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Abstract: Sevoflurane (Sev) is a widely used anaesthetic agent in clinical patients. Growing evidences indicated that
Sev resulted in cognitive impairment via inducing endoplasmic reticulum (ER) stress mediated neurons apoptosis
in vivo. However, the underlying molecular mechanisms have not yet fully understood. In this study, we found that
Sev exposure suppresses cell viability, and induces apoptosis by activating caspase-3 apoptotic signaling pathway.
Our results further verified that Sevtriggers ER stress via upregulating its markers glucose-regulated protein 78
(GRP78), C/EBP homologous protein (CHOP), caspase-12 and cleaved-PARP proteins. Recently, microRNAs (miR-
NAs) have been proven to regulate ER stress in a variety of cells, especially neuronal cells. Therefore, we performed
the microarray analysis to identified miRNA levels in HT22 cells after treatment with Sev. Our results showed that
Sev induces miRNAs aberrant expression and miR-15b-5p was one of the miRNAs being most upregulated in HT22
cells. Furthermore, the Sev-induced apoptosis and ER stress were rescued by knockdown of miR-15b-5p. Addition-
ally, we demonstrated that miR-15b-5p suppresses Rab1A, a regulator in inducing ER stress, by directly targeting
its 3"-UTR in HT22 cells. These results suggested that Sev exposure induces ER stress mediated apoptosis in HT22
cells via regulating miR-15b-5p/Rab1A signaling pathway. These data may provide an important therapeutic strat-

egy for fighting against Sev through ER stress mediated neuronal apoptosis in clinical patients.
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Introduction

Volatile anaesthetics have been widely used in
millions of young children every year during sur-
gical procedures and imaging studies around
the world [1]. Sevoflurane (Sev), which is one of
the most commonly used volatile anesthetics,
and is generally considered effective in pediat-
ric anesthesia. However, increasing evidence
demonstrated that Sev may cause cognitive
impairment in both animals and humans [2-4].
Previous studies revealed that neural apopto-
sis, neuroinflammation and abnormal protein
deposition may lead to cognitive impairment
[5-7]. Additionally, previous study demonstrat-
ed that Sev anesthesia could lead to ER stress
and apoptosis in hippocampal neurons of aging
rats [8]. However, the underlying molecular
mechanisms are still elusive.

Endoplasmic reticulum (ER) is a multi-function-
al organelle, involving synthesis, folding, and
posttranslational modification of secretory and
membrane proteins [9]. ER dysfunction induces
an accumulation of unfolded or misfolded pro-
teins in the ER lumen and triggers the ER stress
and unfolded protein response (UPR), which
affects complex signal transduction pathways
designed to restore ER homeostasis [10]. The
UPR signal has the dual-function of impairing
the damage associated with ER stress or induc-
ing cell death through apoptosis [11, 12].
Increasing evidences reported that ER stress
may play an important role in the pathogenesis
of many acute and chronic neurodegenerative
disorders, including Alzheimer’s disease, Park-
inson’s disease, cerebral ischemia and amyo-
trophic lateral sclerosis [13-15]. Recent studies
revealed that Sev induces ER stress andneu-
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ronal apoptosis in aging rats [8, 16]. However,
the precise mechanisms underlying Sev-ind-
uced ER stress are still elusive.

microRNAs (miRNAs) are a class of small (19-
24 nucleotide) noncoding RNAs that mediate
post-transcriptional regulation of target genes
by translation repression or promoting RNA
degradation and they are important in the regu-
lation of various biological and pathological
processes, such as cellular proliferation, differ-
entiation, apoptosis and carcinogenesis [17]. A
number of miRNAs were found in the mam-
malian central nervous system (CNS), such as
the brain and spinal cord, where they play key
roles in neuro development and are likely to be
important mediators of plasticity [18-20]. Ac-
cumulating evidences confirmed that Sev an-
esthesia altered microRNAs expression in ma-
jor organs such as liver, lung and brain of adult
rats [21-23]. Moreover, Sev anesthesia may
induce anxiety-disorder during adulthood th-
rough mediating Sev-induced miRNAs aberrant
expression [24]. Recent study demonstrated
that microRNAs acted as key regulators of ER
homeostasis and important players in UPR-
dependent signaling [25]. Therefore, we hypoth-
esized that Sev induces ER stress and apopto-
sis via regulating miRNAs expression in mouse
hippocampal neurons.

In this study, we investigated the effect of Se-
vexposure on mouse hippocampal neuronal
HT22 cells and explored the underlying molecu-
lar mechanism. We found that Sev induced
apoptosis, ER stress and miRNAs aberrant
expression in HT22 cells. Meanwhile, we identi-
fied that miR-15b-5p is upregulated in HT22
cells after Sev exposure, and modulated the ER
stress-induced apoptosis via targeting Rab1A.
Taken together, our findings uncovered that Sev
induced apoptosis and ER stress in HT22 cells
via modulating miR-15b-5p/Rab1A signaling
pathway.

Materials and methods
Cell culture and treatment

The mouse hippocampal neuronal HT22 cell
line was obtained from the American Type
Culture Collection (ATCC). HT22 cells were
maintained in Dulbecco’s Modified Eagle’s
Medium (DMEM, Sigma-Aldrich, USA) contain-
ing 10% fetal bovine serum (Sigma-Aldrich,
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USA) with 2 mM glutamine, 100 U/ml penicillin
(Sigma-Aldrich, USA), and 100 ug/ml strepto-
mycin (Sigma-Aldrich, USA) and maintained at
37°C in a humidified incubator with 5% CO.,.
Medium was replaced every 2 days.

Exposure to sevoflurane

Cell culture was exposed in an airtight plastic
chamber with inlet and outlet connectors. The
inlet port of the chamber was used to adjust
the concentration of Sev (AbbVie Inc., North
Chicago, IL, USA), which was connected to a
Sev vaporizer. Subsequently, the chamber was
gassed with different concentration of Sev (0%,
4.1% or 8%) in the carrier gas (95% air/5% CO,)
for 15 min as described previously [26]. The
chamber outlet of the chamber was used to
monitor Sev concentration though a gas moni-
tor (PM 8060, Drager, Lubeck, Germany) until
the target concentration was reached. The
chamber was then kept tightly sealed for 6 h at
37°C. The control cells grown in a humidified
atmosphere with 5% CO, at 37°C, and were not
exposed to Sev.

Cell viability analysis

Cell viability was measured by the Cell Counting
Kit-8 (CCK-8) assay according to the manuf-
acturer’s instructions. Cells were seeded in
96-well plates at a cellular density of 5 x 103
cells/well. The cell monolayer was rinsed with
PBS three times after treatment with Sev, and
then 1:10 diluted CCK-8 reagent in DMEM was
added to the cells and incubated for 2 h at
37°C. The absorbance rate at 450 nm were
measured by Microplate Reader (Bio-Rad, USA).
All experiments were performed in quintupli-
cate on three separate occasions.

Apoptosis analysis

After exposure to Sev, 1 x 10° cells were har-
vested and washed twice with cold PBS. Then
Cells were resuspended in binding buffer and
stained with 5 pl of AnnexinV-FITC (BD, Mo-
untain View, CA, United States) and 1 ul of prop-
idium iodide (PI, 50 ug/ml) (BD, Mountain View,
CA, United States). Flow cytometric evaluation
was performed within 5 min. Stained cells were
analyzed by flow cytometry (BD, FACSCalibur,
CA, United States). The measurements were
performed independently for at least three ti-
mes with similar results.
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Western blot analysis

After Sev treatment or transfection, total pro-
tein of cultured cells was extracted using RIPA
buffer with protease inhibitor Cocktail (Pierce,
Rockford, IL, USA). BCA protein assay kit (Bey-
otime, Haimen, China) was used to detect the
concentration. Total proteins (20 pg) were sep-
arated on 10% SDS-PAGE (SigmaAldrich, St.
Louis, MO) and then transferred onto polyviny-
lidene fluoride membranes (Millipore, Billerica,
MA, USA). After blocking with 5% non-fat milk
at 4°C overnight, the membranes were incu-
bated with primary antibodies against cleaved-
caspase-3 (1:1000, Santa Cruz Biotechnolo-
gy, Santa Cruz, CA), total-cleaved-caspase-3
(1:2000, Santa Cruz Biotechnology, Santa Cruz,
CA), GRP78 (1:1000, Santa Cruz Biotechnology,
Santa Cruz, CA), CHOP (1:1000, Santa Cruz
Biotechnology, Santa Cruz, CA), cleaved-cas-
pase-12 (1:1000, Santa Cruz Biotechnology,
Santa Cruz, CA), cleaved-PARP (1:1000, Santa
Cruz Biotechnology, Santa Cruz, CA) and Rab1A
(1:1000, Santa Cruz Biotechnology, Santa Cruz,
CA) at 4°C overnight, B-actin (1:1000, Sigma,
St. Louis, MO) was used as an internal control
for protein loading. Horseradish peroxidase-
conjugated (HRP) antibodies were used as the
secondary antibodies. The bands were scann-
ed using the ChemiDocXRS + Imaging System
(Bio-Rad) and quantified using Quantity One
v4.6.2 software (Bio-Rad).

Caspase-3 activity

The colorimetric activity assay kit was used to
measure caspase-3 activity. After exposure to
Sev, the HT22 cells were collected by centrifu-
gation and incubated in lysis buffer on ice for
15 min. Then the lysate was centrifuged at
15,000 rpm and 4°C for 15 min, and the pro-
tein concentration was determined using the
BCA Protein Assay Kit (Beyotime, Haimen,
China) according to the manufacturer’s instruc-
tions. The lysates (10 pl) were incubated with
10 pl of 0.2 mM Ac-DEVD-pNA in 80 pl of reac-
tion buffer for 2 h at 37°C. The samples were
measured at 405 nm using a microplate reader
(Model 680, Bio-Rad, Hercules, CA, USA). The
data are expressed as a fold increase in cas-
pase-3 activity compared with the control gr-
oup.

miRNA microarray analysis

After exposure to Sev, the cells of total RNA
were extracted using TRIzol (Invitrogen, CA) and
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miRNeasy mini kit (Qiagen, West Sussex, UK)
according to manufacturer’s instructions. The
NanoDrop 1000 (Youpu Scientific Instrument
Co., Ltd., Shanghai, China) was used to mea-
sure the quantity of RNA, the samples were
labeled using the miRCURY™Hy3™/Hy5™ Po-
wer labeling kit (Exiqon, Vedbaek, Denmark)
and hybridized on a miRCURY™ LNA Array (ver-
sion 18.0, Exigon, Vedbaek, Denmark). After
washing, the slides were scanned using an
Axon GenePix 4000B microarray scanner (Axon
Instruments, Foster City, CA, USA). Scanned
images were then imported into the GenePix
Pro6.0 program (Axon Instruments) for grid
alignment and data extraction. Replicated miR-
NAs were averaged, and miRNAs with intensi-
ties 250 in all samples were used to calculate a
normalization factor. Expressed data were nor-
malized by median normalization. After normal-
ization, the miRNAs that were significantly dif-
ferentially expressed were identified by Volcano
Plot filtering. Finally, hierarchical clustering was
performed to determine the differences in the
mMiRNA expression profiles among the samples
by using MEV software (version 4.6; TIGR,
Microarray Software Suite 4, Boston, United
States).

RT-PCR analysis

Total RNA was isolated from culture cells using
TRIzol Reagent (Invitrogen) according to the
manufacturer’s instructions. cDNA synthesis
was conducted by the High Capacity cDNA
Synthesis Kit (Applied Biosystems) with miRNA-
specific primers. The miR-522, miR-505, miR-
15b-5p and miR-218-1 primers were purchased
from Ribobio (Guangzhou, China). The U6 gene
was used as a reference control for miRNAs.
Real-time gRT-PCR was carried out on an Ap-
plied Biosystems 7500 Real-Time PCR machine
with miRNA-specific primers by TagMan Gene
Expression Assay (Applied Biosystems). All rea-
ctions were performed in triplicate. The 224Ct
method was performed to analyze the miRNAs
relative expression.

Luciferase reporter assay

The potential binding site between Rab1A and
miR-15b-5p was searched in TargetScan (http://
www.targetscan.org). The wild-type RablA-3'-
UTR (wt) and mutant Rab1A-3-UTR (mut) con-
taining the putative binding site of miR-15b-5p
were established (Figure 5A) and cloned in
the firefly luciferase expressing vector pMIR-
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Figure 1. Sevoflurane (Sev) induced apoptosisin HT22 cells. A. The Cell Counting Kit-8 (CCK-8) assay used to mea-
sure cell viability in HT22 cells exposed to 0%, 4.1% or 8% Sev for 6 h. B. The apoptotic cells were detected using
flow cytometry analysis after treatment with 0%, 4.1% or 8% Sev for 6 h. C. After exposure to Sey, the cleaved-cas-
pase-3 and total-cleaved-caspase-3 protein levels were measured using Western blot analysis. B-actin was used as
an internal control. D. The colorimetric activity assay kit was used to measure caspase-3 activity following treatment
with 0%, 4.1% or 8% Sev for 6 h. The data represent the mean + SEM of three replications. **P < 0.01 vs control.
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Figure 2. Effects of Sev on ER stress-induced apoptosis signaling pathway-related genes in HT22 cells. A. After ex-
posure to 4.1% Sev, the Western blot analysis was performed to measure the ER stress-induced apoptosis signaling
pathway-related genes (GRP78, CHOP, cleaved-caspase-12 and cleaved-PARP) in HT22 cells. B-actin was used as
an internal control. B. Densitometric analysis of GRP78 and CHOP levels. C. Densitometric analysis of cleaved-cas-
pase-12 and cleaved-PARP levels. The data represent the mean + SEM of three replications. **P < 0.01 vs control.

REPORT (Ambion, USA). The HT22 cells were Lipofectamine 2000 (Invitrogen). 48 h after
seeded into 24-well plates the day before trans- transfection, the luciferase activity was mea-
fection, and transfected with either the pMIR- sured using the Dual-Light luminescent report-
REPORT-Rab1A-3’-UTR wt or the pMIR-REPORT- er gene assay system (Applied Biosystems). All
Rab1A-3-UTR mut reporter vector, together experiments were repeated three times in tripli-
with miR-15b-5p mimics/inhibitor or mimics/ cate. The ratio of Renilla luciferase to Firefly
inhibitor NC (RiboBio, Guangzhou, China) using luciferase was calculated for each well.
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Statistical analysis

All statistical analysis was performed using
SPSS 14.0 software (Chicago, IL). Numerical
data presented as the mean + standard devia-
tion. The difference between means was anal-
ysed with Student’s t test. Probability value of <
0.05 was considered significant and < 0.01
was considered very significant.

Results
Sev promotes HT22 cells apoptosis

To investigate whether Sev can induce apopto-
sis, the cells were exposed to Sev (0%, 4.1% or
8%) for 6 h and CCK-8 assay was used to mea-
sure the cell viability. Our results showed that
cell viability was significantly decreased after
exposure to 4.1% or 8% Sev compared with
control (P < 0.01; Figure 1A). Consistent with
the CCK-8 assay, flow cytometry also demon-
strated that the apoptotic cells were markedly
increased after treatment with different con-
centration of Sev (P < 0.01; Figure 1B). To fur-
ther examine this apoptotic mechanism, the
cleaved-caspase-3 level was investigated in
HT22 cells after treatment with different con-
centration of Sev (4.1% or 8%) using Western
blot analysis. The results indicated that the
cleaved-caspase-3 protein was significantly
upregulated in cells after Sev treatment com-
pared with control (P < 0.01; Figure 1C). Mo-
reover, the caspase-3 activity was significantly
increased after Sev treatment compared with
control (P < 0.01; Figure 1D). These results su-
ggested that Sev induces apoptosis in HT22
cells after treatment with Sev.

Sev triggers ER stress-induced apoptosis sig-
naling pathway in HT22 cells

Previous study reported that Sev could trigger
ER stress and may result in neuronal cell apop-
tosis [8]. To explore the effect of Sev-induced
ER stress on HT22 cells, the expression of the
ER stress markers (GRP78 and CHOP) and
apoptosis-related proteins (cleaved-caspase-
12 and cleaved-PARP) were evaluated after
treatment with 4.1% Sev for 6 h. As shown in
Figure 2, Western blot analysis revealed that
ER stress-induced apoptosis signaling path-
way-related proteins (GRP78, CHOP, cleaved-
caspase-12 and cleaved-PARP) were dramati-
cally upregulated in HT22 cells treated with
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4.1% Sev compared with control (P < 0.01;
Figure 2A-C). These data suggested that Sev
may prompt HT22 cells apoptosis through trig-
gering ER stress-induced apoptosis signaling
pathway.

Sevinduces miRNAs aberrant expression in
HT22 cells

Mounting evidence demonstrated that miRNAs
played key roles in neuro development and are
likely to be important mediators of plasticity
[18-20], and miRNA dysfunction has been im-
plicated in neurodegenerative diseases [27].
Recent study showed that miR-21 exerted an
anti-apoptotic function in human glioblastoma-
cells [28]. Therefore, we hypothesized that Sev
induces the HT22 cell apoptosis via modulating
miRNAs expression. To confirm this notion, we
performed microarray analysis to determine
mMiRNA levels in HT22 cells after treatment with
different concentration of Sev (4.1% or 8%). We
observed that a large set of miRNAs expres-
sion were altered following Sev treatment co-
mpared with control (Figure 3A). To further ver-
ify these differential expressions of miRNAs,
the 4 miRNAs (miR-15b-5p, miR-218-1, miR-
522 and miR-505) which were the most signifi-
cantly upregulated or downregulated, were se-
lected and quantified by qRT-TPCR analysis.
Consistent with the results in microarray analy-
sis, miR-522 and miR-505 were significantly
downregulated, miR-15b-5p was significantly
upregulated compared with control (P < 0.01;
Figure 3B-D), but miR-218-1 has no alteration
compared with control (Figure 3E). These re-
sults indicated that Sev post-treatment could
lead to miRNAs aberrant expression in HT22
cells.

Knockdown of miR-15b-5p recuses Sev-indu-
ced apoptosis and ER stress

Recent study revealed that miR-15b-5p induc-
es ER stress and apoptosis in human hepato-
cellular carcinoma (HCC) cells [29]. Therefore,
we speculated whether Sev-induced miR-15b-
5p aberrant expression also regulated apopto-
sis and ER stress in HT22 cell model. To verify
this notion, the HT22 cells were exposed to
4.1% Sev for 6 h, then were transfected with
miR-15b-5p inhibitor or inhibitor NC. Subse-
quently, the cell viability and apoptosis were
measured using CCK-8 assay and flow cytom-
etry analysis, respectively. Our results showed

Int J Clin Exp Pathol 2017;10(8):8270-8280
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Figure 3. Sev induces miRNAs aberrant expression in HT22 cells. A. Differentially expressed miRNAs were identified in HT22 cells following treatment with 0%,
4.1% or 8% Sev for 6 h. The color code in the heat maps is linear, with green as the lowest and red as the highest. The miRNAs that were upregulated were shown
in green to red, whereas the miRNAs that were downregulated were shown from red to green. B-E. The miR-522, miR-505, miR-15b-5p and miR-218-1 expression
were quantified using gRT-PCR analysis, respectively. The data represent the mean + SEM of three replications. **P < 0.01 vs control.
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Figure 4. Knockdown of miR-15b-5p rescues Sev-induced apoptosis and ER stress. The HT22 cells were exposed to
4.1% Sev for 6 h, and were transfected with miR-15b-5p inhibitor or inhibitor NC. A. Cell viability was measured using
CCK-8 assay. *P < 0.05,**P < 0.01 vs control, ##P < 0.01 vs inhibitor NC. B. Flow cytometry analysis was performed
to determine apoptotic cells. **P < 0.01 vs control, ##P < 0.01 vs inhibitor NC. C. The colorimetric activity assay kit
was used to measure caspase-3 activity. *P < 0.05, **P < 0.01 vs control, ##P < 0.01 vs inhibitor NC. D. Western
blot analysis was performed to detect the ER stress-induced apoptosis signaling pathway-related proteins (GRP78,
CHOP, cleaved-caspase-12 and cleaved-PARP). B-actin was used as an internal control. **P < 0.01 vs Sev. The data

represent the mean + SEM of three replications.

that Sev treatment remarkably decreased cell
viability and increased apoptotic cell, but miR-
15b-5p inhibitor dramatically reverse these
effects compared with inhibitor NC (P < 0.01;
Figure 4A and 4B). Moreover, Sev-induced cas-
pase-3 activity enhancement was rescued by
knockdown of miR-15b-5p in HT22 cells (Figure
4C). Additionally, we found that miR-15b-5p
downregulation significantly repressed the ER
stress-induced apoptosis signhaling pathway-
related genes (GRP78, CHOP, cleaved-cas-
pase-12 and cleaved-PARP) compared with
Sev-treated cells (P < 0.01; Figure 4D). Taken
together, these data suggested that the Sev-
induced apoptosis and ER stress were recused
by knockdown of miR-15b-5p in HT22 cells.

miR-15b-5p inhibits Rab1A expression by
directly targeting its 3"-UTR

Previous study uncovered that RablA exerted
as an important function in ER, inhibiting Rab1A
function induced an ER stress signaling path-
way referred to as the UPR [30]. It has been
reported that miR-15b-5p induced ER stress in

8276

HCC cells via targeting and suppressing Rab1A
[29]. To investigate whether miR-15b-5p also
targets Rab1A in HT22 cells, we performed bio-
informatic analysis to predicate the putative
targets of miR-15b-5p, and found that Rab1A
might be a target gene of miR-15b-5p and the
target site located in the 3’-UTR (Figure 5A). To
verify this bioinformatic predication, the wt or
mut of Rab1A-3-UTR was constructed and
inserted into the pMIR-REPORT vector. Luci-
ferase reporter assay showed that cotransfec-
tion of miR-15b-5p with wt of Rab1A-3-UTR,
but not with mut of Rab1A-3’-UTR, resulted in
significant downregulation of luciferase activity
than that in the transfection with control vector
(P < 0.01; Figure 5B). To further identify this
result, we performed gRT-PCR and western
blot to detect the Rabl1A mRNA and protein
levels, respectively. We found that upregulation
of miR-15b-5p dramatically suppressed the
Rab1A mRNA and protein levels compared with
NC, but knockdown of miR-15b-5p significantly
increased the Rab1A mRNA and protein levels
(P < 0.01; Figure 5C and 5D). These results
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suggested that Sev-induced miR-15b-5p upreg-
ulation resulted in ER stress through inhibiting
Rabl1A in HT22 cells.

Discussion

Previous studies have confirmed that volatile
anesthetics, such as Sey, is very helpful for re-
duction of perioperative mortality [31, 32]. But
volatile anesthetics may also induce memory
impairment by neurons lost in hippocampus
through cells apoptosis [33]. However, the
underlying molecular mechanisms are still elu-
sive. In the present study, we demonstrated
that neuronal model cells HT22 which exposure
to Sev could induce apoptosis and ER stress.
Meanwhile, our results confirmed that Sev co-
uld alter miRNAs expression in HT22 cells, and
Sev-induced miR-15b-5p upregulation regula-
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Figure 5. miR-15b-5p inhibits Rab1A expression
by directly targeting its 3’-UTR. A. Scheme of the
potential binding sites of miR-15b-5p in the Ra-
b1A-3’-UTR. B. The relative luciferase activity of
Rab1A wild type or mutant 3'-UTR in HT22 cells af-
ter transfection with the miR-15b-5p mimic/inhibi-
tor or corresponding NC. C and D. The HT22 cells
were transfected with miR-15b-5p mimic/inhibitor
or corresponding NC, andqRT-PCR and Western
blot analysis were used to measure the Rabl1A
mRNA and protein levels, respectively. B-actin was
used as an internal control. The data represent the
mean + SEM of three replications. **P < 0.01 vs
mimic NC, ##P < 0.01 vs inhibitor NC.

tes apoptosis and ER stress through targeting
Rab1A. It suggested that the Sev exposure may
induce ER stress mediated apoptosis in HT22
cells via modulating miR-15b-5p/Rab1A signal-
ing pathway.

The ER plays an important role in the synthesis,
folding, and structural maturation of more than
a third of all proteins made in the cell [34]. The
folding of proteins was disturbed during physi-
ological and pathological conditions in the ER,
leading to ER stress [35]. Previous studies doc-
umented that ER stress-induced apoptosis was
a vital pathological event in neurological dis-
ease processes and neuronal cell death [9, 36,
37]. It has been reported that glucose-regulat-
ed protein 78 (GRP78), C/EBP homologous pro-
tein (CHOP) and caspase-12 are key mediators
of ER stress-induced apoptosis [38-40]. GRP78
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plays a key role in the cell survival against ER
stress, while CHOP acts as the principal execu-
tor of various pro-apoptotic events upon severe
ER stress [41]. Prolonged ER stress results in
transcriptional induction of CHOP, which mo-
dulates genes that participate in the apoptotic
pathway [10, 39]. Caspase-12 serves as a mar-
ker of ER stress-induced apoptosis, which is
activated by ER stress, but apparently not by
death receptor-mediated or mitochondrial-tar-
geted apoptotic signals [40]. Recent study de-
monstrated that Sev anesthesia could induce
apoptosis and ER stress in hippocampal neu-
rons of aging rats [8]. In this study, our results
demonstrated that Sev treatment significantly
inhibited proliferation and prompted apoptosis
in HT22 cells. Furthermore, we found that 4.1%
Sev exposure could increase GRP78, CHOP,
cleaved-caspase-12 and cleaved-PARP protein
levels in HT22 cells. It suggested that the Sev
exposure may induce ER stress mediated ap-
optosis in the HT22 cells, by increasing the
expression of GRP78, CHOP, cleaved-caspa-
se-12 and cleaved-PARP.

miRNAs are important in the CNS as they affect
various post-transcriptional regulation mecha-
nisms, including cytoskeletal/neuronal growth,
stress/death responses, signal transduction
and synaptic plasticity [42-44]. Previous st-
udies uncovered that Sev anesthesia could
alter microRNAs expression in both animals
and humans [21-24]. Moreover, recent study
demonstrated that Sev induced apoptosis in
H4 human neuroglioma cells [26]. Therefore,
we speculated that Sev exposure induces ER
stress-mediated apoptosis in the HT22 cells via
mediating miRNAs expression. To verify this
notion, we performed the microarray and RT-
PCR analysis to identify miRNA levels in HT22
cells after Sev exposure. We found that a large
set of miRNAs expression were altered follow-
ing Sev treatment, and the miR-15b-5p was
one of the miRNAs being most significantly
upregulated. Additionally, it has been reported
that miR-15b-5p is overexpression in HCC tis-
sues and cells, induces ER stress and apopto-
sis [29]. Therefore, we further investigated the
effects of miR-15b-5p downregulation on HT22
cells, we found that knockdown of miR-15b-5p
aborted Sev-induced apoptosis and ER stress
in HT22 cells. These results suggested that Sev
exposure induces ER stress-mediated apopto-
sis in the HT22 cells through mediating miR-
15b-5p expression. However, the possible mo-
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lecular mechanism need further research to be
understood deeply.

Rab proteins are a large family of small GTPa-
ses that function directly in intracellular vesicu-
lar trafficking [45]. Rab proteins acted as mo-
lecular switches, which localized on specific
intracellular compartments where they partici-
pate in distinct steps in membrane trafficking
pathways [46, 47]. Rab proteins modulate me-
mbrane transport and impact cell signaling
pathways via binding to effecter proteins. Ra-
b1A, a member of the Rab family, which func-
tions as a Golgi-resident Rab to control vesicle
trafficking from the ER to the Golgi apparatus
[48, 49]. Inhibition of Rab1A function lead to
the accumulation of protein within ER, which
induces an ER stress signaling pathway referred
to as the UPR [49]. Recently, it has been report-
ed that miR-15b-5p induces ER stress and
apoptosis in HCC, both in vitro and in vivo, via
targeting Rab1A [29]. In the present study, our
results also identified that Rabl1A is a target
gene of miR-15b-5p in HT22 cells, and upregu-
lation of miR-15b-5p suppresses the RablA
MRNA and protein levels. Taken together, these
data indicated that Sev exposure induces ER
stress mediated apoptosis in HT22 cells via
regulating miR-15b-5p/Rab1A signaling path-
way.

In conclusion, our findings indicated that Sev
induces ER stress-mediated apoptosis through
modulating miR-15b-5p/Rabl1A signaling pa-
thway in HT22 cells, suggesting miR-15b-5p
inhibitor may effectively protect against Sev-
induced neuronal apoptosis in clinical patients.
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