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Abstract
Alzheimer's disease is the most common form of dementia in older people. The pathogenesis of AD is
still uncertain, although it appears autophagy abnormalities are involved. In recent years, epigenetics,
including RNA N6-methyladenosine (m6A) methylation, has been shown to be involved in the
pathogenesis of neurodegeneration. However, how RNA methylation may be involved in the pathogenesis
of AD is still unclear. Our previous RNA m6A methylation high-throughput sequencing analysis found that
some hippocampal genes showed elevated methylation in AD mouse models, but that some genes
showed declining methylation. Genes showing different methylation patterns tended to be related to
autophagy. The focus of this study is to examine possible mechanisms by which m6A RNA methylation
may be involved in AD. SH-SY5Y cells treated with Aβ25−35 were used as AD models, and untreated SH-
SY5Y cells were used as controls. We �rst detected the expression of methylase in the two groups of
cells. The results showed that the protein expression of METTL3 in the AD cell group was higher than that
in the control group, while FTO expression showed no statistically signi�cant differences. We then used
lentivirus-mediated METTL3 RNA knockouts to observe the expression of Parkin protein in each group of
cells. Results showed that expression of the Parkin protein in the AD cell group was increased compared
to the control group, while the expression levels of Parkin protein in AD cells with METTL3 RNA knockout
decreased. Additionally, mitochondrial structural changes were observed using transmission electron
microscopy. These results showed that the mitochondrial structure in an AD cell model with METTL3 RNA
knockout was improved compared to the AD cell model alone. Taken together, our �ndings suggest that
RNA m6A methylation is involved in the AD process.

1. Introduction
Alzheimer's disease (AD) is a common neurodegenerative disease with a high incidence rate amongst
elderly populations [1]. However, there is still no effective treatment, in part because of the unclear
pathogenesis. At present, autophagy dysfunction is one potential underlying mechanism, but its speci�c
role in pathogenesis is unclear [2–4]. In recent years, the role of epigenetics in the pathogenesis of AD
has been extensively studied [5, 6], but the relationship between RNA m6A methylation (M6A) and AD
pathogenesis has not been widely investigated.

M6A methylation is a common form of modi�cation that follows RNA transcription in eukaryotes [7, 8]. It
is a dynamically regulated biological process and is particularly common in the brain. Its dynamic
regulation depends on the presence of methyltransferases including METTL3 and demethylases like FTO.
In methyltransferase, METTL3 is the catalytic core, while FTO is abundant in the brain and is associated
with nervous system development and disease [5, 9].

We previously performed high-throughput sequencing of m6A by using animal models, and our
preliminary data showed that, between AD model mice and control mice, there were a large number of
genes showing differences in expression because of divergent RNA m6A methylation. Many of these
genes were related to neural pathway processes, suggesting that RNA m6A methylation was involved in
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the pathogenesis of AD [6]. To further explore the relationship between RNA m6A methylation and AD
pathogenesis at a cellular level, in this study, we used lentiviral vector-mediated RNA knockout technology
to investigate the changes in autophagy and mitochondrial structure after METTL3 RNA knockout. We
hypothesized that RNA m6A methylation might be involved in the pathogenesis of AD by affecting
autophagy functions.

2. Materials And Methods

2.1. Cell Culture and Treatments
The ceells were cultured in DMEM containing 1% streptomycin and 10% fetal bovine serum culture
medium at 37 ℃ with 5% CO2. 1mg Aβ25–35 was dissolved in 4.71mL high-pressure double-distilled
water with a �nal concentration of 1mM/ mL. After mixing, the mixture was kept at 37℃ for 120h, and
then placed in a refrigerator at -20℃ for further use. The cells were treated with Aβ25–35 when the
con�uence was 60–70%. Control cells continued to be cultured under normal conditions.

2.2. RNA isolation
A universal RNA extraction kit was used to extract RNA from both groups of cells (Accurate
Biotechnology). Based on the DeNovix spectrophotometer analysis quality of RNA, the A260 / A280 ratio
was 1.9 ~ 2.1 samples for further experiments.

2.3. Detection of m6A methylation
We used the m6A RNA methylation quantitative Kit (colorimetric; Abcam, AB185912) to detect m6A
methylation of cells. Each sample needed 200 ng RNA. The absorbance at 450 nm was measured with a
microplate, and the colorimetric values of m6A level were determined according to the standard curve.

2.4. Western blot
Cells were homogenized using RIPA lysis buffer containing 1% protease inhibitor. The homogenate was
centrifuged at 12,000 RPM at 4℃ for 15 minutes, and the supernatant was collected for later use. Protein
concentrations were determined using a BCA assay kit (Thermo Scienti�c, Massachusetts, USA), and the
same amount of protein samples were separated by SDS-PAGE and transferred to PVDF membranes. The
membrane was blocked with blocking buffer, and the primary antibodies against MettTL3, FTO and β-
actin were incubated overnight at 4℃. Next, goat anti-rabbit IgG secondary antibodies (Protetech, 1:5000)
were incubated at room temperature for 1 h. Protein analysis was performed using an ECL
chemiluminescence kit (Millipore, Massachusetts, USA) and a chemiluminescence imaging system (Bio-
RAD, California, USA).

2.5. Lentivirus transfection
The Shanghai Jikai company provided the lentivirus vector. According to the instructions, we transfected
the lentivirus vector with METTL3 RNA interference into SH-SY5Y cells. Each group was then treated with
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Aβ25–35, as described above. Next, cells were divided into the following groups: a SH-SY5Y group, an Aβ-
SY5Y group (AD cell model group), an Aβ -empty vector group, and an Aβ -METTL3 RNA knockout group
(named the Aβ-METTL3 siRNA group).

2.6. E�ciency of lentivirus transfection
We collected cells 96 hours after the transfection, extracted total RNA, and used the QRT-PCR method to
detect METTL3 gene expression in each cell. RNA was extracted from four groups of cells as above. Each
cell sample was synthesized with 0.5 ug total RNA using the PrimeScript First Strand cDNA Synthesis Kit
(Takara, RR047A). Quantitative real-time PCR (QRT-PCR) was performed on cDNA using the SYBR Green
assay (Takara, RR041A) (machine: Eppendorf, Mastercycler, Germany). Forty cycles were performed at
95°C for 30 s, 95°C for 10 s, and 60°C for 30 s, with β -actin as a normalized control. The following
primers were used:

Human METTL3 forward: 5’-AGATGGGGTAGAAAGCCTCCT-3’

Human METTL3 reverse: 5’-TGGTCAGCATAGGTTACAAGAGT-3’

Human β-actin forward:5’-TGGCACCCAGCACAATGAA-3’

Human β-actin reverse: 5’-CTAAGTCATAGTCCGCCTAGAAGCA-3’

2.7. Detection of mitochondrial autophagy function

2.7.1. Western blot
Parkin protein was detected by the same method as above. Antibodies were used: anti-Parkin Mouse mAb
(CST, 4211S), and HRP-labeled Goat Anti-Mouse secondary antibody (ZB-2305).

2.7.2. Quantitative real-time PCR
The selection of genes was based on the differential expression of m6A methylation and autophagy-
related genes in AD model mice and control group mice. The expression levels of these following genes
were detected in the AD cell group and the control group, as well as in the Aβ-METTL3 siRNA group. The
following primers were used:

Human MTOR forward: 5’-AAGGTCTATTTGCCTCGCGT-3’

Human MTOR reverse: 5’-TTGCCTTCTGCCTCTTATGGG-3’

Human MAPK8 forward: 5’-GATGCTGTGTGGAATCAAGCA-3’

Human MAPK8 reverse: 5’-CCTCGGGTGCTCTGTAGTGA-3’

Human CDC42 forward: 5’-GGTTTTCCTTTGTGCGGTGA-3’
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Human CDC42 reverse: 5’-CCCACCCCAGACTGACAAAT-3’

Human PI3K forward: 5’-ATGAGTACCTGGTGGGCGAA-3’

Human PI3K reverse: 5’-CGGTGAACACACTCTCGTGG-3’

Human β-actin forward:5’-TGGCACCCAGCACAATGAA-3’

Human β-actin reverse: 5’-CTAAGTCATAGTCCGCCTAGAAGCA-3’

Each QRT-PCR reaction was repeated three times, and results were analyzed by ΔΔCT method [10].

2.8. Transmission Electron Microscopy
Cells in each cell phone group were �xed with 2.5% glutaraldehyde at room temperature for 2–3 hours,
then placed at 4℃ overnight, �xed with 1% osmium for 1.5 hours under the condition of light exclusion,
dehydrated with different concentrations of ethanol and acetone, and then permeated with pain and resin,
then embedded, sectionalized, stained, and �nally observed with electron microscopy (JEOL, Tokyo,
Japan).

3. Statistical Analysis
All experiments were repeated at least three times, and all values were expressed as the mean ± SEM.
Two-tailed Student’s t-tests were used to determine statistical differences between groups. A P value < 
0.05 was considered to be statistically signi�cant. Data were analyzed using SPSS20.0 software (SPSS
Inc., Chicago, IL, USA).

4. Results

4.1 Level of M6A RNA methylation in both groups
The degree of methylation in AD cells was notably higher than in the control group (p < 0.05) (Fig. 1).

4.2 Expression of methylase in two groups
METTL3 and FTO expression were examined. The results showed that, compared to the control group,
METTL3 expression levels in the AD cells group were signi�cantly higher (p < 0.001). However, there were
no signi�cant differences in FTO expression levels between the two groups (Fig. 2).

4.3. Detection of lentivirus transfection e�ciency
We selected a target sequence in which the expression of METTL3 gene was reduced by up to 80% for
subsequent experiments (p < 0.001) (Fig. 3).
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4.4. Detection of gene expression levels of autophagy-
related genes with differential methylation expression in
each group
4.4.1 MAPK gene: Compared with SH-SY5Y cells, MAPK gene expression levels were signi�cantly
increased in the AD cell model (p < 0.05). MAPK gene expression in Aβ-METTL3 siRNA cells was also
signi�cantly decreased ( p < 0.001; Fig. 4.1).

4.4.2 The expressions of Mtor and PI3K genes showed similar trend. That is, the expression of Mtor gene
in AD cell model was signi�cantly decreased compared to control cells (p < 0.001), and the gene’s
expression increased in cells after METTL3 RNA interference (p < 0.01; Fig. 5.2 A). Similarly, PI3K gene
expression was decreased in the AD cell group, and increased in the Aβ -Mettl3 siRNA group (p < 0.001;
Fig. 5.2 B).

4.4.3 The expression level of CDC42 gene was decreased in the AD group (p < 0.01), but there was no
statistical difference in the Aβ -mettl3 siRNA group compared to the AD group (Fig. 4.3).

4.5. Expression of mitochondrial autophagy-related proteins
in each group
Results pertaining to the expression levels of mitochondrial autophagy protein Parkin showed they were
increased compared with control group ( p < 0.001). However, the expression levels of this protein were
decreased in the Aβ-METTL3 siRNA group (p < 0.001; Fig. 5).

4.6. Ultrastructural and morphological changes of
mitochondria under electron microscope
Under the transmission electron microscope, SH-SY5Y cells showed clear mitochondrial structures,
membrane structure integrity, and clearly visible crests. In the AD group, the mitochondria were big and
swollen, with incomplete structures, unclear crests, and a lot of damage, degradation and fragmentation.
In the Aβ-METTL3 siRNA group, most of the mitochondrial structures were clear and complete.

5. Discussion
Autophagy is of great signi�cance in all aspects of cell biology, including survival in conditions with
limited energy or nutrients, as well as removing redundant proteins in organelles to maintain functioning
[11, 12]. In addition, autophagy has been implicated in a range of human pathophysiological processes,
such as cancer, cardiomyopathy, and neurodegenerative diseases [13–15].

Mitochondrial autophagy is a kind of selective autophagy used to eliminate damaged mitochondria, and
is an important part of mitochondrial quality control (MQC). Cytoplasmic E3 ubiquitin ligase Parkin and
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its regulatory kinase PINK1 are key factors in mitochondrial autophagy. Parkin is thought to be self-
inhibiting under basic conditions [16]. Many studies have found that parkin-mediated autophagy is
closely related to neurological diseases. Recently, synaptic mitochondria in AD mouse models (5xFAD
mice) have been reported to show a signi�cant increase in Parkinson-protein-mediated mitochondrial
autophagyn [17]. In addition, parkin-mediated mitotic enhancement was observed in mutant hAPP
neurons and in the brains of AD patients [18]. However, in the late AD brain, increases of mitochondrial
autophagy were accompanied by the loss of cytoplasmic Parkin, suggesting that mitochondrial
autophagy was impaired in AD [19]. Other studies have con�rmed that Parkin overexpression can alter
amyloid protein levels and plaque deposition in the brain. More importantly, Parkin expression not only
reduces the activity of apoptosis factors but also disturbs mitochondrial function and oxidative stress.
Thus, effective clearance of damaged mitochondria through autophagy may be a potential treatment
strategy for AD [20].

Multiple studies have shown that M6A-modi�ed mRNAs regulate autophagy and cell fate through a
variety of mechanisms [21–23]. In addition, a recent study found that m6A modi�ed ULK1 can affect
autophagy-related genes (unc − 51 like autophagy activating kinase 1) and mRNA processing related to
autophagy regulation [24]. These results highlight the important role that post-translational modi�cations
play in autophagy regulation. Another study showed that bone-derived mesenchymal stem cells (BMSCs)
can enhance nucleus pulposus cells (NPCs) autophagy via m6A-mediated mechanisms and can reduce
NPCs apoptosis rates [25].

Here, we found increased expression of Parkin proteins in AD cell models, which is consistent with prior
results and suggests that the cells have activated defenses against mitochondrial damage. However, the
expression of METTL3 RNA interfered cells was also decreased, indicating that the METTL3 gene may
play a critical role in mitosis and could be an important therapeutic target.

In addition, our experiments verify the function of autophagy on the expression of related genes.
Although three genes were differently expressed in AD cells, the METTL3 RNA interference in the gene
expression showed opposite expression trends, suggesting that METTL3 may play an important role in
AD.

In conclusion, we found that: 1. Methylation of RNA m6A in the AD cell model was different from that in
the control group; 2. AD cell model after METTL3 RNA interference showed signi�cant differences in
mitochondrial autophagy protein expression, autophagy-related gene expression, and mitochondrial
structure. Taken together, our results suggest that m6A methyltransferase METTL3 may play an
important role in the pathogenesis of AD, and could be a critical target for gene therapy or drug
development in the future.
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Figure 1

Comparison of methylation between the two groups. Among them, m6A RNA methylation was increased
in the AD cell group. A student’s t-test was used to analyze the differences between two groups, and data
are presented as mean ± SEM; *P < 0.05

Figure 2
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Expression of METTL3 enzymes in the AD cell samples is different from the control group. The relative
densities of all proteins bands are normalized to β-actin ( ***P < 0.001). The Student’s t-test was used to
detect between-group differences. Data are presented as mean ± SEM

Figure 3

The expression of METTL3 RNA decreased signi�cantly compared with the control group. A t-test was
used to detect the difference between two groups. Data are presented as mean ± SEM. ***P < 0.001
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Figure 4

4.1 (A) mRNA levels of MAPK in AD group were increased as assessed by quantitative RT-PCR (*p<0.05).
(B) Aβ-METTL3 siRNA expression was decreased in the control group compared to the AD group. β-actin
was measured as the reference gene. Student’s t-tests were used to detect between-group differences.
Data are presented as mean ± SEM; ***P < 0.001
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4.2 Expression of Mtor and PI3K genes in cells. Expression levels of the two genes in the AD cell model
were decreased compared with control cells. ***P < 0.001; and the expression of these two genes was
increased in the Aβ-METTL3 siRNA group (Fig 4.2.A Mtor gene; Fig 4.2.B PI3K gene). β-actin was
measured as the reference gene. The Student’s t-test was used to detect the difference between two
groups. Data are presented as mean ± SEM

4.3 Expression of CDC42 gene in cells. The expression levels of this gene in the AD group were decreased
compared with control group (**P<0.01). However, expression levels did not change in the Aβ-METTL3
siRNA group. β-actin was measured as the reference gene. The Student’s t-test was used to detect the
difference between two groups. Data are presented as mean ± SEM

Figure 5

Partin protein expression levels in each group. Expression of this protein increased in the AD group was
increased compared to the control group (***P<0.001), but decreased relative to the Aβ-METTL3 siRNA
group ( ***P<0.001.) The Student’s t-test was used to detect the differences between two groups. Data are
presented as mean ± SEM

Figure 6

Ultrastructure changes of cellular mitochondria. (A) SH-SY5Y cells had mitochondria with complete
structures and clear crests. (B) Representative image from AD group. (C) The mitochondrial structure of
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the empty vector cell group was similar to that of SH-SY5Y cells. (D) Aβ-METTL3 siRNA group showed no
signi�cant damage to mitochondrial structures


