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Abstract: Aims: The present study investigated the function and mechanism of IncRNA Gm43050 in sevoflurane-
induced abnormal cognition. Methods: Primary hippocampal neurons were used to establish the model of abnor-
mal cognitive disorder. Overexpression and knockdown experiments were performed to analyze cell death rates,
proliferation, apoptosis and the inflammatory response. The dual-luciferase reporter assay was used to analyze the
potential binding targets of INcCRNA Gm43050. Rescue experiments were used to assess the downstream targets
of Gm43050. Results: We found that IncRNA Gm43050 was in the cytoplasm. Overexpression of INcRNA Gm43050
had no impact on proliferation but significantly reduced the cell death rates and apoptosis. The inflammation mark-
ers IL-6, IL-1B, IL-8 and TNF-a were manifestly downregulated in the overexpression group. Opposite effects were
detected in the IncRNA Gm43050 knockdown group. Bioinformatics analysis showed that miR-640 may be the po-
tential target of Gm43050. Additionally, we found that ZFP91 was the downstream target of miR-640. Conclusion:
We provided comprehensive data of the function and mechanism of IncRNA Gm43050 in abnormal cognition. Our

study showed that IncRNA Gm43050 exerted its important role via the regulation of miR-640 and ZFP91.
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Introduction

Abnormal cognition after anesthesia, which is
also named postoperative cognitive dysfunc-
tion (POCD), is a common complication follow-
ing anesthesia [1, 2]. It is defined as a decline
in cognitive function, especially in memory and
executive function, which may last for weeks or
years [3-5]. From November 1, 1994 to May 31,
1996, Moller performed the famous ISPOCD1
study in 13 hospitals with a sample size of
1218 patients aged at least 60 years and
found that POCD occurred in 25.8% of patients
1 week after surgery and 9.9% of patients 3
months after surgery [6]. The more recent re-
search of Johnson reported that the incidence
of POCD was up to 19.2% 1 week after sur-
gery, even in middle-aged patients [7]. It is well-
known that the incidence of POCD correlates
patient age. With the rapidly aging population,
there is no doubt that the incidence of POCD
will increase annually and command more
social resources.

Previous research revealed that increasing age,
the duration of anesthesia, and postoperative
infections were risk factors for early postopera-
tive cognitive dysfunction, which indicates that
hypoxia and inflammatory responses may play
critical roles in the development of POCD [8-10].
For example, Cao and colleagues found that
hypoxia-inducible factor-la (HIF-1a) and HIF-
la-dependent neuroinflammation were involv-
ed in isoflurane-induced POCD [11]. Zhu and
colleagues found that peripheral immune cell-
induced inflammation worsened isoflurane-in-
duced POCD [12]. Although many studies were
performed to elucidate the mechanisms of PO-
CD, the molecular mechanism are not clear.

Noncoding RNAs (ncRNAs) are RNA molecules
that cannot be translated into proteins [13],
and long noncoding RNAs (IncRNAs) are gener-
ally longer than 200 nt [14]. LncRNAs partici-
pate in almost every cell life activity and the
development of human diseases, including PO-
CD. For example, Zhang and colleagues identi-
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fied 68 dysregulated IncRNAs in a POCD group
compared with a non-POCD group [15]. Li found
868 differentially expressed IncRNAs in aged
mice with POCD [16]. Our previous research
found that the overexpression of IncRNA Gm-
15621 alleviated cell apoptosis and inflamma-
tion response in sevoflurane-treated primary
hippocampal neurons via the IncRNA Gm15-
621/miR-133a/Sox4 axis [17]. Our current re-
search demonstrated that IncRNA Gm43050
was downregulated in neurons treated with
sevoflurane. We found that the reduced expr-
ession of IncRNA Gm43050 correlated with
increased cell death rate, apoptosis rate and
inflammation response, which may influence
the process of POCD. Bioinformatics analysis
revealed that miR-640 may be the potential
target of Gm43050 because the base sequ-
ences were partially complementary according
to the base pairing rules. Bioinformatics analy-
sis also revealed that miR-640 may target the
3’-UTR of the mRNA of zinc finger protein 91
(ZFP91), which positively regulated the produc-
tion of IL-1B and plays a role in the inflammation
response.

We hypothesized that IncRNA Gm43050 play-
ed a protective in sevoflurane-induced neuro-
toxic effects via the sponging of miR-640,
which increased the expression of ZFP91 and
its downstream signaling. The findings of this
research reveal a new target for inhibiting or
reversing POCD.

Materials and methods
Cell culture and sample preparation

Primary hippocampal neurons were prepared
as described previously [17]. Different concen-
trations of sevoflurane were used for six hours
to establish the neurotoxicity model. The 293T
cells were stored in our laboratory. Tissue sam-
ples were harvested from sacrificed C57BL/6
mice.

Transfection

SiRNAs of IncRNA Gm43050 and the overex-
pression vectors of IncRNA Gm43050 were
constructed by Gene Pharma (Gene Pharma,
China). Vectors with the wild-type (WT) or mu-
tant (mut) binding sites for miR-302b were con-
structed by Gene Pharma (Shanghai, China).
The 3’-untranslated region (UTR) of ZFP91, with
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the wild-type (WT) or mutant (mut) binding sit-
es for miR-302b, was amplified and cloned in-
to the pGL3 vector (Promega, USA) to generate
the vector pGL3-WT-ZFP91-3-UTR or pGL3-
mut-ZFP91-3’-UTR. The miR-640 mimics, NC
mimics, miR-640 inhibitor, and NC inhibitor
were purchased from Shanghai Gene Pharma.
Primary hippocampal neuronal cells and 293T
cells were transfected with vectors, miR-640
mimics, NC mimics, miR-640 inhibitor, and NC
inhibitor when cell confluence reached 70%.
Transfection was performed using Lipo3000
reagent (Invitrogen, USA) according to the man-
ufacturer’s protocol. Cells were incubated for
36-48 h before further use.

CCK-8 assay

Primary hippocampal neurons were seeded
into a 96-well plate for the CCK-8 assay. CCK-8
reagent (Dojindo, Japan) was added to each
well at O h, 24 h, 48 h, and 72 h and incubated
at 37°C for 2 h. The optical density was mea-
sured at 450 nm.

Cell death assay

Cell death rates were measured using Trypan
blue (Beyotime, China) staining. Cells were
digested for 3 min and pipetting thoroughly.

TUNEL staining

Terminal deoxytransferase-mediated dUTP-bio-
tin nick-end labeling (TUNEL) assays were per-
formed to detect cell apoptosis. The apoptotic
cells were visualized using TUNEL staining ac-
cording to the manufacturer’s instructions (Be-
yotime, China). The fluorescence density was
assessed using ImageJ software (Wayne Ras-
band, National Institutes of Health, Bethesda,
MD).

ELISA

Enzyme-linked immunosorbent assay (ELISA)
was performed using the interleukin-6 (IL-6),
IL-1B, IL-8, and tumor necrosis factor-a (TNF-)
ELISA kit (Elabscience, China). After the cells
were transfected with siRNA, vectors or microR-
NA mimics, the supernatants of cell cultures
were collected and concentrated to remove cel-
lular debris. The secretion levels of IL-6, IL-1,
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Figure 1. Bio-characteristics of IncRNA Gm43050. A. NCBI showed the location of IncRNA Gm43050. B. IncRNA
Gm43050 was mainly expressed in cytoplasm. C. The expression of INcRNA Gm43050 was reduced with the in-
creasing concentrations of sevo. D. The expression of INcRNA Gm43050 was highest in brain tissues.

IL-8, and TNF-at in primary hippocampal neu-
rons were detected.

Dual-luciferase reporter assay

The dual-luciferase reporter assay was per-
formed using the Dual-Luciferase® Reporter
Assay System (Promega, USA). LncRNA Gm-
43050 vectors with wild-type or mutant bind-
ing sites for miR-640 were cotransfected wi-
th miR-640 mimics or NC mimics in 293T cells.
Luciferase activity was analyzed using multi-
scan spectrum (Thermo Fisher Scientific, USA).

Real-time PCR

Total RNA was extracted by using TRIzol rea-
gent (Thermo Fisher Scientific, USA). RNA re-
verse transcription was performed using a Pri-
meScript™ RT reagent Kit with a gDNA eraser
(Takara, Japan), and real-time PCR was per-
formed using SYBR® Premix Ex Tag™ (Takara,
Japan). The data were normalized to GAPDH
levels and further analyzed using the 2-AACT
method.

Western blotting

Cells were harvested and lysed using RIPA lysis
buffer containing proteinase inhibitor (Roche,
USA). Total protein was quantified using the
BCA protein assay kit (Pierce, Rockford, IL,
USA). Protein samples were resolved in a 10%
SDS-PAGE gel and transferred to polyvinyli-
dene difluoride membrane. Membranes were
blocked and incubated with primary antibo-
dies against ZEP91 (Abcam, USA) and GAPDH
(Abcam, USA) at 4°C overnight, followed by
incubation with a peroxidase-conjugated goat
anti-rabbit (or mouse) IgG antibody. Immuno-
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positive bands were analyzed using a Fluor-
Chem M system (ProteinSimple, USA).

RNA binding protein immunoprecipitation (RIP)

Primary hippocampal neurons were transfect-
ed with miR-640 mimics or NC mimics, incu-
bated for one day and lysed. An antibody
against mouse Ago2 (Abcam, USA) was used
for protein immunoprecipitation. RIP was per-
formed using the Magna RIP Kit (Millipore,
USA) according to the manufacturer’s instruc-
tions. After Ago2 immunoprecipitation and pro-
tein-RNA complex digestion, the RNA was iso-
lated using TRIzol reagent, and the expression
levels of INCRNA Gm43050 and the mRNA of
ZFP91 were detected using gRT-PCR.

Data analysis

We used SPSS 25.0 to calculate the values
(means + standard error of the mean). Stati-
stical analyses were performed using two-sid-
ed Student’s t-test or one-way ANOVA. The sta-
tistical significance was P<0.05.

Results
Biological characteristics of INcRNA Gm43050

As shown in Figure 1A, we found the location
of INcRNA Gm43050 on the chromosome. We
separated the cytoplasmic and nuclear com-
ponents, and gRT-PCR of these two compo-
nents revealed that IncRNA Gm43050 was pri-
marily located in the cytoplasm (Figure 1B). We
further investigated the expression of IncRNA
Gm43050 in primary hippocampal neurons
treated with different concentrations of sevo-
flurane and found that the expression of Inc-
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Figure 2. Function of overexpression of IncRNA Gm43050. A. The overexpression efficiency was verified by gRT-PCR.
B. Overexpression of IncRNA Gm43050 has no impact on proliferation. C. Overexpression of INcRNA Gm43050 sig-
nificantly reduced the cell death rates. D. Tunel assay showed that overexpression of IncRNA Gm43050 significantly
decreased the apoptosis cell rates. E. Real-time PCR results showed that overexpression of INcRNA Gm43050 sig-
nificantly decreased the expression of inflammation markers. F. ELISA results showed that overexpression of INcRNA
Gm43050 significantly decreased the expression of inflammation markers.

RNA Gm43050 decreased with increasing con-
centrations of sevoflurane, especially in 4% se-
voflurane-treated neurons (Figure 1C). We also
detected the expression of InNcRNA Gm43050
in different tissues derived from C57BL/6 mi-
ce and found that IncRNA Gm43050 was pri-
marily expressed in brain (Figure 1D).

Effects of the overexpression of IncRNA
Gm43050 in neurotoxicity

To investigate the biological function of IncRNA
Gm43050, we constructed an overexpression
vector of IncRNA Gm43050 and transfected
the vector into primary hippocampal neurons.
The expression of IncRNA Gm43050 was sig-
nificantly upregulated in neurons transfected
with overexpression vectors compared to emp-
ty vectors (Figure 2A). CCK-8 assays were per-
formed to detect the influence of IncRNA Gm-
43050 on cell proliferation activity, and the
results showed that IncRNA Gm43050 had no
impact on cell proliferation (Figure 2B). The
cell death and TUNEL staining assays revealed
that the overexpression of IncRNA Gm43050
in neurons treated with 4% sevoflurane signifi-
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cantly reduced the cell death rate and cell
apoptosis rate, which indicated that IncRNA
Gm43050 played a protective role in cell sur-
vival (Figure 2C, 2D). We used gRT-PCR and
ELISA to detect the expression of inflammatory
markers in neurons treated with 4% sevoflu-
rane and found a significant suppression of
inflammatory markers, such as IL-6, IL-1[3, IL-8,
TNF-a, in neurons transfected with overexpres-
sion vectors (Figure 2E, 2F).

Effect of knockdown of IncRNA Gm43050 in
neurotoxicity

SiRNAs was used to suppress the expression of
IncRNA Gm43050. gRT-PCR of neurons trans-
fected with siRNAs revealed that siRNA-3 sig-
nificantly reduced the expression of IncRNA
Gm43050 (Figure 3A). Trypan blue staining
and the TUNEL assay revealed that the inhi-
bition of IncRNA Gm43050 expression in 4%
sevoflurane-treated neurons significantly incre-
ased cell death and apoptosis rate (Figure
3B-D). qRT-PCR and ELISA revealed that in-
hibiting the expression of INcRNA Gm43050 in
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Figure 3. Function of knockdown of IncRNA Gm43050. A. The knockdown efficiency was verified by qRT-PCR. B.
Knockdown of IncRNA Gm43050 significantly increased the cell death rates. C. Tunel assay showed that knock-
down of IncRNA Gm43050 significantly increased the apoptosis cell rates. D. Quantification results showed knock-
down of IncRNA Gm43050 promotes cell apoptosis. E. Real-time PCR results showed that knockdown of IncRNA
Gm43050 significantly increased the expression of inflammation markers. F. ELISA showed that knockdown of
IncRNA Gm43050 significantly increased the expression of inflammation markers.

4% sevoflurane-treated neurons significantly
increased the expression of inflammatory mar-
kers, such as IL-6, IL-13, IL-8, TNF-a (Figure 3E,
3F).

miR-640 is the direct target of IncRNA
Gm43050

Bioinformatics analysis revealed that miR-640
was a potential target of Gm43050 because
the base sequences were partially complemen-
tary according to the base-pairing rules. The
potential binding sequence is shown in Figure
4A. The dual-luciferase reporter assay revealed
that the relative luciferase activity was signifi-
cantly reduced in 293T cells cotransfected
with miR-640 mimics and IncRNA Gm43050
vectors with the wild-type binding site for miR-
640 mimics compared to the NC group and
mutant group (Figure 4B), which indicated the
direct combination of miR-640 and IncRNA
Gm43050. We detected the expression of miR-
640 in primary hippocampal neurons treated
with different concentrations of sevoflurane
and found that miR-640 was upregulated with
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increasing concentrations of sevoflurane, es-
pecially in cells treated with 4% sevoflurane
(Figure 4C). We further investigated the expres-
sion of miR-640 in neurons transfected with
siRNA or the overexpression vector of IncRNA
Gm43050 and found that the overexpression
of IncRNA Gm43050 reduced the expression
of miR-640 and vice versa (Figure 4D). Taken
together, our results showed that INncRNA Gm-
43050 negatively regulated the expression of
miR-640 (Figure 4E).

miR-640 negatively regulates ZFP91

Bioinformatics analysis showed that ZFP91
may be the potential target of miR-640 (Figure
5A). Dual-luciferase reporter assay results re-
vealed that the relative luciferase activity was
significantly reduced in 293T cells cotransfect-
ed with miR-640 mimics and the pGL3-WT-
ZFP91-3'UTR vector compared to the 293T ce-
lls cotransfected with pGL3-WT-ZFP91-3’'UTR
and mimic NC or pGL3-mut-ZFP91-3'UTR and
miR-640 mimics (Figure 5B), which indicated
that the 3’-UTR of ZFP91 mRNA was the direct

Am J Transl Res 2020;12(8):4337-4346
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Figure 5. miR-640 negatively regulate ZFP91. A. Bioinformatics analysis showed that ZFP91 may be the potential
target of miR-640. B. Dual-luciferase reporter assay demonstrated that ZFP91 is the direct target of miR-640. C.
Overexpression of miR-640 inhibited the expression of ZFP91 and vice versa via qRT-PCR. D. Overexpression of
miR-640 inhibited the expression of ZFP91 and vice versa via western blot. E. RIP experiment showed the binding
relationship between miR-640 and ZFP91 and IncRNA Gm43050.

target of miR-640. We found that the expres- mary hippocampal neurons transfected with
sion of ZFP91 was significantly reduced in pri- miR-640 mimic compared to neurons trans-
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fected with NC mimics, miR-640 inhibitors, and
NC inhibitors (Figure 5C, 5D). We further per-
formed an RNA-binding protein immunoprecipi-
tation experiment and found that IncRNA Gm-
43050 and ZEP91 mRNA were enriched in
Ago2 immunoprecipitation in neurons trans-
fected with miR-640 mimics (Figure 5E).

IncRNA Gm43050/miR-640/ZFP91 axis in
neurotoxicity

We found that the expression of IncRNA Gm-
43050 positively correlated with the expres-
sion of ZFP91, at the mRNA and protein levels,
in primary hippocampal neurons transfected
with the overexpression vector and siRNA of
IncRNA Gm43050 (Figure 6A, 6B). We per-
formed the rescue experiment and found that
transfection with the miR-640 mimic in neu-
rons transfected with the overexpression vec-
tor of IncRNA Gm43050 significantly rescued
the IncRNA Gm43050-induced upregulated
expression of ZFP91 (Figure 6C, 6D). The cell
death rate, apoptosis rate, and the expression
of inflammatory markers, such as IL-6, IL-1[3,
IL-8, and TNF-«, were also reversed in 4% se-
voflurane-treated neurons cotransfected with
the overexpression vector of IncRNA Gm43050
and miR-640 mimics (Figure 6E-H).

Discussion

Postoperative cognitive dysfunction (POCD) is a
common complication following anesthesia
[18-20]. Patients with POCD are at an increased
risk of death in the first year after surgery [21].
With the rapid aging of the population, the dis-
cussion of POCD is getting increasingly fierce.

The mechanism of POCD is not clear. Previous
research indicated that the body’s inflammato-
ry response to surgery may play an important
role in the development of POCD [1, 3]. LncRNA
is a newly emerging regulatory factor of the
inflammatory response [22]. For example, Bai
and colleagues reported that IncRNA NEAT1
induced corneal neovascularization via promo-
tion of the inflammatory response [23]. Sun
and colleagues found IncRNA NRON alleviated
atrial fibrosis via suppression of M1 macro-
phage activation [24]. The current research
demonstrated that IncRNA Gm43050 was ov-
erexpressed in sevoflurane-treated primary
hippocampal neurons, which indicated that
IncRNA Gm43050 may play an important role
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in anesthesia-induced neurotoxicity. We found
that the expression of IncRNA Gm43050 cor-
related with reduced cell death, apoptosis and
inflammatory markers, such as IL-6, IL-1[3, IL-8,
and TNF-a. LncRNA Gm43050 likely plays a
protective role in anesthesia-induced neurotox-
icity. LncRNAs may act via various methods,
and their function depends on their location
[25, 26]. For example, nucleus IncRNAs estab-
lish and maintain the conformation of the chro-
mosome and regulate alternative splicing, and
IncRNAs in the cytoplasm modulate mRNA sta-
bility and translation via the sequestering of
microRNAs [27]. The current research demon-
strated the IncRNA Gm43050 was primarily
located in the cytoplasm, and we hypothesized
that IncRNA Gm43050 acted as a microRNA
sponge that influenced the expression the mi-
croRNA-targeted mRNA, which is the most
widely investigated mechanism of IncRNAs lo-
cated in cytoplasm. We performed bioinformat-
ics analysis to test this hypothesis and found
that miR-640 may be the direct target of Inc-
RNA Gm43050 because the base sequences
were partially complementary.

MicroRNAs are also members of the noncod-
ing RNA family that mediate cell activities via
combination with the 3’-UTR of the targeted
mRNA, which curbs the function of the down-
stream signaling. MiR-640 may participate in
the development of human diseases, such as
chronic lymphocytic leukemia and ovarian car-
cinoma. Dong and colleagues recently found
that miR-640 aggravated intervertebral disc
degeneration via the NF-kB and WNT signaling
pathway, which indicates that miR-640 may
also play a role in the inflammatory response
[28]. The current research used bioinformatics
analysis and revealed that the mRNA of ZFP91
may be the direct target of miR-640, and we
demonstrated their combination using a dual-
luciferase reporter assay. qRT-PCR and Wes-
tern blotting revealed that miR-640 negatively
regulated the expression of ZFP91 at the RNA
and protein levels. We performed the RIP exper-
iment and found that IncRNA Gm43050 and
the mRNA of ZEP91 were enriched in Ago2
immunoprecipitation in neurons transfected
with miR-640 mimics. These results further
confirmed the interaction between INncRNA Gm-
43050 and miR-640 and miR-640 and the
3’-UTR of ZFP91 mRNA.

Am J Transl Res 2020;12(8):4337-4346
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Figure 6. INCRNA Gm43050 exerts its important role through regulating miR-640 and ZFP91. A. Overexpression of INcRNA Gm43050 significantly increased the
expression of ZFP91 and vice versa by real-time PCR. B. Overexpression of IncRNA Gm43050 significantly increased the expression of ZFP91 and vice versa by
western blot. C. Co-transfection of Gm43050 and miR-640 significantly reduced the expression of ZFP91 compared with Gm43050 group via real-time PCR. D.
Co-transfection of Gm43050 and miR-640 significantly reduced the expression of ZFP91 compared with Gm43050 group by western blot. E. Rescue experiment
showed that overexpression of miR-640 can block the anti-apoptosis effect of Gm43050. F. Tunel assay revealed that overexpression of miR-640 can reverse the
effect of Gm43050. G. Inflammation markers were assessed via real-time PCR. H. ELISA experiment was performed to further confirm the relationship between
miR-640 and Gm43050.
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We also performed the rescue experiment to
validate the axis of IncRNA Gm43050/miR-
640/ZFP91. We detected the expression of
ZFP91 in primary hippocampal neurons trans-
fected with the siRNA and overexpression of
IncRNA Gm43050 and found that IncRNA
Gm43050 expression positively regulated the
expression of ZFP91, which was consistent
with our hypothesis. We transfected the miR-
640 mimics in neurons that were already treat-
ed with the IncRNA Gm43050 overexpression
vector. The results revealed that transfection
of miR-640 mimics in the previously treated
neurons significantly rescued the IncRNA Gm-
43050-induced protective role on cell death
and apoptosis and the suppressed inflamma-
tory response.

In summary, the current research demonstrat-
ed that IncRNA Gm43050 was downregulated
in 4% sevoflurane-treated neurons and that
IncRNA Gm43050 reduced cell death rate and
apoptosis rate and the inflammatory response.
Bioinformatics analysis suggested that IncRNA
Gm43050 sponged miR-640, which may also
target the 3'-UTR of ZFP91 mRNA. To verify this
axis, dual-luciferase reporter assay, cell trans-
fection and RIP experiments were performed,
and the results were consistent with our previ-
ous hypothesis. We also performed a rescue
experiment and found that transfection with
MiR-640 mimics in INcRNA Gm43050 overex-
pression vector-treated neurons significantly
increased the cell death rate, apoptosis rate
and inflammatory response. The current results
validated the role of the IncRNA Gm43050/
miR-640/ZFP91 axis for further investigation
of these new targets for the inhibition or rever-
sal of POCD.

Acknowledgements

This work was supported by Key Research
Projects of Henan Higher Education Institutions
(15A320011).

Disclosure of conflict of interest
None.

Address correspondence to: Yanqiu Ai, Department
of Anesthesiology, Pain and Perioperative Medicine,
The First Affiliated Hospital of Zhengzhou University,
No. 1 Jianshe East Road, Erqi District, Zhengzhou,
Henan, China. Fax: 450052; E-mail: yanqiuaizz@163.
com

4345

References

[1]  Chu JMT, Xiong W, Linghu KG, Liu Y, Zhang Y,
Zhao GD, Irwin MG, Wong GTC and Yu H.
Extract attenuates postoperative cognitive dys-
function, systemic inflammation, and neuroin-
flammation. Exp Neurobiol 2018; 27: 564-573.

[2] Gao B, Zhu B and Wu C. Preoperative serum
25-hydroxyvitamin d level, a risk factor for post-
operative cognitive dysfunction in elderly sub-
jects undergoing total joint arthroplasty. Am J
Med Sci 2019; 357: 37-42.

[3] Walters J, Zhang X, Talpos J, Fogle C, Li M,
Chelonis J and Paule M. Sevoflurane exposure
has minimal effect on cognitive function and
does not alter microglial activation in adult
monkeys. Neurotoxicology 2019; 71: 159-167.

[4]  WuZ, Zhang M, Zhang Z, Dong W, Wang Q and
Ren J. Ratio of B-amyloid protein (AB) and Tau
predicts the postoperative cognitive dysfunc-
tion on patients undergoing total hip/knee re-
placement surgery. Exp Ther Med 2018; 15:
878-884.

[5] LuX,JinX, Yang S and Xia Y. The correlation of
the depth of anesthesia and postoperative
cognitive impairment: ameta-analysis based
on randomized controlled trials. J Clin Anesth
2018; 45: 55-59.

[6] Moller J, Cluitmans P, Rasmussen L, Houx P,
Rasmussen H, Canet J, Rabbitt P, Jolles J,
Larsen K, Hanning C, Langeron O, Johnson T,
Lauven P, Kristensen P, Biedler A, Beem H,
Fraidakis O, Silverstein J, Beneken J and
Gravenstein J. Long-term postoperative cogni-
tive dysfunction in the elderly ISPOCD1 study.
ISPOCD investigators. International study of
post-operative cognitive dysfunction. Lancet
1998; 351: 857-861.

[7] Steinmetz J, Jespersgaard C, Dalhoff K, Hedley
P, Abildstrgm H, Christiansen M and Rasmus-
sen L. Cytochrome P450 polymorphism and
postoperative cognitive dysfunction. Minerva
Anestesiol 2012; 78: 303-9.

[8] Skvarc D, Berk M, Byrne L, Dean O, Dodd S,
Lewis M, Marriott A, Moore E, Morris G, Page R
and Gray L. Post-operative cognitive dysfunc-
tion: an exploration of the inflammatory hy-
pothesis and novel therapies. Neurosci Bio-
behav Rev 2018; 84: 116-133.

[9] Needham MJ, Webb CE and Bryden DC.
Postoperative cognitive dysfunction and de-
mentia: what we need to know and do. Br J
Anaesth 2017; 119 suppl 1:i115-i125.

[10] Smith P, Blumenthal J, Hoffman B, Davis R and
Palmer S. Postoperative cognitive dysfunction
and mortality following lung transplantation.
Am J Transplant 2018; 18: 696-703.

[11] CaoY,Liz LiH,NiC,LiL, YangN, ShiC, Zhong
Y, Cui D and Guo X. Hypoxia-inducible factor-1a

Am J Transl Res 2020;12(8):4337-4346


mailto:yanqiuaizz@163.com
mailto:yanqiuaizz@163.com

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

Role of IncRNA Gm43050 in sevoflurane-induced neurotoxicity

is involved in isoflurane-induced blood-brain
barrier disruption in aged rats model of POCD.
Behav Brain Res 2018; 339: 39-46.

Zhu H, Liu W and Fang H. Inflammation caused
by peripheral immune cells across into injured
mouse blood brain barrier can worsen postop-
erative cognitive dysfunction induced by isoflu-
rane. BMC Cell Biol 2018; 19: 23.

Mi L, Zhao X, Li S, Yang G and Lin J. Conserved
function of the long noncoding RNA Bincl in
brown adipocyte differentiation. Mol Metab
2016; 6: 101-110.

Wan P, SuW and Zhuo Y. Precise long non-cod-
ing RNA modulation in visual maintenance and
impairment. J Med Genet 2017; 54: 450-459.
Zhang Y, Liu Y, Xiao Q, Liu Q, Deng R, Bian J,
Deng |, Al-Hawwas M and Yu F. Microarray ex-
pression profiles of INcRNAs and mRNAs in
postoperative cognitive dysfunction. Front
Neurosci 2018; 12: 694.

Li M, Chen C, Zhang W, Gao R, Wang Q, Chen
H, Zhang S, Mao X, Leblanc M, Behensky A,
Zhang Z, Gan L, Yu H, Zhu T and Liu J.
Identification of the potential key long non-cod-
ing RNAs in aged mice with postoperative cog-
nitive dysfunction. Front Aging Neurosci 2019;
11: 181.

Zhao Y and Ai Y. Overexpression of IncRNA
Gm15621 alleviates apoptosis and inflamma-
tion response resulting from sevoflurane treat-
ment through inhibiting miR-133a/Sox4. J Cell
Physiol 2020; 235: 957-965.

Tang N, Jiang R, Wang X, Wen J, Liu L, Wu J and
Zhang C. Insulin resistance plays a potential
role in postoperative cognitive dysfunction in
patients following cardiac valve surgery. Brain
Res 2017; 1657: 377-382.

Tanino M, Kobayashi M, Sasaki T, Takata K,
Takeda Y, Mizobuchi S, Morita K, Nagai T and
Morimatsu H. Isoflurane induces transient im-
pairment of retention of spatial working mem-
ory in rats. Acta Med Okayama 2016; 70: 455-
460.

Zhao Y, Huang L, Xu H, Wu G, Zhu M, Tian J,
Wang H, Wang X, Yu W, Yang L and Su D.
Neuroinflammation induced by surgery does
not impair the reference memory of young
adult mice. Mediators Inflamm 2016; 2016:
3271579.

4346

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Zhou C, Zhu Y, Liu Z and Ruan L. Effect of dex-
medetomidine on postoperative cognitive dys-
function in elderly patients after general an-
aesthesia: a meta-analysis. J Int Med Res
2016; 44: 1182-1190.

Huang S, Qian K, Zhu Y, Huang Z, Luo Q and
Qing C. Diagnostic Value of the IncRNA in pe-
ripheral blood mononuclear cells of patients
with sepsis. Dis Markers 2017; 2017:
7962836.

Bai Y, Lv Y, Wang W, Sun G and Zhang H.
LncRNA NEAT1 promotes inflammatory re-
sponse and induces corneal neovasculariza-
tion. J Mol Endocrinol 2018 15; 61: 231-239.
Sun F, Guo Z, Zhang C, Che H, Gong W, Shen Z,
Shi Y and Ge S. LncRNA NRON alleviates atrial
fibrosis through suppression of M1 macro-
phages activated by atrial myocytes. Biosci
Rep 2019; 39: BSR20192215.

Gong P, Qiao F, Wu H, Cui H, Li Y, Zheng Y, Zhou
M and Fan H. LncRNA UCA1 promotes tumor
metastasis by inducing miR-203/ZEB2 axis in
gastric cancer. Cell Death Dis 2018; 9: 1158.
Li D, Wang J, Zhang M, Hu X, She J, Qiu X,
Zhang X, Xu L, Liu Y and Qin S. LncRNA MAGI2-
AS3 is regulated by BRD4 and promotes gas-
tric cancer progression via maintaining ZEB1
overexpression by sponging miR-141/200a.
Mol Ther Nucleic Acids 2020; 19: 109-123.
Xiang J, Chen Q, Kang L, Zhang G, Wang Y, Qin
B, Wu J, Zhou T, Han Y and Guan H. LncRNA
PLCD3-0T1 functions as a CeRNA to prevent
age-related cataract by sponging miR-224-5p
and regulating PLCD3 expression. Invest
Ophthalmol Vis Sci 2019; 60: 4670-4680.
Dong W, Liu J, LvY, Wang F, Liu T, Sun S, Liao
B, Shu Z and Qian J. miR-640 aggravates inter-
vertebral disc degeneration via NF-kB and
WNT signalling pathway. Cell Prolif 2019; 52:
e12664.

Am J Transl Res 2020;12(8):4337-4346



