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ABSTRACT

Background: Inhalation of sevoflurane can cause neuronal apoptosis, and cognitive disorders, inducing to the
occurrence and progression of post operative cognitive dysfunction (POCD). This study aimed to explore the
roles of sevoflurane-induced POCD-associated exosomes on HMC3 cells and its related mechanisms.

Methods: Exosomes were isolated from the plasma of sevoflurane-induced POCD or non-POCD patients, and
were then sent for small RNA sequencing. Real-time quantitative PCR (RT-qPCR) was used to verify the
sequencing results, and miR-584-5p was chosen for subsequent study. HMC3 cells were respectively transfected
with POCD-derived exosomes and miR-584-5p mimics, and cell viability and apoptosis were measured. Dual-
luciferase reporter gene assay was applied to confirm the target of miR-584-5p.

Results: After sequencing, 301 differentially expressed miRNAs were identified, including 184 up-regulated
miRNAs and 117 down-regulated miRNAs, and were significantly enriched in 3577 GO terms and 121 KEGG
pathways. Due to the high level of miR-584-5p in sevoflurane-treated POCD-derived exosomes, HMC3 cells with
miR-584-5p enrichment were successfully established. Compared with the control group, POCD-derived
exosomes and miR-584-5p significantly inhibited viability and promoted apoptosis of HMC3 cells (P < 0.05). The
IL-1B and TNF-a levels were significantly increased after POCD-derived exosomes and miR-584-5p mimics
treatment compared to the control group (P < 0.05). Besides, POCD-derived exosomes and miR-584-5p mimics
significantly down-regulated the expression levels of BDNF and p-TrkB, and up-regulated Caspase 3 and IL-1p.
Finally, BDNF was confirmed to be the target of miR-584-5p.

Conclusions: Sevoflurane-induced POCD-associated exosomes delivered miR-584-5p may regulate the growth of
HMCS3 cells via targeting BDNF.

INTRODUCTION insults such as infections or trauma [2]. Since many

vulnerable older adults require surgery, POCD

Postoperative delirium, a mysterious clinical syndrome,
is also called post operative cognitive dysfunction
(POCD) that manifested by disturbance of consciousness,
disordered behavior, aimlessness, and inability to
concentrate [1]. Usually, the onset of delirium is
acute accompanied with a fluctuating course. Delirium
often occurs in the elderly, especially when there are
pre-existing neurocognitive impairment and following

particularly is a growing public health problem, occurring
in 20%-50% of people older than 60 years old after major
surgery [3, 4]. In addition, POCD is also related to the
increased mortality, decreased cognition and function,
longer hospital stays, and significant annual medical
costs [5, 6]. More and more evidence show that
the pathogenesis of POCD involved a variety of
neurobiological processes, containing cerebrovascular
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dysfunction, impaired neural network connectivity,
neuroinflammation, neurotransmitter imbalance, and
altered brain metabolism [4, 7].

Sevoflurane, considered as a safe reagent in clinical use,
is @ common anesthetic for adults and children, and is
characterized by low blood gas coefficient, quick action
and quick recovery [8]. However, recent studied have
shown that sevoflurane plays neurotoxic functions in the
central nervous system, including cognitive dysfunction
and abnormal behavior [9, 10]. A randomized clinical
trial study of Mei et al. [11] showed that 23.3% patients
(24/103) anesthetized with sevoflurane occurred POCD.
Another study has found that compared with propofol,
sevoflurane anesthesia was in connection with a higher
incidence of POCD in the elderly patient population
[12]. Besides, sevoflurane inhalation anesthesia could
contribute to POCD by dose dependence, which may be
involved in the pathway activation of inflammation and
apoptosis [13]. However, the pathogenesis and molecular
mechanisms of POCD induced by sevoflurane remain
unclear.

Exosomes, as the carrier of bioactive molecules such as
RNA, DNA, and proteins, range from 50 to 200 nm in
size, and are an important tool for cell-to-cell
communications [14]. A previous study indicated that
the release of plasma-derived exosomal a-synuclein
could induce POCD of geriatric hip fracture patients
[15], which implied the importance of exosomes in
delirium. MircoRNAs (miRNAs) with 17-26nt length
can regulate gene expression by suppressing and
degrading target gene translation [16, 17]. Compared
with the non-exosome-related mMiRNAS, exosomes-
associated miRNAs are more stable, and more resistant
to RNase enzyme activity [18]. Furthermore, more and
more evidence suggested that miRNAs determined in
the body fluids (such as blood and urine) are crucial
regulators in cell communications, as well as play
essential roles in various physiological and pathological
processes and homeostasis [19, 20]. Chen et al. [21]
found that POCD occurred in 63 of 370 elderly patients
with gastric cancer 7 days after surgery, and serum
miR-210 expression was an independent risk factor of
POCD. However, the roles of exosomal miRNAs in the
occurrence and progression of POCD are still unknow.

Recently, it has been reported that peripheral
inflammatory stimulation can lead to activation of
microglia, and the aggregation and activation of
microglia are found to be closely concerned with the
pathogenesis of nervous system diseases, like POCD
and Alzheimer’s disease [22]. Activated microglia can
heighten oxidative stress and induce cell death pathway
through releasing various inflammatory factors, thereby
accelerating neurodegeneration (such as POCD) [23].

Additionally, human microglia HMC3 cells have been
widely applied for neurodegenerative diseases research,
due to the small number and the time-consuming
technology of primary microglia cultures [24].
Therefore, exosomes were firstly isolated from the
plasma of sevoflurane-treated POCD and non-POCD
patients, and then sent for small RNA sequencing. After
sequencing and analyzing, miR-548-5p was enriched in
the POCD-associated plasma-derived exosomes, as well
as was chosen for subsequent study. Finally, the effects
and related mechanisms of POCD-derived exosomal
miR-584-5p on human microglia HMC3 cells were
further explored. These results will provide valuable
clues for the discovery of new therapeutic targets and
pathways to manage sevoflurane-induced POCD.

RESULTS
Clinical information

In this study, 20 patients from the patients with general
anesthesia were selected for further study, and Table 1
showed the basic clinical information of the selected 20
subjects.

Identification of the isolated exosomes

Exosomes were extracted from the plasma of POCD
patients induced by sevoflurane or non-POCD patients,
and then were identified by western blot, TEM, and
NTA. It was found that the matters extracted from the
plasma of POCD or non-POCD patients were both
displayed morphology of nearly round of cup-shaped
with a diameter of about 100 nm (Figure 1A). The results
of NTA displayed that the main peaks of the POCD-
associated exosomes and  non-POCD-associated
exosomes were respectively 146 nm and 150 nm
(Figure 1B, 1C), which were coincided with the size
distribution of exosomes described as previously [25].
Besides, CD9, TSG101, and CD81, which are the
exosomes-specific markers, were all expressed in the
POCD-associated exosomes and non-POCD-associated
exosomes (Figure 1D). Combined with the results of
western blot, TEM and NTA, we can find that the
exosomes were successfully extracted from the plasma of
the POCD or non-POCD patients induced by sevoflurane.

Screen of DE-miRNAs between the sevoflurane-
induced POCD-associated and non-POCD-associated
exosomes and functional analyses

To comprehend the underlying molecular mechanisms of
sevoflurane-induced POCD progression, the exosomes
from the POCD and non-POCD patients were then
subjected for small RNA sequencing. Totally, 301 DE-
miRNAs, including 184 up-regulated miRNAs and 117
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Table 1. Basic clinical information of the selected 20 patients.

Index Non-POCD (n=10) POCD (n=10)
Age 70.20 £ 3.49 7730 £ 6.77
Male N=5 N=5
Female N=5 N=5
BMI 20.82 +2.38 20.22+2.42
Education 8.40+2.37 10.70 £ 3.27
MMSE 21.90 £ 3.60 19.60 £ 3.98
Preoperative nerve block N=7 N=1

POCD, post operative cognitive dysfunction; BMI, body mass index;
MMSE, mini-mental state examination.

down-regulated miRNAs, were observed between the associated exosomes (T group) and non-POCD-

sevoflurane-induced POCD-associated and non-POCD- associated exosomes (C group, Figure 2B).

associated exosomes (Figure 2A and Supplementary

Table 1). Then, the 301 DE-miRNAs were bidirectional After that, the DE-miRNAs were used to predict the

hierarchical clustered, and the results showed that these target genes, and 84604 mRNAs were found for
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Figure 1. Characterization of exosomes isolated from the plasma of sevoflurane-induced post operative cognitive
dysfunction (POCD) patients or non-POCD patients. (A) The morphology of exosomes was visualized using a transmission electron
microscopy. A NanoSight NS300 particle size analyser was used to analyze the particle size of the exosomes isolated from the plasma of

sevoflurane-induced non-POCD patients (B) and POCD patients (C). (D) The expression of exosomes-specific markers TSG101, CD9 and CD81
examined by western blot.
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3577 Go terms, as well as 121 KEGG pathways were
significantly enriched by these genes (Supplementary
Tables 2, 3). It is obvious that these DE-miRNAs were
significantly enriched in “multicellular organism
development”, “positive regulation of transcription,
DNA-templated”, and “intracellular signal transduction”
of biological process GO terms; as well as in
“mitochondrion”, “integral component of membrane”
and “extracellular exosome” of cellular component GO
terms; and in  “zinc ion binding”, “protein
homodimerization activity”, “ATP binding”, and
“calcium ion binding” of molecular function GO terms
(Figure 3A). Furthermore, these DE-miRNAs were also
significantly related to “Oxytocin signaling pathway”,
“ECM-receptor interaction”, “Axon guidance”, “PI3K-
Akt signaling pathway”, “regulation of actin
cytoskeleton”, “phospholipase D signaling pathway”,
“cGMP-PKG signaling pathway”, “Glycerophospholipid
metabolism”, as well as “Rapl signaling pathway”
(Figure 3B).

Validation of sequencing data by RT-gPCR
We then selected three up-regulated miRNAs (miR-

451a, miR185-5p, and miR-584-5p), as well as two
down-regulated miRNAs (miR-7976, and miR-122-5p)
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for further validation. Relative to the non-POCD
plasma-derived exosomes, miR-584-5p level was
evidently increased in the sevoflurane-induced POCD
plasma-derived exosomes (P < 0.05, Figure 4A). The
miR-451a level in the POCD-associated exosomes and
non-POCD-associated exosomes had no significant
difference (P > 0.05, Figure 4B). The trend of the miR-
185-5p level in the different groups was similar with
that of the miR-584-5p level (Figure 4C). For miR-122-
5p and miR-7976, their levels were markedly decreased
in the POCD-derived exosomes (P < 0.05) compared to
the non-POCD-derived exosomes (Figure 4D, 4E). All
the outcomes demonstrated that the coincidence rate
between RT-gPCR results and sequencing analysis was
80% (4/5%100%), which implied that the sequencing
results were relatively highly reliable. Due to the
relative high level of miR-584-5p in the POCD plasma-
derived exosomes, hsa-miR-584-5p was selected for
following experiments.

BDNF was the target gene of miR-584-5p
TargetScan Human 7.1 found that the 3°-UTR of BDNF
had the binding site of miR-584-5p, so we predicted that

BDNF may be the target of miR-584-5p (Figure 4F).
Thereafter, to confirm this hypothesis, dual-luciferase
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Figure 2. Identification of differentially expressed microRNAs (DE-miRNAs) between the POCD-associated exosomes and
non-POCD-associated exosomes. (A) The volcano figure of DE-miRNAs with the criteria of |log, FC| > 1.5, and P value < 0.05. (B) The

bidirectional hierarchical cluster analysis of these DE-miRNAs.
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Figure 3. Functional analyses of the identified DE-miRNAs. (A) The top 30 Gene Ontology terms of these DE-miRNAs in biological
process, cellular component and molecular function. (B) The top 20 Kyoto Encyclopedia of Genes and Genomes pathways enrichment of
these DE-miRNAs.
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reporter gene assay was performed. In the pGL3-basic
plasmid, the relative luciferase activity in the NC mimic
and miR-584-5p mimics displayed no significant
difference(P > 0.05, Figure 4F). In the pGL3-BDNF-WT
plasmid, relative to the NC mimics, the relative luciferase
activity in the cells after transfected with miR-584-5p
mimics was significantly reduced (P < 0.05); but the
relative luciferase activity was restored to a similar of NC
mimics after BDNF mutated (in the pGL3-BDNF-MUT
plasmid, P > 0.05, Figure 4F). The results suggested that
BDNF could directly bind with miR-584-5p.

Cellular uptake of POCD-associated exosomes and
cell transfection efficiency

The POCD-associated exosomes were labeled with
PKH67 (green), as well as Actin red was stained
cytoskeleton of HMC3 cells (red), and the nucleus

(blue) of HMC3 cells were stained by DAPI. After 48 h
of co-culture for, the intracellular green fluorescence
was displayed in the HMC3 cells (Figure 5A). These
manifested that the POCD-associated exosomes could
be taken up by HMC3 cells.

Next, to learn the action of exosomal miR-584-5p in the
growth of HMC3 cells, the HMC3 cells with miR-584-
5p enrichment were constructed. There was no
significant difference (P > 0.05) in the miR-584-5p
level between the control (1.01 + 0.16) and NC mimics
(0.96 £ 0.25) groups (Figure 5B). However, after miR-
584-5p mimics transfection, the miR-584-5p level
reached to 79.29 + 5.20, which was approximately 80
times that of the control group (Figure 5B). These
finding revealed that the HMC3 cells with miR-584-5p
enrichment were built successfully, and was able to be
employed for subsequent study.
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Figure 4. Validation of sequencing result by real-time quantitative PCR (RT-qPCR), and BDNF was the target gene of miR-584-
5p. The mRNA levels of miR-584-5p (A), miR-451a (B), miR-185-5p (C), miR-7976 (D) and miR-122-5p (E) in the non-POCD-derived exosomes
and POCD-derived exosomes. N = 10. *: P < 0.05, compared with the non-POCD-derived exosomes. (F) An online tool TargetScan Human 7.1
was applied to predict that BDNF was the target gene of miR-584-5p, and dual-luciferase reporter gene assay showed that BDNF was

confirmed to bind with miR-584-5p. *: P < 0.05.
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Analyses of cell viability and apoptosis

When the cells cultured for 24 h, 48 h and 72 h, the cell
viability in the control and NC mimics groups had no
obvious difference (P > 0.05, Figure 6A). After 24 h of
culture, relative to the control group, miR-584-5p
mimics transfection and exosomes treatment decreased
the cell viability, but there was no significant difference
(P > 0.05, Figure 6A). After cultured for 48 and 72 h,
miR-584-5p enrichment and exosomes treatment
markedly reduced the cell viability of HMC3 cells
(P < 0.05) relative to the control cells (Figure 6A).
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Thus, HMC3 cells transfected/treated with miR-584-5p
mimics or the POCD-derived exosomes for 48 h were
selected for farther analyses.

Then, the cell apoptosis of HMC3 cells were
determined. It is clear that no obvious difference in cell
apoptosis was found (P > 0.05) between the control and
NC mimics groups (Figure 6B). Relative to the control
group, exosomes treatment and miR-584-5p mimics
transfection both evidently elevated the total apoptosis
rate (P < 0.05); as well as the total apoptosis rate in the
cells treated with miR-584-5p enrichment was markedly
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Figure 5. Cellular uptake of exosomes and cell transfection efficiency. (A) Sevoflurane-induced POCD-derived exosomes were
labeled by PKH67 (green), and cytoskeleton of HMC3 cells was stained by Actin (red). Exosomes could be taken up by HMC3 cells after co-
cultured. (B) The level of miR-584-5p after transfected with negative control (NC) mimics and miR-584-5p mimics. *: P < 0.05, compared with

the control group.
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higher than that in the cells with exosomes treatment
(P < 0.05, Figure 6B). Taken together, miR-584-5p
enrichment and sevoflurane-induced POCD-associated
exosomes could inhibit cell viability of HMC3 cells, as
well as promote their apoptosis.

Analysis of IL-1p and TNF-a levels in the HMC3
cells

After that, ELISA was applied to measure TNF-a and
IL-1B contents in the HMC3 cells with different

treatments. The IL-1B levels in the control as well as
NC mimics groups were respectively 74.33 + 4.72
pg/mL and 75.41 + 8.28 pg/mL (Figure 7A); and the
contents of TNF-a in the control and NC mimics were
severally 101.19 + 11.79 pg/mL and 110.08 % 5.58
pag/mL (Figure 7B), which showed no obvious changes
between the control and NC mimics. The IL-1p contents
in the Exos and miR-584-5p mimics groups were
14410 £ 493 pg/mL and 153.02 + 8.43 pg/mL,
respectively (Figure 7A); and the TNF-a contents in the
HMC3 cells with exosomes and miR-584-5p mimics
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Figure 6. Effects of exosomal miR-584-5p on the cell viability and apoptosis of HMC3 cells. (A) The cell viability of HMC3 cells
treated with POCD-derived exosomes and miR-584-5p mimics determined using Cell Counting Kit-8. (B) Flow cytometer was utilized to
determine the cell apoptosis of HMC33 cells with different treatments. *: P < 0.05, compared with the control group. #: P < 0.05, compared

with the Exos group.
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transfection were respectively 182.51 + 4.91 pg/mL and
187.36 = 3.12 pg/mL (Figure 7B). These showed the
significant increased TNF-o and IL-1B levels in the
Exos as well as miR-584-5p mimics groups than in the
control cells (P < 0.05).

Roles of exosomes and miR-584-5p in BDNF, TrkB,
p-TrkB, Caspase 3, and IL-1p expression

Western blot and RT-gPCR were employed to detected
BDNF, TrkB, p-TrkB, Caspase 3, and IL-1f expression
levels in the HMC3 cells with different treatments. No
significant differences in mMRNA and protein expression
of BDNF, TrkB or p-TrkB/TrkB, IL-1p and Caspase 3
were discovered between the NC mimics and control
groups (Figure 8). Relative to the control cells, BDNF
and TrkB mRNA expression were both remarkedly
down-regulated in the miR-584-5p mimics and Exos
groups (P < 0.05), and the mRNA level of BDNF in the
cells with miR-584-5p enrichment was evidently lower
than tin the cells treated with exosomes (P < 0.05,
Figure 8A, 8B). For Caspase 3 and IL-1p, their
expressions were signally up-regulated after POCD-
derived exosomes treatment and miR-584-5p enrichment
(P < 0.05), relative to the control cells (Figure 8C, 8D).
Then, western blot was also applied to determine protein
expressions of BDNF, TrkB, p-TrkB, and IL-1pB in the
cells with different treatments. It is obvious that the
trend of BDNF and IL-1B protein expressions in the
different groups examined by western blot was similar
with that of their mMRNA expression measured by RT-
gPCR (Figure 8E-8G). For p-TrkB/TrkB, its level was
significantly reduced after treatments of POCD-derived
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exosomes and miR-584-5p mimics (P < 0.05), compared
to the control cell (Figure 8E, 8H).

DISCUSSION

POCD is defined as an acute impairment of attention
and cognition, with significant associated morbidity and
mortality of the elderly [26]. Inhalation of sevoflurane
can cause neuronal apoptosis, cognitive disorders, and
abnormal behavior, inducing to the occurrence and
progression of POCD [27]. Exosomes can deliver
miRNAs, IncRNAs, mRNAs, proteins, and other
bioactive substances to neighboring cells or even distant
cells, thus playing essential roles in the occurrence and
development of diseases [14]. In the present study, we
isolated the exosomes from the plasma of sevoflurane-
induced POCD or non-POCD patients, and small RNA
sequencing was performed. After sequencing analysis,
184 up-regulated and 117 down-regulated miRNAs
were identified, and were significantly enriched in 3577
GO terms and 121 KEGG pathways (P < 0.05),
containing”Rapl signaling pathway”, “ECM-receptor
interaction”, “phospholipase D signaling pathway”,
“PI3K-Akt signaling pathway”, as well as “cGMP-PKG
signaling pathway”.

Changes in hippocampal ECM (extracellular matrix)
could result in the cognitive impairment related to
chronic depression-like states in rats [28], and ECM-
receptor interaction has been reported to participate in
processes of tumor abscission, adhesion, degradation,
motility and proliferation [29]. PI3K-Akt signaling
pathway has been reported in the many cancers, and a
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Figure 7. Effects of exosomal miR-584-5p on the pro-inflammatory cytokines in HMC3 cells by enzyme-linked
immunosorbent assay. (A) The content of IL-1B in the HMC cells with different treatments. (B) The content of TNF-a in the HMC cells
with different treatments. *: P < 0.05, compared with the control group.
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study of Qiu et al. [30] showed that 5-HT(1A) receptor
antagonist could improve the symptoms of delirium
rats at some extent via inhibiting NLRP3 activity
induced by PI3K/Akt/mTOR activation. Phospholipase
D, a ubiquitous enzyme, is a conditioning agent of
metabolic pathways as well as intercellular signaling
[31], and phospholipase D signaling pathway is found
to be closely connected with Alzheimer’s disease [32].
A previous study demonstrated that gastrodin could
promote hippocampal nerve regeneration after cerebral
ischemia and improve the cognitive function of mice via
activating NO-cGMP-PKG signaling pathway [33].
Besides, Rapl is essential for cell adhesion and integrin
function in a variety of cell types, and Rapl signaling
pathway is reported to participate in Alzheimer’s
disease [34]. Taken together, we speculate that Rapl
signaling  pathway, @ ECM-receptor interaction,
phospholipase D signaling pathway, PI3K-Akt signaling
pathway, as well as cGMP-PKG signaling pathway may
take part in the occurrence and development of
sevoflurane-induced POCD. Nevertheless, the specific
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effects of these pathways on sevoflurane-induced
POCD need to be further investigated.

After that, five DE-miRNAs were selected for further
verification, and miR-584-5p was significantly enriched
in the sevoflurane-treated POCD-associated exosomes.
Further to explore the roles and potential mechanisms of
exosomal miR-584-5p in POCD progression, HMC3
cells were respectively transfected or treated with
miR-584-5p mimics, or sevoflurane-induced POCD-
associated exosomes. In this study, we found that miR-
548-5p enrichment and sevoflurane-induced POCD-
associated exosomes could suppress the viability, as well
as enhance apoptosis of HMC3 cells. A previous study
reported that miR-124-3p in the microglial-derived
exosomes could be transferred to hippocampal neurons,
and improve the cognitive consequences after repetitive
mild traumatic brain injury [35]. These indicated the
importance of exosomal miRNAs in cognitive disorders.
Additionally, many researches have reported the roles
of miR-584-5p in cancers. Wei et al. [36] elaborated
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Figure 8. Effects of exosomal miR-584-5p on the expression of related genes and proteins in HMC3 cells. The mRNA expression
of BDNF (A), TrkB (B), IL-1 (C) and Caspase 3 (D) in the HMC3 cells after transfected with exosomes and miR-584-5p mimics using RT-qPCR.
(E) The protein bands visualized by western blot. The protein expression levels of BDNF (F), IL-1B (G) and p-TrkB (H). *: P < 0.05, compared

with the control group. #: P < 0.05, compared with the Exos group.
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depletion of miR-584-5p could reduce the growth of
hepatocellular carcinoma (HCC) cells via targeting
KCNE2 expression, thus mediating the progression of
HCC. Another study illustrated that cicPITX1/miR-584-
5p/KPNBL1 axis could regulate glioblastoma progression
through mediating the proliferation, migration, invasion,
angiogenesis, and cell cycle [37]. These reports,
together with our results, we can infer that sevoflurane-
induced POCD-associated exosomes delivered miR-
584-5p may affect the development of POCD through
inhibiting proliferation and promoting apoptosis of
HMC3 cells.

Recently, cytokines dysregulation is thought to be a
pivotal contributor to neurodegeneration, and subsequent
cognitive disorder in delirium, which is as a consequence
of the activation of a systemic inflammatory cascade
[38]. A systematic review of animal experiments
indicated that activation of microglial was concerned
with the elevated levels of IL-1B, TNF-a, and Toll-like
receptors, and could contribute to delirium [22]. TNF-a
and IL-1pB, pro-inflammatory cytokines, are reported to
be increased in the hip fracture elderly patients with
POCD [39]. Our results found that sevoflurane-caused
POCD-associated exosomes and miR-584-5p enrichment
significantly up-regulated TNF-o0. as well as IL-1p
expressions, and augmented their levels in the HMC3
cells, which implied that sevoflurane-induced POCD-
associated exosomes delivered miR-584-5p may
promote POCD progression through up-regulating pro-
inflammatory cytokines (TNF-a and IL-1p) in the HMC3
cells.

In addition, the current research showed that POCD-
associated exosomes and miR-584-5p mimics down-
regulated BDNF expression, and p-TrkB/TrkB level,
and up-regulated Caspase 3. Caspase 3 is the
confluence of endogenous and exogenous apoptosis
pathways, and is the main executor of apoptosis [40].
Badshah et al. [41] showed that Osmotin could prevent
lipopolysaccharide-induced apoptotic neuro-
degeneration by down-regulating PARP-1 and Caspase
3, thus improving neuroinflammation-associated
memory impairment. Deregulation of BDNF/TrkB
signaling pathway contributes to the pathological
process of many diseases, including neurodegenerative
diseases, traumatic brain injury, and cerebral ischemia,
as well as down-regulation of BDNF was found to be
associated with the pathogenesis of postoperative
cognitive decline [42]. Another study has shown that
harmine administration rose the levels of BDNF, as
well as p-TrkB in both the high glucose-treated cells
and the diabetic rats, and ameliorated cognitive
dysfunction induced by diabetes [43]. Our study found
that sevoflurane-caused POCD-associated exosomes
and miR-584-5p enrichment down-regulated BDNF,

and p-TrkB/TrkB, as well as dual-luciferase reporter
gene assay showed that BDNF was the target gene of
miR-584-5p. Therefore, it can be speculated that
sevoflurane-induced  POCD-associated  exosomes
delivered miR-584-5p may facilitate the occurrence
and progression of delirium via targeting BDNF, and
regulating Caspase 3 and BDNF/TrkB signaling.

However, there are some limitations in this study. First,
our conclusions need to be verified in primary microglia
cells and other human microglia cell lines. Second, the
expanded samples are required to validate the
expression of DE-miRNAs. Third, our study is
preliminary, and further study should be performed to
prove that whether miR-584-5p is specifically induced
in sevoflurane-induced POCD via small RNA
sequencing of plasma from patients treated with other
anesthetic drugs. Additionally, knockdown or over-
expression of BDNF or TrkB is also required to verify
the growth-inhibitory roles of the miR-584-5p-
BDNF/TrkB axis in POCD.

In conclusion, 301 DE-miRNAs were identified in the
sevoflurane-induced POCD-associated exosomes, as
well as functional analyses showed that PI3K-Akt
signaling  pathway, ECM-receptor interaction,
phospholipase D signaling pathway, Rapl signaling
pathway, and cGMP-PKG signaling pathway may
participate in sevoflurane-induced POCD progression.
Additionally, POCD-associated exosomes delivered
miR-584-5p could inhibit viability and promote
apoptosis of HMC3 cells via targeting BDNF, as well
as regulating inflammatory response and BDNF/TrkB
signaling, thus accelerating the occurrence and
development of sevoflurane-induced POCD. Our
work helps us to improve our understanding of the
pathogenesis of POCD promoted by sevoflurane, and
provides foundation for miR-584-5p as well as BDNF
as novel potential therapeutic targets to manage
anesthetics-induced POCD.

MATERIALS AND METHODS
Patients and plasma collection

Totally, 275 patients aged 60-80 years old with hip
replacement (ASA grade: | - Ill) were recruited from
China-Japan Friendship Hospital, Jilin University, and
92 patients were signed the informed consent forms.
However, 11 patients did not complete the test (n = 2)
or dropped out of the study (n = 9). Therefore, only 81
patients were used for further study. The inclusion
criteria were the patients aged 60-80 years old, the ASA
grade of I-111, no history of mental illness, no history of
addiction to psychotropic drugs, and no serious basic
diseases. The exclusion criteria for selected patients
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included the patients who refused to participate and did
not cooperate with the preoperative test; the patients
with severe systemic diseases or ASA grade over IlI;
the patients with long-term use of antipsychotic
medications; the patients with cerebrovascular history
or major neurological dysfunction; the patients
diagnosed with dementia and/or severe cognitive
impairment; and the patients with the scores less than
the basic line based on mini-mental state examination
(MMSE), as well as Montreal cognitive assessment
(MoCA).

We selected ten POCD patients (T group) and ten
non-POCD patients (C group) from the patients with
general anesthesia, and 10 mL blood were taken from
each patient. The protocols of general anesthesia were
shown as follow: 4 png/kg fentanyl, 0.2 mg/kg
atracurium, and 1.2 mg/kg propofol, as well as
sevoflurane (1.5%-3%) was used to keep the patients
to maintain anesthesia during the surgery of hip
replacement. The obtained blood was centrifuged at
4° C at 1900 g for 10 min, followed by at 3000 g for
15 min. The supernatant was collected, which was
plasma.

Isolation and identification of plasma-derived
exosomes

As described as previously, exosomes were isolated
from the plasma of different groups (C and T groups)
under the condition of 4° C [44]. Briefly, the obtained
plasma was centrifuged at 12000 g for 30 min to wipe
off the cell fragments. The supernatant was filtered
with a 0.22um sterile filter to eliminate large particle
vesicles above 220 nm. After centrifuged at 120000 g
for 60 min, followed by 120000 g for 60 min. The
sediments were resuspended with 200 pL pre-cooled
PBS, which was exosomes. Following, a transmission
electron microscope ((TEM, JEOL LTD, USA) [45], a
NanoSight NS300 particle size analyser (NTA,
Malvern Panalytical, UK) [46], and western blot (CD9,
CD81 and TSG101, 1:500) [47] were used to
characterize the isolated exosomes.

Small RNA sequencing

The isolated exosomes from the plasma of T and C
groups were submitted to Yanzai Biotechnology
(Shanghai) Co. Ltd (Shanghai, China) for small RNA
sequencing. A mirVANA miRNA Isolation kit (Takara,
Beijing, China) was used to extracted total RNA from
the exosomes. After determining the concentration and
quality, the total RNA was sequenced using Illumina
Miseq platform. After data pre-processing, clean data
were aligned to the Rfam database, Repbase database
and miRbase database to annotate miRNAs using

bowtie software. After that, differential expressed
mMiRNAs (DE-miRNAs) were identified with the
thresholds of |logzFold change (FC)| > 1.5, as well as P
value < 0.05. Then, the targets of the identified DE-
miRNAs were forecasted by miranda, as well as were
subjected for functional analyses based on the Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway databases. with P value
< 0.05 was set as the standard of the significant
enrichment.

Co-culture of exosomes and HMC3 cells

The isolated exosomes were labeled with PKH67
using a PKH67 staining kit (green fluorescent,
PKH67GL-1KT, USA). Briefly, 700 uL. exosomes
added to 1300 pL Diluent C were mixed with 16 pL
PKH67 added to 2 mL Diluent C, and incubated for 5
min. After terminating the dyeing with 4 mL 1%
BSA, the mixture was centrifuged at 4° C at 120000 g
for 90 min, and the sediments were resuspended with
300 pL PBS, that is the PKH67-labeled exosomes
(green).

Human microglia HMC3 cells were obtained from
Procell Life Science and Technology Co. Ltd.
(Wuhan, China), and were maintained in Dulbecco’s
modification of Eagle’s medium (DEME, Gibco) with
10% fetal calf serum (FBS, Gibco) and 1%
penicillin/streptomycin (Gibco). The HMC3 cells were
inoculated into a 24-well plate, and cultured overnight.
Then, 10 puL PKH67-labeled exosomes were added to
the cells, and after 48 h of co-cultured, the cells were
fixed with 4% paraformaldehyde for 20 min. After
washing, 0.1% Triton X-100 was added for 20 min, as
well as then 3% BSA was added to block for 1 h. After
washing, Actin red staining solution was added to the
cell in the dark for 20 min. After washing twice,
mounting medium with DAPI was added to seal the
slides, and a laser scanning confocal microscope (Leica
Microsystems, Inc., USA) was used to photograph the
cells.

Cell transfection

Yanzai Biotechnology (Shanghai) Co. Ltd prepared
and provided the negative control (NC) mimics and
miR-584-5p mimics. The methods of cell transfection
were described as previously [48]. Briefly, the HMC3
cells (5 x 10* cells/well) were inoculated into a 24-
well plate. After the HMC3 cells grew to a
70%confluence, the HMC3 cells were transfected
with  NC mimics and miR-584-5p mimics with
Lipofectamine 2000 (Thermo Fisher Scientific)
according to the protocols of manufacturer. After
transfected for 6 h, the medium was changed, and
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cultured for another 48 h. The cells with different
treatments were harvested to separate the total RNA,
as well as the miR-584-5p level was measured to
assess the cell transfection efficiency.

Cell viability and apoptosis assays

A Cell Counting Kit-8 (CCK-8, Becton, Dickinson
and Company, USA) was employed to determine the
cell viability. The HMC3 cells were seeded into a 96-
well plate, and then were divided into four groups:
control group, Exos group, NC mimics group and
miR-584-5p mimics group. The cells in the Exos
group, NC mimics group and miR-584-5p mimics
group were transfected with 10 pg plasma-derived
exosomes from sevoflurane-induced POCD patients,
NC mimics, as well as miR-584-5p mimics,
respectively. Additionally, the HMC3 cells in the
control group were without any treatment. After
cultured for 24 h, 48 h, and 72 h, 10 uL CCK-8 regent
was added to each well, and hatched for 2 h. Finally, a
microplate reader (Thermo Fisher Scientific) was used
to determine the value of ODu4so nm.

After that, the cell apoptosis of HMC3 cells were
examined using an Annexin V-FITC/PI apoptosis assay
kit (Becton, Dickinson and Company). Briefly, the
different cells were harvested, and resuspended in 100
uL 1 x binding buffer. Then, 5 uL. Annexin V-FITC and
5 uL PI were added to stain the cells. After incubated in
the dark for 15 min at room temperature, 400 pL 1x
binding buffer was added, and the cell images were
acquired by flow cytometer.

Enzyme-linked immunosorbent assay (ELISA)

The cell suspension with different treatments was
centrifuged at 1000 g for 10 min, followed by at 3000 g
for 20 min. After that, the supernatant was collected for
ELISA of IL-1p and TNF-a using their corresponding
ELISA assay kit (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China) based on the manufacturer’s
protocols.

Dual-luciferase reporter gene assay

The target gene of miR-584-5p was forecasted by an
online tool TargetScan Human 7.1 (http://www.
targetscan.org/vert 71/). The dual-luciferase reporter
gene assay was conducted as previous description [49].
The 3’-untranslated region (3'-UTR) sequences of
brain derived neurotrophic factor (BDNF) were
synthesized and provided by Yanzai Biotechnology
(Shanghai) Co. Ltd. Besides, the pGL3-basic vector
was used to construct the 3°’-UTR WT/MUT BDNF
reporter plasmid (pGL3-BDNF-WT/MUT), and 293T

cells were wused for cell transfection using
Lipofectamine 2000. The relative light unit was
determined using a dual-luciferase reporter gene assay
kit (Promega, USA) based on the methods of
manufacturer.

Real-time quantitative PCR (RT-gPCR)

The total RNA was reverse transcribed into cDNA
using PrimeScript™ II 1st Strand cDNA synthesis Kit
(Takara). For the levels of miRNAs, stem ring method
was used, and U6 was used as the housekeeping gene
[50]. For mRNA expression, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used as the
reference gene. The sequences of all primers were
shown in Table 2. The 272A¢ method was employed to
calculate miRNAs level and mRNA expression of
BDNF, tropomycin receptor kinase B (TrkB), Caspase3
and IL-7p [51].

Western blot

The total protein was extracted from the cells with
different treatments using RIPA lysis buffer (Beyotime
Biotechnology), as well as were quantified using a
BCA assay kit. Thereafter, 20 pg isolated proteins
were separated by 10% SDS-PAGE, and transferred
to PVEDF membranes. After blocked by 5% skim
milk at 37° C for 1 h, the membranes were incubated
with the primary antibodies against BDNF (1:1000,
Affinity), GAPDH (1:1000, Proteintech Group, Inc.),
p-TrkB (1:1000, Affinity), IL-1B(1:1000, Affinity),
and TrkB (1:1000, Affinity),at 4° C overnight,
respectively. Then, the membranes were incubated
with the secondary antibody (1:1000, Jackson
ImmunoResearch) at 37° C for 2 h. Finally, the protein
bands were visualized using a Millipore ECL assay kit
(Beyotime Biotechnology).

Statistical analysis

Data were presented as mean + standard deviation (SD).
To compare the different between two groups, Student’s
T test was used. For the comparison among more than
two groups, one-way analysis of variance (ANOVA)
followed by Tukey method were applied. Graphpad
prism 5 (San Diego, CA) was employed for statistical
analyses. P value < 0.05 was considered as statistical
significance.

Data availability statement
In this study, the sequencing data are available on the

NCBI SRA database (Bioproject: PRJINA825011,
https://submit.ncbi.nlm.nih.gov/about/sra/).
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Table 2. The sequences of all primers.

Primer

Sequence (5°-3°)

has-miR-584-5p
hsa-miR-451a

hsa-miR-122-5p
hsa-miR-185-5p

hsa-miR-7976

downstream universal primer

(8}

BDNF
TrkB
Caspase 3

1I-1p

JH: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACC TCAGT

F: TTATGGTTTGCCTGGG

JH: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACA ACTCA

F: GCGAAACCGTTACCATTAC

JH: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG ACCAAACA

F: GCCGTGGAGTGTGACAATGG

JH: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG ACTCAGGA

F: GCTGGAGAGAAAGGCAGT

JH: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG ACGAGCAA

F: GCCGTGCCCTGAGACTT
R: GTGCAGGGTCCGAGGT

RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG ACAAAATATG

F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT

F: GGCTTGACATCATTGGCTGAC

R: CATTGGGCCGAACTTTCTGGT

F: TCGTGGCATTTCCGAGATTGG
R: TCGTCAGTTTGTTTCGGGTAAA
F: CATGGAAGCGAATCAATGGACT
R: CTGTACCAGACCGAGATGTCA
F: ATGATGGCTTATTACAGTGGCAA

R: GTCGGAGATTCGTAGCTGGA

F: TGACAACTTTGGTATCGTGGAAGG

GAPDH

R: AGGCAGGGATGATGTTCTGGAGAG

Clinical trial registration

The trail was registered at Chinese Clinical
Trail Registry (No. ChiCTR2200055538,
http://www.chictr.org.cn/showproj.aspx?proj=148326).

AUTHOR CONTRIBUTIONS

Jia Zhao, Longyun Li, and Wei Zhang designed the
experiments; Jia Zhao, Shentong Wang, Wei Zhang,
Zinan Li and Yugi Huang performed the experiments
and analyzed the experimental results; Jia Zhao and
Longyun Li obtained the funding and supervised the
experiment; Jia Zhao and Wei Zhang drafted the paper,
and Longyun Li revised. All authors have reviewed and
approved the submitted version of the manuscript.

CONFLICTS OF INTEREST

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be construed as potential conflicts of interest.

ETHICAL STATEMENT AND CONSENT

This study was approved by the Ethics Committee of
China-Japan Friendship Hospital, Jilin University

(approval no. 20201107), and written informed consent
was obtained from all the 81 subjects participating in
the trial.

FUNDING

This work was supported by Jilin Provincial Health
Department Project (2019SCZ026 and 320.6750.202-
11-15).

REFERENCES

1. Oh ST, Park JY. Postoperative delirium. Korean J
Anesthesiol. 2019; 72:4-12.
https://doi.org/10.4097/kja.d.18.00073.1
PMID:30139213

2. Inouye SK, Westendorp RGJ, Saczynski JS. Delirium in
elderly people. Lancet. 2014; 383:911-22.
https://doi.org/10.1016/5S0140-6736(13)60688-1
PMID:23992774

3. Avidan MS, Maybrier HR, Abdallah AB, Jacobsohn E,
Vlisides PE, Pryor KO, Veselis RA, Grocott HP, Emmert
DA, Rogers EM, Downey RJ, Yulico H, Noh GJ, et al, and
PODCAST Research Group. Intraoperative ketamine for
prevention of postoperative delirium or pain after
major surgery in older adults: an international,

www.aging-us.com 9903

AGING


http://www.chictr.org.cn/showproj.aspx?proj=148326
https://doi.org/10.4097/kja.d.18.00073.1
https://pubmed.ncbi.nlm.nih.gov/30139213
https://doi.org/10.1016/S0140-6736(13)60688-1
https://pubmed.ncbi.nlm.nih.gov/23992774

10.

11.

multicentre, double-blind, randomised clinical trial.
Lancet. 2017; 390:267-75.
https://doi.org/10.1016/50140-6736(17)31467-8
PMID:28576285

Vlisides P, Avidan M. Recent Advances in Preventing
and Managing Postoperative Delirium. F1000Res.
2019; 8:F1000.
https://doi.org/10.12688/f1000research.16780.1
PMID:31105934

Gleason LUJ, Schmitt EM, Kosar CM, Tabloski P,
Saczynski JS, Robinson T, Cooper Z, Rogers SO Jr, Jones
RN, Marcantonio ER, Inouye SK. Effect of Delirium
and Other Major Complications on Outcomes After
Elective Surgery in Older Adults. JAMA Surg. 2015;
150:1134-40.
https://doi.org/10.1001/jamasurg.2015.2606
PMID:26352694

Leslie DL, Marcantonio ER, Zhang Y, Leo-Summers L,
Inouye SK. One-year health care costs associated with
delirium in the elderly population. Arch Intern Med.
2008; 168:27-32.
https://doi.org/10.1001/archinternmed.2007.4
PMID:18195192

Wilson JE, Mart MF, Cunningham C, Shehabi Y, Girard
TD, MacLullich AMJ, Slooter AJC, Ely EW. Delirium. Nat
Rev Dis Primers. 2020; 6:90.
https://doi.org/10.1038/s41572-020-00223-4
PMID:33184265

Yu D, Zhu Y, Cui C, Long R, Ma J. Midazolam prevents
sevoflurane-induced death in hippocampal neurons.
Tissue Cell. 2019; 58:1-7.
https://doi.org/10.1016/].tice.2019.03.001
PMID:31133236

Qiao Y, Feng H, Zhao T, Yan H, Zhang H, Zhao X.
Postoperative cognitive dysfunction after inhalational
anesthesia in elderly patients undergoing major
surgery: the influence of anesthetic technique,
cerebral injury and systemic inflammation. BMC
Anesthesiol. 2015; 15:154.
https://doi.org/10.1186/s12871-015-0130-9
PMID:26497059

Takaenoki Y, Satoh Y, Araki Y, Kodama M, Yonamine R,
Yufune S, Kazama T. Neonatal exposure to sevoflurane
in mice causes deficits in maternal behavior later in
adulthood. Anesthesiology. 2014; 120:403-15.
https://doi.org/10.1097/ALN.0000435846.28299.e7
PMID:24061597

Mei X, Zheng HL, Li C, Ma X, Zheng H, Marcantonio E,
Xie Z, Shen Y. The Effects of Propofol and Sevoflurane
on Postoperative Delirium in Older Patients: A
Randomized Clinical Trial Study. J Alzheimers Dis. 2020;
76:1627-36.

12.

13.

14.

15.

16.

17.

18.

19.

20.

https://doi.org/10.3233/JAD-200322
PMID:32651322

Ishii K, Makita T, Yamashita H, Matsunaga S, Akiyama
D, Toba K, Hara K, Sumikawa K, Hara T. Total
intravenous anesthesia with propofol is associated
with a lower rate of postoperative delirium in
comparison with sevoflurane anesthesia in elderly
patients. J Clin Anesth. 2016; 33:428-31.
https://doi.org/10.1016/].jclinane.2016.04.043
PMID:27555205

Cui RS, Wang K, Wang ZL. Sevoflurane anesthesia alters
cognitive function by activating inflammation and cell
death in rats. Exp Ther Med. 2018; 15:4127-30.
https://doi.org/10.3892/etm.2018.5976
PMID:29849771

Kalluri R, LeBleu VS. The biology, function, and
biomedical applications of exosomes. Science. 2020;
367:eaau6977.
https://doi.org/10.1126/science.aau6977
PMID:32029601

Yuan, LiZ, Yang N, Han Y, Ji X, Han D, Wang X, Li Y, Liu
T, Yuan F, He J, Liu Y, Ni C, et al. Exosome a-Synuclein
Release in Plasma May be Associated With
Postoperative Delirium in Hip Fracture Patients. Front
Aging Neurosci. 2020; 12:67.
https://doi.org/10.3389/fnagi.2020.00067
PMID:32231560

Kabekkodu SP, Shukla V, Varghese VK, D’ Souza J,
Chakrabarty S, Satyamoorthy K. Clustered miRNAs and
their role in biological functions and diseases. Biol Rev
Camb Philos Soc. 2018; 93:1955-86.
https://doi.org/10.1111/brv.12428 PMID:29797774

Lu Q, Wu R, Zhao M, Garcia-Gomez A, Ballestar E.
miRNAs as Therapeutic Targets in Inflammatory
Disease. Trends Pharmacol Sci. 2019; 40:853-65.
https://doi.org/10.1016/].tips.2019.09.007
PMID:31662207

Momen-Heravi F, Bala S, Bukong T, Szabo G. Exosome-
mediated delivery of functionally active miRNA-155
inhibitor to macrophages. Nanomedicine. 2014;
10:1517-27.
https://doi.org/10.1016/j.nan0.2014.03.014
PMID:24685946

Saliminejad K, Khorram Khorshid HR, Soleymani Fard S,
Ghaffari SH. An overview of microRNAs: Biology,
functions, therapeutics, and analysis methods. J Cell
Physiol. 2019; 234:5451-65.
https://doi.org/10.1002/jcp.27486

PMID:30471116

Shah V, Shah J. Recent trends in targeting miRNAs for
cancer therapy. J Pharm Pharmacol. 2020; 72:1732-49.

WWWw.aging-us.com

9904

AGING


https://doi.org/10.1016/S0140-6736(17)31467-8
https://pubmed.ncbi.nlm.nih.gov/28576285
https://doi.org/10.12688/f1000research.16780.1
https://pubmed.ncbi.nlm.nih.gov/31105934
https://doi.org/10.1001/jamasurg.2015.2606
https://pubmed.ncbi.nlm.nih.gov/26352694
https://doi.org/10.1001/archinternmed.2007.4
https://pubmed.ncbi.nlm.nih.gov/18195192
https://doi.org/10.1038/s41572-020-00223-4
https://pubmed.ncbi.nlm.nih.gov/33184265
https://doi.org/10.1016/j.tice.2019.03.001
https://pubmed.ncbi.nlm.nih.gov/31133236
https://doi.org/10.1186/s12871-015-0130-9
https://pubmed.ncbi.nlm.nih.gov/26497059
https://doi.org/10.1097/ALN.0000435846.28299.e7
https://pubmed.ncbi.nlm.nih.gov/24061597
https://doi.org/10.3233/JAD-200322
https://pubmed.ncbi.nlm.nih.gov/32651322
https://doi.org/10.1016/j.jclinane.2016.04.043
https://pubmed.ncbi.nlm.nih.gov/27555205
https://doi.org/10.3892/etm.2018.5976
https://pubmed.ncbi.nlm.nih.gov/29849771
https://doi.org/10.1126/science.aau6977
https://pubmed.ncbi.nlm.nih.gov/32029601
https://doi.org/10.3389/fnagi.2020.00067
https://pubmed.ncbi.nlm.nih.gov/32231560
https://doi.org/10.1111/brv.12428
https://pubmed.ncbi.nlm.nih.gov/29797774
https://doi.org/10.1016/j.tips.2019.09.007
https://pubmed.ncbi.nlm.nih.gov/31662207
https://doi.org/10.1016/j.nano.2014.03.014
https://pubmed.ncbi.nlm.nih.gov/24685946
https://doi.org/10.1002/jcp.27486
https://pubmed.ncbi.nlm.nih.gov/30471116

21.

22.

23.

24,

25.

26.

27.

28.

https://doi.org/10.1111/jphp.13351
PMID:32783235

Chen Y, Zheng J, Chen J. Preoperative Circulating MiR-
210, a Risk Factor for Postoperative Delirium Among
Elderly Patients with Gastric Cancer Undergoing
Curative Resection. Curr Pharm Des. 2020; 26:5213-9.
https://doi.org/10.2174/1381612826666200617163857
PMID:32552638

Hoogland ICM, Houbolt C, van Westerloo DJ, van Gool
WA, van de Beek D. Systemic inflammation and
microglial activation: systematic review of animal
experiments. J Neuroinflammation. 2015; 12:114.
https://doi.org/10.1186/s12974-015-0332-6
PMID:26048578

Li J, Shi C, Ding Z, Jin W. Glycogen Synthase Kinase
38 Promotes Postoperative Cognitive Dysfunction by
Inducing the M1 Polarization and Migration of
Microglia. Mediators Inflamm. 2020; 2020:7860829.
https://doi.org/10.1155/2020/7860829
PMID:33354162

Wang YJ, Monteagudo A, Downey MA, Ashton-Rickardt
PG, Elmaleh DR. Cromolyn inhibits the secretion of
inflammatory cytokines by human microglia (HMC3).
Sci Rep. 2021; 11:8054.
https://doi.org/10.1038/s41598-021-85702-8
PMID:33850164

Mashouri L, Yousefi H, Aref AR, Ahadi AM, Molaei F,
Alahari SK. Exosomes: composition, biogenesis, and
mechanisms in cancer metastasis and drug resistance.
Mol Cancer. 2019; 18:75.
https://doi.org/10.1186/s12943-019-0991-5
PMID:30940145

Hshieh TT, Inouye SK, Oh ES. Delirium in the Elderly.
Psychiatr Clin North Am. 2018; 41:1-17.
https://doi.org/10.1016/j.psc.2017.10.001
PMID:29412839

Cheng Y, Jiang Y, Zhang L, Wang J, Chai D, Hu R, Li C,
Sun Y, Jiang H. Mesenchymal stromal cells attenuate
sevoflurane-induced apoptosis in human neuroglioma
H4 cells. BMC Anesthesiol. 2018; 18:84.
https://doi.org/10.1186/s12871-018-0553-1
PMID:30021512

Riga D, Kramvis I, Koskinen MK, van Bokhoven P, van
der Harst JE, Heistek TS, Jaap Timmerman A, van
Nierop P, van der Schors RC, Pieneman AW, de Weger
A, van Mourik Y, Schoffelmeer ANM, et al.
Hippocampal extracellular matrix alterations
contribute to cognitive impairment associated with a
chronic depressive-like state in rats. Sci Transl Med.
2017; 9:eaai8753.
https://doi.org/10.1126/scitransimed.aai8753
PMID:29263233

29.

30.

31

32.

33.

34.

35.

36.

37.

Bao Y, Wang L, Shi L, Yun F, Liu X, Chen Y, Chen C, Ren
Y, Jia Y. Transcriptome profiling revealed multiple
genes and ECM-receptor interaction pathways that
may be associated with breast cancer. Cell Mol Biol
Lett. 2019; 24:38.
https://doi.org/10.1186/s11658-019-0162-0
PMID:31182966

Qiu Y, Huang X, Huang L, Tang L, Jiang J, Chen L, Li S. 5-
HT(1A) receptor antagonist improves behavior
performance of delirium rats through inhibiting
PI3K/Akt/mTOR activation-induced NLRP3 activity.
IUBMB Life. 2016; 68:311-9.
https://doi.org/10.1002/iub.1491 PMID:26946964

Bruntz RC, Lindsley CW, Brown HA. Phospholipase D
signaling pathways and phosphatidic acid as
therapeutic targets in cancer. Pharmacol Rev. 2014;
66:1033-79.

https://doi.org/10.1124/pr.114.009217
PMID:25244928

Bottero V, Powers D, Yalamanchi A, Quinn JP,
Potashkin JA. Key Disease Mechanisms Linked to
Alzheimer’s Disease in the Entorhinal Cortex. Int J Mol
Sci. 2021; 22:3915.
https://doi.org/10.3390/ijms22083915
PMID:33920138

Xiao H, Ma XJ, Cheng OM, Qiu HM, lJiang QS.
[Gastrodin improves hippocampal neurogenesis by
NO-cGMP-PKG signaling pathway in cerebral ischemic
mice]. Zhongguo Zhong Yao Za Zhi. 2019; 44:5451-6.
https://doi.org/10.19540/j.cnki.cicmm.20190819.401
PMID:32237394

Zou D, Li R, Huang X, Chen G, Liu Y, Meng Y, Wang Y,
Wu Y, Mao Y. Identification of molecular correlations
of RBMS8A with autophagy in Alzheimer’s disease.
Aging (Albany NY). 2019; 11:11673-85.
https://doi.org/10.18632/aging.102571
PMID:31816601

Ge X, Guo M, Hu T, Li W, Huang S, Yin Z, LiY,
Chen F, Zhu L, Kang C, lJiang R, Lei P, Zhang ).
Increased Microglial Exosomal miR-124-3p Alleviates
Neurodegeneration and Improves Cognitive Outcome
after rmTBI. Mol Ther. 2020; 28:503-22.
https://doi.org/10.1016/j.ymthe.2019.11.017
PMID:31843449

Wei H, Wang J, XuZ, Lu Y, Wu X, Zhuo C, Tan C, Tang Q,
Pu J. miR-584-5p regulates hepatocellular carcinoma
cell migration and invasion through targeting KCNE2.
Mol Genet Genomic Med. 2019; 7:e702.
https://doi.org/10.1002/mgg3.702

PMID:31044566

Cao Y, Wang F, Chen Y, Wang Y, Song H, Long J.
CircPITX1 Regulates Proliferation, Angiogenesis,

WWWw.aging-us.com

9905

AGING


https://doi.org/10.1111/jphp.13351
https://pubmed.ncbi.nlm.nih.gov/32783235
https://doi.org/10.2174/1381612826666200617163857
https://pubmed.ncbi.nlm.nih.gov/32552638
https://doi.org/10.1186/s12974-015-0332-6
https://pubmed.ncbi.nlm.nih.gov/26048578
https://doi.org/10.1155/2020/7860829
https://pubmed.ncbi.nlm.nih.gov/33354162
https://doi.org/10.1038/s41598-021-85702-8
https://pubmed.ncbi.nlm.nih.gov/33850164
https://doi.org/10.1186/s12943-019-0991-5
https://pubmed.ncbi.nlm.nih.gov/30940145
https://doi.org/10.1016/j.psc.2017.10.001
https://pubmed.ncbi.nlm.nih.gov/29412839
https://doi.org/10.1186/s12871-018-0553-1
https://pubmed.ncbi.nlm.nih.gov/30021512
https://doi.org/10.1126/scitranslmed.aai8753
https://pubmed.ncbi.nlm.nih.gov/29263233
https://doi.org/10.1186/s11658-019-0162-0
https://pubmed.ncbi.nlm.nih.gov/31182966
https://doi.org/10.1002/iub.1491
https://pubmed.ncbi.nlm.nih.gov/26946964
https://doi.org/10.1124/pr.114.009217
https://pubmed.ncbi.nlm.nih.gov/25244928
https://doi.org/10.3390/ijms22083915
https://pubmed.ncbi.nlm.nih.gov/33920138
https://doi.org/10.19540/j.cnki.cjcmm.20190819.401
https://pubmed.ncbi.nlm.nih.gov/32237394
https://doi.org/10.18632/aging.102571
https://pubmed.ncbi.nlm.nih.gov/31816601
https://doi.org/10.1016/j.ymthe.2019.11.017
https://pubmed.ncbi.nlm.nih.gov/31843449
https://doi.org/10.1002/mgg3.702
https://pubmed.ncbi.nlm.nih.gov/31044566

38.

39.

40.

41.

42.

43.

44,

Migration, Invasion, and Cell Cycle of Human
Glioblastoma Cells by Targeting miR-584-5p/KPNB1
Axis. J Mol Neurosci. 2021; 71:1683-95.
https://doi.org/10.1007/s12031-021-01820-y
PMID:33763840

Simone MJ, Tan ZS. The role of inflammation in the
pathogenesis of delirium and dementia in older adults:
a review. CNS Neurosci Ther. 2011; 17:506-13.
https://doi.org/10.1111/j.1755-5949.2010.00173.x
PMID:20553303

Zhang W, Wang T, Wang G, Yang M, Zhou Y, Yuan Y.
Effects of Dexmedetomidine on Postoperative Delirium
and Expression of IL-1B, IL-6, and TNF-a in Elderly
Patients After Hip Fracture Operation. Front
Pharmacol. 2020; 11:678.
https://doi.org/10.3389/fphar.2020.00678
PMID:32477139

Lossi L, Castagna C, Merighi A. Caspase-3 Mediated Cell
Death in the Normal Development of the Mammalian
Cerebellum. Int J Mol Sci. 2018; 19:3999.
https://doi.org/10.3390/ijms19123999
PMID:30545052

Badshah H, Ali T, Kim MO. Osmotin attenuates LPS-
induced neuroinflammation and memory impairments
via the TLR4/NFkB signaling pathway. Sci Rep. 2016;
6:24493.

https://doi.org/10.1038/srep24493

PMID:27093924

Qiu LL, Pan W, Luo D, Zhang GF, Zhou ZQ, Sun XY, Yang
JJ, Ji MH. Dysregulation of BDNF/TrkB signaling
mediated by NMDAR/Ca?"/calpain might contribute to
postoperative cognitive dysfunction in aging mice. J
Neuroinflammation. 2020; 17:23.
https://doi.org/10.1186/s12974-019-1695-x
PMID:31948437

Liu P, Li H, Wang Y, Su X, Li Y, Yan M, Ma L,
Che H. Harmine Ameliorates Cognitive Impairment by
Inhibiting NLRP3 Inflammasome Activation and
Enhancing the BDNF/TrkB Signaling Pathway in STZ-
Induced Diabetic Rats. Front Pharmacol. 2020;
11:535.

https://doi.org/10.3389/fphar.2020.00535
PMID:32425784

Théry C, Amigorena S, Raposo G, Clayton A. Isolation
and characterization of exosomes from cell culture
supernatants and biological fluids. Curr Protoc Cell Biol.
2006; Chapter 3:Unit 3.22.

45.

46.

47.

48.

49.

50.

51.

https://doi.org/10.1002/0471143030.cb0322s30
PMID:18228490

Zhu Q, Li Q, Niu X, Zhang G, Ling X, Zhang J, Wang Y,
Deng Z. Extracellular Vesicles Secreted by Human
Urine-Derived Stem Cells Promote Ischemia Repair in a
Mouse Model of Hind-Limb Ischemia. Cell Physiol
Biochem. 2018; 47:1181-92.
https://doi.org/10.1159/000490214

PMID:30041250

Soares Martins T, Catita J, Martins Rosa |, A B da Cruz E
Silva O, Henriques AG. Exosome isolation from distinct
biofluids using precipitation and column-based
approaches. PLoS One. 2018; 13:e0198820.
https://doi.org/10.1371/journal.pone.0198820
PMID:29889903

Yin J, Zeng A, Zhang Z, Shi Z, Yan W, You Y. Exosomal
transfer of miR-1238 contributes to temozolomide-
resistance in glioblastoma. EBioMedicine. 2019;
42:238-51.
https://doi.org/10.1016/j.ebiom.2019.03.016
PMID:30917935

Wan L, Yuan X, Liu M, Xue B. miRNA-223-3p regulates
NLRP3 to promote apoptosis and inhibit proliferation
of hep3B cells. Exp Ther Med. 2018; 15:2429-35.
https://doi.org/10.3892/etm.2017.5667
PMID:29467847

Jiang W, Song Q, Lu Z, Wang S, Liu T, Wang X, Wang M.
Myocardial Infarction-Associated Extracellular Vesicle-
Delivered miR-208b Affects the Growth of Human
Umbilical Vein Endothelial Cells via Regulating
CDKN1A. Biomed Res Int. 2021; 2021:9965639.
https://doi.org/10.1155/2021/9965639
PMID:34195287

Wang S, Li L, Hu X, Liu T, Jiang W, Wu R, Ren Y, Wang
M. Effects of Atrial Fibrillation-Derived Exosome
Delivery of miR-107 to Human Umbilical Vein
Endothelial Cells. DNA Cell Biol. 2021; 40:568-79.
https://doi.org/10.1089/dna.2020.6356
PMID:33651959

Xu G, Zhu Y, Liu H, Liu Y, Zhang X. LncRNA MIR194-2HG
Promotes Cell Proliferation and Metastasis via
Regulation of miR-1207-5p/TCF19/Wnt/B-Catenin
Signaling in Liver Cancer. Onco Targets Ther. 2020;
13:9887-99.

https://doi.org/10.2147/0TT.5264614
PMID:33116574

WWWw.aging-us.com

9906

AGING


https://doi.org/10.1007/s12031-021-01820-y
https://pubmed.ncbi.nlm.nih.gov/33763840
https://doi.org/10.1111/j.1755-5949.2010.00173.x
https://pubmed.ncbi.nlm.nih.gov/20553303
https://doi.org/10.3389/fphar.2020.00678
https://pubmed.ncbi.nlm.nih.gov/32477139
https://doi.org/10.3390/ijms19123999
https://pubmed.ncbi.nlm.nih.gov/30545052
https://doi.org/10.1038/srep24493
https://pubmed.ncbi.nlm.nih.gov/27093924
https://doi.org/10.1186/s12974-019-1695-x
https://pubmed.ncbi.nlm.nih.gov/31948437
https://doi.org/10.3389/fphar.2020.00535
https://pubmed.ncbi.nlm.nih.gov/32425784
https://doi.org/10.1002/0471143030.cb0322s30
https://pubmed.ncbi.nlm.nih.gov/18228490
https://doi.org/10.1159/000490214
https://pubmed.ncbi.nlm.nih.gov/30041250
https://doi.org/10.1371/journal.pone.0198820
https://pubmed.ncbi.nlm.nih.gov/29889903
https://doi.org/10.1016/j.ebiom.2019.03.016
https://pubmed.ncbi.nlm.nih.gov/30917935
https://doi.org/10.3892/etm.2017.5667
https://pubmed.ncbi.nlm.nih.gov/29467847
https://doi.org/10.1155/2021/9965639
https://pubmed.ncbi.nlm.nih.gov/34195287
https://doi.org/10.1089/dna.2020.6356
https://pubmed.ncbi.nlm.nih.gov/33651959
https://doi.org/10.2147/OTT.S264614
https://pubmed.ncbi.nlm.nih.gov/33116574

SUPPLEMENTARY MATERIALS

Supplementary Tables
Please browse Full Text version to see the data of Supplementary Tables 1-3.

Supplementary Table 1. All differentially expressed miRNAs (DE-miRNAs) between the sevoflurane-induced post
operative cognitive dysfunction (POCD)-derived exosomes and non-POCD-derived exosomes were screened with the
thresholds of |log;Fold Change (FC)| > 1.5 and P value < 0.05.

Supplementary Table 2. All gene ontology terms enrichment of these DE-miRNAs with P value < 0.0.

Supplementary Table 3. All kyoto encyclopedia of genes and genomes pathways enrichment of these DE-miRNAs
with P value < 0.05.
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