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Regulatory role of microRNA-320 during off-pump coronary
artery bypass grafting with dexmedetomidine adjunct anesthesia
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Abstract. The present study investigated the effects of
dexmedetomidine on the expression level of microRNA-320
(miR-320) and neuroglobin (NGB) in patients undergoing
off-pump coronary artery bypass grafting (OPCABG). A
total of 40 patients undergoing OPCABG were recruited
and randomly divided into the dexmedetomidine and
normal saline groups (treated before anesthesia), respec-
tively. The NGB levels in the blood samples before and
after surgery were analyzed and compared. The CATH.a
cells were cultured and induced with dexmedetomidine, and
the NGB expression level was detected. CATH.a cells were
treated with NGB and lipopolysaccharide (LPS), and the
cell survival rate was determined. The miR-320 expression
levels in the blood samples and dexmedetomidine-induced
cells were detected. Dual-luciferase reporter assay was
performed. Compared with control subjects, patients in
the dexmedetomidine group had higher NGB levels in the
blood. In the CATH.a cells, the dexmedetomidine treatment
upregulated the NGB levels. Moreover, upon pre-incubation
with NGB and LPS stimulation, dexmedetomidine elevated
cell viability. Furthermore, miR-320 expression levels
were significantly downregulated in the blood of patients
in the dexmedetomidine group, as well as in the dexme-
detomidine-induced cells. Dual-luciferase reporter assay
confirmed that miRNA-320a directly targeted on NGB, and
upregulated miRNA-320a in CATH.a cells decreased cell
proliferation activity. Pre-administration of dexmedetomi-
dine can decrease miR-320 expression level in the blood
of patients undergoing OPCABG, stimulating the high
expression of NGB and increasing the proliferation activity
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of neuronal cells, which may decrease the postoperative
cognitive impairment.

Introduction

Post-operative cognitive dysfunction (POCD) has been char-
acterized by the progressive memory loss, personality changes
and/or post-operation cognitive function deterioration (1,2).
The incidence rate of POCD in patients receiving general
anesthesia is increased (3). The off-pump coronary artery
bypass grafting (OPCABG) completely avoids the systemic
inflammatory response caused by extracorporeal circulation
and reduces the blood transfusion rate, which, however, is still
arguable (4-6). The intraoperative operation represents the
key factor leading to the instability of the hemodynamics. In
some severe cases, the sudden and violent fluctuations of the
hemodynamics might lead to POCD, together with the effects
from anesthesia (7).

Neural damages might be one of the pathological mani-
festations of POCD. Dexmedetomidine is a newly discovered
adrenergic receptor agonist, with high specificity to the
adrenergic a, receptor. Dexmedetomidine is an auxiliary
anesthetic drug, which does not interfere with hemodynamics,
characterized by low respiratory inhibition effect and ease of
waking up after application. Dexmedetomidine would prevent
the propofol-induced hippocampal, thalamic and cortical
damages (8), significantly decreasing the IL-6 and TNF-a
levels, and increasing superoxide dismutase (SOD) activity
during general anesthesia (9). In addition, it has long-term
effects on the neurocognitive function, which could decrease
the inflammation and protect the neurological function,
after traumatic brain injuries (10), accompanied by the high
efficiency of pharmacokinetics, as well as the anti-anxiety,
anticonvulsant and anti-epilepsy effects (11).

The protective effects of neuroglobin (NGB) on brain cells
has already been confirmed. Under ischemia and hypoxia
stress, the survival ability of nerve cells would be significantly
increased by NGB overexpression, and the expression of
associated signal molecules involved in apoptosis response
would also be downregulated (12,13). In addition, NGB would
eliminate hypoxia-induced organelle aggregation (14), and
improve the induction of actin aggregation in mitochondrial
transport (15). NGB is mainly distributed in the anterior
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lobes and subthalamic nuclei in human beings and murine
models (16), which is specifically expressed in neurons, while
less expressed in glial cells (17).

Several studies have shown that multiple miRNAs play
important roles in the development of the nervous system,
as well as the functional and pathological processes, which
has been shown to be abnormally expressed during anes-
thesia (18-20), including the miR-320a family (21). Moreover,
the miR-320a family has been predicted to be the upstream
regulatory genes of NGB. The miR-320a has been shown to
be able to increase the neurite length, while decreasing the
total cell number, which has been considered as a potential
target for promoting the neuronal regeneration following
injuries (22). However, the regulatory effect of miR-320a on
NGB, and whether the gene expression levels in the human
body would be affected by dexmedetomidine, have not been
fully elucidated thus far.

Based on the aforementioned findings, the present study
was based on the hypothesis that the dexmedetomidine
adjunct anesthesia might protect the cognition function of
patients receiving OPCABG, involving the regulatory network
of miR-320a and NGB. Therefore, the present study investi-
gated the role of miR-320a/NGB in dexmedetomidine adjunct
anesthesia, and the expression levels of NGB and miR-320s
in the blood samples of the patients undergoing OPCABG
with dexmedetomidine adjunct anesthesia were detected and
studied. Moreover, the association between the NGB and
miR320 was predicted and analyzed.

Materials and methods

Study subjects. In total, 40 patients, 12 males and 8 females,
aged 33-60 years (with a median age of 40.8 years), who under-
went the OPCABG in the First Affiliated Hospital of Hebei
North University, between August 2014 and August 2018 and
20 normal subjects, 13 males and 7 females, aged 31-61 years
(with a median age of 41.9 years), serving as a control, were
included in the present study. These patients were randomly
divided into the following two groups (n=20), based on a
random number table: i) Dexmedetomidine group, in which
the patients were given dexmedetomidine before anesthesia;
and ii) control group, in which the patients were given saline
before anesthesia. The exclusion criteria were as follows:
Those with i) history of dementia and mental illness; ii) severe
cerebrovascular diseases; iii) multiple surgical history;
iv) history of severe infection in various systems during the
perioperative period; v) large blood loss and severe acid-base
balance and electrolyte imbalance in the perioperative period;
vi) diabetes; and vii) severely abnormal liver and/or kidney
function. Prior written and informed consent were obtained
from every patient and the study was approved by the ethics
review board of the First Affiliated Hospital of Hebei North
University.

Anesthesia procedure. For both the dexmedetomidine and
control groups, the patients were routinely fasted before
surgery. Particularly, the off-pump surgery was performed,
with 400 U/kg heparin and the ratio of heparin to protamine
of 1:1. The patients were subjected to the venous access
opening, oxygen mask, arterial blood pressure monitoring,

ECG, oxygen saturation monitoring and end-tidal carbon
dioxide monitoring. Patients from the dexmedetomidine
group underwent intravenous injection (by nurses, in a
double-blinded manner) of 0.6 pug/kg dexmedetomidine
within 15 min prior to anesthesia induction, and then
pumped (0.5 pg-kg'-h') until the end of surgery. On the other
hand, the patients from the control group were given with an
equal volume of 0.9% saline. For the intravenous induction,
2 mg midazolam, 5 pg/kg sufentanil, 0.3 mg/kg etomidate
and 0.3 mg/kg cis-atracurium were given. Following the
induction of anesthesia, a small amount of propofol was
continued via the intravenous infusion, and anesthesia was
maintained with the intermittent intravenous injection of
sufentanil and cis-atracurium. For the anesthesia manage-
ment, when the blood pressure fluctuated by >20% of the
baseline value, norepinephrine and nitroglycerin would be
supplemented. During surgery, intraoperative arterial blood
gas analysis was performed, and the electrolyte, blood
glucose, hematocrit, hemoglobin and lactic acid levels were
monitored. When the values were beyond the normal range,
timely intervention would be conducted to maintain the
hemodynamic stability, internal environment and electrolyte
balance. When the hemoglobin was <80 g/1, the infused red
blood cells should be administered. After the operation, the
venous analgesia pump was connected, and the patient was
sent into the ICU.

Specimen collection. One the days before and after surgery,
respectively, 5 ml blood sample was taken from the elbow
vein before the blood test. The blood sample was placed in a
test tube for 1 h. The upper serum in the tube was collected
and placed in another centrifuge tube. After centrifugation
at 400 x g at 4°C for 10 min, 1.5 ml serum sample was placed
in an EP tube, and stored at -80°C until further analysis.

Reverse transcription-quantitative (RT-q)PCR. Total RNA
was extracted by TRIzol® (Thermo Fisher Scientific, Inc.). The
cDNA template was obtained by reverse transcription with
the miRcute miRNA cDNA first-strand synthesis kit (Tiangen
Biotech Co., Ltd.) and the TIANScriptll cDNA first-strand
synthesis kit (KR107; Tiangen Biotech Co., Ltd.), according
to the manufacturer's instructions. Quantitative PCR was
performed with the miRcute miRNA kit (cat. no. FP401;
Tiangen Biotech Co., Ltd.) on the PCR-iQ5 qRT-PCR machine
(Bio-Rad Laboratories, Inc.). The primer sequences was as
follows: miR-320a upstream, 5'-GCGCAAAAGCTGGGT
TGAGA-3"; miR-320a downstream, 5'-CAGTGCAGGGTC
CGAGGT-3'; U6 upstream, 5'-CTCGCTTCGGCAGCACAT
ATACT-3"; U6 downstream, 5'-ACGCTTCACGAATTT
GCGTGTC-3'; NGB upstream, 5'-AAGGTGATGCTCGTG
ATTGATG-3'; NGB downstream, 5-AGGCTGGCAAGG
TACTCCT-3'; GAPDH upstream, 5'-AGGAGCGAGACC
CCACTAACAT-3' GAPDH downstream, 5-GTGATGGCA
TGGACTGTGGT-3". The 20-ml system consisted of 10 ml
RT-qPCR-mix, 0.5 ml primer each, 2 ml cDNA and 7 ml
ddH,0. The PCR condition was set as follows: 95°C for 5 min;
95°C for 20 sec, 58°C for 30 sec, 72°C for 30 sec, for a total
of 40 cycles. The expression levels of target genes were calcu-
lated with the 2244 method (23). U6 and GAPDH were used
as internal control.
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Enzyme-linked immunosorbent assay (ELISA). Blood sample
was centrifuged at 1,000 x g at 4°C for 10 min. ELISA was
performed according to the manufacturer's instructions. The
standard and sample wells were set on the human NGB ELISA
kit (cat. no. FK-QZ1868; Fanke). In total, 50 ul standards at
indicated concentrations were added into each standard well,
while 10 pul testing sample was added into the test well (diluted
with 40 ul diluting solution). Nothing was added to the blank
well. Except for the blank wells, 100 ul horseradish peroxidase
(HRP)-labeled detection antibody was added into each stan-
dard well and sample well, which were sealed with membrane
and incubated for 1 h. After washing, substrates A and B (50 ul
each) were added into each well, which were incubated at 37°C
for 15 min. Then, 50 u1 stop solution was added into each well.
The OD value at 450 nm was measured with a microplate
reader within 15 min.

Western blot analysis. Total protein was extracted with the
P0O013B RIPA lysis buffer, according to the manufacturer's
instructions. The protein concentration was determined with
the BCA method (cat. no. RTP7102; Real-times). In total,
20 mg protein sample was separated by 10% SDS-PAGE,
which was then electronically transferred onto a PVDF
membrane. After blocking with 5% non-fat milk at room
temperature for 1 h, the membrane was incubated with rabbit
anti-human anti-NGB primary antibody (1:1,500 dilution;
cat. no. sc-30144; Santa Cruz Biotechnology, Inc.), or rabbit
anti-human anti-B-actin primary antibody (1:3,000 dilu-
tion; cat. no. ab129348; Abcam), at 4°C overnight. Then, the
membrane was incubated with the goat anti-rabbit secondary
antibody (1:3,000 dilution; cat. no. ab6721; Abcam) at room
temperature at 1 h. Color development was performed with
the ECL method (cat. no. ab65623; Abcam). Protein bands
were imaged and analyzed with the Image Lab 3.0 software
(Bio-Rad Laboratories, Inc.). B-actin was used as the internal
reference.

Bioinformatics prediction. Bioinformatics prediction is
currently the basis and main clue for the functional investiga-
tion of miRNA. Herein, the miRanda target gene prediction
software (http://www.microrna.org/microrna/home.do) was
used to search for the target genes that miR-320a might
regulate.

Cell culture. The 293T cells and CATH.a cells were
purchased from The Cell Bank of Type Culture Collection
of The Chinese Academy of Sciences. These cells were
cultured in RPMI-1640 medium (cat. no. 11875127; Gibco;
Thermo Fisher Scientific, Inc.), containing 10% FBS, in
a 5% CO,, 37°C incubator. The human serum for cell
culture was inactivated at 56°C for 30 min, and filtered
through 0.22-ym micropore, which was used to prepare the
RPMI-1640 medium containing 10% serum. For the cells
induced by dexmedetomidine (1 and 10 mM, respectively;
Jiangsu Hengrui Medicine Co. Ltd), the RPMI-1640 medium
containing 10% FBS was used for cell culture. At 24 h after
induction, the protein indexes were detected. For the co-incu-
bation with NGB recombinant protein (cat. no. ab63278;
Abcam), the cells were stimulated with recombinant protein
(1 mg/1) for 48 h.

Cell transfection. Cells in the logarithmic growth phase
were inoculated onto 24-well plates, at the density
of 3x10° cells/well. The cells were cultured with the
F12/DMEM medium (Thermo Fisher Scientific, Inc.),
containing 10% FBS, without antibiotics. When 70% conflu-
ence was reached, cell transfection was performed. The
transfection plasmid/siRNA/agomiR (100 nM), together
with 1 ml Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.), was added to an EP tube containing 50 ml
OptiMemi medium (Gibco; Thermo Fisher Scientific, Inc.).
After placing at room temperature for 20 min, the mixture
was added onto the well to incubate with cells for 6 h. Then,
the culture medium was replaced with fresh F12/DMEM
medium containing 10% FBS. After 48 h, the mRNA and
protein samples were extracted and detected.

Dual-luciferase reporter assay. The wild-type and mutant seed
regions for miR-320a in the 3'-untranslated region (UTR) of
the NGB gene were chemically synthesized by Sangon Biotech
Co., Ltd., with the Spe-1 and HindIII restriction sites added to
both ends. These two DNA fragments were then cloned into the
pMIR-REPORT luciferase reporter plasmid (Ambion; Thermo
Fisher Scientific, Inc.), and the mutant 3'-UTR seed region was
used as the control. In total, 0.8 mg plasmids, containing the
wild-type and mutant 3'-UTR DNA sequences, were trans-
fected with Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) into the 293T cells, with the liposome method.
Then, the cells were treated with the agomiR-320a (100 nM)
for 24 h. The cells were lysed, and the luciferase was detected
with the GloMax 20/20 luminometer (Promega Corporation).
Renilla was used as internal reference.

MTT assay. After transfection, the cells were seeded onto the
96-well plate, at a density of 2x10? cells/well. The experiment
was performed in triplicates. At 24, 48 and 72 h, respectively,
20 ul MTT (5 g/l) was added to incubate with cells at 37°C
for 4 h. Then, 150 ul DMSO was added into each well. The
absorption at 490 nm was determined, and the cell prolifera-
tion curve was plotted accordingly.

Statistical analysis. Data are expressed as mean = SD.
Statistical analysis was performed with the SPSS 18.0 soft-
ware (SPSS, Inc.). One-way ANOVA was used for comparison
of multiple sets of measurement data, with the Dunnett's T3
test; except for data in Figs. 1 and 4, which were analyzed
by mixed two-way analysis of variance, and then subjected
to Bonferroni analysis. The Student's t-test was used for
the comparison between two groups of measurement data.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Expression of NGB in serum. Among the recruited subjects, in
the dexmedetomidine group, there were 12 males and 8 females,
aged 33-60 years old, with the median age of 40.8 years old.
In the control group, there were 13 males and 7 females,
aged 31-61 years old, with the median age of 41.9 years old
(Table SI). To investigate the expression levels of NGB in the
serum from the patients before and after surgery, RT-qPCR
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Figure 1. Expression of NGB in serum of patients undergoing OPCABG. (A) The mRNA expression levels of NGB in the serum from patients undergoing
OPCABG were detected and compared before and after surgery. (B) Protein expression levels of NGB in the serum of patients undergoing OPCABG were
detected. The ratio referred to the amount of NGB in the blood of the patient after the operation/the amount before the operation. ‘P<0.05, “P<0.01 vs. control
group; #P<0.01 vs. before surgery. DEX, dexmedetomidine; NGB, neuroglobin; OPCABG, off-pump coronary artery bypass grafting.

NGB mRNA expression level
(5]
NGB protein expression level

0 1 10 0 10
DEX (uM) DEX (uM)

Figure 2. NGB expression levels after dexmedetomidine induction. Human neuronal CATH.a cells were directly induced with dexmedetomidine, and the
mRNA (A) and protein (B) expression levels of NGB were then detected. "P<0.05, *"P<0.01 vs. control (normal saline) group. NGB, neuroglobin; DEX,
dexmedetomidine.

and ELISA were performed. The results showed that both the 80 ¢
mRNA and protein expression levels of NGB were elevated - "
in the patients after surgery. Moreover, the elevated amplitude S
of NGB were greater in the dexmedetomidine group (Fig. 1), -3 60 | l P
indicating that the addition of dexmedetomidine during anes- %
thesia may induce the release of NGB in the blood. % 50 | I
3
NGB expression after dexmedetomidine induction. The :
human neuronal CATH.a cells were directly induced with S 21
dexmedetomidine, and the mRNA and protein expression
levels of NGB were then detected. The results showed that, for I I
the induction with 1 uM dexmedetomidine, the mRNA expres- 0 Control 0 uM DEX+LPS 10 yM DEX+LPS

sion levels of NGB in the cells was not directly upregulated

compared with the control group. However. the induction with Figure 3. Survival of NGB-pretreated cells upon LPS stimulation. CATH. a

10 uM dexmedetomidine sienificantly ele ’ate d the expression cells were directly incubated with NGB recombinant protein, which were then
M X . 1d1 1gn1 y elev Xp ! subjected to LPS stimulation. The survival rate was then evaluated. “P<0.01

levels of NGB in the CATH.a cells. Moreover, the results s control group; "P<0.05 vs. saline +LPS group. NGB, neuroglobin; DEX,

showed that the protein expression levels of NGB in the cells  dexmedetomidine; LPS, lipopolysaccharide.

were significantly upregulated (Fig. 2). Together with the

results from the detection of human blood samples in clinic,

the aforementioned findings suggest that dexmedetomidine  Survival of NGB-pre-treated cells with LPS stimulation. The

(especially at 10 M) can induce the NGB expression in the =~ CATH.a cells was directly incubated with NGB recombinant

neuronal cells. protein, which were then subjected to LPS stimulation to
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Figure 4. Expression level of miR-320a in serum samples and in cells induced by dexmedetomidine. (A and B) miR-320a levels in the serum samples from
patients (A) and in CATH.a cells induced by dexmedetomidine (B) were detected by reverse transcription-quantitative PCR. "P<0.05, #P<0.01 vs. before
surgery; "P<0.05 vs. control (normal saline) group. DEX, dexmedetomidine; miR, microRNA.

simulate the survival stress. The results showed that pretreat-
ment with NGB significantly improved the survival of CATH.a
cells under LPS stress (Fig. 3). These results suggest that NGB
could exert neurologically protective effects, especially for the
external stress.

Expression levels of miR-320a in serum samples and in cells
induced by dexmedetomidine. The miR-320a has been a
predicted potential upstream regulating gene of NGB. Herein,
the expression levels of miR-320a in the serum samples from
patients and in the CATH.a cells induced by dexmedetomi-
dine were detected with RT-qPCR. The results showed that, in
contrast to the elevated NGB expression, the expression level
of miR-320a was significantly decreased (Fig. 4). Overall, the
results suggest that these two factors (miR-320a and NGB)
would have reverse regulatory patterns.

Dual-luciferase reporter assay. Based on the bioinformatics
analysis with the miRanda software, the NGB was predicted
as a potential target genes for miR-320a (Fig. 5). The results
from the dual luciferase reporter assay showed that compared
with the control group, the luciferase activity was significantly
decreased after co-transfection with the agomiR-320a and
pMIR-REPORT luciferase reporter plasmids (P<0.05), while
no significant difference was observed between the control
and mutant groups (P>0.05) (Fig. 6). The results suggest that
miR-320a could bind to the 3'-UTR of NGB to regulate the
gene expression.

miR-320a regulates NGB expression and affects neuronal
cell proliferation. Next, the agomiR-320a and agomiR-NC
were transfected into CATH.a cells, respectively. The results
showed that the miR-320a expression levels were significantly
elevated in these cells. Moreover, the mRNA and protein
expression levels of NGB in the cells were significantly
decreased. Meanwhile, the proliferative activity of cells was
detected by MTT assay. The proliferative activity of neurons
overexpressing miR-320a was significantly decreased (Fig. 7).
The aforementioned results suggest that agomiR-320a may
affect the neuronal cell proliferation through NGB.

3' agcgggagaguuggGUCGAAAa 5’ hsa-miR-320a

[
477:5' auaaagagaaagagCAGCUUUa 3' NGB

Figure 5. Bioinformatics prediction analysis. miR, microRNA; NGB,
neuroglobin.

Discussion

POCD is a type of injury of the central nervous system,
for which the age has been found as a major risk factor for
POCD (24). Moreover, the surgery type has also been shown
to represent an important factor in the development of POCD
in elderly patients, especially for those undergoing major
operation (25). In addition, POCD may also be associated
with the surgery type, hypoxia, intraoperative hypotension,
stress, alcohol consumption, medication history, cognitive
function and other factors (26). Until now, the specific patho-
genesis and etiology of POCD have not yet been elucidated.
The OPCABG completely avoids the systemic inflamma-
tory responses caused by extracorporeal circulation, which
however, needs high level of surgical performance; otherwise
it may lead to extremely unstable hemodynamics. Therefore,
clinical anesthesia needs to protect the central nervous system
and inhibit the inflammatory responses, so as to decrease the
incidence of POCD. In the present study, the results showed
that pre-administration of dexmedetomidine could decrease
the expression levels of miR-320 in the blood samples of
patients undergoing OPCABG, which also stimulated the
high expression of cerebral hemoglobin and increased the
proliferation activity of neuronal cells. The negative associa-
tion between the miR-320 and NGB was also preliminarily
discussed.

Dexmedetomidine is one of the most widely studied
anesthesia adjuvants in recent years (27). Dexmedetomidine
has mainly been used to regulate the neurotransmitters
through acting on locus nucleus in the brain stem of patients.
The application of dexmedetomidine in the cardiac surgery
would lead to safe and effective outcomes, thus improving
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Figure 6. Dual-luciferase reporter assay. (A) Expression level of agomiR-320a in 293T cells transfected with agomiR-320a. (B) Statistical analysis of luciferase
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the patient's condition. Dexmedetomidine can selectively
excite the a, receptor of the presynaptic membrane, to
stimulate the negative feedback effects of sympathetic
nerves, thus achieving sedation and inhibiting anxiety and
finally decreasing the anesthesia medication (11). It has been
shown that dexmedetomidine has a satisfactory effect on
decreasing the inflammatory mediators after surgery, and
exerts brain-protecting effects in the craniotomy of acute
craniocerebral injury (10). Therefore, it was speculated that
POCD might have protective and therapeutic effects against
inflammatory responses. Moreover, the myocardial protec-
tive effects of dexmedetomidine on patients undergoing the
OPCABG have been confirmed (28). Currently, it has been
shown that dexmedetomidine would alleviate the postop-
erative cognitive dysfunction in elderly patients. However,
the impacts of dexmedetomidine on patients undergoing
OPCABG have not yet been reported.

NGB is expressed in the nervous cells of the mamma-
lian nervous systems, as well as in the retina of most
mammals (29-32). Overexpressed NGB can lower the
neuronal damages under hypoxic conditions and local cere-
bral ischemia (33,34). The infarct size and oxidative stress
have been shown to be significantly decreased in the tissues
after stroke in the transgenic mice overexpressing NGB (35).
In recent years, NGB has been reported to have a certain
role in scavenging ROS. It has been well established that
the anti-apoptotic effects of NGB are mainly through the
endogenous pathways (36,37). NGB could restore the CytoC,
which triggers the apoptotic cascade only in the oxidative
state, thereby exerting protective effects. NGB works as a
possible endogenous neuroprotective agent in the nervous
system. At present, however, there is no relevant study on the
effect of dexmedetomidine on the expression of NGB. The
present study found that the expression level of NGB in the
blood of patients given dexmedetomidine adjunct anesthesia
was significantly elevated, suggesting that the elevated NGB
expression may be caused by the drug in the brain cells of
the patient during OPCABG, which might be one of the
underlying protective mechanisms. When the neuronal cells
were directly induced by dexmedetomidine, the expression

levels of NGB in the cells were also significantly elevated.
Pre-incubation of CATH.a cells with NGB antibody signifi-
cantly increased the survival rate of the cells stimulated with
LPS, further confirming the protective effects of NGB on
brain cells. However, the specific regulatory mechanism of
dexmedetomidine on NGB has not been fully clarified.

The miRNAs usually play biological roles by cleaving
mRNAs. The bioinformatics prediction showed that NGB
might be a potential target gene for miR-320a. Several studies
have reported the role of NGB in the apoptotic pathway. It
has been shown that miR-320a is downregulated in various
tumor diseases, such as the prostate cancer, glioma, colon
cancer and leukemia (38-40). The downregulated expression
levels of miR-320a in the liver cancer can promote the inva-
sion of tumor cells and lead to poor prognosis (41). These
findings suggest that miR-320a is closely associated with cell
proliferation. Therefore, it was speculated that dexmedeto-
midine might affect the NGB expression levels by regulating
miR-320a. The results showed that the expression levels of
miR-320a in the blood samples of patients given dexmedeto-
midine adjunct anesthesia was significantly lower compared
with the control group, while the dexmedetomidine induc-
tion downregulated the expression levels of miR-320a in
the CATH.a cells. The present study results from the dual
luciferase reporter assay showed the direct binding between
miR-320a and NGB. The cell proliferation activity assay also
confirmed that the miR-320a overexpression can lower the
proliferation activity of the CATH.a cell line. The afore-
mentioned results suggest that the expression of miR-320a is
decreased by dexmedetomidine, which is key to increase the
NGB expression levels. However, the limited subjects might
be one of the limitations of the present study, and further
in-depth studies are still needed with enlarged subject
sizes. Moreover, the lack of neuropsychological assessment
and analysis of direct interactions between miR-320/NGB
and POCD in the cohort might be another limitation of the
present study.

In conclusion, the present results showed that pre-admin-
istration of dexmedetomidine could increase the expression of
NGB in the blood of patients undergoing OPCABG, protecting
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Figure 7. miR-320a regulates NGB expression and affects neuronal cell proliferation. (A) Expression of agomiR-320a in CATH.a cells transfected with
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the brain cells. The possible mechanism might be that dexme-  Acknowledgements
detomidine decreases the miR-320a expression and thus,
increases the proliferative activity of neuronal cells. Not applicable.
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