 
for 24 hours.
Notes: (A) The protein expressions of p16 and p21 were detected by Western blotting (*P0.05). (B) The senescent cells in CSE and CSE + C. sinensis groups were 
examined by SA-β-gal staining. SA-β-gal positive cells were enumerated by counting over 400 cells in three independent fields (*P0.05). (C) The expression of p16 and 
p21 in CSE and CSE + C. sinensis groups was determined by immunofluorescence cytochemistry. (D) The expression of p16 and p21 in CSE and CSE + C. sinensis groups was 
detected by qPCR (*P0.05). Data are expressed as mean ± SE. Results represent at least three independent experiments.
Abbreviations: CS, Cordyceps sinensis; CSE, cigarette smoke extract; DAPI, 4′,6-diamidino-2-phenylindole; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HBE, 
human bronchial epithelial; mRNA, messenger RNA; qPCR, quantitative polymerase chain reaction; SA-β-gal, senescence-associated β-galactosidase; SE, standard error.
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Figure 4 ROS fluorescence in 16HBE cells.
Notes: 16HBE cells were stimulated with 2% CSE and/or Cordyceps sinensis (100 mg/L) for 24 hours, and stained with ROS fluorescence. Results represent three independent 
experiments.
Abbreviations: CSE, cigarette smoke extract; DAPI, 4′,6-diamidino-2-phenylindole; HBE, human bronchial epithelial; ROS, reactive oxygen species.

Figure 5 Expressions of PI3K, AKT, p-AKT, mTOR, p-mTOR in 16HBE cells.
Notes: (A) 16HBE cells were stimulated with different doses of CSE for 24 hours, cells were collected and total proteins were extracted and analyzed by Western blotting 
(*P0.05). (B) Then 16HBE cells were stimulated with 2% CSE for different time durations, total proteins were extracted and analyzed (*P0.05). (C) 16HBE cells were 
stimulated with 2% CSE or/and Cordyceps sinensis (100 mg/L) for 24 hours, total proteins were extracted and analyzed by Western blotting (*P0.05, **P0.05). Data are 
expressed as mean ± SE. Results represent three independent experiments.
Abbreviations: CS, Cordyceps sinensis; CSE, cigarette smoke extract; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HBE, human bronchial epithelial; mTOR, 
mammalian target of rapamycin; PI3K, phosphoinositide-3-kinase; SE, standard error.

mTOR signaling pathway was increased in the CSE group, 

and decreased when C. sinensis was added (Figure 5C).

As we discussed earlier, CSE can induce cellular 

senescence, and C. sinensis was able to block the progress. 

ROS generation and ROS/mTOR signaling pathway play 

important roles in CSE-induced cellular senescence.

Blocking ROS/mTOR signaling pathway can 
alleviate CSE-induced cellular senescence 
in human bronchial epithelial cell
To confirm these findings, p16 and p21 expression analysis 

and SA-β-gal staining were also performed. As shown in 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2016:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1727

Inhibitory mechanism of Cordyceps sinensis on CSE-induced senescence

Figure 6A, C, and D, we inhibited ROS with N-acetylcysteine, 

and ROS generation and cellular senescence induced by CSE 

was weakened. Activation of mTOR signaling pathway was 

decreased (Figure 6B).

Next, we inhibited PI3K with LY294002. The cellular 

senescence induced by CSE was decreased, same as earlier 

(Figure 7C and D). The activation of mTOR signaling 

pathway was decreased (Figure 7B). However, there was no 

change in ROS generation (Figure 7A).

Our study suggested that CSE can induce human bronchial 

epithelial cell senescence via ROS and mTOR signaling path-

way. In this process, ROS generated from CSE, activates 
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Figure 6 The effect of mTOR pathway activation and cellular senescence by blocking ROS. 16HBE cells were stimulated with 2% CSE, 100 mg/L Cordyceps sinensis or/and 
10 mM NAC.
Notes: (A) 16HBE cells were stained with ROS fluorescence. (B) Total protein was collected to detect the expressions of AKT, p-AKT, mTOR, and p-mTOR by Western 
blotting (*P0.05). (C) The protein expressions of p16 and p21 were detected by Western blotting (*P0.05). (D) The senescent cells were examined by SA-β-gal staining 
(*P0.05). Data are expressed as mean ± SE. Results represent at least three independent experiments.
Abbreviations: CS, Cordyceps sinensis; CSE, cigarette smoke extract; DAPI, 4′,6-diamidino-2-phenylindole; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HBE, 
human bronchial epithelial; mTOR, mammalian target of rapamycin; NAC, N-acetylcysteine; SA-β-gal, senescence-associated β-galactosidase; ROS, reactive oxygen species; 
SE, standard error.
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mTOR signaling pathway, which leads to senescence. 

C. sinensis can block the process induced by CSE.

Discussion
Recently, it has been shown that cellular senescence might 

play a role in the pathogenesis of COPD.2 Cellular senescence 

is a process that results from a variety of stresses, leading 

to a state of irreversible growth arrest.27 Cellular senescence 

may be the same mechanism in many chronic diseases,28 

including COPD.

The aim of current routine pharmacotherapy for 

stable COPD is to control disease progression by using 

Figure 7 The effect of mTOR pathway activation and cellular senescence by blocking PI3K. 16HBE cells were stimulated with 2% CSE, 100 mg/L Cordyceps sinensis or/and 
10 μM Ly294002.
Notes: (A) 16HBE cells were stained with ROS fluorescence. (B) Total protein was collected to detect the expressions of AKT, p-AKT, mTOR, and p-mTOR by Western 
blotting (*P0.05, **P0.05). (C) The protein expressions of p16 and p21 were detected by Western blotting (*P0.05). (D) The senescent cells were examined by SA-β-gal 
staining (*P0.05). Data are expressed as mean ± SE. Results represent at least three independent experiments.
Abbreviations: CS, Cordyceps sinensis; CSE, cigarette smoke extract; DAPI, 4′,6-diamidino-2-phenylindole; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HBE, 
human bronchial epithelial; mTOR, mammalian target of rapamycin; ROS, reactive oxygen species; SE, standard error.
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bronchodilators and anti-inflammatory drugs; however, the 

treatment outcomes remain less than satisfactory.29 Treat-

ment with Chinese herbal medicine is currently considered 

a complementary or alternative treatment and is being 

increasingly accepted worldwide.30,31 C. sinensis is one of 

the effective Chinese herbal medicines.

C. sinensis is a rare and precious medicinal mushroom 

having great medicinal value. Treatment with C. sinensis 

appreciably attenuated hypoxia-induced ROS generation, 

oxidation of lipids and proteins, and maintained antioxidant 

status.12 Current evidence suggested that C. sinensis was 

effective in treating COPD.32

Cellular senescence in COPD has a close association with 

smoking. Cigarette smoke exposure, the known main cause 

of COPD,33 has been widely demonstrated to accelerate cel-

lular senescence.34,35 We proved that CSE could upregulate 

the level of senescence in human bronchial epithelial cells, 

the same as in previous studies.

Purported effects of the C. sinensis suggested a wide range 

of biological functions, such as use as an aphrodisiac, anal-

gesic, and immune modulator and free radical scavenger.36 

In recent years, C. sinensis has been investigated in animals 

and in vitro studies for antiaging effects.37 Similarly, we 

proved that C. sinensis could weaken the CSE-induced 

senescence. C. sinensis may be a useful method to resist 

senescence in patients with COPD.

The correlation between CSE and C. sinensis is not 

clear. There was research about genetic damage induced by 

cigarette smoke and the protective effects of the C. sinensis.38 

Through our research, it was proven that CSE and C. sinensis 

are associated with cellular senescence.

Although the precise mechanisms of cellular senescence 

are still obscure, “the free radical theory of aging” has thus 

far been widely accepted.39 Cellular senescence has close 

association with chronic oxidative stress which originated 

from smoke.40 Under oxidative stress, the ROS increase.26 

ROS is a series of derivatives that are generated during the 

metabolic process by aerobic cells, and participate in and 

influence a range of cellular signaling pathways, including 

activating PI3K/AKT/mTOR signaling pathway.41

There is increasing evidence that PI3K/AKT/mTOR 

signaling pathway is of critical importance in cellular 

senescence and aging, and inhibition of this pathway 

may extend the lifespan of many species.42,43 Xu et al42 

reported that active AKT inhibits the transcriptional 

activity of FOXO3a and thereby downregulates MnSOD, 

leading to an increased level of ROS that induced activa-

tion of the p53/p21 pathway and senescence. Senescent 

cells secrete cytokines and chemokines, known as the 

senescence-activated secretory phenotype, which amplifies 

and spreads cellular senescence.44 This suggests that 

activation of the mTOR pathway may play an important 

role in multimorbidity and inhibition of this pathway offers 

a future therapeutic opportunity.7

We detected ROS and the expressions of phospho-AKT 

and phospho-mTOR to evaluate the activation of ROS and 

PI3K/AKT/mTOR signaling pathway. Meanwhile, we found 

there was the same trend between the activation of ROS/

PI3K/AKT/mTOR signaling pathway and the increased 

senescence. Then, we blocked ROS and PI3K, and found the 

same weakening on cellular senescence. So we confirmed 

that ROS and PI3K/AKT/mTOR pathway was one of the 

important mechanisms of cellular senescence. We also found 

that there were still significant differences between CSE 

group and CSE + C. sinensis group in activation of mTOR 

signaling pathway and senescence after blocking ROS; there 

were significant differences between CSE group and CSE + 
C. sinensis group in senescence after blocking PIK3.

The mechanism of cigarette smoke exposure resulting 

in cellular senescence mostly focused on excessive ROS 

production,45 mitochondrial damage, telomere shorten-

ing, p53, and p16-retinoblastoma protein pathways.46 We 

confirmed that CSE can affect ROS generation, as reported 

earlier. At the same time, we investigated the connection 

between CSE and PI3K/AKT/mTOR signaling pathway. 

We found that CSE could affect the activation of mTOR 

signaling pathway, by testing the phosphorylation AKT 

and mTOR; blocking PI3K had influence on the senescence 

induced by CSE. We believe that the PI3K/AKT/mTOR 

signaling pathway is involved in the mechanism of CSE-

induced senescence.

Our study had confirmed the effect of C. sinensis on 

senescence. But the specific mechanism is not clear. Zou et al12 

found the inhibition effect of C. sinensis on oxidative stress. 

Park et al47 reported Cordyceps militaris extract might have 

protective effects against oxidative stress-induced premature 

senescence via scavenging ROS. In our study, we found that C. 

sinensis could affect ROS, which was consistent with previous 

studies. We also explored the influence of C. sinensis on the 

activation of mTOR signaling pathway, blocking ROS and 

PI3K could affect the function of C. sinensis. Antisenescence 

of C. sinensis may have close association with ROS and PI3K/

AKT/mTOR signaling pathway.

Although ROS and PI3K/AKT/mTOR signaling pathway 

play important roles in CSE-induced senescence, there were 

no specific quantified standards for us to find the particular 

points CSE and C. sinensis worked on. So, future studies 

need to be performed.
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This study demonstrated that exposure to CSE-induced 

cellular senescence, which can be reduced by C. sinensis. The 

CSE induces senescence via the ROS and PI3K/AKT/mTOR 

signaling pathway, and C. sinensis can weaken the pathway, 

which then reduces the CSE-induced cellular senescence. Our 

research provided a novel strategy for slowing the human 

aging process and aging-related diseases.
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