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Abstract
Heat shock protein B8 (HSPB8) impacts on tumor proliferation and migration of malignancy. However, the role of HSPB8 in 
lung adenocarcinoma (LUAC) remains unclear. The aim of this study, therefore, was to clarify whether HSPB8 could bring 
benefits to proliferation and migration of LUAC and its underlying mechanisms. The expression of HSPB8 was first evalu-
ated by immunohistochemistry in 35 LUAC samples. Then, A549 lung adenocarcinoma cells were transfected with pcDNA-
HSPB8 or si-HSPB8 to induce HSPB8 overexpression and silence. Cellular activity was evaluated with a Cell Counting 
Kit-8 (CCK-8) assay. Cell proliferation and migration were observed by EdU assay and scratch assay. Mitochondria-specific 
reactive oxygen species (mtROS) and membrane potential were measured using MitoSOX Red probe and JC-1 staining. 
Superoxide dismutase (SOD) activities and malondialdehyde (MDA) level were measured using commercial kits, respec-
tively. HSPB8 protein, mitochondrial fusion protein MFN2 and mitochondrial fission protein p-Drp1/Drp1 were measured 
using western blot. Compared with the normal tissues, the expression of HSPB8 protein was higher in LUAC tissues and 
upregulation of HSPB8 protein was related to tumor size and tumor location. Furthermore, HSPB8 overexpression aggravated 
cell proliferation and migration of A549 cells. Mechanistically, HSPB8 suppressed mitochondrial impairment, leading to 
promoting the progress of A549 lung adenocarcinoma cells. These data demonstrate that HSPB8 plays an important role in 
progression of LUAC and may be a new target to treat LUAC.
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Introduction

Lung cancer is the most commonly malignancy and the lead-
ing cause of death among all types of cancer worldwide [1]. 
Small cell lung cancer (SCLC) and non-small lung cancer 
(NSCLC) are two histological types of lung cancer. Fur-
thermore, NSCLC accounts for 85% of all lung cancer cases 
and contains various subtypes, including large cell carci-
noma, squamous cell carcinoma, and lung adenocarcinoma 
(LUAC) which is the most prevalent type [2, 3]. Despite 
advanced interventions, such as surgery, chemotherapy and 
radiotherapy, tumor treatment is still facing challenges for 
the delayed diagnosis, recurrence or metastasis [4]. Explor-
ing the mechanism of progress of tumor cells, therefore, 
necessary to find effective therapies to improve the survival 
rate of LUAC.

Mitochondria is dynamic organelle and the balance of 
mitochondrial fusion and fission is benefit to maintaining 
mitochondrial morphology and function, contributing to 
biological process, including cell proliferation, migration, 
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invasion, apoptosis, and tumor growth [5–9]. Increasing evi-
dence indicated that mitochondrial dysfunction is closely 
related to tumorigenesis and chemotherapy resistance of 
multiple tumors, including lung cancer [6, 10]. Recent study 
found that reactive oxygen species (ROS) mainly from mito-
chondria disturbed mitochondrial homeostasis and induced 
mitochondrial damage, subsequently leading to cell growth 
inhibition and apoptosis [11–13]. Indeed, various anticancer 
agents effectively eliminated lung cancer cells and limited 
the cancer progression via promoting ROS generation [11, 
14, 15]. It is therefore of great significant to further explor-
ing the molecular mechanism of cellular processes of lung 
cancer cells based on ROS production and mitochondrial 
function.

Heat shock protein B8 (HSPB8) is a stress-related protein 
which was first identified as a H11 protein kinase in human 
melanoma cells [16]. Research suggested that HSPB8 
has been participated multiple cellular functions, such as 
cytoskeleton stabilization, autophagy, oxidative stress, apop-
tosis, aging, differentiation, and proliferation [13, 17–19]. 
Furthermore, an increasing number of studies found that 
HSPB8 was associated with tumor proliferation, invasion 
and apoptosis [19–25]. However, the role of HSPB8 in solid 
tumors is divergent. For example, HSPB8 is overexpressed 
in breast cancer, glioblastoma, gastrointestinal carcinoma 
and ovarian cancer, in which it promotes proliferation and/
or suppresses apoptosis [19, 21–23]. But for other tumors, 
including melanoma, prostatic cancer, hepatocellular carci-
noma, Ewing’s sarcoma and hematopoietic malignancy, the 
expression of HSPB8 is poor and methylated [20, 24–27]. 
HSPB8 has been reported to inhibition of lung ischemia–rep-
erfusion injury by inhibiting lipid peroxidation and apopto-
sis, however, the role of HSPB8 expression in lung cancer 
remains unclear [28]. Our previous study observed that 
HSPB8 protected vascular endothelial cell from diabetes-
induced injury by inhibition of mitochondrial reactive oxy-
gen species (mtROS) formation [18]. Hence, we will explore 
the role of HSPB8 and its potential molecular mechanism 
in LUAC.

In this study, we hypothesize that HSPB8 promotes lung 
cancer cells proliferation and migration. We initially col-
lected patients’ tissue samples to determine the expression of 
HSPB8 in LUAC. Overexpression and silencing of HSPB8 
were then generated to confirm our hypothesis in A549 lung 
carcinoma cells, respectively. Our results show that HSPB8 
decreased mitochondrial oxidative stress and protected mito-
chondrial function, ultimately promoting tumor cells pro-
liferation and migration. Our findings may provide a novel 
basis for the development of therapies targeting lung cancer.

Materials and methods

Patients and samples

Thirty-five patients (11 women, 24 men) diagnosed with 
LUAC who underwent surgical resection were recruited 
from Jiangxi Provincial People’s Hospital Affiliated to 
Nanchang University between April 2018 and April 2019. 
Patients’ detailed clinical information were collected retro-
spectively, including age, gender, tumor location, tumor size, 
histological differentiation grade, lymph node metastasis, 
and tumor node metastasis (TNM) stage. The research was 
approved by the Ethical Committee of Jiangxi Provincial 
People’s Hospital Affiliated to Nanchang University Hospi-
tal, and the informed consent was provided from the clini-
cians and patients.

Histological assay

Immunohistochemistry (IHC) was used to evaluate the 
expression of HSPB8 protein according to previous expe-
rience [29]. Briefly, tissue specimens were cut into 5 μm 
serial sections, deparaffinized, rehydrated, blocked and incu-
bated with HSPB8 antibody (Abcam, ab151552, USA).The 
immunohistochemical results were calculated as described 
previously [30]. For hematoxylin and eosin staining (H&E), 
5 µm sections from the paraffin blocks were also stained 
with hematoxylin and eosin (H&E) and examined under an 
optical microscope (Olympus, Japan).

Cell culture and transfections

Human lung adenocarcinoma A549 cells were from Ameri-
can type culture collection (ATCC) and cultured in DMEM 
with 10% FBS (Gibco, USA). The cells were incubated at 
37 °C in a humidified atmosphere of 5% CO2 and 95% air.

Plasmid containing HSP88 gene (pcDNA-HSPB8) and 
negative control (pcDNA) were constructed from Gene-
chem (Shanghai, China). Small interference RNA-targeting 
HSPB8 (siRNA-HSPB8) and negative control (si-control) 
were purchased from GenePharma (Shanghai, China). 
Transfection with appropriate concentrations of vectors 
was performed using Lipofectamine 3000 (Invitrogen, 
USA) according to the manufacturer’s instructions. After 
24 h, transfected cells were used to assess the transfection 
efficiency and changes in cell morphology and function.

Cell activity assay

Cell activity was determined by a Cell Counting Kit-8 
(CCK-8, Beyotime, China) as previously described [18]. 
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Briefly, 4 × 103 cells/100μL was seeded in 96-well plates and 
the cells were incubated with CCK-8 for 1 h at the indicated 
time points. A microplate reader (Thermo, USA) was used 
to measure the absorbance which is directly proportional to 
the number of viable cells.

Cell proliferation assay

Cell proliferation was evaluated by a Cell-Light EdU Apollo 
567 in Vitro Imaging Kit (Ribobio, China) as previously 
described [31]. Briefly, 5 × 103 cells/wells were seeded in 
96-well plates and exposed to treatments accordingly, the 
cells were then incubated with 50 μM 5-ethynyl-29-deoxy-
uridine (EdU) for 2 h at 37 °C and images were observed by 
fluorescence microscopy (Olympus, Japan).

Scratch assay

A549 cells (3 × 105 cells) were seeded in six-well plates. 
After transfection for 24 h, a straight scratch wound was 
made by a sterilized 10 μl pipette tip and then the wound 
debris was washed away using PBS. Then the cells were 
cultured in serum-free medium for 48 h. Images of migra-
tion area were captured by an optical microscope (Olympus, 
Japan) and analyzed by Image J after 0 h, 24 h, and 48 h.

MtROS and membrane potential measurement

MitoSOX Red probe (Thermo, USA) was used to detect 
mtROS production according to the manufacturer’s specifi-
cations. The cells were incubated with Hank’s balanced salt 
solution containing 5 μmol/l MitoSOX at 37 °C for 15 min 
and then observed by fluorescence microscopy (Olympus, 
Japan). The mitochondrial membrane potential was meas-
ured using JC-1 immunochemistry staining as previously 
described. Briefly, the cells were incubated with JC-1 at 
10 μg/ml for 15 min at 37 °C and then observed by fluores-
cence microscopy. All images were analyzed with ImageJ.

Measurement of SOD and MDA levels

Superoxide dismutase (SOD) activities and content of 
malondialdehyde (MDA) were measured using Total Super-
oxide Dismutase Assay Kit and Lipid Peroxidation MDA 
Assay Kit (both of them from Beyotime, China), respec-
tively, according to the manufacturer’s protocols. The assay 
results were normalized to the protein concentration in 
each group, and expressed as nmol/mg protein or units/mg 
protein.

Western blot

The proteins were extracted using RIPA lysis buffer (Apply-
gen, China) supplemented with a protease inhibitor (Sigma, 
USA). The total protein concentrations were measured using 
a BCA protein assay kit (Beyotime, China). Equal amounts 
of total protein (30 μg) were separated by SDS-PAGE elec-
trophoresis and electro transferred to a PVDF membrane. 
The membranes were blocked in 5% non-fat milk and then 
incubated overnight at 4 °C with different antibodies, includ-
ing HSPB8, MNF2, p-Drp1, Drp1, GAPDH (Abcam, USA). 
For quantification, the electrochemiluminescence (ECL) sig-
nals were digitized using Quantity One software.

Statistical analysis

Data were presented as the means ± S.E.M. Data were 
assessed using student’s t-test and chi square tests as appro-
priate. *P < 0.05 was considered statistically significant. 
All statistical analyses were performed using SPSS 19.0 
software.

Results

HSPB8 protein is significantly upregulated in LUAC 

Morphological change was first examined  in 35 LUAC 
issue samples and matched normal tissues using H&E stain-
ing (P < 0.05, Fig. 1a). Then, the levels of HSPB8 protein 
in these tissues were assessed by IHC. The results showed 
that HSPB8 protein was mainly located in the cytoplasm 
and upregulated in LUAC tissues (P < 0.05, Fig. 1b-c). The 
detailed information was also shown in Table 1. Among 
these cases, twenty-three showed HSPB8 overexpres-
sion (65.7%, P < 0.01). The relationship between HSPB8 
protein expression and clinicopathological features in 35 
LUAC patients was compared and the results demonstrated 
that there were differences between HSPB8 expression and 
tumor size and location (Table 2). However, no significant 
difference was found between HSPB8 expression and age, 
gender, histological differentiation, T stage, N stage, or 
TNM stage.  

HSPB8 overexpression increases proliferation 
and migration in A549 cells

As HSPB8 overexpression was related to tumor size, we 
suppose that HSPB8 may stimulate LUAC proliferation 
and migration. HSPB8 protein expression and A549 cells 
activity were first investigated. The results confirmed that 
HSPB8 overexpression increased cell viability in A549 
cells (P < 0.05, Fig. 2a–c). EdU was then used to assess 
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cell proliferation and the result showed that HSPB8 signifi-
cantly enhanced A549 cells proliferation ability (P < 0.05, 
Fig. 2d–e). Moreover, migration of A549 cells were moni-
tored using scratch assay. As expected, the migration capac-
ity of A549 cells were raised after HSPB8 overexpression 
(P < 0.05, Fig. 2f–g). The above evidence demonstrated that 
HSPB8 may promote A549 cells proliferation and migration.

HSPB8 deficiency decreases proliferation 
and migration in A549 cells

We further elucidated the role of HSPB8 in A549 cells 
proliferation and migration using an HSPB8-silenced 
A549 cells line. In contrast, a decreased cell proliferation 

Fig. 1  Changes of lung adenocarcinoma tissues and the expression 
of HSPB8 protein. a Hematoxylin and eosin staining (H&E) staining 
of lung adenocarcinoma (LUAC) tissues (original magnification × 10 

and × 40). b Immunohistochemical staining for HSPB8 in LUAC 
(original magnification × 10 and × 40). c Quantification of positive 
staining for HSPB8 in LUAC and normal tissue. *P < 0.05 vs. Non-ca
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and migration were observed after the silencing of HSPB8. 
CCK-8 and EdU assays showed that silencing of HSPB8 
suppressed A549 cells viability and proliferation ability 
(P < 0.05, Fig. 3a–e). Similar trends were observed in 
scratch assay that silencing of HSPB8 declined the ability 
of wound healing in A549 cells (P < 0.05, Fig. 3f–g).

HSPB8 overexpression inhibits mitochondrial 
oxidative stress and mitochondrial impairment 
in A549 cells

Previous research suggested that the increasing of ROS 
and mitochondrial dysfunction promoted apoptosis of 
A549 cells and inhibits drug resistance [32–34]. Our for-
mer study confirmed that HSPB8 reduced hyperglycemia-
induced endothelial injury by inhibiting mitochondrial 
oxidative stress and mitochondrial damage [18]. There-
fore, we hypothesized that the effects of HSPB8 in A549 
cells depend on the reduction of mitochondrial oxidative 
stress and maintaining mitochondrial function. To deter-
mine whether HSPB8 inhibits mtROS production in A549 
cells, we detected mtROS production using MitoSOX Red 
probe and the data presented that HSPB8 overexpres-
sion reduced the level of mtROS in A549 cells (P < 0.05, 
Fig. 4a and b). The activity of SOD and level of MDA 
were used to further determine the level of mitochondrial 
oxidative stress in A549 cells. The results displayed that 
HSPB8 overexpression enhanced the activity of SOD and 
inhibited MDA formation in A549 cells (P < 0.05, Fig. 4c 
and d). To gain insight into the change in mitochondrial 
fusion and fission, we assessed the expression of mito-
chondrial fusion–related protein MFN2 and mitochondrial 
fission–related proteins p-Drp1/Drp in A549 cells. West-
ern blotting results displayed that HSPB8 overexpression 
increased MFN2 expression and decreased p-Drp1/Drp1 
expression (P < 0.05, Fig. 4e–g). Subsequently, mitochon-
drial function in A549 cells was evaluated by JC-1 stain-
ing assays. As expected, compared with pcDNA group, 
HSPB8 overexpression increased the mitochondrial func-
tion in A549 cells (P < 0.05, Fig. 4h–i). Overall, these 
results suggest that HSPB8 overexpression suppresses 
mitochondrial oxidative stress and maintains mitochon-
drial function in A549 cells.

HSPB8 deficiency rises mitochondrial oxidative 
stress and mitochondrial damage in A549 cells

We also verified the effects of HSPB8-silence on mito-
chondrial oxidative stress and mitochondrial function in 
A549 cells. As expected, silencing of HSPB8 amplified 
the levels of mtROS and MDA, simultaneously diminished 
the activity of SOD (P < 0.05, Fig. 5a–d). Similarly, com-
pared with si-control group, HSPB8 deficiency reduced 
the expression of MFN2 and increased p-Drp1/Drp1 
expression (P < 0.05, Fig. 5e–g). Moreover, silencing of 
HSPB8 increased mitochondrial injury for mitochondrial 
membrane potential decreased (P < 0.05, Fig. 5h–i).

Table 1  Expression of HSPB8 protein in lung adenocarcinoma and 
matched normal lung

LUAC  lung adenocarcinoma

Tissues Cases HSPB8 levels (case, %) χ2 P value

Low High

Matched normal 35 24(68.6%) 11(31.4%) 8.37  < 0.01
Lung cancer 35 12(34.3%) 23(65.7%)

Table 2  Relationship between HSPB8 protein expression and clinico-
pathological features in 35 LUAC patients

Bold represents the statistically significant difference of P value < 
0.05

Parameters Cases HSPB8 levels (case, %) P value

Low High

Age(years) 0.383
  < 65 21 (60.0%) 6 (50.0%) 15 (78.2%)
  ≥ 65 14 (40.0%) 6 (50.0%) 8 (34.8%)

Gender 0.861
 Male 24 (68.6%) 8 (66.7%) 16 (69.6%)
 Female 11 (31.4%) 4 (33.3%) 7 (30.4%)

Tumor location 0.040
 Left 15 (45.7%) 8 (66.7%) 7 (30.4%)
 Right 20 (54.3%) 4 (33.3%) 16 (69.6%)

Tumor size (cm) 0.040
  < 5 20 (57.1%) 4 (33.3%) 16 (69.6%)
  ≥ 5 15 (42.9%) 8 (66.7%) 7 (30.4%)

Histological differ-
entiation

0.162

 Low 11(31.4%) 3(25.0%) 8(34.8%)
 Moderate 11(314%) 5(41.7%) 6(26.1%)
 High 13(37.2%) 4(33.3%) 9(39.1%)

T stage 0.771
 T1-2 30 (85.7%) 10 (83.3%) 20 (87.0%)
 T3-4 5 (143%) 2 (16.7%) 3 (13.0%)

N stage 0.903
 N0 18 (51.4%) 6 (50.0%) 12 (52.2%)
 N1-3 17 (48.6%) 6 (50.0%) 11 (47.8%)

TNM stage 0.932
 I/II 23 (65.7%) 8 (66.7%) 15 (65.2%)
 III/IV 12 (34.3%) 4 (33.3%) 8 (34.8%)
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Discussion

Tumor proliferation and migration are important to the pro-
gression of LUAC. Increasing evidence emphasized that 
there is a close relationship between proliferation and migra-
tion and abnormal expression of tumor-related genes and 
mutation [21, 35, 36]. Recent studies reported that HSPB8 
plays important roles in multiple tumors [17−23]. In our 
study, we found that HSPB8 overexpression is occurred in 
LUAC tissues and HSPB8 inhibits mitochondrial oxidative 
stress and protects mitochondrial function, result in promot-
ing A549 cells proliferation and migration. Here, for the first 
time, we reported that HSPB8 upregulation was associated 
with LUAC proliferation and migration.

HSPB8 was a member of the small heat shock pro-
teins (sHSPs) and participated in various cell biological 
processes including cell proliferation and migration [19, 
22]. In recent years, more and more studies about the 
roles of HSPB8 in tumors emerged. However, there was 

inconsistent with the expression and function of HSPB8 in 
different tumors. Some studies demonstrated that HSPB8 
is highly expressed in tumors and increases cell prolifera-
tion and migration via regulating cell cycle progression 
and anti-apoptosis [19, 21–23]. Conversely and intrigu-
ingly, other studies showed that HSPB8 is downregu-
lated in tumors and upregulation of HSPB8 contributed 
to increase in tumor cell resting in the G0/G1 phase and 
apoptosis, eventually increasing the chemosensitivity and 
cancer cells death [20, 24, 25]. In our study, we focused 
on the expression of HSPB8 in LUAC and the result sug-
gested that HSPB8 was higher in tumor tissue than the 
normal lung tissues. Next, A549 cells overexpressing and 
silencing HSPB8 protein were constructed to confirm the 
role of HSPB8, respectively. Our results revealed that 
HSPB8 overexpression enhanced cancer cell prolifera-
tion and migration and the opposite effect was obtained 
after silencing it. Collectively, previous studies and our 
research suggested that HSPB8 may have dual role in 

Fig. 2  HSPB8 overexpression promotes cell proliferation and migra-
tion in A549 cells. a Human A549 lung carcinoma cells were trans-
fected with pcDNA or pcDNA-HSPB8. After 24 h, the expression of 
HSPB8 was detected using western blot. b Quantification of HSBP8 
protein expression in A549 cells. c Cell viability in A549 cells was 

detected using CCK-8 assay. d Cell proliferation was assessed by 
EdU assay in A549 cells. e Quantification of cell proliferation in dif-
ferent groups. f Cell migration was monitored using scratch assay 
in A549 cells. g Quantification of cell migration in different groups. 
*P < 0.05 vs pcDNA
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tumor progression depending on cell types, cell differen-
tiation and the expression of HSPB8. Further investiga-
tions are needed to explore the mechanism of action of 
HSP22 in cancer cells.

Oxidative stress and mitochondrial function play impor-
tant roles in lung cancer [11]. HSPB8 is a stress-related pro-
tein and upregulated in response to stress conditions [37]. 
Accumulation of evidence showed that HSPB8 resists to 
oxidative stress and exerts protective effects in various cells 
[13, 18, 28]. Therefore, we explored the role of HSPB8 in 
oxidative stress and mitochondrial function of A549 cells. 
Our data demonstrated that HSPB8 inhibited oxidative 
stress, specifically suppressing mtROS formation, leading 
to reducing mitochondrial damage. Our results are consistent 
with former studies that HSPB8 protects cells from injury by 
inhibition of oxidative stress and protecting the function of 
mitochondria. Accumulating evidence indicated that cancer 
cell proliferation and migration are closed related to oxida-
tive stress and mitochondrial function [38–40]. Collectively, 

these results indicate that HSPB8 may promote LUAC pro-
gress by restraining mitochondrial oxidative stress and pro-
tecting mitochondrial function.

Mitochondrial  fusion and fission also participate  in 
cell proliferation, migration and cell growth in A549 lung 
adenocarcinoma cells [7–9, 41]. In our study, we found 
that HSPB8 upregulated the expression of MFN2 protein 
and restrained p-Drp1/Drp1 expression, which contributed 
to improve the mitochondrial function. Our results are 
consistent with the former research that the increasing of 
mitochondrial fusion could protect A549 cells [8, 9, 42]. 
However, surprisingly, other studies got the opposite con-
clusion that increased fission and decreased fusion of mito-
chondria amplified lung cancer cell proliferation [5]. Pre-
vious studies suggested that tumor cells have heterogeneity 
and cancer stem cells (CSCs) which mainly contribute to 
tumor progression and drug resistance is characterized by 
genetic heterogeneity compared with non-CSCs [43–45]. 
Furthermore, lung cancer is also highly heterogeneous 

Fig. 3  Silencing of HSPB8 inhibits cell proliferation and migration 
in A549 cells. a Human A549 lung carcinoma cells were transfected 
with si-control or si-HSPB8. After 24  h, the expression of HSPB8 
was detected using western blot. b Quantification of HSBP8 protein 
expression in A549 cells. c Cell viability in A549 cells was detected 

using CCK-8 assay. d Cell proliferation was assessed by EdU assay in 
A549 cells. e Quantification of cell proliferation in different groups. 
f Cell migration was monitored using scratch assay in A549 cells. g 
Quantification of cell migration in different groups. *P < 0.05 vs si-
control
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and has hundreds of mutant genes present in subclonal 
fractions with the increasing of tumor-grade [45]. These 
may explain the different effects of the dynamics balance 
of mitochondrial fusion and fission in tumor progression. 
Taken together, there is relationship between HSPB8-
mediated mitochondrial fusion and A549 lung adenocar-
cinoma cells proliferation and migration. However, more 
studies are needed to clarify the action of HSPB8-medi-
ated mitochondrial fusion and fission in lung cancer.

In summary, we found that HSPB8 plays an important 
role in cell proliferation and migration of LUAC. Inhibiting 
mitochondrial oxidative stress and increasing mitochondrial 
fusion, as well as maintaining mitochondrial function may 
the potential pathways that were responsible for the effect 
of HSPB8 in lung cancer cells progression (Fig. 6). Our 
findings may highlight a new entry point for lung cancer 
treatment via targeting regulation HSPB8 expression.

Fig. 4  HSPB8 overexpression inhibits mitochondrial oxidative stress 
and mitochondrial impairment in A549 cells. a MtROS was detected 
by MitoSOX Red probe in A549 cells. b Quantification of mtROS 
levels in different groups. c The activity of SOD was estimated 
in A549 cells. d The level of MDA was valued in A549 cells. e–g 

Mitochondrial fusion–related protein MFN2 and mitochondrial fis-
sion–related proteins p-Drp1/Drp1 were detected using western blot 
in A549 cells. h Mitochondrial membrane potential was examined by 
JC-1 staining assays in A549 cells. i Quantification of mitochondrial 
membrane potential in different groups. *P < 0.05 vs pcDNA
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Fig. 5  Silencing of HSPB8 aggravated mitochondrial oxidative stress 
and mitochondrial impairment in A549 cells. a MtROS was detected 
by MitoSOX Red probe in A549 cells. b Quantification of mtROS 
levels in different groups. c The activity of SOD was estimated 
in A549 cells. d The level of MDA was valued in A549 cells. e–g 

Mitochondrial fusion–related protein MFN2 and mitochondrial fis-
sion–related proteins p-Drp1/Drp1 were detected using western blot 
in A549 cells. h Mitochondrial membrane potential was examined by 
JC-1 staining assays in A549 cells. i Quantification of mitochondrial 
membrane potential in different groups. *P < 0.05 vs si-control
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