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INTRODUCTION 
 

Stroke is a major cause of long-term disability and ranks 

as the second cause of death in the world [1]. In the past 

few years, the burden of stroke in China has increased, 

with an estimated 2.4 million new cases and 1.1 million 

stroke-related deaths per year [2]. Ischemic stroke (IS), 

which is caused by cerebral vascular occlusion, accounts 

for nearly 80% of all strokes. Currently, intravenous 

thrombolysis and thrombectomy are the only effective 

treatments for IS [3, 4]. However, the clinical approach  

to cerebral ischemia-reperfusion injury (CI/RI) after 

restoration of blood supply remains unresolved. 

Therefore, the discovery of new therapeutic targets 

provides novel ideas for improving treatment efficiency. 

Long noncoding RNAs (lncRNAs) conform a large class 

of RNA transcripts over 200 nucleotides in length. With 

the development of sequencing techniques and 

bioinformatics, numerous studies have revealed the 

regulatory role of lncRNAs in cellular physiological 

processes [5–7]. Several lncRNAs were found to be 

dysregulated in IS, both in patients and in animal 

models. Stroke models in vitro and in vivo suggested in 

turn important roles for some of these transcripts in 

regulating the extent of ischemia-reperfusion (I/R) injury 

[8–10]. Recently, differentially expressed lncRNAs were 

profiled in patients with acute ischemic stroke (AIS), 

and diagnostic efficiency was reported for one of the 

downregulated lncRNAs, AC136007.2, through receiver 

operating characteristic (ROC) curve analysis [11]. To 
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ABSTRACT 
 

Differential expression and diagnostic significance of the long noncoding RNA (lncRNA) AC136007.2 has been 
reported in patients with acute ischemic stroke (AIS). However, its role on disease progression and outcome 
remains unclear. Here, we employed an oxygen-glucose deprivation/reperfusion (OGD/R) model in neuronal 
SH-SY5Y cells and performed middle cerebral artery occlusion (MCAO) surgery in rats to investigate the function 
of AC136007.2 in ischemia-reperfusion (I/R) injury. AC136007.2 expression was determined by RT-qPCR and cell 
viability was examined using CCK-8, Edu, LDH, and apoptosis assays. Pro-inflammatory cytokine expression was 
assessed using ELISA. OGD/R downregulated AC136007.2 expression in SH-SY5Y cells, decreased viability by 
inducing apoptosis, and stimulated secretion of TNF-α, IL-6, and IL-1β. In turn, lentivirus-mediated AC136007.2 
overexpression significantly reversed these phenomena. LC3 immunofluorescence and western blotting 
analyses of LC3-I/II and Beclin-1 expression and AMPK/mTOR phosphorylation status showed that AC136007.2 
suppressed autophagy in SH-SY5Y cells via inactivation of AMPK/mTOR signaling. Notably, incubation with the 
AMPK activator AICAR abolished the pro-survival effect of AC136007.2 upon OGD/R treatment. Importantly, 
intraventricular injection of AC136007.2 significantly reduced cerebral infarction and brain edema in MCAO 
rats, as shown by TTC staining and water content measurements. We conclude that AC136007.2 alleviates 
cerebral I/R injury by suppressing AMPK/mTOR-dependent autophagy. 
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evaluate the involvement of AC136007.2 in IS-related 

I/R injury, in this study we assessed its regulatory 

activity on cell viability, inflammatory marker 

expression, and infarct severity through oxygen-glucose 

deprivation/reperfusion (OGD/R) challenge in neurons 

and middle cerebral artery occlusion (MCAO) in an IS 

rat model. 

 

RESULTS 
 

AC136007.2 overexpression decreases OGD/R-

induced death in SH-SY5Y cells 
 

To simulate cellular injury after IS, SH-SY5Y cells were 

exposed to a 4h/18h OGD/R challenge. Consistent with 

lncRNA profiling data from AIS patients [11], OGD/R 

significantly decreased the expression of AC136007.2  

in SH-SY5Y cells (Figure 1A). Then the cells were 

transduced with lenti-AC136007.2 or a control lentivirus 

and transduction efficiency confirmed by RT-qPCR 

(Figure 1B). Subsequently, cell viability and proliferation 

were examined using various assays. The CCK-8 assay 

showed that OGD/R decreased SH-SY5Y cell viability, 

while AC136007.2 overexpression significantly reversed 

this effect (Figure 1C). In turn, EdU assays revealed that 

OGD/R inhibited cell proliferation, an effect also notably 

reversed upon transduction with lenti-AC136007.2 

(Figure 1D). Consistent with these results, OGD/R-

mediated cytotoxicity, reflected by increased cellular 

LDH levels, was significantly blocked by AC136007.2 

overexpression (Figure 1E). The above results indicate 

that AC136007.2 expression alleviates OGD/ R-induced 

death of SH-SY5Y cells in culture. 

 

AC136007.2 overexpression alleviates OGD/R-

induced apoptosis and pro-inflammatory cytokine 

synthesis in SH-SY5Y cells 
 

Apoptosis is an important cell death mechanism 

contributing to brain injury and neuronal death during 

and after IS [12]. In light of the pro-survival effects 

elicited by AC136007.2 in SH-SY5Y cells exposed to 

 

 
 

Figure 1. Overexpression of AC136007.2 decreases OGD/R-induced cell death in SH-SY5Y cells. (A) Relative AC136007.2 
expression level was evaluated by RT-qPCR in SH-SY5Y cells incubated in normoxic (control) conditions and after OGD/R treatment. (B) RT-
qPCR analysis of AC136007.2 expression after transfection with lenti-AC136007.2 or its negative control. (C) Cell viability was determined by 
the CCK-8 assay. (D) Cell proliferation was determined by EdU assay. The rate of Edu-positive cells (histogram on the right side) was 
calculated from three random fields of view, with total cell numbers determined by DAPI staining. (E) LDH-based cytotoxicity analysis. 
**p<0.01 versus control group; ## p<0.01 versus OGD/R group; n = 3. 
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OGD/R, we employed flow cytometry to evaluate 

apoptosis in Annexin V/PI-stained cells. As expected, 

the apoptosis rate was dramatically increased by 

OGD/R. This phenomenon was, however, significantly 

mitigated after overexpression of AC136007.2 (Figure 

2A, 2B). Neuroinflammation, resulting from excessive 

secretion of proinflammatory cytokines, contributes to 

neuronal injury and cellular dysfunction during IS [13]. 

Thus, we next used ELISA to examine proinflammatory 

cytokine production in SH-SY5Y cells. Results  

showed that OGD/R enhanced TNF-α, IL-6, and IL-1β 

levels in culture supernatants, whereas AC136007.2 

overexpression significantly reduced this effect (Figure 

2C–2E). The above data indicate that AC136007.2 

expression alleviates apoptosis and decreases pro-

inflammatory cytokine secretion induced by OGD/R in 

SH-SY5Y cells. 

AC136007.2 overexpression inhibits OGD/R-induced 

autophagy via AMPK-mTOR pathway inactivation 

in SH-SY5Y cells 
 

Increasing evidence suggests that autophagy is activated 

in various types of brain cells during IS [14]. Using 

immunofluorescence, we observed that OGD/R 

dramatically promoted the expression of LC3, a main 

marker of autophagosomes, in SH-SY5Y cells (Figure 

3A). Notably, LC3 upregulation was largely inhibited 

by AC136007.2 overexpression, and this phenomenon 

was further enhanced after incubation of cells with the 

autophagy inhibitor 3-MA (Figure 3A). In contrast, 

treatment with the AMPK activator AICAR completely 

reversed the inhibitory effect of AC136007.2 on LC3 

expression (Figure 3A). The suppressive action of 

AC136007.2 on OGD/R-induced autophagy was further 

 

 
 

Figure 2. Overexpression of AC136007.2 decreases OGD/R-induced apoptosis and inflammatory cytokine release in SH-SY5Y 
cells. (A) Cell apoptosis was analyzed by flow cytometry after Annexin V/PI double staining. (B) Quantification of apoptosis rates from 
experiments like those shown in (A). (C–E) ELISA analysis of pro-inflammatory cytokine levels in cell culture supernatants. **p<0.01 versus 
control group; ## p<0.01 versus OGD/R group; n = 3. 
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confirmed by western blotting assays that showed, after 

OGD/R, decreased expression of LC3-I/II and Beclin 1 

in cells overexpressing AC136007.2. We also examined 

the expression and phosphorylation status of key 

autophagy-associated kinases, namely AMPK and 

mTOR. Consistent with autophagy induction, OGD/R 

treatment increased the phosphorylation of AMPK  

and decreased the phosphorylation of mTOR. 

Overexpression of AC136007.2 significantly reversed 

the above phosphorylation changes in both enzymes, 

but failed to do so in AICAR-treated cells (Figure 3B). 

These findings suggest that AC136007.2 suppresses 

OGD/R-induced autophagy activation by regulating the 

activity of the AMPK-mTOR pathway. 

 

AC136007.2 alleviates OGD/R-induced injury through 

autophagy inhibition 
 

Next, we explored whether the protective role of 

AC136007.2 in our neuronal OGD/R model is 

mediated by autophagy inhibition. Supporting this 

hypothesis, results of cell viability and apoptosis 

assays showed that pretreatment with AICAR 

abolished the protective effects of AC136007.2 on  

SH-SY5Y cells exposed to OGD/R (Figure 4A, 4B). 

These data indicate that AC136007.2 expression 

protects SH-SY5Y cells against OGD/R-induced death 

by inhibiting autophagy. 

 

AC136007.2 alleviates cerebral ischemic injury 

induced by MCAO in rats 

 

To assess whether AC136007.2 expression confers 

protection against IS in vivo, a MCAO-I/R model was 

established in rats. A total of 54 rats, distributed into 3 

groups (sham, I/R, and AC136007.2 + I/R; 18 

rats/group), were included in this experiment. In the 

AC136007.2 + I/R group, lenti- AC136007.2 was 

injected into the brain right ventricle 24 h prior to 

MCAO surgery. MCAO lasted 2 h, and no deaths were 

recorded over the course of the study in any 

experimental group. The impact of ventricular 

AC136007.2 infusion on infarct size was evaluated by 

TTC staining 24 h after reperfusion. Results showed no 

obvious morphological alterations in the brains of 

sham-operated rats. Notably, the extent of cerebral 

infarction induced by MCAO was significantly reduced 

by pretreatment with AC136007.2 (Figure 5A, 5B). 

Consistent with this protective effect, the brain edema 

caused by MCAO was also significantly prevented after 

AC136007.2 administration (Figure 5C). In addition, 

we performed TUNEL staining to evaluate the extent of 

 

 
 

Figure 3. Overexpression of AC136007.2 inhibits OGD/R-induced autophagy through inhibition of AMPK-mTOR signaling in 
SH-SY5Y cells. (A) Representative images of LC3 immunofluorescence and semi-quantitative analysis of autophagy levels (right). Cell nuclei 
were counterstained with DAPI. (B) Western blotting analysis of LC3 I/II, Beclin 1, p-AMPK, and p-mTOR expression and corresponding 
densitometric quantification data. Signals were normalized to β-actin. **p<0.01 versus control group; 

## 
p<0.01 versus OGD/R group; 

^^p<0.01 versus OGD/R + Lenti-AC136007.2 group; ^p<0.05 versus OGD/R + Lenti-AC136007.2 group; n = 3. 
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Figure 4. Autophagy inhibition mediates the cytoprotective effect of AC136007.2 against OGD/R-induced injury. (A) Cell 
viability was determined by the CCK-8 assay. (B) Cell apoptosis was analyzed by flow cytometry after Annexin V/PI double staining. **p<0.01 
versus control group; 

## 
p<0.01 versus OGD/R group; ^^p<0.01 versus OGD/R + Lenti-AC136007.2 group; n=3. 

 

 
 

Figure 5. AC136007.2 reduces cerebral infarction, brain edema, and brain cell death after MCAO in rats. (A) Detection of brain 
infarction area by TTC staining. (B) TTC-based quantification of cerebral infarction (as percentage of the whole hemisphere). **p<0.01 versus 
I/R (MCAO) group; n=6. (C) Cerebral water content measurements. **p<0.01 versus I/R group; n=6. (D) TUNEL staining assessment of 
apoptosis in brain sections. **p<0.01 versus sham group; ## p<0.01 versus I/R group; n=6. 
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apoptosis in brain samples from the different 

experimental groups. Consistent with the above data, 

the number of TUNEL-positive cells was significantly 

reduced after AC136007.2 injection, compared to 

control MCAO rats (Figure 5D). These findings indicate 

that AC136007.2 expression plays a protective role 

against MCAO-induced cerebral infarction in rats. 

 

AC136007.2 inhibits MCAO-induced autophagy 

through inactivation of the AMPK-mTOR pathway 
 

Finally, we evaluated whether autophagy was activated 

in the brain tissue of MCAO rats. In agreement with the 

findings from our OGD/R model, western blotting 

results showed that MCAO induced upregulation of p-

AMPK, LC-3 I/II, and Beclin 1, and downregulation of 

p-mTOR in the brain. Consistent with autophagy 

suppression, these changes were notably reversed by 

administration of AC136007.2 (Figure 6A–6E). These 

data suggest that AC136007.2 expression inhibits 

activation of the autophagy pathway in brain cells 

during AIS. 

 

DISCUSSION 
 

Studies have shown that the expression profile  

of lncRNAs is significantly altered during the 

pathophysiological process of ischemic stroke  

[10, 11, 15]. Recently, Li et al. reported significant 

downregulation of circulating AC136007.2 levels  

in stroke patients and suggested that this lncRNA 

might be a potential marker of AIS [11]. Because  

the specific involvement of AC136007.2 in the 

pathogenesis of IS remains so far unclear, we modeled 

IS-associated I/R injury in vitro and in vivo to ascertain 

its role. 

 

IS is a complex condition, associated with dysregulation 

of various pathophysiologic processes (e.g. cell 

proliferation, apoptosis, oxidative stress, and 

inflammation) that are influenced by numerous 

lncRNAs. Research has shown that lncRNAs may 

function as pro-apoptotic or anti-apoptotic agents to 

regulate cell survival during IS. For example, lncRNA-

MEG3 was shown to be upregulated in human IS 

tissue samples, and its knockdown alleviated neuronal 

death during IS by reinstating miR-424-5p-mediated 

inhibition of Sema3A expression in MCAO mice [16]. 

In contrast, Wu et al. showed that lncRNA-N1LR 

inhibited apoptosis in OGD/R and MCAO models 

through inactivating p53 [17]. Our study suggests also 

a protective effect for lnc-AC136007.2, which 

promotes cell survival by inhibiting apoptosis in 

OGD/R-challenged neuronal cells. 

 

 
 

Figure 6. AC136007.2 inhibits IS-induced autophagy by inactivating AMPK-mTOR signaling. (A) Brain expression of LC3 I/II, Beclin 
1, p-AMPK, and p-mTOR was evaluated by western blotting. (B–E) Quantification of western blotting results. Expression data were 
normalized to β-actin. **p<0.01 versus sham group; ## p<0.01 versus I/R group; n=6. 
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Several lncRNAs were also shown to play an important 

regulatory role in I/R-induced neuroinflammation. For 

example, lncRNA-SNHG14 knockdown significantly 

attenuated the release of TNF-α induced by OGD in 

microglial BV-2 cells [18]. In turn, silencing of 

lncRNA-Malat1 was reported to potentiate the secretion 

of E-selectin, MCP-1, and IL-6 in brain microvascular 

endothelial cells, and to increase infarct size in MCAO 

mice [19]. An anti-inflammatory effect similar to that of 

Malat1 was thus detected in our study for AC136007.2, 

which decreased, upon overexpression, the secretion of 

pro-inflammatory cytokines induced by OGD/R. 

 

An important finding in this study was that the 

neuroprotective action of AC136007.2 against I/R injury 

is critically mediated by inhibition of autophagy. 

Autophagy has emerged as a novel therapeutic target  

for stroke in recent years [14, 20]. A pioneer study by 

Puyal et al. in a focal ischemia model showed  

that intracerebroventricular injection of 3-MA after 

reperfusion reduced significantly (by 46%) brain 

infarction in rat pups [21]. This suggested that inhibition 

of autophagy provided neuroprotection during stroke. In 

recent years, the modulation of IS-induced autophagy has 

been shown to be influenced by various lncRNAs. For 

instance, overexpression of miR-378, a target of lncRNA-

MEG3, inhibited neuronal autophagy and functional 

impairment in MCAO mice [22]. In turn, knockdown of 

lncRNA-MIAT reduced both apoptosis and autophagy in 

OGD/R-treated PC12 cells [23]. However, there are 

contradictory viewpoints regarding autophagy, as this 

phenomenon was proposed to attenuate cerebral I/R injury 

in some investigations [24, 25], Thus, this topic demands 

further research, both in in vitro and in animal models. 

 

In conclusion, our results indicate that AC136007.2 

expression promotes cell viability in both OGD/R-

exposed neurons and in a rat MCAO model via 

autophagy inhibition. While these findings improve our 

understanding of the mechanisms by which lncRNAs 

regulate the pathophysiology of IS, further research is 

needed to identify the transcript(s) targeted by 

AC136007.2 and the specific regulatory interactions 

that influence autophagy activation/inhibition in the 

setting of IS. 

 

MATERIALS AND METHODS 
 

Cell culture and lentiviral transduction 
 

The SH-SY5Y cell line was obtained from American 

Type Culture Collection (Manassas, VA, USA) and 

maintained in DMEM containing 10% FBS. Cells were 

incubated in a standard incubator at 37° C with 5% 

CO2. Lenti-AC136007.2 vector and its negative control 

were constructed by GenePharma (Shanghai, China), 

and transfected into 293T cells using Lipofectamine 

2000 (Thermo Fisher Scientific, New York, NY, USA). 

SH-SY5Y cells were transduced with lentiviral particles 

secreted in the supernatant of 293T cells. After 24 h, the 

cells were used for downstream analyses. 

 

OGD/R model in vitro 
 

To mimic OGD-induced injury, cultured SH-SY5Y 

cells were rinsed with PBS and the medium exchanged 

with glucose-free DMEM. The cells were then placed in 

a hypoxia incubator (95% N2 and 5% CO2) at 37° C 

[26]. After 4 h of OGD, the cells were transferred back 

to a conventional incubator and allowed to recover 

under normoxia in standard glucose-containing medium 

for 18 h. 

 

Real time-quantitative PCR (RT-qPCR) 

 

A TRIpure kit (ELK Biotechnology, Wuhan, China) was 

used to extract total RNA from SH-SY5Y cells following 

the manufacturer’s protocol. After cDNA synthesis 

(EntiLink
TM

 cDNA Synthesis Kit; (ELK Biotechnology) 

PCR reactions were conducted on a StepOne™ PCR 

System (Applied Biosystems, Carlsbad, CA, USA) using 

ELK SYBR Green PCR SuperMix reagents. Primers for 

AC136007.2 were: sense: 5’-CCTCCCGTGCTACCCTT 

TAC-3’; antisense: 5’-CCTCTCCATTTCCAGGAAC 

TG-3’. β-actin was used as the internal standard. Relative 

AC136007.2 expression levels were determined by the 

2
−ΔΔCt

 method [27]. 

 

Cell viability and cytotoxicity determinations 
 

A CCK-8 kit (Keygen, Nanjing, Jiangsu, China) was 

used to assess cell viability. A lactate dehydrogenase 

(LDH) assay kit (Beyotime, Shanghai, China) was used 

to evaluate cytotoxicity. All assays were conducted 

according to the manufacturers’ instructions. 

 

5-Ethynyl-20-deoxyuridine (EdU) assay 

 
A BeyoClick™ EdU-594 kit from Beyotime was used 

to assess cell proliferation. SH-SY5Y cells were labeled 

with Edu reagent at 37° C for 2 h, and then fixed with 

4% paraformaldehyde for 20 min. Nuclei were 

counterstained with DAPI. EdU-positive cells were 

counted in three random fields per well. Images were 

captured by a fluorescence microscopy (Leica, Wetzlar, 

Germany) and data was normalized to total cell 

numbers estimated by DAPI staining. 

 

Detection of pro-inflammatory cytokine expression 
 

Levels of TNF-α, IL-6, IL-1β were determined with 

ELISA kits from ELK Biotechnology. In brief, the 
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supernatants of SH-SY5Y cells were collected after the 

different treatments and analyzed following the 

instructions in the kits. Absorbance was measured at 

450 nm with a plate reader. 

 

Cell apoptosis assay 

 

SH-SY5Y cells were harvested and washed with cold 

PBS containing 0.5% FBS and 2 mM EDTA. After two 

additional washes in PBS, the cells were resuspended in 

binding buffer and stained with Annexin V-FITC/PI 

(Nanjing KeyGen Biotech Co Ltd., Nanjing, China) as 

per the manufacturer’s guidelines. The analysis was 

performed within 1 h on a flow cytometer (BD 

Biosciences, San Jose, CA) and apoptosis rates 

estimated with FlowJo 7.6 software. 

 

Immunofluorescence assay 

 

SH-SY5Y cells were fixed with 4% paraformaldehyde 

for 20 min and permeabilized with 0.1% Triton X-100 

for 20 min. BSA (4%) was then applied at room 

temperature for 30 min to block unspecific protein 

binding sites. Next, the cells were treated with an anti-

LC3 antibody (1:400; Cell Signaling Technology; CST; 

Danvers, MA, USA) at 4° C overnight, followed by 

secondary antibody incubation for 1 h. Cell nuclei were 

counterstained with DAPI and images captured under 

fluorescence microscopy. 

 

MCAO model 

 

Sprague-Dawley (SD) male rats (250–300 g) were 

purchased from Beijing Vital River (Beijing, China). 

The rats were housed in a standard humidity- and 

temperature-controlled room with a 12-h light/dark 

cycle. A total of 54 rats were randomly assigned into 3 

groups (n=18 rats per group): sham, ischemia and 

reperfusion (MCAO; I/R), and AC136007.2 + I/R. The 

experimental protocols were approved by the Animal 

Ethics Committee of The First People’s Hospital of 

Zhenjiang and followed the recommendations of the 

NIH Guide for the Care and Use of Laboratory 

Animals. 

 

MCAO surgery was performed on rats to establish an 

I/R model in vivo. To this end, the rats were 

anesthetized with 2.5% isoflurane and fixed onto a 37° 

C heating pad to maintain body temperature. After 

disinfection, a 2-cm midline incision was made in the 

neck to expose the left external carotid artery (ECA), 

which was then ligated where it branches into the into 

the lingual (LA) and the maxillary artery (MA). Then, a 

nylon monofilament coated with silicon was inserted 

through the ECA into the internal carotid artery (ICA) 

to occlude the right middle cerebral artery (MCA). 

Total distance was around 20–24 mm [28]. Blood 

supply of the brain was blocked for 2 h, followed by 

reperfusion for 24 h. Rats in the sham group received 

the same procedure without MCAO, while animals in 

the AC136007.2 + I/R group received a slow injection 

of lenti-AC136007.2 into the brain’s right ventricle 24 h 

prior to MCAO surgery. At the end of the reperfusion 

period all the rats were sacrificed to obtain brain 

samples. 

 

Measurement of cerebral infarction volume 
 

Brain samples were cut into 2-mm-thick slices and 

incubated with 2% 2,3,5-triphenyltetrazolium chloride 

(TTC, Sigma-Aldrich, St. Louis, MO, USA) for 20 min 

at 37° C. After fixation in 4% paraformaldehyde for 24 

h, images were taken by a digital camera, with red 

representing normal brain tissue and white representing 

infarct loci. The area of cerebral infarction was 

measured using NIH ImageJ software (Bethesda, MD, 

USA) and expressed as a percentage of the whole 

hemisphere. 

 

Measurement of brain water content 
 

A wet/dry method was used to determine brain water 

content. Wet weight was first determined, immediately 

after excision. Next, the brain was dried at 110° C for 

24 h and weighed again to determine dry weight. Brain 

water content was defined as the difference between wet 

and dry weight. 

 

TUNEL assay 
 

TUNEL assay was performed using an In Situ Cell 

Death Detection Kit (Roche, Indianapolis, IN, USA) as 

per the manufacturer’s standard protocol. Nuclei were 

visualized with DAPI, and green fluorescence indicated 

TUNEL-positive cells. Images were captured from 3 

random fields of view for each brain sample using 

fluorescence microscopy. 

 

Western blotting 
 

Protein from SH-SY5Y cells or brain tissues was 

extracted using RIPA buffer containing protease and 

phosphatase inhibitors (Thermo, Wilmington, DE, 

USA). An equal amount of lysate for each sample was 

separated by 12% SDS-PAGE. Protein transfer onto 

PVDF membranes was performed with iBLOT2 

(Invitrogen) for 6 min. Then the membranes were 

blocked with 5% BSA for 1 h, and incubated with 

primary antibodies at 4° C: p-AMPK (1:800), p-mTOR 

(1:800), AMPK (1:1000), mTOR (1:1000), LC3A/B 

(1:1000), LC3-B (1:1000), Beclin-1 (1:1000), and β-

actin (1:5000) as loading control. After 1 h incubation 
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with suitable HRP-conjugated secondary antibodies, an 

ECL kit (R&D, Minneapolis, MN, USA) was used to 

detect protein bands. All antibodies were purchased 

from CST (Danvers, MA, USA) and images were 

obtained using a Gel Imaging System (BioRad, 

Hercules, CA, USA). 

 

Statistical analysis 
 

All experiments were repeated at least three times. The 

results were analyzed by GraphPad Prism software (La 

Jolla, CA, USA) and expressed as mean ± SD. A two-

tailed Student’s t-test was applied to compare 

differences between two groups, and p < 0.05 indicated 

significance. 
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