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Summary
Aims: Although oxidized low-density lipoprotein (ox-LDL) in the brain induces neu-
ronal death, the mechanism underlying the damage effects remains largely unknown. 
Given that the ultimate outcome of a cell is depended on the balance between au-
tophagy and apoptosis, this study was performed to explore whether ox-LDL induced 
HT-22 neuronal cell damage via autophagy impairment and apoptosis enhancement.
Methods: Flow cytometry and transmission electron microscopy (TEM) were used to 
evaluate changes in cell apoptosis and autophagy, respectively. The protein expres-
sion of LC3-II, p62, Bcl-2, and Bax in HT-22 cells was measured by Western bolt 
analysis.
Results: Our study confirmed that 100 μg/mL of ox-LDL not only promoted TH-22 cell 
apoptosis, characterized by elevated cell apoptosis rate and Bax protein expression, 
decreased Bcl-2 protein expression, and damaged cellular ultrastructures, but also im-
paired autophagy as indicated by the decreased LC3-II levels and the increased p62 
levels. Importantly, all of these effects of ox-LDL were significantly aggravated by 
cotreatment with chloroquine (an inhibitor of autophagy flux). In contrast, cotreat-
ment with rapamycin (an inducer of autophagy) remarkably reversed these effects of 
ox-LDL.
Conclusions: Taken together, our results indicated that ox-LDL-induced shift from 
autophagy to apoptosis contributes to HT-22 cell damage.
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1  | INTRODUCTION

Neurodegenerative diseases, such as Alzheimer’s disease (AD) and 
Parkinson’s disease (PD), are associated with substantial neuronal 
loss, which predicts the severity of clinical symptoms.1,2 Numerous 
studies show that hypercholesterolemia is involved in neuronal loss 
and neurodegenerative disorders.3,4 Recently, growing attention has 
been focused on the role of oxidized low-density lipoprotein (ox-LDL) 

in the development of neurodegenerative diseases. As we know, the 
LDL in the brain is prone to oxidative modifications and formation of 
ox-LDL.5,6 ox-LDL is recognized by scavenger receptors (SRs), such as 
SR-A and SR-B, which are present on neuronal cells.7 Although high 
dose of ox-LDL in the brain induced neuronal death and loss, the 
mechanism by which ox-LDL contributes to neuronal loss in AD is not 
clearly understood.

Among three types of cell death, the effect of apoptosis on the 
pathogenesis of neuronal loss in neurodegenerative diseases has been 
extensively studied.8 Neuronal apoptosis is featured morphologically The first two authors contributed equally to this work.
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by condensed chromatin balls, damaged cytoplasmic organelles, and 
apoptotic bodies.9,10 However, apoptosis is not the only factor that 
determines a neuron’s fate. Currently, increasing studies have focused 
on the effect of autophagy on the loss of neurons. Autophagy is a con-
served procedure that delivers intracellular contents to lysosomes for 
degradation.9,11 It is important for maintaining neuronal homeostasis 
through degrading the aggregate-prone proteins such as ox-LDL and 
may protect neuronal cells from apoptosis. Accumulating evidence in-
dicates that autophagy can protect neuronal cell damage, and autoph-
agy dysfunction may be involved in neurodegenerative diseases such 
as AD, PD, Huntington’s disease.12-14 Recent studies have showed that 
the cross talk between apoptosis and autophagy is mediated by the in-
terconnected molecular regulators such as mTOR, Bcl-2, and Bax.15-17 
For an instance, Bcl-2/Bax pathway regulates the cross talk between 
both.18 Therefore, the ultimate outcome of a cell is determined by the 
balance of autophagy and apoptosis.

Several studies have revealed that ox-LDL inhibits autophagy and 
promotes apoptosis in human umbilical vein endothelial cells.19,20 Our 
previous studies showed that THP-1 cell exposure to ox-LDL (100 μg/
mL) for 24 hours exhibited autophagy flux impairment, intracellular ox-
LDL accumulation, and cell injury.21 These effects of ox-LDL were res-
cued by pretreatment with the autophagy inducer rapamycin (RAP) and 
aggravated by autophagy flux inhibitor chloroquine (CQ). However, the 
association between autophagy and apoptosis in HT-22 cells exposed 
to ox-LDL remains poorly understood. Therefore, we hypothesize that 
ox-LDL promotes HT-22 cell apoptosis via autophagy inhibition and 
apoptosis enhancement. To confirm this hypothesis, we first explored 
the effects of ox-LDL on cell viability, apoptosis, and autophagy of HT22 
cells. Then, we assessed the effects of autophagy flux inhibitor CQ and 
autophagy inducer RAP on the expression of autophagy-related pro-
teins and apoptosis-related proteins, and apoptosis rate in HT22 cells 
exposed to ox-LDL. Our results establish apoptosis enhancement and 
autophagy impairment in ox-LDL-treated HT22 cells and suggest a link 
between apoptosis and autophagy in ox-LDL-induced neurotoxicity.

2  | MATERIALS AND METHODS

2.1 | Materials

Rapamycin and CQ were supplied by Sigma Chemical Co. (St. Louis, MO, 
USA). ox-LDL was purchased from Yi-yuan Biotechnology (Guangdong, 
China). Cell counter kit-8 (CCK-8) was bought from Dojindo Laboratories 
(Kumamoto, Japan). Annexin V Apoptosis Detection Kit was obtained 
from eBioscience (San Diego, CA, USA). Specific monoclonal anti-LC3 
I/II, SQSTM1/P62, Bcl-2, and Bax antibody were purchased from Cell 
Signaling Technology, Inc (Beverly, MA, USA). High-glucose Dulbecco’s 
modified Eagle’s medium (DEME) and fetal bovine serum (FBS) were 
supplied by Gibco BRL (Ground Island, NY, USA).

2.2 | Cell culture and treatment

HT-22 cells, a mouse hippocampal neuronal cell line,22 were sup-
plied by the Experimental Animal Center of Sun Yat-sen University 

(Guangzhou, China). Cells were cultured in DMEM medium (Sigma) 
supplemented with 10% FBS in 10-cm2 dishes and incubated at 37°C 
in atmosphere containing 5% CO2. Cells at 60% confluence were 
treated with ox-LDL. Native LDL (nLDL), 100 μg/mL, was used as a 
control. For CQ and RAP treatment, CQ and RAP were prepared be-
fore use in 3 mM and 4 μM stocks, respectively, and diluted in medium 
to the indicated final concentrations. HT-22 cells were treated with 
100 μg/mL of ox-LDL in the presence CQ (30 μM) or RAP (400 nM) 
for 24 hours. ox-LDL treatment groups were supplemented with an 
equal amount of DMSO as a control. After 24-hour co-incubation, 
cells were detected as described later.

2.3 | Determination of cell viability

The viability of HT-22 cells was determined by CCK-8 assay according 
to the manufacturer’s instructions. Briefly, HT-22 cells were plated in 
96-well plates at a concentration of 5 × 103 cells/well and cultured in 
DMEM medium containing 2% FBS. When HT-22 cells were almost 
60% confluent, the cells were treated with indicated agents. After treat-
ment with specific agents, 5 μL of CCK-8 solutions was added to each 
well and incubated at 37°C for an additional 2 hours. Subsequently, 
the optical density (OD) of each well was measured at 450 nm using a 
microplate reader (Molecular Devices, Sunnyvale, CA, USA).

2.4 | Flow cytometry analysis of apoptosis with 
PI and annexin V double staining

HT-22 cells were digested with 0.05% trypsin-EDTA (Gibco Life 
Technologies) and collected in Eppendorf tubes. All cells were washed 
twice with cold PBS by centrifugation at 168 g for 5 minutes. After 
discarding the supernatants, the collected HT-22 cells were resus-
pended in 400 μL binding buffer at a concentration of 10 × 105 cells/
mL. Then, PI and annexin V double-staining apoptosis assay kit was 
used to quantify apoptotic cells. Apoptosis rate was assessed by 
counting the apoptotic cell number per 1 × 104 cells using flow cy-
tometry (FCM, BD Bioscience).

2.5 | Transmission electron microscopy

After washing twice with ice-cold PBS, HT-22 cells were fixed with 
2.5% glutaraldehyde in 0.15 mM sodium cacodylate at 4°C overnight. 
The cells were postfixed in 2% osmium tetroxide. All samples were de-
hydrated in ethanol and embedded in epoxy resin. Then, ultrathin sec-
tions (70 nm) of adherent cells were performed on an ultramicrotome. 
The sections were counterstained with uranyl acetate and lead cit-
rate and observed using a Jeol JEM SX 100 electron microscope (Jeol, 
Tokyo, Japan) with images captured.

2.6 | Western blot analysis

Western blot analyses were performed as described previously.21 
Briefly, HT-22 cells were harvested after treatment with indicated 
agents and washed twice with cold PBS. Total proteins were extracted 



     |  343﻿GU﻿ et  al

with a lysis buffer [20 mM Tris-HCL, pH 7.5, 150 mM NaCl, 1% Triton 
X-100, 1 mM phenylmethylsulphonylfluoride (PMSF), 1 mM Na3VO4, 
leupeptin, and EDTA] according to the manufacturer’s indications. The 
samples were centrifuged at 2016 g for 10 minutes at 4°C, and the 
supernatant was collected for Western blots. Protein concentration 
was assessed using a BCA protein assay kit (ComWin Biotech, Beijing, 
China). Samples were denatured for 5 minutes in boiling buffer. Equal 
amounts of the boiled proteins (20-30 μg per lane) were separated by 
10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE). And then, 
the proteins were transferred to a PVDF membrane and blocked in 
TBS-T buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.1% Tween 
20) containing 5% bovine serum albumin (BSA, Sigma) for 2 hours. 
Subsequently, membranes were incubated overnight at 4°C with pri-
mary antibodies (anti-LC3-I/II, 1:1000; anti-SQSTML/P62, 1:1000; 
anti-Bcl-2, 1:1000; anti-Bax, 1:1000; anti-β-actin, 1:2000). After 
washing with TBST for three times, the membranes were incubated 
with anti-rabbit secondary antibody conjugated to horseradish per-
oxidase (1:5000) for 2 hours. The bands were visualized using an en-
hanced chemiluminescence system (ECL, Millipore, Boston, MA, USA). 
The quantitative analysis of each bolt was carried out by Sigma Scan 
Pro5 software (San Jose, CA, USA) and normalized to that of β-actin.

2.7 | Statistical analysis

Data were expressed as mean ± SEM, and the significance of inter-
group differences was evaluated by one-way analysis of variance 
(ANOVA: least-significant difference’s test for post hoc comparisons). 
Differences were considered statistically significant at P<.05.

3  | RESULTS

3.1 | ox-LDL decreased cell viability of HT-22 cells

Considerable researches indicated that ox-LDL can cause neuronal 
cell death.23-25 To understand the neurotoxicity of ox-LDL on HT-
22 cells, we incubated the HT-22 cells with different concentrations 
of ox-LDL (0, 12.5, 25, 50, 100 μg/mL) or 100 μg/mL of nLDL for 
24 hours and then detected the cell viability by CCK-8 kit. CCK-8 
assay indicated that 100 μg/mL of nLDL had no remarkable influ-
ence on HT-22 cell viability (Figure 1). However, HT22 cell activity 
was significantly decreased by ox-LDL in a dose-dependent manner 
(at the range of 12.5-100 μg/mL) with the maximal effect at 100 μg/
mL (Figure 1). Therefore, 100 μg/mL of ox-LDL was used to treat HT-
22 cells for 24 hours in subsequent experiments. Taken together, our 
data suggested that treatment with ox-LDL (100 μg/mL) for 24 hours 
notably lowered the cell viability of HT-22 cells.

3.2 | Autophagy flux was impaired in  
ox-LDL-induced HT-22 cells

To investigate the contribution of autophagy to HT-22 cell injury, we 
first characterized the autophagy changes between control group and 
ox-LDL-treated group of HT-22 cells by comparing LC3-II and p62 
protein levels using Western blot assay. Impaired autophagy can be 
identified by decreased expression of LC3-II and increased expres-
sion of p62 protein. Compared with the control group, LC3-II levels 
(Figure 2A,C) in ox-LDL-treated HT-22 cells were obviously declined, 
while p62 levels were significantly elevated (Figure 2B,D). These find-
ings indicated that ox-LDL suppressed autophagy. To further con-
firm whether autophagy flux impairment occurred in ox-LDL-treated 
HT-22 cells, CQ (CQ, an inhibitor of autophagy flux) and rapamycin 
(Rap, an inducer of autophagy) were utilized to block and activate au-
tophagy in HT-22 cells, respectively. Our results revealed that cotreat-
ment with CQ slightly increased LC3-II (Figure 2A,C) and p62 levels 
(Figure 2B,D) in ox-LDL-treated HT-22 cells, indicating that ox-LDL 
treatment caused a defective autophagy flux in HT-22 cells. However, 
cotreatment with RAP could rescue the impaired autophagy flux in 
ox-LDL-treated HT-22 cells, as characterized by elevated LC3-II and 
lowered p62 levels.

3.3 | ox-LDL damaged the ultrastructures of  
HT-22 cells

To explore whether ox-LDL-induced autophagy flux defect was as-
sociated with HT-22 cell damage, we observed the morphological-
ultrastructural changes under the transmission electron microscope 
(TEM). Our results indicated that the number of autophagosome 
(AP), a double-membrane vesicle enclosing a portion of cytoplasm 
and organelles, in ox-LDL group was less than that in control group 
(Figure 3A,B). Meanwhile, those cells in ox-LDL group exhibited the 
features of damaged cells, characterized by cell shrinkage, mitochon-
dria swelling, and chromatin condensation. Compared with ox-LDL 

F IGURE  1 Effects of ox-LDL on cell viability in HT-22 cells.  
HT-22 cells were treated with different concentrations of native LDL 
(100 μg/mL) or ox-LDL (0, 12.5, 25, 50, 100 μg/mL) for 24 hours. Cell 
viability was determined by CCK-8 assay. All the data were shown as 
mean ± SEM of three independent experiments. NS, no significant 
difference. *P<.05, **P<.01
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group, cotreatment with CQ caused a slight increase in the number 
of APs and further exacerbated morphological-ultrastructural altera-
tions. In contrast, cotreatment with RAP markedly improved the ultra-
structural features of TH-22 cells as compared with those of ox-LDL 
group. These results suggested that autophagy flux impairment was 
involved in 100 μg/mL of ox-LDL-induced HT-22 neuronal cell injury.

3.4 | Autophagy activation rescued HT-22 cells from 
ox-LDL-induced decrease in cell viability

To further assess neuroprotective effects of autophagy against 
ox-LDL-induced cell injury, HT-22 cells were treated with ox-LDL 
(100 μg/mL) together with autophagy flux inhibitor CQ (30 μM) or au-
tophagy inducer RAP (400 nM) for 24 hours, followed by CCK-8 assay. 
Cell viability of HT-22 cells in ox-LDL-treated group was profoundly 
declined as compared with that in untreated group (Figure 4). As ex-
pected, coadministration with CQ significantly reduced cell activity of 
HT-22 cells induced by ox-LDL (Figure 4), suggesting that blockage 
of autophagy flux in HT-22 cells aggravated neurotoxic effects of ox-
LDL. However, compared with HT-22 cells in ox-LDL group, cell viabil-
ity of HT-22 cells in cotreatment of RAP and ox-LDL group remarkably 
increased (Figure 4), implying that activation of autophagy ameliorated 

neurotoxic effects of ox-LDL. These data demonstrate that autophagy 
plays a protective role against neurotoxicity of ox-LDL.

3.5 | Autophagy activation alleviated ox-LDL-
induced cell apoptosis in HT-22 cells

To further confirm the relationship between autophagy and cell ap-
optosis in HT-22 cells exposed to ox-LDL (100 μg/mL), apoptotic cells 
of each group were assessed by flow cytometry with annexin V/PI 
double-staining method (Figure 5). Flow cytometry analysis demon-
strated that untreated HT-22 cells had very low apoptotic rates. As 
expected, HT-22 cell apoptotic rates of ox-LDL treatment group were 
significantly higher than those of the untreated group. Furthermore, 
HT-22 cell apoptotic rates in cotreatment of CQ and ox-LDL group 
significantly elevated as compared with those in ox-LDL group, indi-
cating that blockage of autophagy flux aggravated ox-LDL-caused HT-
22 cell apoptosis. In contrast, the cell apoptotic rates of HT-22 cells 
in RAP treatment group obviously lowered as compared with those 
in ox-LDL treatment group, implying that activation of autophagy 
could protect HT-22 cells from cell apoptosis induced by ox-LDL. 
Collectively, these results suggest that autophagy exerts a protective 
role against ox-LDL-induced cell apoptosis of HT-22 cells.

F IGURE  2 ox-LDL caused impairment of autophagy flux in HT-22 cells. HT-22 cells were treated with ox-LDL (100 μg/mL) in the presence of 
chloroquine (30 μM) or rapamycin (400 nM) for 24 hours. Cell lysates were harvested and analyzed by Western blotting assay for LC3-I (16 kDa) 
and LC3-II (14 kDa) (A), and p62 (60 kDa) (B) protein levels. Each lane was loaded with 20 μg of proteins in all experiments. (C) and (D) LC3-II, 
and p62 levels were quantified with Sigma Scan Pro5 software. Values are the mean ± SEM. (n=3). NS, no significant difference. *P<.05, **P<.01
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3.6 | ox-LDL elevated Bax/Bcl-2 ratio which could 
be aggravated by CQ and rescued by RAP

Because decreases in Bcl-2 and increases in Bax levels can promote 
cell apoptosis, in this study, Western blot assay was carried out to 
evaluate changes in Bax and Bcl-2 protein expression in HT-22 cells. 
Bcl-2 levels notably declined and Bax levels significantly elevated 
in ox-LDL-treated HT-22 cells as compared with those in untreated 
ones, respectively (Figure 6). Furthermore, this trend was more signifi-
cant in ox-LDL combined with CQ group than that in ox-LDL group, 
indicated by higher Bax and lower Bcl-2 levels. However, this trend 
remarkably reversed in ox-LDL combined with RAP group, demon-
strated by increased Bcl-2 and decreased Bax levels in HT-22 cells. 
Taken together, these results demonstrate that autophagy plays a 
critical role in regulating the expressions of Bcl-2 and Bax in ox-LDL-
induced HT-22 cells.

4  | DISCUSSION

ox-LDL has been well known for its ability to induce neuronal injury 
and loss. However, the precise mechanism by which ox-LDL contrib-
utes to neuronal death has not been elucidated. Recent studies have 
indicated that induction of autophagy can prevent the neural cell 
death and injury in brain and neurodegenerative diseases.12,26,27 Thus, 
we investigated the role of autophagy in regulating ox-LDL-induced 
neuronal cell viability and apoptosis. In this work, we found that ox-
LDL obviously declined the cell viability and elevated cell apoptotic 

rates of HT-22 cells. Furthermore, ox-LDL significantly impaired au-
tophagy flux and decreased Bcl-2 and increased Bax levels in HT-22 
cells. Cotreatment with autophagy flux inhibitor CQ further aggra-
vated ox-LDL-induced HT-22 cell injury and apoptosis. In contrast, 
cotreatment of autophagy inducer RAP led to activating autophagy, 

F IGURE  3 ox-LDL resulted in the ultrastructure damage to HT-22 cells. TEM was used to observe ultrastructure alteration in ox-LDL-treated 
HT-22 cells. (A) HT-22 cells were treated with ox-LDL (100 μg/mL) in the presence of chloroquine (30 μM) or rapamycin (400 nM) for 24 hours. 
Mitochondria (M), nucleus (N), and autophagosome (AP) were indicated. (B) Average number of APs was quantified (n=10 cells/group). Values 
are the mean ± SEM. NS, no significant difference. **P<.01. Scale bar, 500 nm

F IGURE  4 Autophagy protected HT-22 cells against a decrease in 
cell viability induced by ox-LDL. HT-22 cells were treated with ox-LDL 
(100 μg/mL) in the presence of chloroquine (30 μM) or rapamycin 
(400 nM) for 24 hours. Cell viability was detected by CCK-8 assay. 
Data are expressed as mean ± SEM. (n=3). **P<.01, ***P<.001
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enhancing cell viability and decreasing apoptotic rate, and lowering 
Bax expression. Collectively, our findings revealed that disruption of 
autophagy may be a crucial mechanism of ox-LDL-induced HT-22 cell 
damage and apoptosis.

Autophagy is essential for maintaining neuronal homeostasis and 
is disturbed by oxidative stress. In the present study, we first ex-
plored the effects of ox-LDL on HT-22 cell damage and autophagy. 
Our findings demonstrated that exposure of HT-22 cells to ox-LDL 
decreased cell viability and increased cell apoptotic rate, indicating the 
neurotoxicity of ox-LDL. Recently, ox-LDL has been proved to directly 
promote neuronal injury,28 negatively affect memory of animals,29 and 
be closely related to the major depression and neurodegenerative 
diseases.30 All these above provide strong evidences to support the 
neurotoxicity of ox-LDL. The mechanism for ox-LDL-induced neuronal 
injury and death is still unclear. ox-LDL-induced increases in reactive 
oxygen species, calcium, and caspases might be associated with this 
neurotoxicity. Notably, our results indicated that 100 μg/mL of ox-
LDL treatment for 24 hours significantly impaired autophagy of HT-22 
cells, indicated by declined LC-3II level and elevated p62 level, and 
decreased APs. Our findings were not consistent with Zhang’s results 
that ox-LDL enhanced autophagy of cultured endothelial cells.31 There 
are several reasons accounted for this phenomenon, including differ-
ent cell lines, ox-LDL concentrations, and treatment time. These data 

indicated that ox-LDL promoted cell apoptosis and inhibited autoph-
agy of HT-22 cells.

Many studies have indicated that disrupted autophagy flux con-
tributes to neuronal cell injury and death in brain of patients with 
neurodegenerative diseases, including amyotrophic lateral sclerosis, 
PD-like dementia, and Huntington’s disease.32-34 Thus, we next inves-
tigated whether autophagy implicated in ox-LDL-induced HT-22 cell 
injury and apoptosis. Our data showed that CQ profoundly decreased 
cell viability and increased cell apoptosis rate of ox-LDL-induced HT-22 
cells through blocking autophagy flux. Furthermore, the ultrastructure 
of these cells exhibited more serious injury than that of cells treated 
with ox-LDL alone. In contrast, RAP exerted protective effects against 
neurotoxicity of ox-LDL via activating autophagy. These findings were 
in agreement with our previous study indicating that activation of au-
tophagy attenuated neuronal apoptosis in hippocampal CA1 regions 
of rats exposed to chronic mild unpredictable stress.35 Furthermore, 
several studies confirmed that autophagy prevents intracellular lipid 
accumulation and foam cell formation in THP-1 cells.21 As autoph-
agy facilitates abnormal aggregated proteins such as ox-LDL and Aβ 
degradation, we inferred that the protective function of autophagy 
against ox-LDL-induced apoptosis of HT-22 cells at least partially con-
tributed to its role in decreasing intracellular ox-LDL accumulation. 
These results suggest that regulation of autophagy may serve as a 

F IGURE  5 Effect of autophagy on HT-22 cell apoptosis induced by ox-LDL. Flow cytometry was used to measure the effect of autophagy 
on HT-22 cell apoptosis induced by ox-LDL. (A–D) HT-22 cells were treated with ox-LDL (100 μg/mL) in the presence of chloroquine (30 μM) or 
rapamycin (400 nM) for 24 hours. Apoptosis of HT-22 cells was assessed by flow cytometry as described in Materials and methods section. (A) 
Control (untreated) group; (B) ox-LDL group; (C) ox-LDL + CQ group; (D) ox-LDL + RAP group. (E) HT-22 cell apoptotic rates were quantified as 
described in Materials and methods section. All the data were shown as mean ± SEM of three independent experiments. ***P<.001

(A) (B) (E)

(C) (D)
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novel avenue to protect neuronal cells from ox-LDL-induced injury 
and apoptosis.

Then, we further confirmed whether the shift from autophagy 
to apoptosis contributed to neurotoxicity of ox-LDL. Autophagy and 
apoptosis pathways share several upstream signaling molecules, such 
as mTOR, Bcl-2, and Bax, which serve as a bistable switch to mediate 

the interplay between autophagy and apoptosis.15,16 Bcl-2 is the an-
tiapoptotic protein that can regulate the permeability of outer mem-
brane of mitochondria. Bcl-2/beclin-1 complex is a critical switch that 
regulates the balance between autophagy and apoptosis.36 Growing 
evidence indicates that silencing or blocking beclin-1 promotes cell 
apoptosis. Recent studies have demonstrated that proapoptotic 

F IGURE  6 Effects of CQ and RAP on the expression of apoptosis-related proteins Bcl-2 and Bax in HT-22 cells induced by ox-LDL. (A) and 
(B) HT-22 cells were treated with ox-LDL (100 μg/mL) in the presence of chloroquine (30 μM) or rapamycin (400 nM) for 24 hours. After 24-hour 
treatment, proteins were extracted from cell lysates and analyzed by Western blotting assay for Bax (20 kDa) and Bcl-2 (28 kDa). Each lane 
was loaded with 30 μg of proteins for all experiments. (C–E) The relative optical density values of Bax and Bcl-2 to β-actin were quantified with 
Sigma Scan Pro5 software, respectively. All the data were shown as mean ± SEM of three independent experiments. *P<.05, **P<.01
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protein Bax inhibits autophagy by enhancing caspase-dependent deg-
radation of beclin-1.37 In the present study, we found that ox-LDL 
elevated Bax expression and declined Bcl-2 level. Furthermore, ox-
LDL significantly suppressed autophagy of HT-22 cells, indicated by 
decreased LC-3 II and increased p62 protein expression, and reduced 
APs. Bax can accelerate beclin-1 degradation in a caspase-dependent 
manner, and beclin-1 is essential for LC-3 II formation. Therefore, 
LC-3 II level and AP number of ox-LDL group decreased as compared 
with those of the untreated group, respectively. Cotreatment with CQ 
did not cause significant increases in LC-3 II and p62 expression in 
ox-LDL-induced HT-22 cells, suggesting autophagy flux impairment 
occurred. These  data suggest that ox-LDL results in a switch from 
autophagy to apoptosis by increasing Bax and decreasing Bcl-2 ex-
pression. Interestingly, our results suggested that CQ facilitated 
ox-LDL-induced transition from autophagy to apoptosis maybe via 
increasing Bax and decreasing Bcl-2 expression. However, autoph-
agy inducer RAP obviously protected HT-22 cells against ox-LDL-
induced switch to apoptosis from autophagy, indicated by activation 
of autophagy and elevation of cell viability. The present results were 
in agreement with previous studies that dysfunction of autophagy 
could induce neuronal apoptosis.12,38,39 Taken together, these results 
suggest that ox-LDL causes HT-22 cell apoptosis and the mechanism 
for this role may depend on the balance between autophagy and 
apoptosis.

In conclusion, our findings indicate that ox-LDL significantly in-
duces HT-22 cell injury and apoptosis and significantly disrupts au-
tophagy flux. Our findings also suggest ox-LDL-induced switch from 
autophagy to apoptosis may be through upregulating the expression 
of Bax and decreasing the expression of Bcl-2. Importantly, the pres-
ent study implies that insufficient autophagy is a crucial mechanism 
for ox-LDL-induced cell damage to HT-22 cells. Our results provide 
important insights into the association between autophagy and apop-
tosis induced by ox-LDL in neuronal cells.
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