3 Biotech (2020) 10:202
https://doi.org/10.1007/513205-020-02190-9

ORIGINAL ARTICLE q

Check for
updates

Whole transcriptome sequencing reveals dexmedetomidine-improves
postoperative cognitive dysfunction in rats via modulating IncRNA

Fumou Deng’ - Lily Cai? - Bin Zhou' - Zhidong Zhou' - GuoHai Xu'

Received: 19 January 2020 / Accepted: 1 April 2020 / Published online: 13 April 2020
© King Abdulaziz City for Science and Technology 2020

Abstract

The aim of this study was to explore the underlying mechanism and function of dexmedetomidine (Dex)-regulated long
non-coding RNAs (IncRNAs) in improving postoperative cognitive dysfunction (POCD) in rats. The established POCD
model, Dex treatment model in rats, Morris water maze testing, and HE staining assays were used to evaluate the efficacy
of Dex in POCD treatment in rats. Hippocampus samples of rats from the POCD group and the Dex group were used for
IncRNA sequencing. The expression of five differentially expressed IncRNAs (DEIncRNAs) was verified by quantitative
reverse transcription PCR (qQRT-PCR). Competing endogenous RNAs (ceRNA) network was constructed using Cytoscape.
The concentration of inflammatory cytokines were measured by ELISA. Microglia proliferation and apoptosis were assessed
using CCK-8 assay and flow cytometry, respectively. In the Dex group, the escape latency was shorter, neuron cell injury
levels were alleviated, and the expression levels of TNF-a and IL-1p were significantly down-regulated compared with the
POCD group. A total of 60 DE IncRNAs were identified, including 16 up- and 44 down-regulated IncRNAs in the Dex group.
KEGG pathway analysis revealed that DEIncRNAs were significantly enriched in cytokine—cytokine receptor interactions,
the p53 signaling pathway, and the NF-kappa B signaling pathway. The qRT-PCR results and ceRNA network suggested
that the IncRNA LOC102546895 may play a key role in POCD. LOC102546895 inhibited proliferation while promoting
apoptosis in microglial cells and promoted the mRNA and protein expression of the target gene Npas4. Our findings showed
that Dex alleviated POCD in rats and regulated IncRNAs expression profile in the hippocampus tissues of rats with POCD.
In conclusion, our study outcome proposes that Dex-regulated IncRNA LOC102546895 may play a role in rats with POCD
through targeting Npas4.
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Introduction

Postoperative cognitive dysfunction (POCD) loosely refers
to the phenomenon where individuals with no mental illness
experience a decline in fundamental mental functions such
as memory, thought, attention, information processing, per-
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et al. 2010). POCD is a type of clinically complicated
syndrome that can be affected by a number of factors that
commonly include advanced age, cognitive impairment at
baseline, DM/metabolic syndrome, renal insufficiency, and
cardiovascular disease (Green and Schaffer 2019). Preven-
tive measures can be taken to protect against POCD, and
these include physical prevention methods such as cerebral
monitoring (Deiner et al. 2015) and avoidance of general
anesthetics (Zywiel et al. 2014) and pharmacologic strate-
gies that incorporate the use of steroids (Fang et al. 2014),
ketamine (Hudetz et al. 2009), and dexmedetomidine (Dex)
(Lu et al. 2017). Unfortunately, the understanding of the
treatment and pathogenesis of POCD is far less advanced
than the understanding of the symptoms and preventative
measures. Currently, the treatment of POCD primarily aims
to inhibit brain excitation by reducing the secretion levels of
dopamine and acetylcholine (Dawson et al. 2011).

Dexmedetomidine (Dex) is a selective a2 adrenal recep-
tor agonist that can influence the effects of anesthesia and
analgesia, inhibit sympathetic activity, and can provide cer-
ebral protection (Qian et al. 2015). Studies have found that
dexmedetomidine converts disordered electroencephalogram
waves in patients with sleep disorder into normal non-rapid
eye waves (Huupponen et al. 2010). Post-operative inflam-
matory cytokine release and BDNF (brain derived growth
factor) expression can be modulated by Dex and this leads
to improved long-term spatial memory after surgery and
promotes neurogenesis involving restored p-CREB/CREB
(cAMP response element binding protein) and PKA (pro-
teins of kinase A) expression one week postoperatively.
These events were regulated by intraneuronal p-P38-MAPK
pathways (Wang et al. 2018). Preconditioning with parecoxib
sodium in combination with Dex reduced the incidence of
early postoperative cognitive dysfunction in elderly patients
and may be related to improved postoperative analgesia and
brain oxygen metabolism (Lu et al. 2017). Splenectomy can
significantly increase the expression of TNF-a, Bax, IL-1p,
and caspase-3 in hippocampal tissues to exacerbate POCD,
and Dex administration significantly decreases the expres-
sion levels of inflammatory factors (Qian et al. 2015). How-
ever, the mechanisms underlying the function of Dex in the
treatment of POCD remain unclear.

Long non-coding RNAs (IncRNAs) are a class of RNA
molecules that do not encode proteins and these molecules
possess a length ranging from 200 nucleotides to 100 kb.
LncRNAs are involved in the regulation of a number of dis-
eases such as prostate cancer (Ren et al. 2012), leukemia
(Huang et al. 2013), and lung cancer (Sui et al. 2016). Li
et al. (2019) identified and analyzed the expression profiles
of mRNAs and IncRNAs in the context of the macrophage
inflammatory response, and they found that the abnormally
expressed mRNAs and IncRNAs were primarily involved in
the inflammatory and immune response. Another example
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involves the progressive neurodegenerative disease Alz-
heimer’s, in which silencing of the IncRNA SOX21-AS1
can attenuate neuronal oxidative stress and inhibit neuronal
apoptosis by up-regulating FZD3/5 and activating the Wnt
signaling pathway to ultimately improve disease symptoms
(Zhang et al. 2019). Currently, basic and clinical studies
indicate that POCD in the early postoperative period is asso-
ciated with long-term Alzheimer’s disease (AD). Pathophys-
iological changes associated with POCD can lead to AD, and
the clinical manifestations of moderate and severe POCD are
considered to be indicative of the early stage of AD. There-
fore, it has been speculated that a class of IncRNAs may be
involved in the regulation of POCD.

In this study, we performed behavioral tests on rats, and
we also utilized Hematoxylin—Eosin (HE) staining on hip-
pocampus tissues isolated from these rats and analyzed
inflammatory factors within the peripheral blood of rats to
assess the treatment effects of Dex in regard to POCD in
elderly rats. The hippocampus tissues from the POCD group
and Dex group were also collected and subjected to IncRNA
sequencing, and differentially expressed genes were selected
for PCR verification. Finally, the functional influence of key
IncRNAs on microglial cells was detected by CCK-8 analy-
sis and flow cytometry, and the expression of downstream
target genes was assessed. Our study provides insights into
the mechanisms underlying Dex-mediated improvement
of POCD by identifying the functions of various IncRNAs
in this process, and our results lay a foundation for future
research examining POCD.

Materials and methods
Rats and samples

All rat experiments completely adhered to the Guide for
the Care and Use of Laboratory Animals (National Insti-
tutes of Health). All the experiments were approved by the
Institutional Animal Care and Use Committee of the second
affiliated hospital of Nanchang university. For all studies,
18-month-old Sprague—Dawley (SD) male rats weighing
220-280 g were purchased from JRDUN Biotechnology
(Shanghai) Co., Ltd. All rats were provided with free access
to food and water and were housed under controlled envi-
ronmental conditions at 25 °C temperature. All efforts were
made to minimize the suffering of the rats.

Establishment of the rat model and the treatment
model

SD rats were randomly divided into four equal groups
comprised of four rats each. These groups included the
control group, sham operation group, POCD group, and
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Dex group. In the control group, all SD rats were intra-
peritoneally injected (ip) with 2 mL of normal saline
(NS) at 30 min prior to surgery and during surgery. In the
sham operation group, rats were not subjected to spleen
removal, and they received 2 mL NS ip at 30 min prior to
surgery and 2% pentobarbital sodium (50 mg/kg) during
surgery. In the POCD group, rats were given 2 mL NS ip
at 30 min prior to surgery and 2% pentobarbital sodium
(50 mg/kg) during surgery, and the splenectomy was then
performed under anesthesia. The skin of rats was prepared
at the surgical incision and disinfected using iodophor. A
small transverse incision was made along below the left
rib margin at approximately 1 cm and the incision length
was approximately 2 cm. The subcutaneous tissue was
then bluntly separated layer by layer, and the abdominal
cavity was finally exposed. Next, the spleen-related blood
vessels were freely ligated and separated, and the spleen
was removed. After confirming the absence of bleeding,
the abdomen was closed by suture and disinfected using
iodophor at the wound site. The entire surgical procedure
was performed under sterile conditions. In the Dex group,
all older SD rats received ip Dex (20 pg/kg) at 30 min
prior to surgery, and the operating procedure was the same
as that used for the POCD group.

Morris water maze testing

Behavioral tests were performed on the four rat groups
(Each group possessed N=3) to evaluate learning and
memory ability. Behavioral tests including the Morris
water maze test and the spatial acquisition experiment
were performed on the 1st, 3rd, 7th, and 14th day after
injection. The device was filled with water (25+ 1 °C),
and the animal was familiarized with the environment
prior to the start of the experiment. The software used for
this experiment was SuperMaze Version 3.3.0.0. The first
experimental stage involved positioning navigation. The
rats were successively placed in the four quadrant water
maze at an orientation where their heads faced the wall,
and when the rats finished their original quadrant they
were moved to the next quadrant. If the animal boarded
the platform area (located in the middle of the 4th quad-
rant) within 90 s, the recording was stopped. If the animal
did not board the platform area within 90 s, the rats were
guided to the platform using a stick and held there for 30 s.
Each rat was trained four times per day for 5 days. The
second stage involved space exploration. After all the first
through fourth quadrants were completed, the platform in
the water maze was removed, and the rats were placed in
the same quadrant with their heads facing the wall. The
action trajectory that occurred within 90 s of rats within
quadrants was observed.

HE staining

Hippocampus tissues from each group of rats (each group
possessed N=3) were selected for HE staining to detect
the loss of neuronal cells. Brain tissues were fixed in
10% formalin and embedded in paraffin, cut into pieces
(1.5 ecmXx 1.5 cmx 0.3 cm), mounted onto sides, hematoxy-
lin and eosin stained, and finally, imaged for analysis. All
images are original magnification X 200.

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of tumor necrosis factor (TNF)-a and
interleukin (IL)-1P in hippocampus tissue per rat among
the four group were measured using a commercial ELISA
Kit (Boster Biological Technology, China) according to the
manufacturer’s instructions. The absorbance at 450 nm was
determined using a microplate reader. The TNF-ot and IL-1p
concentrations were calculated using TNF-a and IL-1f
standards.

RNA isolation, library construction, and IncRNA
sequencing

Hippocampal tissues from the POCD group and the Dex
group after successful modeling were used as materials for
total RNA extraction using TRIzol (Invitrogen; Thermo
Fisher Scientific, Inc.), and all extractions were performed
in triplicate. The quality and concentration of total RNA
was detected using a NanoDrop spectrophotometer (Thermo
Fisher Scientific, Inc.).

All sample RNA was separated from ribosomal RNA
through the use of a Ribo-zero Gold rRNA Removal kit
(Illumina, USA), and the subsequent library was constructed
using a TruSeq Stranded RNA sample preparation kit (Illu-
mina, USA). Ribosomal-depleted RNA was randomly frag-
mented using divalent cations and then reverse transcribed
into first-strand cDNA. Then, adaptors were ligated onto
both ends of the DNA fragments the 300-bp fragments were
sorted and preserved, and then, amplification was performed
to obtain the library. Library quality was assessed using an
Agilent Bioanalyzer 2100 system according to the manufac-
turer’s instructions. The DNA fragment libraries were used
for IncRNA sequencing on a Hiseq™ 2500 platform (Illu-
mina, USA) that incorporated a paired-end 150 bp read run.

Functional enrichment analysis

The raw reads from each sample were qualified by FastQC.
Fragments per kilobase of exon per million fragments
mapped (FPKM) was used to calculate and normalize the
read abundance. The basic screening and test criteria for the
identification of significant differentially expressed genes
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were llog2FCl > 1 and FDR < 0.05, and the higher values of
log2FC were selected for false-positive findings based on
low number of samples. Predicted target genes were identi-
fied based on the above results. To understand the function
and pathway influences of differentially expressed IncRNA,
we used the Database for Annotation, Visualization, and
Integrated Discovery (DAVID) and Gene Ontology (GO)
Consortium platforms at a threshold of FDR <0.05 to con-
duct functional enrichment analysis. Our analysis incorpo-
rated hypergeometric distribution based on the Kyoto ency-
clopedia of genes and genomes (KEGG) with a p <0.05 and
an enrichment score of > 1.5 to determine the significant
pathways.

Quantitative reverse transcription PCR (qRT-PCR)
verification

We selected five differentially expressed IncRNAs that
exhibited large differences and high expression levels to
verify the reliability of our sequencing data. Total RNA was
isolated using TRIzol, and the concentration and purity were
assessed using a microspectrophotometer (Tiangen Biotech
Co., Ltd.). All primers were purchased from Sangon Bio-
tech (Shanghai, China), and they are listed in Supplement
Table 1. qRT-PCR was conducted using a two-step process,
where first-strand cDNA was created using the RevertAid
First-Strand cDNA synthesis kit (Thermo Fisher Scientific,
Inc.) followed by FastStart Universal SYBR Green Master
mix to amplify cDNA using a QuantStudio 6 Flex Real-Time
PCR System (Thermo Fisher Scientific, Inc.) according to
the manufacturer’s instructions. GAPDH was used as an
internal reference gene, and the 2~44C4 pethod was used to
determine the relative gene expression (Livak and Schmitt-
gen 2001).

The regulatory network of IncRNA-miRNA-mRNA

Based on KEGG pathway analysis and qRT-PCR validation,
we selected two IncRNAs for use in constructing regulatory
networks. This network was used to explore the relationship
between RNA expression and the co-expression regulation
of target genes. The network was visualized using version
3.6.1 of Cytoscape.

Cell culture and transfection

BV-2 cells (purchased from ProcellLifeScience, Wuhan) are
a murine immortalized microglia cell line (Blasi et al. 1990).
The BV-2 cells were cultured in Dulbecco Modified Eagle
Medium (DMEM, Corning 10-013-CVR) supplemented
with 10% heat-inactivated fetal bovine serum (FBS) and
1% penicillin—streptomycin. The BV-2 cells were grown
in a humidified atmosphere under 5% CO, at 37 °C. The
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siRNA sequences of LOC102546895 were synthesized by
GenePharma (Shanghai, China) and are provided in Sup-
plement Table 1. The BV-2 cells were transfected using
Lipofectamine 2000 reagent (Invitrogen) according to the
manufacturer’s instructions.

CCK-8 assay

For the cell proliferation assay, 1 x 10* cells were seeded
into 96-well plates with 100 pL of complete culture media
for five different time periods. These cells were then incu-
bated with 10 pL of CCK-8 (Beyotime Biotechnology) assay
solution for 1 h. An enzyme immunoassay analyzer (Infinite
M1000, TECAN) was used to detect absorbance values at
450 nm.

Western blotting

The cells were lysed using RIPA (Thermo Scientific) buffer
to release the total protein according to the manufacturer’s
instructions. Equal amounts of protein (20 pg) were sepa-
rated using 10% sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) gels and then transferred onto
PVDF membranes. After blocking with 5% nonfat milk in
TBST to reduce nonspecific binding, the membranes were
immunoblotted with primary antibodies specific for Npas4
(1:1000 dilution, SMC-495, SMC) and GAPDH (1:1000
dilution, 60004-1-Ig, Proteintech) at 4 °C overnight. After
washing, the membrane was exposed to secondary antibody
specific for HRP-conjugated goat anti-mouse (1:1000 dilu-
tion, A0216, Beyotime). Bands were detected using an ECL
detection system (Thermo Scientific).

Flow cytometry

To test microglial cell apoptosis by the flow cytometry,
the cell culture medium was collected, and the superna-
tant was removed by high-speed centrifugation. The cells
were resuspended in 1X Binding Buffer to a cell density
of 2~5x10° cells/mL. Annexin V-FITC solution was then
added and the reactions were incubated for 15 min at room
temperature in the dark. The cells were again resuspended,
and propidium iodide was added to allow for flow cytometry
detection. To prevent fluorescence decay, the experiment
was performed within 4 h after staining, and the experiment
was repeated three times.

Statistical analysis

All data are expressed as mean + (SD) using at least
three independent experiments, and statistical analyses
were performed using SPSS 16 (Chicago, IL, USA). The
escape latency time of rats were analyzed by Post Pairwise
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Comparisons using Bonferroni method. One-way ANOVA
followed by Tukey’s post hoc test was used to analyze the
significance between three or four groups, and a ¢ test was
used to analyze the significance between two groups. A
value of p <0.05 was defined as statistically significant.

Results
Dex attenuate cognitive deficits

In this study, the Morris water maze test was applied to
assess spatial learning and memory (Walsh et al. 2011). In

all rats, the escape latency was shortened after they were
trained for 4 days (Fig. 1a). The escape latencies of the sham
operation group and the POCD group rats were significantly
higher than those of the Dex group rats at day 1, and the
escape latencies of rats in the Dex group were significantly
lower than those of the POCD group on day 2 and day 4.
Additionally, the escape latency changes in the Dex group
were not significant compared to those in the POCD group,
where a dramatic decrease was observed. On the last day of
the experiment, the platform was removed, the traveling tra-
jectories were mapped, and the total distance and the number
of times the original platform position was crossed were
recorded for all rats in the Morris water maze (Fig. 1b—d).
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Fig.1 Results of Morris Water Maze test among rats from con-
trol group (N=3), sham group (N=3), postoperative cognitive dys-
function (POCD) group (N=3) and dexmedetomidine (Dex) group
(N=3). a Escape latency time (the time from launch to the first land-
ing on the platform) of rats in each group. The escape latencies of rats
in the Dex group were significantly lower than those of the POCD
group on day 2 and day 4. b The maps of computer printouts of the
swimming trajectories in the probe test day of each group. ¢ The total

normal sham POCD Dex

swimming distance by rats in the water for 90 s. The swimming dis-
tance of the rats treated with Dex was increased compared with those
of POCD group. d Number of crossings over the original platform
position by rats. Dex treatment significantly increased the crossing
number compared with POCD group. One-way ANOVA was used
to analyze the data and this analysis was followed by Tukey’s analy-
sis. *Indicates a significant difference of p <0.05 relative to the sham
group
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We found that Dex treatment significantly increased the
crossing number and the swimming distance of rats with
POCD. Based on these observations, Dex treatment can
improve POCD in rats.

Dex protects against neuron injury from POCD
in the hippocampus of rats

To explore the effect of Dex on neurons, the density of the
neurons within the hippocampus of rats was observed using
HE staining. As shown in Fig. 2a—d, in the control group and
sham operation group, the cells were arranged in a compact,
continuous, and uniform shape. The nucleoli of all cells were
clearly visible and primarily located in the nuclear center. In
the POCD group, however, neuron cells were severely dam-
aged and exhibited a disordered arrangement and unclear

cell structure. Nerve cells were observed to be decreased
in density, deeply stained, and to exhibit karyopyknosis.
In the Dex group, there were a greater number of neurons
in the hippocampus that exhibited clear nucleoli structure
and slightly sparse arrangement. Additionally, the nucleo-
lus staining was shallow and no obvious karyopyknosis was
present.

We also examined if changes in cognitive function could
be associated with the inflammatory response in the hip-
pocampus, and we selected two pro-inflammatory factors
(TNF-a and IL-1f) as indicators for ELISA and qRT-PCR
verification. As shown in Fig. 2e and f, the mRNA and
protein levels of TNF-a were significantly up-regulated
in the POCD group compared to those of the sham opera-
tion group. As expected, the expression level of TNF-a was
significantly down-regulated in the Dex group compared
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Fig.2 The survival of hippocampal neuron in rats was detected by
HE staining. Dex alleviated hippocampal neuron injury in rats with
POCD. a Normal group. b Sham group. ¢ POCD group. d Dex
group. e, f Using ELISA and qRT-PCR, the protein concentration and
mRNA expression levels were detected, respectively, for TNF-o and

Pielae clla)l auao
KACSTa061lg pglell =

Q Springer

control
sham
POCD
Dex

TNF-q, IL-1p

IL-1pB, and were found to be significantly down-regulated in the Dex
group compared with the POCD group. Gene expression was normal-
ized to actin transcript levels. Significant comparisons were assessed
by ¢ test. *Indicates significant differences where p <0.05. All images
are original magnification x 200
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to that of the POCD group. Analysis of another important
pro-inflammatory factor (IL-1p) yielded similar results. The
expression of IL-1p was significantly up-regulated in the
POCD group compared to that of the sham operation group
and the Dex group. In conclusion, these findings indicate
that Dex regulates the inflammatory response associated
with POCD and protects against neuron injury caused by
POCD in the hippocampus of rats.

Analysis of differently expressed mRNAs
and IncRNAs

A total of 81,534,914 ~94,301,368 clean reads were obtained
from raw reads, and the average filter rate was above 96.3%
(Supplement Table 2). Additionally, the GC and mapped
rates were greater than 43% and 92.7%, respectively. These
results indicate that the quality of sequencing is sufficient
for subsequent analysis.

To investigate the mechanisms underlying the Dex-medi-
ated regulation of inflammation in the context of POCD,
we performed IncRNA sequencing and screened differently
expressed genes (DEGs) between the Dex group and the
POCD group. A total of 23,422 mRNAs and 5897 IncRNAs
were obtained (Supplement Table 3). Notably, we identified
60 significantly differentially expressed IncRNAs (DE IncR-
NAs) that included 44 up-regulated and 16 down-regulated
IncRNAs in the Dex group compared to the POCD group
(Supplement Table 3). Additionally, 397 genes were signifi-
cantly differentially expressed, and these mRNAs were col-
lected for 99 genes that were up-regulated and 298 genes that
were down-regulated (Supplement Table 3). A subsequent
heat map analysis was performed on these DEGs (Fig. 3a, b).
For both mRNA and IncRNA, it was clear that the number
of down-regulated DEGs was more than twofold higher than
the number of up-regulated DEGs. The specific informa-
tion detailing DE IncRNAs and DE mRNAs are provided in
Supplement Table 4 and Supplement Table 5, respectively.

To investigate the role of IncRNA in regulating inflam-
mation, we attempted to identify potential target genes asso-
ciated with inflammation that were directly or indirectly
regulated by IncRNAs. GO and KEGG pathway analyses
were employed to analyze IncRNA-target genes (Fig. 3c, d).
The results revealed that DEIncRNAs were enriched during
brain development, and the positive regulation of the intrin-
sic apoptotic signaling pathway mediated by p53 in response
to DNA damage was the most significant. The GO terms for
cellular response to organic substance and for response to
starvation indicated higher gene enrichment and a higher
significance. Moreover, KEGG pathway analysis revealed
that cytokine—cytokine receptor interaction was the most
highly enriched while the p53 signaling pathway was the
most significant. The second most significant pathway was
butanoate metabolism, and this was followed by synthesis

and degradation of ketones and then rheumatoid arthritis
pathways. We also found that the NF-kappa B signaling
pathway is one of the top 20 enrichment pathways.

Validation of the sequencing data by qRT-PCR

A total of 5 DE IncRNAs that exhibited large differences and
high expression levels were used to verify the reliability of
sequencing data. The expression patterns of the five IncR-
NAs indicated that the sequencing data were reliable (Fig. 4).
LOC103692676, LOC102546895, and LOC100911992 were
up-regulated in the Dex group, and LOC103692397 and Ncl-
psl were down-regulated compared to levels in the POCD
group. The LOC102546895 and LOC103692397 expression
according to qRT-PCR data, however, exhibited significant
differences between the POCD and Dex groups.

The ceRNA network of IncRNA-miRNA-mRNA

The ceRNA network is presented in Fig. 5, and this net-
work included two IncRNAs (LOC102546895 and
LOC100911992), 33 miRNAs, and 49 mRNAs. The co-
expression relationship between the expression of IncR-
NAs and the regulation of mRNA levels was observed
within the ceRNA network (Fig. 5). The ceRNA network
revealed that the specific IncRNAs LOC102546895 and
LOC100911992 interacted with 33 miRNAs to regulate 49
mRNAs. LOC102546895 and LOC100911992 exhibited a
high correlation with the co-expressed mRNAs, suggest-
ing that LOC102546895 and LOC100911992 may play an
important role in response to Dex treatment.

LOC102546895 inhibits proliferation and promotes
apoptosis of microglial cells

To investigate the function of LOC102546895, we con-
structed three short interfering RNAs (LOC102546895-
siRNA-789, LOC102546895-siRNA-1256, and
LOC102546895-siRNA-1850) that all specifically targeted
LOC102546895. The LOC102546895-siRNA transfection
efficiency was analyzed by qRT-PCR (Fig. 6a). We observed
that compared to the control, the mRNA expression level
of LOC102546895 exhibited a significant down-regulation
only after transfection with LOC102546895-siRNA-1256,
indicating that LOC102546895-siRNA-1256 possessed the
best transfection efficiency and was suitable for use in sub-
sequent experiments.

To study the role of LOC102546895 in microglial
cell proliferation and apoptosis, cell proliferation and
apoptosis in microglial cells were detected using CCK-8
analysis and flow cytometry, respectively, after knock-
down using LOC102546895-siRNA-1256. Our results
indicated that the cell proliferation and viability in the
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Fig.4 Validation of five selected DE IncRNAs performed in
triplicate using qRT-PCR. a-e Expression of LOC103692676,
LOC102546895, LOC100911992, Ncl-psl, and LOC103692397 in
hippocampus tissues of normal group, sham group, POCD group, and

LOC102546895-siRNA-1256 group was significantly
increased compared to that of the siRNA-NC group
(Fig. 6b), suggesting that LOC102546895 inhibits micro-
glial cell proliferation. Conversely, apoptosis in microglia
cells decreased after transfection with LOC102546895-
siRNA-1256 (Fig. 6¢), suggesting that LOC102546895 pro-
motes microglial cell apoptosis. Based on these results, we
conclude that LOC102546895 acts as a negative modulator
of survival in microglial cells.

LOC102546895 promotes the expression of Npas4
in microglial cells

Neuronal Per-Arnt-Sim domain protein 4 (Npas4) is
a highly protective neuron transcription factor that is
involved not only in the transcriptional regulation of neu-
rons and synaptic development genes, but also in the inhi-
bition of neuroinflammatory responses (Choy et al. 2015).
Interestingly, the target gene Npas4 was demonstrated to
be regulated by LOC102546895 according to the ceRNA
network. Therefore, we selected Npas4 for further stud-
ies where we explored the effect of LOC102546895 on
Npas4. Specifically, we examined the mRNA and protein
expression levels of Npas4 after the microglial cells were
transfected with LOC102546895-siRNA-1256. The results

Dex treatment group. Gene expression was normalized to GAPDH
transcript levels. Significance was determined using one-way
ANOVA. ns no significant, *p <0.05, **p <0.01

of qRT-PCR and western blotting (WB) analyses revealed
that LOC102546895 knockdown using LOC102546895-
siRNA-1256 significantly reduced the level of Npas4 mRNA
and protein in the microglial cells compared to those in
cells transfected with siRNA-NC (Fig. 7), suggesting that
LOC102546895 may promote the expression of Npas4.

Discussion

POCD negatively impacts life expectancy and quality of life
in patients, particularly in elderly individuals that exhibit
low tolerance to surgical stress (Bharadwaj and Kamath
2019). Studies have shown that Dex treatment improves
POCD in patients; however, the exact mechanisms underly-
ing Dex function remain undefined (Carr et al. 2018; Liu
et al. 2016; Lu et al. 2017). Although Dex plays a function
role in repairing nerves, the drug has side effects in clini-
cal application. Also, a massive body of clinical drugs have
the same problem. However, the primary aim of this study
was to explore the mechanisms regulating IncRNA in the
process of Dex-mediated POCD improvement and to find a
better therapeutic target. These results would further provide
a theoretical basis for the subsequent clinical application of
Dex in the treatment of POCD.
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Alpha-2 adrenoceptors are widely found throughout the
central and peripheral nervous systems of mammals, and
these receptors are involved in a number of complicated
regulatory functions of the norepinephrine system such as
nociception, attention, and emotion (Dawson et al. 2011).
Dex is a strongly selective agonist of the alpha-2 adrenocep-
tor, and thus, Dex can be used for the treatment of POCD
(Carr et al. 2018). In this study, we found that Dex could
improve spatial memory ability and neuronal damage in hip-
pocampal tissue as assessed by Morris water maze testing
and HE staining. Pro-inflammatory cytokines such as TNF-o
and IL-1p disrupt blood—brain barrier (BBB) integrity, and
therefore, TNF-a and IL-1f may act as important risk fac-
tors for POCD after surgery (Terrando et al. 2010). In the
present study, according to the expression levels of TNF-a
and IL-1p, we found that Dex treatment could inhibit the
expression of pro-inflammatory factors after splenectomy in
rats and that sham operation alone was not enough to trig-
ger cognitive dysfunction. Our conclusions were consistent
with those of previous research that found Dex significantly
decreased the expression of TNF-a and IL-1p (Qian et al.

I Ul a
pshue el O Gpringer

2015) by reducing the LPS-induced systemic release of
TNF-a and IL-1p (Xiang et al. 2014).

Currently, research is lacking regarding Dex treatment of
POCD at the IncRNA sequencing level. In the present study,
we identified 5897 IncRNAs and 23,422 mRNAs using high-
throughput sequencing techniques, and of these, only 0.8%
(60) and 1.67% (397) have been identified as DEIncRNAs
and DEGs, respectively. This is a common phenomenon
in transcriptome sequencing and suggests that only partial
genes are specifically involved in different stages of life
(Yan et al. 2018). These DEIncRNAs were preferentially
clustered within the p53 signaling pathway and the NF-
kappa-B signaling pathway. It is currently understood that
the p53 signaling pathway is activated by multiple signals
when cells are exposed to the various stresses such as geno-
toxic damage, hypoxia, heat shock, and oncogenic assault
(Vousden and Lane 2007). Once activated, the p53 signaling
pathway will enable DNA repair or advance cellular death
programs to provoke transient or permanent growth arrest
to prevent cancer development (Stegh 2012). Activation of
the NF-kappa-B signaling pathway stimulates the excessive
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Fig.6 Effect of LOC102546895 on proliferation and apoptosis
in microglial cells. a Interference efficiency of three siRNAs spe-
cific to LOC102546895. b LOC102546895-siRNA-1256 promoted
the proliferation of microglial cells as assessed by CCK-8 assay. ¢
LOC102546895-siRNA-1256 inhibited apoptosis in microglial cell

production of cytotoxic factors such as the inflammatory
mediators TNF-a and IL-1f in microglial cells to promote
cell death (Dresselhaus and Meffert 2019). In this study,
knock-down of DEIncRNA LOC102546895 expression
inhibited the proliferative capacity of microglial cells while
increasing their apoptotic potential, which is consistent with
our study prediction. It is possible that splenectomy caused
brain stress in rats and this was accompanied by neuron
damage that triggered POCD and activated the p53 path-
way. In the process of Dex-mediated POCD treatment, the
NF-kappa-B signaling pathway responds to the regulation
of p53 and inhibits microglial activation and neuroinflam-
mation, ultimately hindering the aggravation of cognitive
impairment.

Npas4 is a highly protective neuronal transcription factor
that has been demonstrated to play a role in synapse forma-
tion and neuronal survival (Choy et al. 2015). Studies have
shown that Npas4 is directly related to learning and memory
formation in the hippocampus and it is also related to cogni-
tive and social neural behaviors (Ramamoorthi et al. 2011;
Coutellier et al. 2012). Knock-down of Npas4 resulted in

as assessed by flow cytometry. Significance was determined using ¢
tests. *Indicates a significant difference where p <0.05, **indicates a
significant difference where p <0.01, ***indicates a significant differ-
ences where p <0.001

the activation of astrocytes and microglia and accelerated
the expression of the pro-inflammatory cytokines IL-6 and
TNF-a, ultimately leading to a significant deterioration in
stroke lesion size, neuronal necrosis, and neurodegeneration
in mice (Choy et al. 2016). Consistent with previous studies,
our results show that the down-regulation of the expression
of LOC102546895 resulted in a decrease in the transcription
level and protein level of Npas4, an increase in the prolifera-
tion of microglial cells, and a reduction in apoptosis. These
results suggest that during the Dex-mediated treatment of
POCD, LOC102546895 may inhibit neuroglial activation
and inflammation by targeting Npas4 to improve cognitive
function in rats with POCD.

Conclusions

In conclusion, we demonstrated that Dex improved POCD
in rats by using Morris water maze and HE staining experi-
ments. ELISA and qRT-PCR analyses revealed that Dex-
mediated treatment of POCD inhibited the expression levels
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Fig.7 Effect of LOC102546895 A
on the mRNA expression and
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primarily involved in the p53 signaling pathway and the
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of microglial cells while promoting apoptosis. Our study
showed that Dex regulated IncRNAs expression profile of
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targeting Npas4.
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