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of NEAT1 and miR-27a-3p in serum
and cerebrospinal fluid of patients
with Alzheimer’s disease
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Abstract

Objective: To explore the expression relationship and significance of long chain non-coding RNA nuclear-enriched
abundant transcript 1 (LncRNA NEAT1) and miR-27a-3p in serum and cerebrospinal fluid of patients with Alzheimer’s
disease (AD).

Methods: Sixty-six AD patients received by the Department of Neurology of our hospital from October 2019 to
September 2021 were gathered, according to the Clinical Dementia Rating Scale (CDR) score, they were grouped
into mild group (<1 point, n=41) and moderate-to-severe group (> 1 point, n=25). Another 32 cases of serum and
cerebrospinal fluid samples from outpatient physical examination personnel were regarded as the control group. The
general materials on all subjects was recorded and cognition was assessed;real-time quantitative PCR was performed
to measure the expression levels of miR-27a-3p and NEATT in serum and cerebrospinal fluid;enzyme-linked immu-
nosorbent assay was performed to measure the protein levels of 3-amyloid precursor protein cleaving enzyme 1
(BACET), B-amyloid (AB) 40 and A342 in cerebrospinal fluid;Spearman’s method was performed to analyze the correla-
tion of serum miR-27a-3p and NEAT1 levels with MMSE and MoCA scores;Pearson method was performed to analyze
the correlation between serum miR-27a-3p and NEAT1 levels and AR deposition standard uptake value ratio (SUVR)
and cerebrospinal fluid miR-27a-3p, NEAT1, BACE1T, AB42 and AB40 levels.

Results: The MMSE score, MoCA score, serum miR-27a-3p level, cerebrospinal fluid miR-27a-3p, AR42 levels and
AR42/AB40 ratio of AD patients in mild group and moderate-to-severe group were all lower than those in the control
group, and the moderate-to-severe group were lower than the mild group (all P<0.05);the serum NEAT1 level, SUVR,
and cerebrospinal fluid NEAT1 and BACET1 levels were higher than those in the control group, and the moderate-to-
severe group were higher than the mild group (all P < 0.05). Serum NEAT1 level in AD patients was positively cor-
related with SUVR, cerebrospinal fluid NEATT and BACET (r=0.350, 0.606, 0.341, all P<0.05);serum miR-27a-3p level
was positively correlated with cerebrospinal fluid miR-27a-3p level (r=0.695, P<0.05), and negatively correlated with
SUVR and cerebrospinal fluid BACE1 level (r=—0.521, —0.447, both P<0.05).
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progression of AD.

Amyloid {3, Correlation

Conclusions: The expression trends of NEAT1 and miR-27a-3p in the serum and cerebrospinal fluid of AD patients
are consistent, the level of NEAT1 is increased, and the level of miR-27a-3p is decreased. The levels of the two are
negatively correlated, which is related to the degree of AR deposition in the brain of AD patients and is involved in the
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Introduction

Alzheimer’s disease (AD) is a common degenerative neu-
rological disease which is mainly memory impairment
and cognitive impairment and the aging incidence rate of
AD is increasing year by year [1, 2]. Meanwhile, research
has shown that amyloid  peptides (AB1-40 and Ap1-42)
and hyperphosphorylation of tau protein (p-Tau) con-
tribute to AD development. Amyloid P plaques and neu-
rofibrillary tangles are the main pathological features of
AD patients and there is a lack of effective clinical treat-
ment [3, 4]. Therefore, the study of its pathogenesis may
be conducive to the development of effective diagnosis
and treatment measures.

Nuclear-enriched abundant transcript 1 (NEAT1) is a
long chain non-coding RNA (LncRNA) recently found
to be closely related to the progress of AD. Previous
studies have shown that IncRNA NEAT1 is involved in
regulating the development and progression of cervical
cancer, pancreatic cancer, liver cancer, prostate cancer
and multiple myeloma [5-9]. Micro-27a is located on
human chromosome 19 and it is sheared to form miR-
27a-3p. miR-27a-3p plays an important role in glioma,
pulmonary fibrosis and other diseases [10—13]. Previous
studies showed that the relative fluorescence intensity
decreased when micro-27a-3p mimic was co-transfected
with NEAT1 wild type. Micro-27a-3p could be enriched
on IncRNA NEATI. The studies indicated that IncRNA
NEAT1 could regulate micro-27a-3p through predic-
tive sites. Cell experiments confirmed that NEAT1 can
sponge miR-107, miR-124 and enhance A deposition,
aggravating AP induced neuronal injury [14, 15]. This
study predicted that miR-27a-3p was also the target gene
of NEAT1 through Starbase website, and the expression
of miR-27a-3p was down regulated in cerebrospinal fluid
of AD patients [16]. The study found that the expres-
sion of NEAT1 was up-regulated in AD cells and animal
models, and the expression of miR-27a-3p was down
regulated. NEAT1 may regulate the development of AD
by down regulating miR-27a-3p [17], but the expression
relationship and clinical significance of NEAT1 in serum
and cerebrospinal fluid of AD patients were unclear.
Therefore, this observational study analyzed the relation-
ship between the expression of NEAT1 and miR-27a-3p
in serum and cerebrospinal fluid of AD patients, and

analyzed the relationship between the levels of NEAT1
and miR-27a-3p in serum and cerebrospinal fluid Ap
level and cognitive level in order to explore their role in
AD.

Materials and methods

General materials

Sixty-six patients with AD treated in the Department of
Neurology of our hospital from October 2019 to Sep-
tember 2021 were collected. All participants met NIA-
AA, 2011 edition of AD core diagnostic criteria [18]. The
main complaint of participants was cognitive impair-
ment and confirmed by the accompanying person. The
participants age from 60 to 80years old. All participants
assigned informed consent and could cooperate with the
investigator. Exclusion criteria for patients who have his-
tory traumatic brain injury, stroke, epilepsy and other
neurological diseases and even have mental diseases
(history) such as delirium, schizophrenia and depres-
sion, Unable to complete the score of cognitive scale,
combined with brain tumor and abnormal thyroid func-
tion, there are contraindications to positron emission
computed tomography (PET) or lumbar puncture. Forty-
one cases were divided into mild group (<1 point) and
25 cases were divided into moderate to severe group (>1
point) according to the score of clinical dementia rat-
ing (CDR). In addition, 32 subjects whose age and gen-
der were matched with AD patients and whose cognitive
evaluation was normal were collected. This study was
approved by the hospital ethics committee and all mate-
rials collection and sample testing obtained the informed
consent of patients and their families, and signed the
informed consent form.

Methods

General materials collection

The materials of age, gender, education, alcohol con-
sumption, smoking, hypertension, diabetes, neuropa-
thy or mental illness and imaging data were collected
by using medical records. The A [ standardized uptake
value ratio (SUVR) in brain was calculated based on
CM.-PIB PET imaging and which was the represent A B in
the brain degree of deposition.
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Evaluation of cognitive scale

All participants were assessed with mini-mental state
examination (MMSE), Montreal Cognitive Assessment
(MoCA) and CDR, among which CDR was completed by
professional evaluators in our hospital.

Detection NEAT1 and miR-27a-3p in the serum

Five milliliter of fasting elbow venous blood of all partici-
pants were collected in the morning and placed in a 15ml
centrifuge tube at room temperature for 1h (within 2h)
and the serum was centrifuged at 2000 rmp/min (effec-
tive centrifugation radius 10cm). Total RNA in serum
samples was extracted with RNA Extraction Reagent
(Invitrogen Company, China) and reverse transcribed
into cDNA with miRNA or LncRNA cDNA first strand
synthesis Kit (Tiangen Biotech (Beijing) Co., Ltd). Then
samples were prepared according to the instructions of
the corresponding real-time fluorescence quantitative
PCR premix Kit (Tiangen Biotech (Beijing) Co., Ltd) to
20uL PCR reaction system and that was put into real-
time fluorescence quantitative PCR instrument (BioRad
Company, China)) to amplify miR-27a-3p, NEAT1 and
their internal parameters U6 and GAPDH. After the
reaction, collect each Ct value and the relative expres-
sions of miR-27a-3p and NEAT1 were calculated by
288CT method. U6, forward 5 - CTCGCTTCGGCA
GCACA-3 and reverse5 ‘- AACGCTTCACGAATT
GCG-3’; miR-27a-3p, forward 5 - GGGTTCACAGTG
GCTAAG-3 and reverse 5 - CAGTGGTCGTGGAGT-
3’; GAPDH, forward 5 - GTCGGTGAACGGATTTGG
-3’ and reverse 5 ‘- TCCCGTTGATGACCAGTTC-3’;
NEAT], forward 5 - GGCAGGTCTAGTTGGGCAT-3’
and reverse 5 - CCTCATCCCCTCCCAGTACA-3.

Assessment of the studied parameters in the cerebrospinal
fluid

In the early morning 8:00-10:00, 5ml of fasting cer-
ebrospinal fluid of all participants were collected
through lumbar puncture and centrifuged in a 15ml
centrifuge tube, immediately after collection (no more
than 1lhour) to the laboratory. The expression lev-
els of miR-27a-3p and NEAT1 in cerebrospinal fluid
were detected by real-time fluorescence quantita-
tive PCR, Total RNA in serum samples was extracted
with RNA Extraction Reagent (Invitrogen Company,
China) and reverse transcribed into cDNA with miRNA
or LncRNA cDNA first strand synthesis Kit (Tian-
gen Biotech (Beijing) Co., Ltd). Then samples were
prepared according to the instructions of the corre-
sponding real-time fluorescence quantitative PCR pre-
mix Kit (Tiangen Biotech (Beijing) Co., Ltd) to 20 uL
PCR reaction system and that was put into real-time
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fluorescence quantitative PCR instrument (BioRad
Company, China)) to amplify miR-27a-3p, NEAT1 and
their internal parameters U6 and GAPDH. After the
reaction, collect each Ct value and the relative expres-
sions of miR-27a-3p and NEAT1 were calculated by
2°85C€T method. U6, forward 5 - CTCGCTTCGGCA
GCACA-3 and reverse5 ‘- AACGCTTCACGAATT
GCG-3’; miR-27a-3p, forward 5 ‘- GGGTTCACA
GTGGCTAAG-3 and reverse 5 ‘- CAGTGGTCGTGG
AGT-3; GAPDH, forward 5 - GTCGGTGAACGG
ATTTGG-3" and reverse 5 - TCCCGTTGATGACCA
GTTC-3; NEAT1, forward 5 - GGCAGGTCTAGT
TGGGCAT-3 and reverse 5 - CCTCATCCCCTCCCA
GTACA-3. Measured the concentration of the analytes
in cerebrospinal fluid were detected by enzyme-linked
immunosorbent assay - site amyloid precursor protein
cleaving enzyme 1 (BACE1, ELISA kit of Abcam, cata-
logue number: EPR22802-143, China), AP 40 and Ap
42 protein (AP Test kit of INNOTEST®, CanAg Diag-
nostic (Beijing)Co., Ltd.) content.

Statistical analysis

SPSS 25.0 statistical software was used for statistical
analysis. If the measurement data conform to the nor-
mal distribution, it was expressed as the mean =+ standard
deviation (x +s). The multi group comparison adopted
one-way ANOVA, and the pairwise comparison adopted
LSD (least significant difference)-¢ test; If it did not con-
form to the normal distribution, it was represented by M
(P25, P75) and analyzed by the Kruskal-Wallis test for
multi group comparison, and all pairwise method was
used for pairwise comparison. The counting data were
expressed in cases (%), and the comparison between
groups was adopted x 2 inspection. The correlation
between serum NEAT1, miR-27a-3p and MMSE and
MOCA scores was determined by Spearman method;
Pearson method was used for other correlation analysis.
P<0.05 was statistically significant.

Results

Comparison of general materials between AD patients

and control group

There were no significant differences in age, gender,
education level, alcohol consumption, smoking, hyper-
tension, and diabetes among the mild and moderate to
severe group AD patients and the control group (P> 0.05).
MMSE scores and MOCA scores of AD patients in mild
group and moderate to severe group were lower than
those in the control group and AD patients in moderate
to severe group were lower than those in mild group (all
P<0.05), as shown in Table 1.
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Table 2 Comparison of serum NEATT and miR-27a-3p levels
between AD patients and control group ("x=£35)

Group Cases NEAT1/GAPDH miR-27a-3p/U6
Control group 32 1.054+0.20 0.97+£0.22

Mild group 41 2314064 0.5540.13"
Moderate to severe group 25 3134076 04640.06"
Fvalue - 96.049 93.850

Pvalue - 0.000 0.000

NEAT1 Nuclear-enriched abundant transcript 1

Compared with the control group, *P<0.05; Compared with mild group, *
P<0.05

Comparison of serum NEAT1 and miR-27a-3p levels
between AD patients and control group

The level of serum NEAT1 in mild and moderate to
severe AD patients was higher than that in the control
group, and the level of serum NEAT1 in moderate to
severe AD patients was higher than that in mild AD
patients (P <0.05); The level of serum miR-27a-3p was
lower than that of the control group, and the level of
moderate to severe AD patients was lower than that of
mild AD patients (P < 0.05), as shown in Table 2.
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The comparison SUVR, cerebrospinal fluid NEAT1,
miR-27a-3p, BACE1, AB 42 and AB 40 level in AD patients
and control group

The levels of SUVR, NEAT1 and BACEL in cerebrospi-
nal fluid of AD patients in mild group and moderate to
severe group were higher than those in the control group,
and the levels of AD patients in moderate to severe group
were higher than those in mild group (P<0.05); Cerebro-
spinal fluid miR-27a-3p, AP 42 level and AP 42/ A 40
ratio were lower than that of the control group, and the
AD patients in the moderate to severe group were lower
than those in the mild group (all 7<0.05), as shown in
Table 3.

The correlation of serum NEAT1 with SUVR, cognitive
function score, cerebrospinal fluid NEAT1, BACE1, A( 42
and AB 40 level in patients with AD

The level of serum NEAT1 in AD patients was positively
correlated with SUVR, NEAT1, BACEL in cerebrospinal
fluid (r=0.350, 0.606 and 0.341, P<0.05). There was no
correlation between level AR 42+ AB40, MMSE score
and MOCA score (P> 0.05), as shown in Table 4.

The correlation of serum miR-27a-3p to SUVR, cognitive
function score, cerebrospinal fluid miR-27a-3p, BACE1, AB
42 and A 40 level in patients with AD

The level of serum miR-27a-3p in AD patients was posi-
tively correlated with the level of cerebrospinal fluid

Table 3 The comparison SUVR, cerebrospinal fluid NEATT, miR-27a-3p, BACE1, AR 42 and A 40 level in AD patients and control group

(Tx=+£s)

Group Cases NEAT1/GAPDH miR-27a-3p/  BACE1(ng/mL) A 40(pg/mL) AB 42(pg/mL) SUVR AB 42/ AB 40
U6

Control group 32 1014023 1034031 21394373 10,7089941979.17  499.99+53.63 074+0.15 0.048+0.010

Mild group 41 351+1.24% 048+0.10* 55.7845.98* 10,477.9542192.92*  303.55436.77* 1.504£029* 0.03040.008*

Moderate to 25 430+165" 0.35+0.10" 723241608"  11,01963+2807.62" 231.45434.14" 1764+052" 0.02240007"

severe group

Fvalue - 65.263 102.897 234.697 0432 321.684 75.791 73370

Pvalue - 0.000 0.000 0.000 0651 0.000 0.000 0.000

NEATT Nuclear-enriched abundant transcript 1, AB Amyloid 3, SUVR Standardized uptake value ratio, BACET (3-site amyloid precursor protein cleaving enzyme 1

Compared with the control group, *P<0.05; Compared with mild group, * P<0.05

Table 4 The correlation of serum NEATT with SUVR, cognitive function score, cerebrospinal fluid NEATT, BACET, AR 42 and AR 40 level

in patients with AD

Index Cerebrospinal fluid
SUVR NEAT1 BACE1 AB 42 AB 40 MMSE score MoCA score
Serum NEATT rvalue 0.350 0.606 0.341 —0.096 —0.115 —0.118 —0.220
Pvalue 0.000 0.000 0.005 0.445 0.358 0.343 0.076

NEAT1 Nuclear-enriched abundant transcript 1, AB Amyloid 3, SUVR Standardized uptake value ratio, BACET 3-site amyloid precursor protein cleaving enzyme 1, MMSE

Mini-mental state examination, MoCA Montreal cognitive assessment
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miR-27a-3p (r=0.695, P<0.05), negatively correlated
with the level of SUVR and cerebrospinal fluid BACE1
(r=-—0.521, —0.447, P<0.05), There was no correlation
between level AR 42 AB40, MMSE score and MOCA
score (P>0.05), as shown in Table 5.

Correlation between serum and cerebrospinal fluid NEAT1
and miR-27a-3p in patients with AD

The levels of NEAT1 in serum and cerebrospinal fluid of
AD patients were negatively correlated with the levels of
miR-27a-3p (reepym=—0.567, r —0.347,
P<0.05), as shown in Fig. 1.

cerebrospinal fluid —

Discussion

AD is a common degenerative neurological disease. With
the progress of the disease, patients’ cognition and living
ability gradually decline, and the burden of society and
family also increases. Therefore, it is necessary to screen
key populations and treat them as soon as possible [19].
Recent studies have shown that non-coding RNAs such
as miRNA and LncRNA were involved in the occurrence
and development of AD. For example, the down-regula-
tion of miR-132 was the key cause of neuronal death in
the early stage of AD [20, 21], and miR-132 supplement
could promote neurite growth and branching by reduc-
ing the pathological modification of tau protein [22] to
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protect neurons. BACEl-antisense transcripts are up-
regulated in the brain of AD patients, which could stabi-
lize BACE1 mRNA by binding and promote its increased
expression and AP production and plaque formation [23].
In addition, LncRNA could also be used as endogenous
competitive RNA to adsorb and bind miRNA to increase
the expression of miRNA target mRNA. For example,
LncRNA XIST could regulate the expression of BACE1
by adsorbing miR-124, and then affect A produce [24].
Previous studies have found that NEAT1 was highly
expressed in the brain of AD rats, which was related to
AP sedimentation [15, 17]. Sala Frigerio et al. [16] found
that miR-27a-3p was low expressed in cerebrospinal fluid
of AD patients. In our study, high expression of NEAT1
and low expression of miR-27a-3p were detected in
serum and cerebrospinal fluid of AD patients, and the
levels of serum NEAT1 and miR-27a-3p were positively
correlated with the levels of cerebrospinal fluid NEAT1
and miR-27a-3p respectively, which indicating that the
expression trend of NEAT1 and miR-27a-3p in periph-
eral circulation and cerebrospinal fluid was consistent,
and the levels of serum NEAT1 and miR-27a-3p may
reflect their expression in cerebrospinal fluid. This study
also found that serum NEAT1 levels were positively cor-
related with SUVR and cerebrospinal fluid BACEL1 levels,
while serum miR-27a-3p levels were negatively correlated

Table 5 The correlation of serum miR-27a-3p to SUVR, cognitive function score, cerebrospinal fluid miR-27a-3p, BACET, AR 42 and AB

40 level in patients with AD

Index Cerebrospinal fluid
SUVR miR-27a-3p BACE1 AB 42 A 40 MMSE score MoCA score
Serum miR-27a-3p rvalue —0.521 0.695 —0447 0.074 —0.047 0.1151 0.144
Pvalue 0.000 0.000 0.000 0.554 0.710 0.225 0.247

AB Amyloid B, SUVR Standardized uptake value ratio, BACET B-site amyloid precursor protein cleaving enzyme 1, MMSE Mini-mental state examination, MoCA Montreal

cognitive assessment
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Fig. 1 Correlation analysis between serum (left) and cerebrospinal fluid (right) NEAT1 and miR-27a-3p
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with SUVR and cerebrospinal fluid BACE1 levels, which
indicating that serum NEAT1 and miR-27a-3p levels
could reflect the AP degree of sedimentation in the brain
of patients with AD.

Scientific data show that LncRNAs play an important
role in the pathogenesis of Parkinson’s disease (PD).
Recent studies have focused on a new class of non-cod-
ing RNA, These circRNAs are now recognized as hav-
ing important biological roles, For example, ciRS-7 it
has been identified as a sponge for miR-7, of note, high
neuronal a-synuclein expression is implicated in PD, and
SNCA is a target gene of miR-7. Another circRNA, circ-
SLCB8AL, was found to increase in the substantia nigra of
PD patients, and this circRNA carrier sites for miR-128,
an abundant miRNA that regulates neuronal excitabil-
ity. Previous studies have shown that IncRNA NEAT1 is
involved in regulating the development and progression
of cervical cancer, pancreatic cancer, liver cancer, pros-
tate cancer and multiple myeloma [5-9], NEAT1 and
miR-27a-3p have not been reported in PD and other neu-
rodegenerative diseases, it was speculated that NEAT1
and miR-27a-3p are specific to AD.

Previous studies have found that NEAT1 could target
adsorbed miRNA and regulate BACE1 expression [14,
15]. This study also found that the levels of NEAT1 in
serum and cerebrospinal fluid were negatively correlated
with the levels of miR-27a-3p, and the website shown
that there were binding sites between NEAT1 and miR-
27a-3p, and there were also binding sites between BACE1
and miR-27a-3p. It was speculated that NEAT1 may tar-
get miR-27a-3p to regulate BACE1 expression. BACE1
was the key enzyme synthesized to AP and has become
an important target for drug treatment of AD [25, 26].
It is speculated that NEAT1 was highly expressed in the
brain of AD patients and could maintain the stability of
BACEL1L and promote its expression by adsorbing miR-
27a-3p, so as to promote the AP production of and sedi-
mentation into spots in the brain, resulting in neuronal
degeneration and damage [17, 27]. However, the expres-
sion trend of NEAT1 and miR-27a-3p in the brain tis-
sue of AD patients remained to be analyzed. It has been
reported that small molecule drugs targeting non-coding
RNA were expected to be used in the treatment of AD
and other diseases [28]. It was speculated that drugs tar-
geting NEAT1 or miR-27a-3p may be used in the treat-
ment of AD. Subsequently, this study also analyzed the
correlation between serum NEAT1 level and cognitive
scale score, but the correlation between cerebrospinal
fluid NEAT1 and miR-27a-3p level with MMSE score
and MOCA score was not observed in AD patients. On
the one hand, we speculated that may be related to the
small sample size of our study, on the other hand, it may
be related to the MMSE score and MOCA score for the
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impact relatively large for course of disease, education,
and the sample size will be expanded for further analysis
in the future.

To sum up, the expression trends of NEAT1 and miR-
27a-3p in serum and cerebrospinal fluid of AD patients
are consistent. The levels of NEAT1 are increased and the
levels of miR-27a-3p are decreased and both are nega-
tively correlated with AD patients that is related to the
AP degree of sedimentation, which participates in the
disease progression of AD and may become a therapeutic
target of AD. However, this study only speculates based
on the levels of various factors in serum and cerebrospi-
nal fluid of AD patients, which needs to be detected in
brain tissue to enhance persuasion. However, it is dif-
ficult to obtain brain tissue of AD patients and relevant
research will be carried out in AD animal model in the
later stage.
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