
Oncotarget92914www.impactjournals.com/oncotarget

MicroRNA-21 inhibits mitochondria-mediated apoptosis in keloid
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ABSTRACT

MicroRNA-21 acts as an oncogene by promoting cell proliferation and migration, 
whereas inhibiting apoptosis in majority of cancers. MicroRNA-21 is upregulated in 
human keloid fibroblasts. We hypothesized that microRNA-21 may contribute to 
pathogenesis of keloid fibroblasts. First, enhanced miR-21 but reduced mitochondrial-
mediated apoptosis observed in keloid tissues indicated its importance in keloids 
development. Second, upregulation of microRNA-21 induced a decrease in the ratio 
of BAX to BCL-2 and suppressed mitochondrial fission in keloid fibroblasts. Third, by 
attenuating the decline in cellular mitochondrial membrane potential, overexpression 
of miR-21 suppressed cytochrome c release to the cytoplasm, followed by a decrease 
in the activity of intracellular caspase-9 and caspase-3, suggesting that mitochondrial-
mediated proapoptotic pathway was impaired. Simultaneously, intracellular reactive 
oxygen species were decreased, indicating microRNA-21 undermined oxidative stress. 
This phenotype was reversed by miR-21 inhibition. Therefore, our study demonstrates 
that inhibition of microRNA-21 induces mitochondrial-mediated apoptosis in keloid 
fibroblasts, proposing microRNA-21 as a potential therapeutic target in keloid 
fibroblasts.

INTRODUCTION

Keloids are more common in Africans and Asians 
than other races. Keloids can occur at any age, although its 
age-of-onset mostly ranges from 10 to 30 years old [1–3]. 
These lesions are defined as a benign fibroproliferative 
tumor of the skin caused by abnormal healing of cutaneous 
irritation or injury [4]. Current progress in research 
provides an ever-deepening insight into the nature of 
keloid formation. However, the pathogenesis of keloid 
is only partially understood. So far, a universally optimal 
therapeutic modality has yet to be established [5–7].

Apoptosis refers to autonomic and programmed cell 
death in multicellular organisms [8]. Mitochondria have long 
been termed as ‘powerhouse’ of the cell to synthesize ATP 
and initiate signal transduction involved in cell death, innate 

immunity and autophagy [9]. Regulation of mitochondrial 
apoptosis is mediated by the interaction of BCL2 family 
members, such as anti-apoptotic protein BCL2 and pro-
apoptotic protein BAX [10]. Proapoptotic insults can activate 
BH3-only proteins to interact with pro-apoptotic proteins at 
the mitochondrial outer membrane (MOM). Subsequently, 
anti-apoptotic proteins can no longer prevent this activation, 
resulting in mitochondrial outer permeabilization (MOMP) 
[11–13]. This allows cytochrome c to releases into the 
cytoplasm and thus to initiate caspases cascade, eventually 
leading to apoptosis [11, 14].

MiRNAs are small noncoding RNAs which 
downregulate protein-coding genes [15, 16], while 
aberrant miRNA expression can cause deleterious 
phenotypes or diseases [17]. MiRNAs are widely involved 
in proliferation, differentiation, apoptosis, immune 
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regulation, metabolism, inflammation, tumorigenesis 
and other pathological processes [18, 19]. MiRNAs 
may participate in regulating the functions of skin and 
its appendages as well as the formation of scar [20]. 
MicroRNA-21 (MiR-21) is abnormally overexpressed in 
skin wound healing and tumor tissues. Functionally, miR-
21 can promote tumor cell proliferation [21–23]. Our 
previous study has revealed miR-21 to be up-regulated 
during keloid development [24–26]. It remains unclear 
whether miR-21 can regulate mitochondria-mediated 
apoptosis. In the past five years, over one hundred types of 
antisense oligonucleotide-based therapies have been tested 
in clinical trials for a variety of diseases [16]. Further 
exploration for molecular mechanisms will facilitate the 
development and application of therapeutic modalities.

In this study, we investigated the role of miR-21 in 
regulating mitochondria-mediated apoptosis pathway in 
human keloid fibroblasts (KF). This finding may provide 
theoretical and experimental basis to thoroughly illuminate 
the mechanism of keloid formation as well as to identify 
new therapeutic targets.

RESULTS

MiR-21 mimic and inhibitor oppositely regulate 
the expression of miR-21

We transfected keloid fibroblasts with miR-
21 mimic, negative control (NC), miR-21 inhibitors 
and inhibitor negative control (INC). The transfection 
efficiency was detected at 24 hours after transfection 
by real-time quantitative polymerase chain reaction 
(RT-PCR). MiR-21 level was changed markedly after 
transfection. Compared with corresponding controls, 
the difference of miR-21 expression was statistically 
significant (Figure 1A). It was obviously enhanced in 
miR-21 mimic transfected cells, whereas decreased after 
transfection of miR-21 inhibitor.

Upregulated miR-21 promotes cell proliferation 
of human KF

The effect of miR-21 on proliferation of keloid 
fibroblasts was detected by cell counting kit-8 (CCK8) 
assay. After transfection with miR-21 inhibitor, 
proliferation of KF cells was significantly reduced 
compared with INC. In contrast, overexpression of miR-
21 led to enhanced proliferation of KF (Figure 1B). This 
indicated that aberrantly high expression of miR-21 could 
enhance proliferation of KF.

Expression of proteins related to mitochondrial 
apoptosis in keloid tissue

In order to further explore the mitochondrial 
apoptosis pathway in keloid tissue, immunohistochemistry 

(IHC) assay was applied to detect the expression of its 
components in KF tissue derived from patients (Figure 2A). 
Important apoptotic proteins in mitochondria (caspase3, 
caspase9, Bcl-2, Bax) have prominent subsidence in keloid 
tissue. This finding suggests that mitochondrial apoptotic 
pathway plays a crucial role in keloid tissue.

MiR-21 regulated expression of components for 
mitochondrial apoptosis pathway

Western blot assay was used to measure the expression 
of pro- and anti-apoptotic proteins in KF (Figure 2B). 
Compared with INC group, the expression of pro-apoptotic 
proteins (caspase3, caspase9, CYT-C, BAX) in mitochondria 
was significantly increased in response to miR-21 inhibitor. 
In contrast, the expression of anti-apoptotic protein BCL-2 
was decreased. Thus, we demonstrated an inhibitory effect of 
miR-21 on mitochondrial apoptosis in KF. This naturally led 
us to explore whether overexpression of miR-21 in normal 
fibroblasts could block apoptosis. We transfected normal 
fibroblasts with miR-21 mimic, NC, miR-21 inhibitors and 
INC. In normal fibroblasts, miR-21 had similar effect on 
mitochondrial apoptosis as shown in Figure 2C. These data 
indicated that miR-21 could contribute to anti-apoptosis in 
KF.

MiR-21 modified mitochondrial fission and 
membrane potential (MMP) in KF

Mitochondrial fission can mediate apoptosis by 
leading to a decrease in MMP, which is an early sign of 
mitochondrial-mediated apoptosis. In our study, MMP was 
detected by JC-10 assay. Overexpression of miR-21 was 
accompanied by a decrease in mitochondrial fission (Figure 
3B) whereas increased MMP (Figure 3A). As expected, 
inhibition of miR-21 increased mitochondrial fission (Figure 
3B), followed by a marked decrease in MMP (Figure 3A, 
p<0.001). This indicated that miR-21 could inhibit early 
mitochondrial-mediated apoptosis pathway.

MiR-21 inhibits apoptosis in KF

Furthermore, we performed immunofluorescence to 
analyze the effect of miR-21 on apoptosis by conducting 
TUNEL assay. Overexpression of miR-21 attenuated 
terminal deoxyribonucleotidyl transferase-mediated dUTP 
nick end labeling (TUNEL) positive cells. While, inhibition 
of miR-21 increased TUNEL positive cells (Figure 4). The 
results suggested that miR-21 inhibited cell apoptosis while 
inhibition of miR-21 induced apoptosis in KF

MiR-21 induces resistance to oxidative stress in 
KF

As reactive oxygen species (ROS) produced by 
oxidative stress can act as signal molecules to mediate 
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apoptosis, we further detected intracellular ROS level 
by DCFH-DA probe. As shown in the Figure 5, green 
fluorescent DCFH-DA probe was loaded into cells. 
According to the principle of DCFH-DA staining, 
DCFH-DA is diffused into cells that generate ROS, the 
stronger the green fluorescence, the higher the ROS level. 
Upregulation of miR-21 resulted in a decrease in ROS 
while inhibition of miR-21 increased ROS level, indicating 
that miR-21 might induce resistance to oxidative stress.

DISCUSSION

Although many studies have been performed to 
explore the etiology of keloids, the molecular mechanism 
have not been well defined. In recent years, genetic and 
epigenetic factors responsible for human excessive 
scarring have been identified by genome and epigenome 
sequencing [5]. However, only a few genes responsible for 
keloids have been found, including several HLA alleles 
(HLA-DRB1*15, HLA-DQA1*0104, DQ-B1*0501, and 
DQB1*0503), 25 dysregulated genes associated with 
apoptosis, mitogen-activated protein kinase (MAPK), 
transforming growth factor (TGF)-β, interleukin (IL)-6, 
and plasminogen activator inhibitor (PAI)-1 as well as 32 
dysregulated miRNAs [24, 27]. Some studies suggest that 
genomic alterations in death ligands may affect cell death 
pathways in defining sensitivity to specific therapies [28, 
29]. This finding highlights the role of genomic alterations 
in modifying diseases development and clinical efficacy. 
The novelty of this study is to provide assertive evidence 

for further understanding of keloids development and 
treatment by inhibiting miR-21 induced anti-apoptosis in 
KF.

Firstly, miRNA, 19-22nt long noncoding RNA, is 
a large family that regulates gene expression [20]. In the 
genome, miRNA is distributed in the noncoding region 
of DNA. It could consist in introns of protein coding 
genes or intron and exon regions of noncoding genes. 
Therefore, miRNAs play a crucial role in transcriptional 
regulation of host genes. These miRNAs are either isolated 
or clustered together [20–21, 30–32]. One miRNA can 
regulate multiple genes, and one gene can be regulated by 
multiple miRNAs. In a particular organization, a specific 
miRNA regulates a particular set of mRNAs. MiRNAs 
participate in developmental biology, and distribution of 
cells and tissues [33–35]. Thus, miRNAs have significant 
therapeutic potential because they regulate multiple gene 
targets in a particular signaling pathway, or plenty of 
targets across several independent pathways [17, 36].

Secondly, miR-21, first identified by Lagos-Quintana 
in 2001 [37], is encoded by a single gene localized on 
17q23.2, the tonoplast protein coding region and the 
tenth intron of the VMP1 gene [38]. Most studies confirm 
that miR-21 is overexpressed in various tumor samples 
and could stimulate tumor cell growth and proliferation 
[39–48]. MiR-21 is one of the 23 upregulated miRNAs 
in keloid tissues [24]. We have elucidated that miR-21 
regulates PTEN/AKT and TGF-β1 signaling pathways 
to promote KF proliferation and transdifferentiation [25, 
26]. This indicates miR-21 as a potential therapeutic target 

Figure 1: (A) Expression ratio of miR-21 relative to U6 small nuclear RNA (n=3). Human keloid fibroblast cells were transfected with 
miR-21 mimic, negative control (NC), miR-21 inhibitor, and inhibitor negative control (INC), respectively. Relative expression levels of 
miR-21 were analyzed 24 hours later by RT-PCR. MiR-21 levels had increased vs. decreased significantly in response to mimic vs. inhibitor, 
respectively, compared with corresponding controls. (B) Cell viability measured by CCK8 assay (n=3-5). Compared with corresponding 
controls, proliferation of keloid fibroblast cells after transfection was significantly reduced in response to miR-21 inhibitor but increased in 
response to miR-21 mimic; **p< 0.01; *p<0.05. Data are represented as mean ± SD.
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Figure 2: Expression profile of proteins related to mitochondria-mediated apoptosis in keloid fibroblasts. (A) Expression 
of apoptotic proteins in keloid tissue by IHC (n=3-6). Bar, 10μm. (B) Expression of pro-apoptotic proteins (caspase3, caspase9, CYT-C, 
BAX) was significantly increased in response to miR-21 inhibitor. In contrast, the expression of anti-apoptotic protein BCL-2 was decreased 
(n=3-6). (C) Inhibition of miR-21 tended to induce an overall shift of apoptotic proteins. To the contrary, mimic miR-21 inhibited apoptosis 
in normal fibroblasts (n=3-6); **p< 0.01; *p<0.05. Data are represented as mean ± SD.
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for keloids. In this study, we found miR-21 could inhibit 
mitochondrial-mediated apoptosis pathway in KF.

Thirdly, apoptosis (programmed cell death) is 
considered vital for embryonic development, normal cell 
turnover, hormone-dependent atrophy, proper development 
and functioning of the immune system, and chemical-
induced cell death [49]. Mitochondria are important 
integrators and critically involved in apoptosis. The 
mitochondria are an organelle to produce active oxygen 

(ROS) which is an important component of mitochondrial 
respiratory chain and oxidative phosphorylation in 
cells. ROS is the product of aerobic metabolism in 
vivo, mainly derived from mitochondria. Notably, 95%-
98% of molecular oxygen in the organism is consumed 
by mitochondria to produce water, and 2%-5% is used 
to produce super oxide and hydrogen peroxide via the 
electron transport chain [50]. Any factor that reduces the 
efficiency of the electron transport process can increase 

Figure 3: (A) Measurement of mitochondrial membrane potential (MMP) (n=4-6). After 12 hours, MMP was detected by JC-10 assay. 
MMP was decreased in response to inhibition of miR-21, compared with INC. To the contrary, mimic miR-21 inhibited apoptosis by 
attenuating the decline of MMP. Percentages of J-aggregates (red) and J-monomers (green) were shown in the histogram. Green J-monomers 
were accumulated in the mitochondria with a low potential; by contrast, red J-aggregates were accumulated in the mitochondria with a high 
potential. Bar, 25μm. (B) Mitochondria were stained by Mito Tracker® Deep Red FM (left panel). Bar, 25μm. Those cells with fragmented 
mitochondria were counted (right panel) (n=6); ***p<0.001; **p< 0.01. Data are represented as mean ± SD.
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the production of ROS. ROS produced by oxidative 
stress can act as signal molecules to mediate apoptosis 
[51]. In our study, miR-21 mimic transfection inhibited 
ROS triggered mitochondrial apoptosis in KF. At the 
same time, the release of cytochrome c is a major step in 
endogenous apoptosis pathway. The release of cytochrome 

c to cytoplasm leads to the formation of cytochrome c/
apoptosis protease activating factor apoptosome. This 
complex promotes self-activation of caspase-9 precursor 
and accelerates the activation of caspase-3 precursor by 
caspase-9, eventually resulting in apoptosis. Similarly, 
cytochrome c can cause changes in membrane symmetry, 

Figure 4: Cell apoptosis evaluated by TUNEL assay after transfection for 24 hours (n=4-5). Transient transfection of 
miR-21 inhibitor induces apoptosis in keloid fibroblasts, opposite to the effect of miR-21 mimic. Bar, 25μm; **p<0.01; *p<0.05. Data are 
represented as mean ± SD.
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causing nuclear shrinkage, DNA fragmentation and cell 
death [52]. The BCL2 family is the earliest reported 
apoptosis related gene. BCL2 is a key factor in many 
pathological and physiological processes through 
inhibiting apoptosis [53]. Both BAX and BCL-x are 
members of BCL2 family, which can form a homodimer. 
The ratio between these two factors determines the fate of 
cells [54]. If the concentration of BAX increases, the scale 
of BAX and BCL2 will be tipped to promote apoptosis 
[55].

In this study, we evaluated the effects of both miR-
21 mimic and miR-21 inhibitor on mitochondrial apoptotic 
pathway in KF. In order to prove that miR-21 could block 
mitochondrial apoptosis pathway, miR-21 mimic was 
transfected into normal skin fibroblasts. Interestingly, 
pro-apoptotic proteins were downregulated. In KF, 
upregulation of miR-21 attenuates mitochondrial-mediated 
apoptosis by reducing the ratio of pro-apoptotic protein 
BAX to anti-apoptotic protein BCL2 (BAX/BCL2), 
accompanied with downregulation of cytochrome c, 
caspase 9, and caspase 3. While inhibition of miR-21 leads 
to increased BAX/BCL2 ratio as well as mitochondrial 

fission followed by decreased MMP, thus increased 
cytochrome c, caspase 9, and caspase 3. This overall 
shift is critical for synergistic induction of mitochondrial-
mediated apoptosis. In addition, TUNEL assay has shown 
that inhibition of miR-21 rescues apoptosis.

Most of targets for miR-21 have been identified 
as tumor suppressors, such as PDCD4 (Programmed 
cell death 4), PTEN, RECK, TP63 and FASLG [56]. 
For example, miR-21 can be transcriptionally activated 
by NF-κB and downregulate phosphatases PDCD4 and 
PTEN. BCL2 is a anti-apoptotic factor, regulating caspase 
activity by sequestering cytochrome c through inhibiting 
mitochondria-permeabilzing protein BAX. In KF, miR-
21 may directly downregulate BAX and upregulate 
BCL2, leading to an increased ratio of BCL2/BAX, 
and eventually inhibiting apoptosis. In addition, other 
targets of miR-21 may significantly contribute to KF 
development. This needs to be experimentally validated.

So far, canonical miRNAs including miR-21 and 
others like miR-34, miR-155, and miR-200b have been 
developed or are in development into therapeutic drugs 
to treat specific patients with chronic diseases, especially 

Figure 5: Intracellular reactive oxygen species (ROS) measured by DCFH-DA probe after transfection for 12 hours 
(n=3-6). Transient transfection of miR-21 inhibitor elevated ROS level, opposite to the effect of miR-21 mimic; *p<0.05. Data are 
represented as means ± SD.

Table 1: Sequence of miR-21 oligonucleotides for transient transfection

Name Sequence (5’-3’)

miR-21 mimic UAGCUUAUCAGACUGAUGUUGA

NC UUCUCCGAACGUGUCACGUTT

miR-21 inhibitor UCAACAUCAGUCUGAUAAGCUA

INC CAGUACUUUUGUGUAGUACAA
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tumors [57–61]. Further exploration of miR-21 in common 
diseases such as keloids will facilitate the development 
and application of therapeutic modalities.

In conclusion, our study demonstrates that miR-21 
precludes mitochondrial-mediated apoptosis in KF, which 
highlights miR-21 as a potential target for prevention and 
treatment of keloids. Undoubtedly, there are many other 
factors and pathways can influence this process. Multiple 
effects of miR-21 and other elements on the pathogenesis 
of KF require further investigation.

MATERIALS AND METHODS

Patient samples

Keloid and normal skin tissue samples were obtained 
from 13 patients (3 males, 10 females) who underwent 
operations from 2016 to 2017 at the Second Affiliated 
Hospital of Harbin Medical University. Informed consent 
was obtained from each patient recruited, and the study was 
approved by the hospital ethics committee. Keloid cells 
were obtained at surgical release from seven patients aged 
20 to 40 years who had a nonpeduncular keloid on the ear 
lobe, main trunk, and upper arm of at least 1-year evolution, 
with clinical activity such as growth, pain, pruritus, and 
hyperemia. None of them had been treated previously.

Cell culture

Keloid tissues and normal skin tissues were washed 
with phosphate-buffered saline (PBS) separately, cut into 
small pieces. Finally, they were adhered and cultured on 
the bottom of tissue culture flasks. After 3-5 d of culture, 
the KF grew out of tissues. For the normal skin fibroblasts, 
they grew out after 5-7 d of culture. Primary KF and 
normal fibroblasts were collected and then cultured in 
DMEM (Corning, USA) supplemented with 10% fetal 
bovine serum (Corning, USA) at 37°C, under a 5.0%CO2 
atmosphere. Primary KF and NF used in this study were 
retained in the third to seventh passage.

Transient transfection

The miRNA-21 mimic, negative control, miRNA-21 
inhibitor, and inhibitor negative control were purchased 
from Genepharma Biotechnology (Shanghai, China) 
and the sequences were shown in Table 1. Cells were 
transfected with Lipofectamine 2000 (Invitrogen, 
USA) at a final concentration of 100 nM following the 
manufacturer’s instructions. At the indicated time for 
various assays cells were collected.

RNA extraction and real-time PCR

Trizol Reagent (Invitrogen, USA) was used to 
extract total RNA from the cells. Hairpin-it miRNAs 
quantitative and U6 snRNA normalization RT-PCR 

Quantitation Kit (GenePharma, China) was used to reverse 
transcription RNA into cDNA and perform RT-PCR for 
miR-21 and U6. According to the manufacturer’s protocol, 
RNA samples were transcribed into cDNA. Equal amounts 
of cDNA samples were used for real-time quantitative 
PCR detection and U6 was used as an internal standard. 
The primer sequences used were as follows: miR-21, 
5′-GGCAGCCTAGCTTATCAGACT-3′ (forward); 
5′-GTGCAGGGTCCGAGGTATTC-3′ (reverse); and 
U6, 5′-CTCGCTTCGGCAGCACA-3′ (forward); 
5′-AACGCTTCACGAATTTGCGT-3′ (reverse). RNA 
expression was measured by real-time PCR in ABI Prism 
7500 Sequence Detection System (Applied Biosystems, 
USA). The PCR conditions used were: miR-21, 3 minutes 
at 95°C, 40 cycles of 12 seconds at 95°C and 40 seconds 
at 62°C. Melt curve analysis was performed to determine 
the specificity of the reaction. Each sample was tested in 
triplicate. Relative expression level changes were using 
the 2-ΔΔCt method.

Cell proliferation assay

CCK8 assay (Dojindo, China) was performed to 
assess the role of miRNA-21 in keloid fibroblasts. Cells 
cultured in DMEM (10% FBS) were seeded into 96-well 
plates and transfected with miRNA-21 mimics or inhibitor. 
At 1, 2, 3, 4, 5 days after transfection, 10μl CCK8 in 90μl 
DMEM was added into each well. After incubated for 2 
hours, the absorbance was measured at 450nm using a 
microplate reader (BIO-RAD, iMarker, USA).

Protein isolation and western blot

Firstly, separation of total protein components, KF 
and normal skin fibroblasts (after 72 hours’ transfection) 
were collected, washed twice with ice-cold phosphate-
buffered saline, and lysed using cell lysis buffer [20 
mM Tris (pH 7.5), 150 mM sodium chloride, 1% 
Triton X- 100, 2.5 mM sodium pyrophos-phate, 1 mM 
ethylenediaminetetraacetic acid, 1% sodium carbonate, 
0.5 μg/ml leupeptin, and1 mM phenylmethanesulfonyl 
fluoride]. Scraper collected lysate and then centrifuged at 
12,000 rpm at 4°C for 15 minutes. Total protein samples 
(20 μg) were loaded onto a 12% or 15% of sodium dodecyl 
sulfate polyacrylamide gel for electrophoresis, and 
transferred onto polyvinyl difluoride transfer membranes 
(Roche, USA) at 0.8 mA/ cm2 for 60 minutes. Membranes 
were blocked at 37°C for 1 hour with blocking solution 
(1% bovine serum albumin in phosphate-buffered saline 
plus 0.05% Tween-20). The samples were incubated 
overnight at 4°C with primary anti-bodies for β-actin 
(1:8000), bax (1:1000), bcl-2 (1:5000), cyt-c (1:4000), 
caspase 9 (1:2000) and caspase 3 (1:2000) (abcam, USA) 
at a compatible dilution in blocking solution. Wash three 
steps in Tris -buffered saline Tween-20 for 10 minutes 
each, membranes were incubated for 2 hours at room 
temperature with an anti-rabbit secondary antibody 
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(abcam, USA) at a dilution of 1:8000 in blocking solution. 
After washing three times for 10 minutes each time in 
Tris- buffered saline Tween-20, signals were visualized 
using an enhanced chemiluminescence kit (Beyotime 
BioTech, China).

Immunohistochemical assay

Following formalin fixation and paraffin-embedding, 
the 4-μm thick keloid tissue sections were incubated with 
primary anti-bodies for β-actin (1:1000), bax (1:400), 
bcl-2 (1:500), caspase 9 (1:250) and caspase 3 (1:500) 
(abcam, USA) overnight at 4°C, washed thrice with PBS 
for 10 min each, and then incubated with the secondary 
antibody (1:1000) (abcam, USA) for 1h at 37°C. Finally, 
the sections were stained with 3,3'-diaminobenzidine and 
then counterstained with hematoxylin. Pictures were taken 
with Leica microscope (Leica, Germany).

Mitochondrial membrane potential (MMP)

MMP was evaluated by mitochondrial membrane 
potential (JC-10 probe) detection kit (Solarbio, China) as 
described by the manufacturer. After transfection for 12 
hours, the cells were incubated for 20 min at 37°C in a 
humidified atmosphere in the dark. Positive control cells 
added with cccp (10μM) and the mitochondrial membrane 
potential significant changes. Following incubation, JC-10 
buffer solution washed each well for 100μl/ml for twice, 
each time was 5 min. Analysed by inverted fluorescence 
microscope (Leica, Germany).

Mitochondrial fission

Mitochondrial fission was detected by Mito 
Tracker® Deep Red FM (Yeasen, China) as described 
by the manufacturer. After transfection for 12 hours, the 
cells were incubated for 20 min at 37°C in a humidified 
atmosphere in the dark. Pictures were taken with Leica 
microscope (Leica, Germany).

Cell apoptosis assay

TUNEL assay was performed to measure cell 
apoptosis using in situ cell death detection kit, fluorescein 
(Roche, USA). After transfection for 24 hours, cells 
were fixed with 2% formaldehyde at room temperature 
for 1 hour and permeabilized with 0.1% Triton X-100 
(Solarbio, China) for 2 minutes on ice. After three wash 
steps with PBS, the cells were incubated for 1 hour at 
37°C in a humidified atmosphere in the dark with 50μl 
TUNEL reaction mixture according to instructions of 
the manufacturer. Analysed by inverted fluorescence 
microscope (Leica, Germany).

Intracellular ROS detection assay

Intracellular ROS was detected using a DCFH-DA 
fluorescence probe (Beyotime BioTech, China). After 
transfection for 12 hours, the cells were treated with 
DCFH-DA (10μM) and incubated for 30 min at 37°C in 
a humidified atmosphere in the dark. Analysed by flow 
cytometry (BD FACS cantoII, USA).

Statistical analysis

For statistical analyses, all data are expressed as the 
means ± SD. The difference between two groups were 
compared using the Student’s t-test. Values of p<0.05 
were considered statistically significant. GraphPad Prism 
5.0 software was used for the statistical analysis.
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