Int J Clin Exp Pathol 2017;10(11):10873-10882
www.ijcep.com /ISSN:1936-2625/1JCEP0062999

Original Article

Activation of mitochondria apoptotic pathway
is involved in the sevoflurane-induced
hippocampal neuronal HT22 cells

toxicity through miR-145/Binp3 axis

Haijie Xia, Yongliang Li, Guowen Zhu, Xuzhong Zhang

Department of Anesthesiology, The People’s Hospital of Ruian, The Third Affiliated Hospital of Wenzhou Medical
University, Ruian, Zhejiang, China

Received August 4, 2017; Accepted September 28, 2017; Epub November 1, 2017; Published November 15,
2017

Abstract: Sevoflurane is a commonly used inhalation anesthesia, which has been previously demonstrated to impair
long-term emotional memory consolidation and induce learning dysfunction through inducing hippocampal dysfunc-
tion. However, the underlying molecular mechanisms remain largely unknown. MicroRNAs (miRNAs) play critical
roles in multiple cells apoptosis, including hippocampal neural. The present study, therefore, was aimed to investi-
gate the miR-145 function on the hippocampal neural apoptosis induced by sevoflurane exposure. A hippocampal
neural cell line HT22 was used, and treated with 4.1% sevoflurane. Cell viability and apoptosis were determined
by MTT assay and flow cytometry, respectively. microRNA microarray was used to select differentially expression
miRNAs in cells with sevoflurane exposure and controls. Results showed that sevoflurane could significantly induce
the hippocampal neural cell apoptosis via mitochondria apoptotic pathway. Then, miR-145 was selected as a signifi-
cantly down expression microRNA in sevoflurane treated HT22 cell lines, by microarray analysis and real-time PCR
verification. Furthermore, we found that miR-145 overexpression could protect HT22 cells against apoptosis caused
by sevoflurane. Bioinformatics analysis and dual-luciferase reporter assays indicated that Bnip3, which has a key
role in the mitochondrial dysfunction, is a novel target of miR-145. Finally, we found that over expression of Bnip3
by pcDNA-Bnip3 transfection significantly induced apoptosis in HT22 cells, which was inhibited by miR-145 mimic.
Therefore, it concluded that miR-145 could protect against sevoflurane-induced hippocampal apoptosis through
the mitochondrial pathway at least by directly inhibiting its target gene-Bnip3 expression in hippocampal neural cell
lines.
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Introduction sevoflurane exposure during early time could

cause hippocampal neural apoptosis [5]. Despi-

Sevoflurane is one of the most commonly used
volatile anesthetics, which can prevent patients
suffer from pain due to the surgery. However,
studies have showed that sevoflurane inhala-
tion might impair long-term emotional memory
consolidation [1], induce learning dysfunction
[2], and cause spatial cognitive dysfunction [3]
in human and model animals research. In addi-
tion to that, studies have showed that sevoflu-
ranecould induce the dysfunction of hippocam-
pal neurons. Nie et al. found that sevoflurane
anesthesia in infant rats can result in long-term
cognitive impairment, possibly by inhibiting
neurogenesis [4]. Chen et al. reported that

te that, the precise underlying molecular mech-
anism still remains unclear.

MicroRNAs (miRNA) are a large class of noncod-
ing RNAs, with the nucleotides length ranging
from 19 to 24, which are evolutionarily con-
served and can regulatea large number of gene
expression by targeting mRNAs for cleavage or
translational repression [6]. Aberrant expres-
sion of miRNA is associated with a variety of
human diseases, including dysfunction of hip-
pocampal neurons. For instance, miR-195 par-
ticipates in the mitochondrial dysfunction of
hippocampal neurons in mice [7]. Jin et al.
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reported that miR-17-92 could regulate adult
mice hippocampal neurogenesis, anxiety, and
depression [8]. Shao et al. found that miR-124
can protect neuron apoptosis in thyroid hypo-
function rat [9].

It has been demonstrated that miR-145 can
regulate cell apoptosis, proliferation, neural
development and stem cell differentiation [10].
Additional study showed that miR-145 protects
cardiomyocytes against hydrogen peroxide
(H,0,)-induced apoptosis through targeting the
mitochondria apoptotic pathway [11]. However,
limited studies have been published on miR-
145a participating in hippocampal neural
apoptosis.

The present study, therefore, was designed to
investigate the miR-145 function on the hippo-
campal neural apoptosis induced by sevoflu-
rane exposure. By using HT22 cell lines, we
firstly found that sevoflurane could significantly
induce the hippocampal neural cell apoptosis
via mitochondria apoptotic pathway. Further-
more studies suggested that miR-145 was
down-regulated in sevoflurane treated HT22
cells and overexpression of miR-145 protect
against sevoflurane-induced hippocampal apo-
ptosis by directly inhibiting its target gene-
Bnip3 expression. MiR-145 may represent a
novel therapeutic target in sevoflurane associ-
ated with hippocampus neural dysfunction.

Materials and methods

Chemicals and cell lines

Sevoflurane was obtained from AbbVie Inc.,
(North Chicago, IL, USA). HT22 cell lines were
purchased from Cell Bank of Shanghai Institute
of Cell Biology, Chinese Academy of Sciences
(Shanghai, China).

Cell culture and sevoflurane exposure

HT22 hippocampal neuronal cells were cul-
tured as previously described by Tamaki et al.
[12]. The method of HT22 cells exposed to
sevoflurane was according to the description of
Zhou et al. [13]. Briefly, cell culture plates were
put into an airtight plastic chamber with inlet
and outlet connectors. To adjust the sevoflu-
rane concentration, the inlet port of the cham-
ber was connected to a sevoflurane vaporizer.
And then, the chamber was gassed with 4.1%
sevoflurane in the carrier gas (95% air/) for 15
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min. The chamber was then sealed and incu-
bated at 37°C for 6 h. The control HT22 cells
underwent the same procedure but with 5%
CO, air.

Cell viability assay

Cell viability was analyzed with Cell Counting
Kit-8 (CCK-8) (Beyotime, Shanghai, China), fol-
lowed by manufacturer’s instructions. Briefly,
the HT22 cells were seeded into the 96-well
plate at a cellular density of 5x10° cells/well.
After exposure to sevoflurane, the cell mono-
layer was rinsed with phosphate-buffered sa-
line (PBS) three times. And then, 10 pL of Cell
Counting Kit-8 solution was added into each
well. The 0D450 values were detected by using
the Spectra Microplate Reader (BIOTEC). The
absorbance was measured by a microplate
reader at 450 nm and expressed as percent-
ages of the control values. Each treatment was
performed in triplicate.

Apoptosis assay

The apoptosis of HT22 cell lines, either with
sevoflurane exposure, miR-145 mimic/inhibitor
treatment, or pcDNA-Bnip transfection, were
detected by Annexin V/APC and propidium iodi-
de (PI) apoptosis detection kit | (BD Pharmin-
gen, San Diego, CA, USA), following the manu-
facturer's recommendations. The cells were
analyzed with a flow cytometry (FACScan; BD
Biosciences) equipped with a Cell Quest soft-
ware. The apoptosis ratio was measured by
BD FACS Accuri C6 (Becton-Dickinson, San
Jose, USA).

RNA extraction and miRNA microarray analysis

HT22 cells were plated in a cell dish at a den-
sity of 5x102 cells per plate. Cells for the sevo-
flurane exposure were treated as described
above. Total RNA, including miRNA from HT22
cells was extracted using TRIzol reagent (Invi-
trogen, USA). cDNA was synthesized from RNA,
using a PrimeScript™ RT reagent Kit purchased
from TAKARA (Takara, Dalian, China), according
to the manufacturer’s instructions. RNA quality
was assessed using the Agilent 2100 bioa-
nalyzer system (Agilent Technologies, USA).
MiRNA expression profiles of the groups we-
re compared using mice miRNA microarray
(Agilent Technologies). Each group consisted of
three assays. The data obtained were analyzed
withtheGeneSpring GXsoftware (AgilentTechno-
logies). Uncorrected P-values for fold change
data from microarrays were generated.
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Figure 1. Sevoflurane-induced HT22 cells apoptosis. A. HT22 cells viability was significantly inhibited when treated
with 4.1% sevoflurane (**P<0.01 vs. control). B. Caspase 3 activity was significantly increased in HT22 cells ex-
posed to 4.1% sevoflurane than that of controls (**P<0.01 vs. control). C. The cleaved caspase-3, cleaved PARP,
Bax, and Bcl-2 protein levels were detected by western blot. The expression former three indicators were all signifi-
cantly increased while the latter Bcl-2 was significantly decreased in HT22 cells treated with sevoflurane (**P<0.01
vs. control). D. The cells apoptosis portion detected by flow cytometry showed that sevoflurane-induced HT22 cells

apoptosis significantly (**P<0.01 vs. control).

RNA extraction and real-time PCR

The mature miRNA was reverse transcribed by
miRNA-specific primers for quantification of
miR-145, U6 served as a control. The primers
used were as follows: miR-145 RT primer: 5’-GT-
CGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGC-
ACTGGATACGACagggatt-3’, miR-145 forward, 5'-
CAGTGCGTGTCGTGGAGT-3’" and reverse, 5-AG-
GTCCAGTTTTCCCAGG-3’; and U6 forward, 5'-
GCTTCGGCAGCACATATACTAAAAT-3’ and rever-
se, 5-CGCTTCACGAATTTGCGTGTCAT-3'. Relati-
ve quantification of mMRNA expression levels we-
re performed using SYBR Premix Ex Taq Il on an
ABI Applied Biosystems 7500 Real Time PCR
system (Applied Biosystems; Thermo Fisher
Scientific, Inc.), according to the manufacturer’s
instructions. U6 and GAPDH were used to nor-
malize mRNA and miRNA level respectively. The
relative expression of miR-145 and U6 was cal-
culated using the 2t method.

Western blot analysis

The harvested HT22 cells, either with sevoflu-
rane exposure, miR-145 mimic/inhibitor treat-
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ment, or pcDNA-Bnip transfection, were sub-
jected to Western blot analyses. The concentra-
tion of the protein was measured by BCA pro-
tein assay kit (Beyotime, Shanghai, China), acc-
ording to manufacturer’s instruction. Ten per-
centages SDS-PAGE were used to electropho-
rese samples. The protein was then transferred
onto a PVDF (polyvinylidene fluoride) mem-
brane (Bio-Rad, USA). The membranes were
incubated with specific antibodies after block-
ing in skim milk. Autoradiograms were quanti-
fied by densitometry (Quantity One software;
Bio-Rad). B-actin was used as internal refer-
ence, and we presented changes in levels of
Bax, Bcl-2, and caspase-3 in treated HT22 cells
as percentages of those in controls. Goat anti-,
Caspase-3, Bax, and Bcl-2 (1:1000) were pur-
chased from Sigma.

Prediction of miR-145 target and luciferase
assay

TargetScan (http://www.targetscan.org/) and
PicTar (http://pictar.mdc-berlin.de/) programs
were used to investigate the target gene of miR-

Int J Clin Exp Pathol 2017;10(11):10873-10882



Sevoflurane-induced hippocampal neuronal apoptosis through miR-145/Binp3 axis

group
| Control

— N

o C%

E 1.54 E 1.5,

2] ("]

7] n Qo

o 91.04 9 21.0-

-3 30

o= o X

o £0.5 o £0.5 =

2 ok 2

= ©

& 0.0- & 0.0

N O N o
O 60-.\ O 62'4

o~ o
&) (@)

k] E 5

§ 9 . § 4

§2 ] g3 i

5 &3 sy

x % X2

00:2- w-é

Q= Q

2 E4. 2 1

: .l | |

E 0- * E 0 r

S ° S °

S 9 & o
(&) (@)

Figure 2. microRNA profiles in HT22 cells treated with sevoflurane and non-treated controls. (A) Microarray analysis
was used to detect microRNA profiles in HT22 cells treated with sevoflurane and non-treated controls. (B-E) The four
significantly up/down-regulated miRNAs: MiR-145 (B), miR-1306 (C), miR-126-5p (D) and miR-494 (E), were verified

by real-time PCR in the two groups (**P<0.01 vs. control).

145 and the conserved sites bound by the
seed region of miR-145.

HT22 cells were transiently transfected with
the firefly luciferase reporter plasmids and the
Renilla luciferase-expressing plasmid (pRLSV-
40; Promega, Madison, USA), the latter as a
transfection control, were transiently transfect-
ed into HT22 cells using Lipofectamine 2000
reagent (Life Technologies, USA). After trans-
fection for 24 h, cells were harvested and lysed
with 100 pl of cell culture lysis buffer (CLB,
Promega). Lysates of the transfected cells were
analyzed using the dual luciferase assay kit
(Promega) according to the manufacturer’s pro-
tocol. The luciferase activities were measured
on a Spectra Max L (Molecular Devices, Sunny-
vale, CA). Firefly luciferase activity of WT-Bnip
3’UTR was normalized to Renilla luciferase in
each sample. Each experiment was carried out
at least three times with triplicate samples.

Statistical analysis
Data are presented as mean + SD. Comparisons

were made using a two-tailed t test or one-way
ANOVA for experiments with more than two sub-
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groups. P<0.05 was considered statistically
significant.

Results
Sevoflurane-induced HT22 cells apoptosis

HT22 cells were treated with 4.1% sevoflurane
for 6 h. The cells viability was significantly de-
creased in cells exposed to sevoflurane than
that of controls (P<0.04, Figure 1A). The activi-
ty of caspase-3 was dramatically enhanced
in HT22 cells exposed to sevoflurane, when
compared with non-exposure controls (P<0.01,
Figure 1B). The expression levels of key media-
tors of mitochondrial apoptotic pathway, includ-
ing cleaved caspase-3, cleaved PARP, Bax and
Bcl-2 were determined by western blot assay.
Results showed that expression of the pro-
apoptotic protein cleaved caspase-3, cleaved
PARP, Bax were all significantly increased while
the anti-apoptotic protein Bcl-2 was significant-
ly decreased in HT22 cells exposed to 4.1%
sevoflurane (P<0.01 for all, Figure 1C). The
apoptosis portion assayed by flow cytometry
showed that sevoflurane induced HT22 cells
apoptosis significantly (P<0.01, Figure 41D).
Summarizing, it indicated that sevoflurane

Int J Clin Exp Pathol 2017;10(11):10873-10882
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Figure 3. Effects of miR-145 on sevoflurane induced apoptosis. HT22 cells were pretreated with miR-145 mimic/
inhibitor for 12 h before sevoflurane exposure. (A) HT22 cells were pretreated with miR-145 mimic. The cell vi-
ability was assayed by CCK-8 kit in different groups with different treatments: controls, sevoflurane group, and
sevoflurane+miR-145 mimic group. (*P<0.05, **P<0.01 vs. control; #P<0.01, sevoflurane+miR-145 mimic vs.
sevoflurane alone). (B, C) miR-145 overexpression dramatically inhibited sevoflurane-induced caspase-3 activity,
which was assayed by Caspase 3 activity assay Kit (B) and apoptosis (C) of HT22 cells. The cell apoptosis was de-
tected by flow cytometry. (*P<0.05, **P<0.01, sevoflurane vs. control; #P<0.01, sevoflurane+miR-145 mimic vs.
sevoflurane alone). (D) The HT22 cells were treated with miR-145a inhibitor, and the cell viability was assayed by
CCK-8 kit. (*P<0.05, **P<0.01 vs. control; ¥P<0.05 vs. sevoflurane alone). (E, F) miR-181a inhibitor augmented
sevoflurane-induced caspase-3 activity when assayed by a caspase-3 activity kit (E) and apoptosis detected by flow
cytometry (F) (*P<0.05, **P<0.01 vs. control; #P<0.05 vs. sevoflurane alone).

could inhibit hippocampal neural cells viability
and also induce apoptosis.

miRNAs profiles and selection of miR-145 in
sevoflurane-treated HT22 cells

HT22 cells were treated with 4.1% sevoflurane
for 6 h, and microarray analysis was used to
select differentially expressed miRNAs in se-
voflurane-treated HT22 cells and compared
with non-treated controls. Results showed that
there were totally 40 differentially expressed
miRNAs in the two groups, with 21 upregulated
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and 19 downregualted (Figure 2A). Real-time
PCR was used to verify the four miRNAs (miR-
145, miR-1306, miR-126-5p, and miR-494), wi-
th the most significant up/down expression pat-
tern. The expression levels detected by Real-
time PCR were consistent with microarray anal-
ysis. MiR-145 and miR-1306 were both signifi-
cantly down-regulated in sevoflurane treated
HT22 cells than that of controls (P<0.01 for
both, Figure 2B and 2C), while miR-126-5p and
miR-494 were both significantly up-regulated in
sevoflurane treated HT22 cells than that of con-
trols (P<0.01 for both, Figure 2D and 2E).

Int J Clin Exp Pathol 2017;10(11):10873-10882
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Figure 4. Bnip3 is the direct target of miR-145. A. Putative miR-145-binding site exists in the 3’-UTR of Bnip3 mRNA
and point mutations were generated in the binding site. B. The luciferase reporter plasmid containing wild-type or
mutant Bnip3 3’-UTR was cotransfected into HT22 cells with miR-145 mimic/inhibitor or miR-NC. Luciferase activity
was determined by the dual luciferase assay and shown as the relative firefly activity normalized to Renilla activity.
Each bar represents the mean and s.d. of three independent experiments. **P<0.05 vs. mimics NC, #P<0.01 vs.
inhibitor NC. C. mRNA expression of Bnip3 was detected by real-time PCR after treatment with miR-145 mimics.
The expression of Bnip3 protein was analyzed by Western blotting (n=3). B-actin was used as control. **P<0.01
vs. mimic NC. D. mRNA expression of Bnip3 was detected by real-time PCR after treatment with miR-145 inhibitor.
The expression of Bnip3 protein was analyzed by Western blotting (n=3). B-actin was used as control. **P<0.01 vs.
inhibitor NC.

MiR-145 has been reported to involve in the
regulation of the mitochondrial apoptotic path-
way through its ability of targeting various anti-
apoptotic molecules [11]. Herein, we were curi-
ous to see whether miR-145 participated in
the hippocampal neural apoptosis induced by
sevoflurane. If it is, what is the mechanism?
Therefore, the miR-145 was selected to use in
the following study.

miR-145 overexpression attenuated sevoflu-
rane-induced apoptosis in HT22 cells

To determine whether miR-145 plays a role in
the regulation of sevoflurane-induced apopto-
sis in hippocampal neural cells, HT22 cells
were pretreated with miR-145 mimic/inhibitor
for 12 h before sevoflurane pretreatment. Cell
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viability was significantly inhibited in sevoflu-
rane group (**P<0.01) and sevoflurane+miR-
145 mimic group (*P<0.05) when compared
with the controls. However, miR-145 overexpre-
ssion significantly reversed sevoflurane-induc-
ed cell viability inhibition (**P<0.01, sevoflura-
ne+miR-145 mimic vs. sevoflurane alone, Fig-
ure 3A). Notably, overexpression of miR-145
substantially inhibited sevoflurane-induced
caspase-3 activity increase (*¥P<0.01, Figure
3B) and apoptosis rate (**P<0.01, Figure 3C) in
HT22 cells. Whereas, treatment of miR-145
inhibitor augmented sevoflurane induced HT22
cells viability inhibition (*P<0.05, Figure 3D),
and significantly increased the activity of cas-
pase-3, and the rate of HT22 cells apoptosis
induced by sevoflurane (*P<0.05 for both,
Figure 3E and 3F). It is, thus, suggested that

Int J Clin Exp Pathol 2017;10(11):10873-10882
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Figure 5. Bnip3 diminished the protection function of miR-145 against apoptosis HT22 cells against apoptosis
induced by sevoflurane. The pcDNA-Bnip3 plasmid was transfected in HT22 cells with different treatments to over-
expresses Bnip3. The cell viability, apoptosis and key indicators of the mitochondrial apoptotic pathway were ex-
amined, and compared in different groups, including sevoflurane group, miR-145 mimics+sevoflurane group and
pcDNA-Bnip3+miR-145 mimic+sevoflurane group. A. The cell viability was assayed by CCK-8 kit and compared in
different groups. pcDNA-Bnip3 reversed the miR-145 mimic effect on the HT22 cell viability. *P<0.05, **P<0.01
vs. Sev group. #P<0.01 vs. miR-145 mimic+sevoflurane group. B. The caspase-3 activity was detected by caspase-3
activity kit, and the value was compared among different groups. **P<0.01 vs. Sev group. #P<0.01 vs. miR-145
mimics+sevoflurane group. C. The cell apoptosis was detected by flow cytometry. pcDNA-Bnip3 significantly reversed
the protection effect of miR-145 mimics against HT22 cells apoptosis. *P<0.05, **P<0.01 vs. Sev group. #P<0.01
vs. miR-145 mimic+sevoflurane group. D. Protein expression of the pro-apoptotic protein, including cleaved-caspase
3 and Bax, as well as the anti-apoptosis Bcl-2 in different groups were detected by western blot assay. E. The relative
optical density of cleaved-caspase 3, Bax and Bcl-2 were compared in different groups. *P<0.05, **P<0.01 vs. Sev
group. #P<0.01 vs. miR-145 mimic+sevoflurane group.

miR-145a overexpression could protect the ly decreased after miR-145 mimic treatment
HT22 cells from apoptosis induced by sevofl- both at mMRNA and protein levels, while expres-
urane. sion of Bnip3 both at mMRNA and protein levels

were significantly increased after miR-145 in-
hibitor treatment, compared to the NC group
(Figure 4C, 4D).

miR-145 directly targets Bnip3 mRNA

In the present study, the bioinformatic tools
(Targetscan and miRBase) were used to identi-
fy the target gene of miR-145. As shown in
Figure 4A, Bnip3, playing a key role in the mito-
chondrial dysfunction [14], is the theoretical
target gene of miR-145. To further validate
whether Bnip3 is a direct target gene, we fused

the 3’-UTR region of Bnip3 to a luciferase sys- ) ) .
tem. As shown in Figure 4B, miR-145 obviously been estimated that miR-145 directly targeted

suppressed the luciferase activities of the Bnip3 gene. Herein, we overexpressed Bnip3

3"-UTR segment of Bnip3, while miR-145 inhibi- by transfecting pcDNA-Bnip3 plasmid to evalu-
ate its function in the sevoflurane-induced cell

viability, apoptosis, and other key indicators.
We found that the Bnip3 reversed the miR-145

Bnip3 diminished the protection function of
miR-145 against apoptosis induced by sevoflu-
rane in HT22 cells

Since miR-145 protected HT22 cells against
apoptosis induced by sevoflurane, and it has

tor significantly increased the luciferase activi-
ties of the 3-UTR segment of Bnip3, but not
those of the construct containing a mutant

b|nd|ng site (Bnip3 3-UTR-mut), compared to mimic effect on the HT22 cell viability, when
the NC group. compared with non-transfection treatment

group (**P<0.01, pcDNA-Bnip3+miR-145 mimic
Real-time PCR and western blot analysis show- +sevoflurane vs. miR-145 mimic+sevoflurane
ed that the expression of Bnip3 was significant- group, Figure 5A). In the above experiment, we
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found that miR-145 could rescue the increased
apoptosis rate and caspase-3 activity caused
by sevoflurane treatment. However, when trans-
fected with pcDNA-Bnip3, the protection effect-
that miR-145a against HT22 cells apoptosis
diminished, as can be observed from the in-
creased caspase-3 activation (pcDNA-Bnip3+
miR-145a mimic+sevoflurane vs. miR-145 mi-
mic+sevoflurane group, Figure 5B), and incre-
ased level of apoptosis portion (*P<0.01, pcD-
NA-Bnip3+miR-145a mimic+sevoflurane vs.
miR-145 mimic+sevoflurane group, Figure 5C).
In addition, western blot assay showed that
expression of the key indicators in the mito-
chondrial apoptotic pathway were also changed
by pcDNA-Bnip3 transfection. The pro-apoptot-
ic protein, including cleaved-caspase 3 and Bax
were significantly increased in HT22 cells trans-
fected with pcDNA-Bnip3, while the anti-apop-
tosis Bcl-2 was substantially decreased in HT-
22 cells with pcDNA-Bnip3 transfection (*P<
0.01, pcDNA-Bnip3+miR-145a mimic+sevoflur-
ane vs. miR-145 mimic+sevoflurane group,
Figure 5D, 5E). These results suggested miR-
145a protected sevoflurane induced hippo-
campal neural apoptosis by suppressing its tar-
get gene Bnip3.

Discussion

Sevoflurane is a commonly used volatile anes-
thetic, which is very helpful for reduction of
perioperative mortality [15, 16]. But studies
demonstrated that sevoflurane exposure in hip-
pocampus also affects neurogenesis, neurode-
generation and neurocognitive function through
cells apoptosis, which contributes to memory
impairment and cognitive dysfunction in hippo-
campus [17-20]. However, the molecular me-
chanisms underlying sevoflurane-induced hip-
pocampal neural apoptosis remain largely
unknown.

The present study, therefore, was designed to
investigate the molecular mechanism of sevo-
flurane-induced hippocampal neural apoptosis.
At the beginning, sevoflurane exposure signifi-
cantly inhibited cell viability and induced cell
apoptosis. From the expression of the key
mediators of mitochondrial apoptotic pathway,
including increased expression of caspase-3
and Bax, as well as decreased Bcl-2 expres-
sion, it is indicated that sevoflurane could
induce the hippocampus HT22 cells apoptosis
via the mitochondrial pathway. This finding is
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consistent with the reports published by Zhou
et al., who found that sevoflurane exposure in
rat could induce the brain neural cell apoptosis
via the mitochondrial pathway [21].

mMiRNAs serve important roles in cell apoptosis,
as well as gene expression regulation, which
occurs primarily at the translational level [22].
Some studies showed that miRNAs involved in
the hippocampal neural apoptosis process. Hu
et al. found that miR-34a-targeted neuropro-
tection against hippocampal neurone cell apo-
ptosis post-status epilepticus [23]. Sun et al.
demonstrated that miR-665 could target BCL-
2L1 and thus influence apoptosis in rodent
developing hippocampal astrocytes [24]. Here-
in, in order to explore the precise molecular
mechanism of sevoflurane exposure caused
hippocampal neural apoptosis, we used micro-
array analysis to select differential miRNAs
involved in the apoptosis process of HT22 cells
with sevoflurane exposure. Among the 40 sig-
nificantly up/downregulation micoRNAs, miR-
145 was specially selected.

miR-145 has been reported to involve in the
cell apoptosis process. Cho et al. found that
miR-145 could induce the apoptosis of human
lung adenocarcinoma by the negative regula-
tion of epidermal growth factor receptor (EGFR)
expression [25]. Qi et al. reported that inhibi-
tion of miR-145 could exacerbate neuron cell
damage [26]. Zheng et al. found that miR-145
could promote TNF-alpha-induced apoptosis in
triple-negative breast cancer [27]. In this study,
we found that miR-145 was significantly down-
regulated in HT22 cells with sevoflurane ex-
posure, and furthermore studies showed that
miR-145a overexpression could protect the
HT22 cells from apoptosis induced by sevoflur-
ane.

Bnip3 is an apoptosis associated protein which
could transduce the apoptotic signal in a
caspase-independent manner [28, 29]. In the
present study, we identified Bnip3 as a direct
target of miR-145 in HT22 cell lines. In order to
verify whether Bnip3 as a target gene of miR-
145 involve in the apoptosis of HT22 cells
induced by sevoflurane, we transfected pcDNA-
Bnip3 plasmid to the HT22 cell lines. Indeed,
the protection function of miR-145 against
apoptosis induced by sevoflurane in HT22 cells
was inhibited by Bnip3 expression, as can be
evidenced from the cell viability, the rate of
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apoptosis, and the expression of key media-
tors in the mitochondrial apoptotic pathway,
such as: cleaved-caspase 3, Bax, and Bcl-2. It
is, therefore, suggested that miR-145 protect
HT22 cells against sevoflurane caused mito-
chondrial apoptosis by suppressing its target
gene Bnip3 expression.

In conclusion, we have demonstrated that se-
voflurane could induce hippocampal neural
cells apoptosis through the mitochondrial pa-
thway. miR-145 confers protection against se-
voflurane-induced hippocampal apoptosis by
directly inhibiting its target gene-Bnip3 expres-
sion in hippocampal neural cell lines. Therefore,
identification of miR-145 might be a novel pro-
tective molecule may potentially enable us to
develop additional therapeutic strategies for
prevention and treatment of hippocampal dys-
function caused by sevoflurane.
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