
118

Introduction

The most well-known form of dementia in humans, 
Alzheimer's disease (AD), lacks an effective treatment 
(1, 2). The two primary characteristics of AD are 
neurofibrillary tangles and senile plaques (SPs), with 
β-amyloid (Aβ) peptide constituting the majority of SPs (3, 
4). The Aβ peptide is cleaved from the amyloid precursor 
protein byγ-secretase complex and β-secretase (5, 6). 
But the underlying molecular regulation mechanism of 
Alzheimer’s disease development needed further research.

It has been found that the DNA damage of neurons 
accumulated in normal aging and AD (7, 8). DNA damage-
activated Checkpoint kinase 2 (CHEK2) is a Ser/Thr 
kinase and it enhances tau toxicity by phosphorylating tau 
in a transgenic Drosophila model (2, 8). CHEK2 influence 
the DNA damage response, including cell cycle checkpoint 
regulators, DNA repair, and apoptosis by phosphorylating 
related proteins (8). In this study, we found that CHEK2 
was up-regulated in Aβ-treated Neuro2a APPSwe/Δ9 
cells. It implied that CHEK2 was involved in the disease 
progression of AD.

MicroRNAs (miRNAs) are non-coding RNAs that are 
present in a variety of animals. They attach to the 3'-UTR 
of the target gene's mRNA to control the translation of the 
target gene. According to earlier research, miRNAs are 
possible biomarkers for several illnesses (9-11). Among 
them, several miRNAs express abnormally and contribute 

to neuronal dysfunction (6, 12, 13). For instance, miR-
125b controls brain cell growth and death, contributing to 
AD onset (14). MiR-137 and CACNA1C gene expression 
in the transgenic mice model of AD prevents tau protein 
from being hyperphosphorylated (15). By inhibiting the 
expressions of TTBK1 as well as GSK-3β, miR-219-5p 
substantially alleviates AD-like symptoms in amyloid 
precursor protein/presenilin 1 mice (12). Long-lived mice's 
neuronal function is benefited from the up-regulation of 
miR-669b, which is implicated in the posttranscriptional 
control of genes relevant to growth hormone/IGF1 
signaling (16). But the several studies mentioned the 
function of miR-669b and related miRNAs during the 
occurrence and development of AD diseases. 

In our study, we predicted that miR-669b-5p was related 
to CHEK2 by bioinformatics in Neuro2a APPSwe/Δ9 cells. 
And then we investigated the pathological effect of miR-
669b-5p in AD and the possible molecular mechanisms 
between miR-669b-5p and CHEK2. We found that miR-
669b-5p mimics inhibited inflammation and cell apoptosis 
in Neuro2a APPSwe/Δ9 cells. Additionally, miR-669b-
5p mimics were no longer inhibited when CHEK2 was 
overexpressed. All of the findings suggested that miR-
669b-5p, a novel molecular regulatory mechanism in 
Alzheimer's disease, reduced inflammation and cell death 
by targeting CHEK2.
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cells, CHEK2 expression and miR-669b-5p expression were inversely correlated. In addition, miR-669b-5p 
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tion of inflammatory cytokines and cell death. Furthermore, it is observed that CHEK2 was a miR-669b-5p 
downstream target gene and that CHEK2 restored the miR-669b-5p's functions. According to this research, 
miR-669b-5p is a potential therapy for Alzheimer's patients since it slows the advancement of the disease.
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Materials and Methods

Cell culture and treatment 
Cells for Neuro2a APPSwe/Δ9 were provided by the 

Cell Bank of Type Culture Collection of the Chinese Aca-
demy of Sciences (Shanghai, China). Neuro2a APPSwe/
Δ9 cells were cultivated in Opti-MEM with 5% fetal bo-
vine serum in 5% CO2 at 37°C and Dulbecco's modified 
Eagle's media (DMEM; 10569010, Gibco; Thermo Fisher 
Scientific, Inc.). 10μM Aβ (Abeta-42, 107761-42-2, Sig-
ma, USA) was applied to cells for 24 h (17) before they 
were harvested and removed for testing.

qRT-PCR assay
Utilizing TRIzol (Takara, D9108A, Japan) reagents, 

total RNA was extracted from the Neuro2a APPSwe/Δ9 c/
ells that had undergone treatment. A 4800 real-time PCR 
system (Bio-Rad) was applied to conduct quantitative real-
time PCR (qRT-PCR). Using Takara's RR036A SYBR® 
Green Master Mix, the reactions were conducted. 20 μL of 
SYBR Green PCR Master Mix (Invitrogen), 1 μL of each 
F or R primer, 4 μL of DEPC water, and 5 μL of cDNA 
were used for real-time PCR utilizing the 2−∆∆CT technique. 
Following 94°C for 3 min, there were 35 cycles of 94°C 
for 10 s and 63°C for 30 s in the PCR operation. The pri-
mers for RT-qPCR were as followed: mmu-miR-669b-5p: 
5′- ACACTCCAGCTGGGAGCTTATCAGACTGA-3′ 
(Forward) and 5′-TGGTGTCGTGGACTCC-3′ (Re-
verse); CHEK2: 5'-TCTCGGGAGTCGGATGTTGAG-3' 
(Forward) and 5'-CCTGAGTGGACACTGTCTCTAA-3' 
(Reverse); mmu-U6: 5′-CTCGCTTCGGCAGCACA-3′ 
(Forward) and 5′-AACGCTTCACGAATTTGCGT-3′ 
(Reverse); mmu-β-actin: 5′-CATGTACGTTGCTATC-
CAGGC-3' (Forward) and 5′-CTCCTTAATGTCACG-
CACGAT-3′ (Reverse).

Western blotting
A polyvinylidene fluoride membrane (Millipore, Bille-

rica, MA, USA) was used to transfer the protein samples 
after 10% SDS-PAGE separation. Primary antibodies 
included those against Bax (ab32503), Bcl-2 (ab32124), 
cleaved Caspase-3 (ab32042), cleaved Caspase-9 
(ab2324), anti-β-actin (ab8226), and CHEK2 (ab109413, 
Abcam, Cambridge, UK). With the use of Millipore's 
ECL detection reagent, immunoreactive bands were seen. 
ImageQuant 1D software (GE Healthcare, Pittsburgh, PA, 
United States) measured the density of the bands. β-actin 
served as the internal control.

ELISA Assay
At 37°C, in 5% CO2 with 95% air, 100 microliters of 

cells (2×106/mL), 20 microliters of the medium, and 80 µL 
of cultivated supernatant were combined. The cells were 
centrifuged after incubation, and the culture supernatants 
were obtained. Then, using widely available human cyto-
kine ELISA kits, the concentration of several cytokines in 
cell-free culture supernatants was determined (17). Ap-
plying an enzyme-linked immunosorbent assay (ELISA) 
kit from R&D in the USA, the supernatants of cells were 
collected and tested for the presence of IL-1β, TNF-α, IL-
6, as well as IL-10. 50 μL of the samples were utilized 
for each experiment, which employed duplicate samples 
and expressed the cytokines' levels in pg/mg. Every ex-
periment included the running of standards, and standard 

curves was produced for each test. The Bio-Plex Manager 
program was used to calculate sample concentrations.

CCK-8 Assay
To identify cell proliferation, CCK-8 Assay Cell Coun-

ting Kit-8 (CCK-8) (Sigma, USA) was utilized. MiR-669b-
5p and NC mimics were transfected into cells by Lipo3000 
following the manufacturer's instructions. Thermo Fisher 
Scientific, Inc.'s UV spectrophotometer was utilized to 
detect the OD value at 450 nm.

TUNEL assay
The TUNEL test was also applied to identify cell apop-

tosis. And the experiment was performed using a com-
mercial Cell Death Detection kit (Roche Molecular Dia-
gnostics) following the kit's instructions. Cells were fixed 
in 4% paraformaldehyde for 15 min, permeabilized with 
0.25% Triton-X 100, and then the assay was performed. A 
scanning microscope was used to count the TUNEL-posi-
tive cells at a magnification of ×400.

Flow cytometry assay
Apoptotic cells were identified using the flow cyto-

metry test FITC-Annexin V/PI apoptotic detection kit (BD 
ingen, San Diego, CA, USA). Propidium iodide (4.5 mL), 
as well as Annexin V-FITC (4.5 mL), were used to stain 
the cells (1×105 cells), followed by fluorescence detection 
using a flow cytometer (Beckman, Miami, FL, USA).

Luciferase reporter assay
According to the sequence of miR-669b-5p, WT or 

mutant (MUT) CHEK2 3'-UTR sequences were chemi-
cally produced (Sangon, Shanghai, China). According to 
the instructions provided with the kit (Promega, USA), the 
luciferase activity was discovered by the luciferase repor-
ter assay method.

EdU assay
In terms of a prior description (18), the EdU test (Solar-

bio, Beijing, China) was used to measure cell prolifera-
tion. 24-well plates containing Neuro2a APPSwe/Δ9 cells 
(2×104 cells/well) were planted, and the cells were then 
treated in DMEM containing 10% FBS for 24 h. Each well 
had EdU added for two hours. The cells were stained with 
1×Apollo for 30 min in the dark after fixation. The nucleus 
was then stained for 5 min using DAPI. The fluorescent 
microscope (Olympus, Tokyo, Japan) was applied to iden-
tify cells.

Statistical analysis
The standard ± deviation (SD) is employed to show 

data. Unpaired/paired Student's t-test, Mann-Whitney test, 
one-way ANOVA, and Bonferroni's post hoc test were ap-
plied to evaluate comparisons. At P<0.05, the differences 
were declared statistically significant.

Results

The expression of CHEK2 is up-regulated in Aβ-treated 
Neuro2a APPSwe/Δ9 cells

Neuro2a APPSwe/Δ9 cells were processed with 0μM 
or 10μM Aβ. The expression of CHEK2 was evaluated in 
Aβ-treated Neuro2a APPSwe/Δ9 cells by qRT-PCR (Fi-
gure 1A), and Aβ increased the protein level of CHEK2 
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the viability and proliferation of Neuro2a APPSwe/Δ9 
cells (Figure 3B-C). The expression of proteins linked to 
proliferation was then analyzed by western blot. Expres-
sion levels of proliferation-related antigen (Ki-67) and 
proliferating cell nuclear antigen (PCNA) were discovered 
to be greater in the miR-669b-5p mimics group (Figure 
3D). The overexpression of miR-669b-5p decreased cell 
death in Neuro2a APPSwe/Δ9 cells, as revealed by the 
flow cytometry experiment (Figure 3E). Furthermore, to 
examine the expression of proteins related to apoptosis, 
a western blot was performed. We noticed that mimics of 
miR-669b-5p increased the production of pro-apoptotic 
proteins (Bax, Cleaved caspase-3, and Cleaved caspase-9) 
while suppressing the expression of the anti-apoptotic pro-
tein (Bcl-2) (Figure 3F). The overexpression of miR-669b-
5p in Neuro2a APPSwe/Δ9 cells led to the proliferation 
and prevented apoptosis, according to all the data. 

Overexpression of miR-669b-5p inhibits the expression 
of inflammatory cytokines

MiR-669b-5p mimics and NC mimics were transfec-
ted into Neuro2a APPSwe/Δ9 cells. MiR-669b-5p mimics 

in Neuro2a APPSwe/Δ9 cells by western blot (Figure 1B). 
These results confirmed that CHEK2 was up-regulated in 
Aβ-treated Neuro2a APPSwe/Δ9 cells.

CHEK2 is a downstream target of miR-669b-5p.
CHEK2 has been proven to be involved in tau phos-

phorylation and toxicity in the pathogenesis of AD (8). To 
explore the regulatory mechanism of CHEK2 in Aβ-treated 
Neuro2a APPSwe/Δ9 cells, we used miRwalk and miRDB 
to search the related miRNAs and finally found 5 inter-
section miRNAs (Figure 2A). The qRT-PCR outcomes 
illustrated that miR-669b-5p was specifically downregula-
ted in Aβ-treated Neuro2a APPSwe/Δ9 cells (Figure 2A). 
The probable interaction site between CHEK2 and miR-
669b-5p was then predicted using StarBase (Figure 2B). 
Next, we used luciferase reporter research to discover how 
CHEK2 and miR-669b-5p interact. The findings demons-
trated that co-transfection of CHEK2-WT and miR-669b-
5p mimics dramatically decreased the luciferase activity 
of CHEK2's 3'UTR region in Neuro2a APPSwe/Δ9 cells. 
However, there was no discernible difference between the 
miR-669b-5p mimics group as well as CHEK2-Mut in 
terms of luciferase activity (Figure  2C).

At the levels of both mRNA and protein, miR-669b-5p 
mimics consistently reduce CHEK2 expression in Neu-
ro2a APPSwe/Δ9 cells (Figure 2D-E). According to the 
results of Figure 1A, there are two other miRNAs which 
are significantly upregulated: miR-12205-5p and miR-
7021-3p. In order to eliminate the interference of these 
two miRNAs, we detected the expression level of CHEK2 
(Figure 2F) after over-expression. The results showed that 
miR-12205-5p and miR-7021-3p could not specifically 
reduce the expression of CHEK2, which indicated that the 
regulation of CHEK2 by miR-665b-5p was specific. In 
addition, the addition of anti-miR-669-5p can specifically 
reduce the expression of CHEK2 (Figure 2G). In general, 
in terms of these data, CHEK2 was a downstream target 
gene of miR-669b-5p, and CHEK2 was inversely linked 
with miR-669b-5p.

MiR-669b-5p mimics promote proliferation and inhi-
bit apoptosis of Neuro2a APPSwe/Δ9 cells.

To further understand the biological role of miR-669b-
5p in Neuro2a APPSwe/Δ9 cells, miR-669b-5p mimics 
and NC mimics were transfected into the cells, respecti-
vely.

In comparison to the NC mimic group, miR669b-5p 
mimics elevated miR669b-5p, according to qRT-PCR data 
(Figure 3A). Functionally, the CCK-8 and EdU experi-
ments demonstrated that miR-669b-5p mimics improved 

Figure 1. The expression of CHEK2 was detected in Aβ-treated Neu-
ro2a APPSwe/Δ9 cells. Neuro2a APPSwe/Δ9 cells were treated with 
10 μM Aβ for 24 h. (A) qRT-PCR tested the expression of CHEK2 
in Aβ-treated Neuro2a APPSwe/Δ9 cells. (B) Western blot analysis 
of the expression levels of CHEK2 in Aβ-treated Neuro2a APPSwe/
Δ9 cells. Values are mean ± SD, ***P<0.001 vs. APPSwe/Δ9 group. 
n=3 per group.

Figure 2. CHEK2 is a downstream target of miR-669b-5p. (A) We 
used miRwalk and miRDB to search the related target genes. Then 
qRT-PCR tested the expression of 5 intersection target genes in Aβ-
treated Neuro2a APPSwe/Δ9 cells. Values were mean ± SD, *P<0.05 
and **P<0.01 vs. NC group. n=3 per group. (B) Bioinformatic analysis 
of the predicted binding sites of CHEK2 and miR-669b-5p. (C) Luci-
ferase reporter assay was performed after 48 h transfection in Neuro2a 
APPSwe/Δ9 cells with a luciferase reporter plasmid containing WT 
or mutant form of CHEK2 3’-UTR along with NC mimics or miR-
669b-5p mimics. (D) NC mimics or miR-669b-5p mimics were trans-
fected in Neuro2a APPSwe/Δ9 cells, and the expression of CHEK2 
was analyzed by qRT-PCR. (E-G) The protein level of CHEK2 was 
detected by western blot. Values were mean ± SD, *P<0.05, **P<0.01 
and ***P<0.001 vs. NC mimics or anti-NC group. n=3 per group.
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reduced the release of inflammatory cytokines, including 
TNF-α, IL-1β, IL-6, and IL-10 (Figure 4A-D). Additional-
ly, miR-669b-5p mimics enhanced the production of the 
anti-inflammatory cytokine IL-10. This finding demons-
trated that miR-669b-5p mimics limit inflammatory cyto-
kine expression while promoting anti-inflammatory cyto-
kine expression.

Overexpression of miR-669b-5p reduces oxidative 
stress

To find out the biological role of miR-669b-5p in oxi-
dative stress, miR-669b-5p mimics and NC mimics were 
transfected into Neuro2a APPSwe/Δ9 cells. The DCFH-
DA assay was applied to measure the levels of oxidative 
stress in Neuro2a APPSwe/Δ9 cells transfected with miR-
669b-5p mimics. The mean fluorescence intensity (MFI) 
of intracellular ROS was decreased (Figure 5A). Further-
more, the SOD enzyme activity was markedly elevated 
by miR-669b-5p mimics, whereas the MDA content was 
reduced in comparison with control cells (Figure 5B-C). 
All the results showed that miR-669b-5p mimics reduced 
oxidative stress in Neuro2a APPSwe/Δ9 cells.

MiR-669b-5p mimics inhibit the expression of APP, 
BACE1, phosphorylation Tau1, and Aβ.

A western blot assay was conducted to test the expres-
sions of APP, BACE1, phosphorylation Tau1 (p-Tau1), 
and amyloid-beta (Aβ), and found that the miR-669b-5p 
mimics downregulated the expression of APP, BACE1, p-
Tau1 and Aβ (Figure 6A-B). Meanwhile, the Aβ release of 
Neuro2a APPSwe/Δ9 cells was inhibited by miR-669b-5p 
mimics via ELISA assay (Figure 6C). These indicated that 
miR-669b-5p mimics played a protective role in Neuro2a 
APPSwe/Δ9 cells by downregulating the expression of 
APP, BACE1, p-Tau1, and Aβ.

Rescue experiments verify that miR-669-5p/CHEK2 
regulates the occurrence and development of Alzhei-
mer's disease

The rescue experiment was the next step in our inves-
tigation into the role of miR-669-5p/CHEK2 in Neuro2a 

Figure 3. MiR-669b-5p mimics promote proliferation and inhibit 
apoptosis of Neuro2a APPSwe/Δ9 cells. MiR-669b-5p mimics and 
NC mimics were transfected in Neuro2a APPSwe/Δ9 cells. (A) The 
expression of miR-669b-5p was analyzed by qRT-PCR. (B) The cell 
viability of Neuro2a APPSwe/Δ9 cells was detected by CCK-8 assay. 
(C) EdU assay to analyze the cell proliferation of Neuro2a APPSwe/
Δ9 cells. (D) The protein level of PCNA and Ki-67 was tested by 
western blot. (E-F) The apoptosis of Neuro2a APPSwe/Δ9 cells was 
detected by FCM and TUNEL. (G) The protein level of apoptosis-
associated proteins (Bax, Bcl-2, Cleaved caspase-3, and Cleaved 
caspase-9) were detected by western blot. Values are mean ± SD, 
*P<0.05, **P<0.01 and ***P<0.001 vs. NC mimics group, ##P<0.01 
and ###P<0.001 vs. miR-669b-5p mimics group. n=3 per group. 

Figure 4. Overexpression of miR-669b-5p inhibits the expression of 
inflammatory cytokines. MiR-669b-5p mimics and NC mimics were 
transfected in Neuro2a APPSwe/Δ9 cells. (A-D) The cytokine release 
of TNF-α, IL-1β, IL-6 and IL-10 was detected by ELISA. Values 
were mean ± SD, *P<0.05, **P<0.01 and ***P<0.001 vs. NC mimics 
group, ##P<0.01 and ###P<0.001 vs. miR-669b-5p mimics group. 
n=3 per group.

Figure 5. Overexpression of miR-669b-5p reduces oxidative stress. 
MiR-669b-5p mimics and NC mimics were transfected in Neuro2a 
APPS we/Δ9 cells. (A) The ROS level of Neuro2a APPSwe/Δ9 cells 
was tested by DCFH-DA assay. (B) The SOD enzyme activity was 
detected by the SOD kit. (C) MDA levels of these samples were mea-
sured at 532 nm using the MDA kit. Values were mean ± SD, *P<0.05, 
**P<0.01 and ***P<0.001 vs. NC mimics group, ##P<0.01 and 
###P<0.001 vs. NC mimics+Aβ group. n=3 per group.
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APPSwe/Δ9 cells. First, qRT-PCR analysis demonstrated 
that miR-669b-5p mimics increased the expression of miR-
669-5p. Additionally, according to a western blot analysis 
of Neuro2a APPSwe/Δ9 cells transfected with pc-CHEK2, 
CHEK2 expression was increased as compared with the 
pc-NC group (Figure 7A). The promoting impact of miR-
669b-5p mimics was then found to be abolished by up-re-
gulating CHEK2 in Neuro2a APPSwe/Δ9 cells by CCK-8 
and EdU tests (Figure 7B-C, Figure S1A). Additionally, to 
examine the expression of proteins related to proliferation, 
a western blot was employed. The findings demonstrated 
that miR-669b-5p mimics raised PCNA and Ki-67 protein 
levels whereas pc-CHEK2 partially suppressed PCNA and 
Ki-67 expression as determined by miR-669b-5p mimics 
(Figure 7D, Figure S1B). The flow cytometry assay elu-
cidated that pc-CHEK2 partly reversed the cell apoptosis 
inhibited by miR-669b-5p mimics in Neuro2a APPSwe/
Δ9 cells (Figure 7E, Figure S1C). Also, the quantity of 
TUNEL-positive cells tested in Neuro2a APPSwe/Δ9 cells 
was partly increased by pc-CHEK2 compared to the miR-
669b-5p mimics group (Figure 7F, Figure S1D).

In addition, we found that the increasing levels of anti-
apoptosis proteins Bcl-2 and the decline of pro-apopto-
sis proteins (Bax, Cleaved caspase-3 as well as Cleaved 
caspase-9) were reserved by pc-CHEK2 partly via wes-
tern blot analysis (Figure 7G, Figure S1E). The release 
of inflammatory cytokines TNF-α, IL-1β as well as IL-6 
was partly increased by pc-CHEK2 compared to the miR-
669b-5p mimics group (Figure 7H). While the anti-inflam-
matory cytokine IL-10 was partly declined by pc-CHEK2 
compared to the miR-669b-5p mimics group (Figure 7H). 
The mean fluorescence intensity (MFI) of intracellular 
ROS declined by miR-669b-5p mimics and was partly 
reserved by pc-CHEK2 (Figure 7I). In the meanwhile, 
the enzyme activities of SOD elevated by miR-669b-5p 
mimics were partly reserved by pc-CHEK2, and the MDA 
content reduced by miR-669b-5p mimics was partly re-
served by pc-CHEK2 (Figure 7I). Western blot assay dis-
played that the up-regulated expression of APP, BACE1, 
p-Tau1, and Aβ by miR-669b-5p mimics was partly reser-
ved by pc-CHEK2 (Figure 7J, Figure S1F). Finally, pc-
CHEK2 reserved the inhibition of Aβ released by miR-
669b-5p mimics via ELISA assay (Figure 7K). In general, 
those results indicated that miR-669b-5p inhibited the 
development of Alzheimer's disease, and overexpression 
of CHEK2 rescued the effect of miR-669b-5p in Neuro2a 

APPSwe/Δ9 cells.

Discussion

Around the world, AD is becoming increasingly pre-
valent, and it is predicted that by 2050, more than 35 mil-
lion individuals would be affected (15). Although a great 
deal of study has been devoted to understanding the patho-
physiology of AD and how to avoid it (19, 20), little is still 
known about these mechanisms.

CHEK2 plays regulatory roles in DNA repair and cell 

Figure 6. MiR-669b-5p mimics inhibit the expression of APP, 
BACE1, phosphorylation Tau1, and Aβ. MiR-669b-5p mimics and 
NC mimics were transfected in Neuro2a APPSwe/Δ9 cells. (A) The 
protein expression level of APP, BACE1, p-Tau1, and Aβ was detec-
ted by western blot. (B) The mRNA level of APP, BACE1, p-Tau1, 
and Aβ were analyzed by qRT-PCR. (C) The release of Aβ was detec-
ted by ELISA. Values were mean ± SD, **P<0.01 vs. NC mimics. 
n=3 per group.

Figure 7. Rescue experiments verify that miR-669-5p/CHEK2 regu-
lates the occurrence and development of Alzheimer's disease. (A) 
MiR-669b-5p mimics or pc-CHEK2 were transfected in Neuro2a 
APPSwe/Δ9 cells. The expression of miR-669-5p was tested by qRT-
PCR. And the expression of CHEK2 was detected by western blot. 
Values are mean ± SD, **P<0.01 vs. NC mimics or pc-NC. n=3 per 
group. MiR-669b-5p mimics and pc-CHEK2 were co-transfected in 
Neuro2a APPSwe/Δ9 cells. (B) Cell viability was analyzed by CCK-
8. (C) EdU assay to analyze cell proliferation. (D) The protein level of 
PCNA and Ki-67 was detected by western blot. (E) The apoptosis was 
detected by FCM. (F) The apoptosis of cells was detected by TUNEL 
assay. (G) The protein level of Bax, Bcl-2, Cleaved caspase-3, and 
Cleaved caspase-9 was detected by western blot. (H) The cytokines 
release of TNF-α, IL-1β, IL-6, and IL-10 was detected by ELISA (I) 
The ROS level was tested by DCFH-DA assay. The SOD enzyme 
activity was detected by the SOD kit. MDA level was measured by 
MDA kit. (J) The protein level of Bax, Bcl-2, Cleaved caspase-3, and 
Cleaved caspase-9 was tested by western blot. (K) ELISA was used 
to detect the release of Aβ. Values were mean ± SD, **P<0.01 vs. 
NC mimics+pc-NC group, #P<0.05 and ##P<0.01 vs. miR-669b-5p 
mimics+pc-NC group. n=3 per group.
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cycle progression by phosphorylating downstream effec-
tors (1). According to a publication, CHEK2 phospho-
rylates tau at Ser262 in the microtubule-binding domain, 
which is connected to AD (8). Furthermore, it has been 
proposed that tau hyperphosphorylation promotes the etio-
logy of Alzheimer's disease (AD) in AD brains (12, 21). 
All of these findings suggested that CHEK2 controlled 
tau's aberrant phosphorylation and took a role in the onset 
of AD illness. In this investigation, we discovered that 
the expression of CHEK2 was inversely linked with the 
expression of miR-669b-5p in Neuro2a APPSwe/Δ9 cells 
and that CHEK2 was increased in Aβ-treated Neuro2a AP-
PSwe/Δ9 cells. These findings indicated that a molecular 
control pathway exists between miR-669b-5p and CHEK2 
in Neuro2a APPSwe/Δ9.

There are lots of studies finding showed that miRNAs 
regulated critical proteins and key biological processes in 
the progression and pathophysiology of AD (22), such as 
levels of Aβ, cell viability, cell apoptosis, and inflamma-
tion (23-25). For example, the inhibitor of miR-128 upre-
gulated the expression of PPAR-γ to reduce Aβ-mediated 
cytotoxicity via inactivation of NF-κB in N2a cells (26). 
Others have shown that miR-124 encourages mouse neu-
roblastoma N2a cells to differentiate toward a neuronal 
phenotype (27-29). In this work, we hypothesized that 
miR-669b-5p was associated with CHEK2 in Neuro2a 
APPSwe/Δ9 cells using bioinformatics. The function and 
effect of miR-669b-5p in the onset and progression of AD 
illness, however, has received less attention in the litera-
ture. Then, using luciferase reporter research, we discove-
red that CHEK2 was a miR-669b-5p's fundamental target. 
Functional analysis of Neuro2a APPSwe/Δ9 cells revealed 
that overexpression of miR-669b-5p increased cell proli-
feration while inhibiting cell death, oxidative stress, and 
inflammatory cytokine production.

At the end of this study, we performed rescue expe-
riments to further explore the regulation mechanism 
between miR-669b-5p and CHEK2. It was confirmed that 
the CHEK2 overexpression party reversed the protection 
of the overexpression of miR-669b-5p in Neuro2a APPS-
we/Δ9 cells.

In conclusion, all findings demonstrated that overex-
pression of miR-669b-5p protected Neuro2a APPSwe/Δ9 
cells by promoting the viability of cells, inhibiting cell 
apoptosis, oxidative stress, and secretion of inflammation-
related cytokines. MiR-669b-5p exerted protective func-
tions by targeting CHEK2. Our study demonstrated the 
regulation mechanism and function between miR-669b-5p 
and CHEK2 in Neuro2a APPSwe/Δ9 cells in vitro. And 
the molecular regulation and function of miR-669b-5p 
and CHEK2 needed to be confirmed in vivo in the future. 
Furthermore, this study provided a novel and promising 
therapeutic target for AD.
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