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Abstract

BACKGROUND

In recent years, the prevalence of Alzheimer’s disease (AD) has increased, which
places a great burden on society and families and creates considerable challenges
for medical services. N6-methyladenine (m6A) deoxyribonucleic acid (DNA)
adenine methylation is a novel biomarker and is abundant in the brain, but less
common in AD. We support to analyze the relationship between DNA m6A and
cognition in patients with AD and normal controls (NCs) in China.

AIM

To analyze the relationship between the novel m6A DNA and cognition in
patients with AD and NCs in China.

METHODS

A total of 179 AD patients (mean age 71.60 + 9.89 years; males: 91; females: 88) and
147 NCs (mean age 69.59 * 11.22 years; males: 77; females: 70) who were age- and
sex-matched were included in our study. All subjects underwent neuropsycho-
logical scale assessment and magnetic resonance imaging examination. Apolipo-
protein E (APOE) genotypes were measured through agarose gel electrophoresis.
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Lv St al. m6A-modified DNA was decreased in AD patients

Global m6A levels were evaluated by a MethylFlash m6A DNA Methylation
ELISA Kit (colorimetric). Global m6A levels in total DNA from ten AD patients
with 18F-AV-45 (florbetapir) positron emission tomography (PET) positivity and
ten NCs with PET negativity were analyzed by dot blotting to determine the
results.

RESULTS

Our ELISA results showed that the global m6A DNA levels in peripheral blood
were different between patients with AD and NCs (P = 0.002; < 0.05). And ten AD
patients who were PET positive and ten NCs who were PET negative also showed
the same results through dot blotting. There were significant differences between
the two groups, which indicated that the leukocyte m6A DNA levels were
different (P = 0.005; < 0.05). The m6A level was approximately 8.33% lower in AD
patients than in NCs (mean 0.011 + 0.006 vs 0.012 + 0.005). A significant correlation
was found between the Montreal Cognitive Assessment score and the peripheral
blood m6A level in the tested population (r = 0.143, P = 0.01; < 0.05). However, no
relationship was found with APOE &4 (P = 0.633, > 0.05). Further studies should
be performed to validate these findings.

CONCLUSION
Our results show that reduced global m6A DNA methylation levels are
significantly lower in AD patients than in NCs by approximately 8.33% in China.

Key Words: Alzheimer disease; N°-methyladenine; DNA; Montreal Cognitive Assessment;
Apolipoprotein E; Cognitive dysfunction

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Although Alzheimer’s disease (AD) cannot be cured, early diagnosis and
treatment can greatly improve the prognosis of AD patients. Thus, we aimed to identify
biomarkers of AD that can be useful in the clinic. The diagnostic criteria for AD were
strictly employed in the study. We found that N6-methyladenine (m6A) DNA adenine
methylation may be a novel biomarker of AD. Twenty subjects underwent 18F-AV-45
(florbetapir) positron emission tomography to test this assertion. In addition, the global
m6A DNA methylation level was also correlated with cognition level.

Citation: Lv S, Zhou X, Li YM, Yang T, Zhang SJ, Wang Y, Jia SH, Peng DT. N6-
methyladenine-modified DNA was decreased in Alzheimer’s disease patients. World J Clin
Cases 2022; 10(2): 448-457

URL: https://www.wjgnet.com/2307-8960/full/v10/i2/448.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i2.448

INTRODUCTION

Alzheimer’s disease (AD) is the most common form of dementia. It is a progressive
neurodegenerative disease with symptoms of initial memory impairment and
cognitive decline. Usually, it affects patients’ behavior, speech, visuospatial orientation
and motor system[1]. Pathological tau and amyloid-p (Ap) deposition and neurode-
generation are biomarkers of AD. Studying the biological mechanisms of cognitive
symptoms and trajectories of decline is important for clinicians to be able to determine
prognosis and apply precision medicine in AD patients[2]. Although the incidence of
AD is increasing, the treatment is still limited in preventing, slowing, and stopping the
progression of the disease[3].

Cytosine deoxynucleotides in eukaryotic genomic DNA were first found to be
methylated 60 years ago[4]. DNA methylation plays a crucial role in epigenetic
mechanisms, including the regulation of gene expression, transposon suppression, and
epigenetic memory maintenance[5]. Previous studies have shown that 5-methyl-
cytosine DNA methylation is important in epigenetic mechanisms[6]. Because of
technical limitations, the presence of N°-methyladenine (m6A) within DNA was not
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found in eukaryotes in earlier generations of studies, and as such, m6A was believed
to be absent from eukaryotic genomes. However, recently, m6A was discovered in
unicellular organisms, namely, Caenorhabditis elegans[7], Drosophila[8], zebrafish
and mammals[9]. DNA methylation usually refers to the addition of a methyl group
(CH3) to any of the four types of DNA nucleotides[10]. When methylations appear on
the sixth position of the purine ring of adenine, the resulting modification is called
m6A. m6A is abundant in the mammalian brain[11]. In the mammalian central
nervous system, stimulus-dependent regulation of m6A was found in response to
sensory experiences, learning and injury[12]. A recent study showed that m6A
methylation mRNA was lower in 6-month-old familial Alzheimer’s disease mice[13].
However, the study of m6A DNA in AD patients has been less studied.

Apolipoprotein E (APOE) was first proposed as an Ap-binding protein in the brain
[14]. A study showed that normal elderly individuals with APOE &4 homozygosity
(e4/e4) and even the e 4 allele have a very high risk of developing clinical AD[15,16].
APOE not only changes the protein codon but also changes the quantity of CpG
dinucleotides, which are the primary sites for DNA methylation[17]. A previous study
showed that DNA methylation may have a relationship with APOE and AD[18].
However, there has been no research on the relationship between m6A DNA levels
and APOE. Here, we examined the relationship between m6A and APOE. The levels of
m6A in patients with AD and normal controls (NCs) were determined to assess
whether the m6A DNA level is a new marker of AD that can be used for early
detection or diagnosis.

MATERIALS AND METHODS

Study design

Participants from the Neurology Clinic of China-Japan Friendship Hospital were
enrolled from March 2018 to February 2021. Before initiation, the trial was registered at
http:/ /www.chinadrugtrials.org.cn/index.html, Unique identifier: CTR20171631. This
retrospective study received institutional review board approval (Ethics ID: 20175Y51),
and all subjects signed an informed consent form. The participants were indepen-
dently diagnosed by Dr. Wang, Dr. Jia and Dr. Peng in accordance with the National
Institute of Aging and Alzheimer’s Association for patients[19,20]. The normal
standard Montreal Cognitive Assessment (MoCA) scores were considered according to
education in our study. Less than 6 years of education, MoCA > 19 for the subjects was
considered normal, 7-12 years of education with MoCA > 22 and more than 13 years of
education with MoCA > 24[21]. A total of 179 AD patients (mean age 71.60 + 9.89
years; males: 91; females: 88) and 147 age- and sex-matched NCs (mean age 69.59 +
11.22 years; males: 77; females: 70) were included in our study. All the subjects
underwent neuroimaging analysis [magnetic resonance imaging (MRI)], and the
following neuropsychological scale assessments were used: MoCA, the Activities of
Daily Living (ADL) scale, the Geriatric Depression Scale (GDS), and the Hachinski
Ischemia Scale (HIS). The subjects were aged 55-85 years. The inclusion criteria for the
AD group were as follows: Clinical Dementia Rating > 0.5, ADL > 20, GDS < 11, and
HIS < 4. The exclusion criteria were as follows: (1) Presence of cerebrovascular disease
causing cognitive impairment; (2) Occurrence of other neurological diseases or severe
heart, liver, kidney or other systemic diseases; (3) Presence of serious illness, receipt of
benzodiazepines, or history of drug abuse or mild or severe depression; and (4)
Presence of other severe mental illnesses. At the same time, non-AD patients or
healthy volunteers matched by the age, sex, living environment and style of the case
group were selected as the control group. There was no significant difference in sex,
age or ethnicity between the AD group and the control groups.

Among them, ten AD patients who were 18F-AV-45 (florbetapir) positron emission
tomography (PET) positive (mean age 69.1 + 10.16 years; males: 4; females: 6) and ten
NCs (mean age 68.6 + 7.95 years; males: 4; females: 6) who were PET negative were
included in the subsequent analysis.

DNA extraction and genotyping

A 2-mL peripheral blood sample was obtained from each patient using a standard
venipuncture technique. Each sample was centrifuged to separate the plasma and
white blood cells. The white blood cells were rinsed with red blood cell lysis buffer
(TAKARA, Japan) and then labeled with RNAlater (Thermo, United States). All the
samples were stored at -80°C until the next test. According to the manufacturer’s
instructions, DNA was isolated from white blood cells using the QlAamp DNA Blood
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Mini Kit (QIAGEN, Germany). An ND-1000 spectrophotometer (Nanodrop Techno-
logies, Delaware) was used to quantify the DNA samples at 450 nm to ensure that the
DNA quantity was sufficient for further experiments. The ratio of the absorbance at
260/280 nm was required to be 1.8-1.9 for the DNA samples. We determined the
precise length of genomic DNA by gel electrophoresis using 1% agarose gels. The
DNA concentration was corrected to 100 ng/pL, and DNA samples with concen-
trations less than 100 ng/pL were excluded. Then, the genotyping of the APOE SNPs
rs7412 and rs429358 was performed by agarose gel electrophoresis[22].

Quantification of the m6A DNA level

Global m6A levels in total DNA were measured using the MethylFlash m6A DNA
Methylation ELISA Kit (colorimetric) (Epigentek, United States) by adding 200 ng of
DNA extracted from human peripheral blood. All the experimental details followed
the manufacturer’s instructions. The absolute amount of m6A in each sample was
calculated by using a standard curve generated by plots of the absorbance of the
positive and negative controls. m6A % indicates the ratio of m6A to total DNA.

Dot blotting

DNA that was previously corrected to 100 ng/pL before was spotted onto a nylon
membrane (Bio-Rad, United States), with 1 pL. of DNA in each sample, and allowed to
air dry. DNA was ultraviolet (UV) crosslinked to the membrane, and the membranes
were blocked for 1 h in 3% nonfat dry milk in 0.1% PBS (blocking buffer) at room
temperature[23,24]. Then, the cells were washed with Tween-TBS (Solarbio, China) for
10 min three times. The membranes were detected by anti-m6A antibody (1:200
dilution, Abcam, United Kingdom) in 3% milk TBS at 4 °C overnight and washed three
times with Tween-TBS for 10 min each time. The membranes were detected with anti-
mouse IgG secondary antibodies (1:10000 dilution, Easybio, China) for 1 h at room
temperature. The visual blots were finally captured using the ECL Imaging System
(Merck Millipore, United States). The signals were analyzed with Fiji Image] software.

Statistical analysis

We first evaluated whether the data were normally distributed. Comparisons of two
groups, such as the analysis of differences in baseline characteristics between the AD
patients and NCs, involved independent-samples Mann-Whitney U-tests (unpaired).
The data were expressed as the mean * standard deviation (SD) if the variance
between groups was similar. The analysis of the relationships with APOE genotypes
was performed by the chi-square test. When the expected count was less than 5, the
Fisher’s chi-square test was used instead of the chi-square test. Spearman analysis was
used to assess correlations. The associations between clinical and biological character-
istics and m6A DNA levels were evaluated through linear and multivariate regression
analyses with adjustment for age and sex. Medians and interquartile ranges (IQRs) are
reported for non-Gaussian distributed variables. All statistical analyses in our study
were performed with Statistical Package for Social Sciences (SPSS) version 20
(Armonk, United States). Two-tailed P < 0.05 was considered to indicate a significant
difference in all statistical analyses.

RESULTS

Leukocyte m6A DNA level is associated with AD

We determined the global m6A DNA level in peripheral blood samples from 179 AD
patients and 147 NCs (shown in Figure 1). Our results showed no differences in terms
of age, sex, education, body mass index, systolic blood pressure, diastolic blood
pressure, smoking and drinking habits between the AD and NC groups. The raw data
are shown in Table 1. Figure 1 shows that the leukocyte m6A levels were different in
patients with AD and NCs. Our study showed that the m6A level was approximately
8.33% lower in the AD patients than in the NCs (mean 0.011 + 0.006 vs 0.012 + 0.005).
Multivariate regression analysis further confirmed that the m6A level had a positive
correlation with the occurrence of AD after adjustment for age and sex (P < 0.01). Thus,
we found that reduced leukocyte m6A DNA levels were associated with AD.

We further verified the relationship between leukocyte m6A DNA levels and AD
through dot blotting. Ten AD patients who were PET positive and ten NCs who were
PET negative were age- and sex-matched. There were significant differences between
the two groups, which indicated that the leukocyte m6A DNA levels were different (P
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Table 1 Characteristics of the study population

Total (326) AD (179) NC (147) P value

Age (yr) 73 (64, 78) 74 (68, 78) 72 (62,79) 0.165
Sex (male/female) 168/158 91/88 77/70 0.781
mb6A % 0.010% (0.008%, 0.014%)  0.010% (0.006%, 0.013%)  0.011% (0.009%, 0.014%)  0.002
MoCA score 24 (18, 26) 18 (14, 21) 26 (25, 28) 0.001"
Education (yr) 12 (9, 15) 12 (9, 15) 11 (9, 15) 0.435
BMI (kg/cm?) 22.29 (20.16, 24.51) 22.27 (20.03, 24.58) 22.31 (20.32, 24.62) 0.460
Smoking (%) 69 (21.66) 31 (17.32) 38 (25.85) 0.061
Alcohol (%) 107 (32.82) 56 (31.28) 51 (34.69) 0.514
SBP (mmHg) 129 (115, 140) 127 (117, 138) 130 (113, 143) 0.434
DBP (mmHg) 77(69, 83) 75 (68, 83) 78 (69, 84) 0.265
APOE (%) €2/2 1 (0.31) 0 (0) 1 (0.68)
Allele (%) £2/3 26 (7.98) 12 (6.70) 14 (9.52)

€3/3 195 (59.82) 98 (43.58) 97 (65.99)

€3/4 89 (27.30) 57 (31.84) 32 (21.77)

ed/4 15 (4.60) 12 (6.70) 3 (2.04)

4P <0.01.

Baseline data are described by medians and interquartile ranges (IQRs). Two-group comparisons, such as the analysis of differences in baseline
characteristics between Alzheimer’s disease and normal control, were analyzed by two independent-samples Mann-Whitney U tests (unpaired). AD:
Alzheimer’s disease; NC: Normal control; SD: Standard deviation; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
APOE: Apolipoprotein E; MoCA: Montreal Cognitive Assessment.

0.04+
P =0.002
0.03

0.02+

0.01+

Leukocyte m6A DNA (%)

0.00

Group

Figure 1 Global N6-methyladenine DNA level in peripheral blood samples from 179 Alzheimer’s disease patients and 147 normal controls.
AD: Alzheimer’s disease; NC: Normal control.

=0.005; < 0.05, n =10 people per group) (shown in Figure 2).

Leukocyte m6A DNA level is associated with MoCA score

In addition, we also analyzed the correlation between the MoCA score and peripheral
blood m6A levels and found that there was a significant correlation between the two
in the tested population (r = 0.143, P = 0.01; < 0.05) (shown in Figure 3). In addition,
the linear regression analysis showed that the two were positively correlated, and a
positive correlation still existed after adjustment for sex and age. Thus, the m6A DNA
level is associated with cognition.

A reduced leukocyte m6A DNA level is not associated with APOE
The APOE genotype was detected by agarose gel electrophoresis. The results for male
patients were as follows: €2/2 (1, 0.60%), €2/3 (13, 7.74%), €3/3 (103, 61.31%), €3/4 (42,
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0.047 P=0.01
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Leukocyte m6A DNA (%)
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Figure 2 Relationship between leukocyte N6-methyladenine DNA levels and Alzheimer’s disease through dot blotting. Ten Alzheimer's
disease patients who were positron emission tomography (PET) positive and ten normal controls who were PET negative were age- and sex-matched. There were
significant differences between the two groups, which indicated that the leukocyte N6-methyladenine DNA levels were different (P = 0.005; < 0.05, n = 10 people per
group). MoCA: Montreal Cognitive Assessment.

g 000 00 000
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Figure 3 Leukocyte N6-methyladenine DNA level is associated with Montreal Cognitive Assessment score. We analyzed the correlation
between the Montreal Cognitive Assessment score and peripheral blood m6A levels and found that there was a significant correlation between the two in the tested
population (r=0.143, P =0.01; < 0.05). NC: Normal control; AD: Alzheimer’s disease.

25.00%) and e4/4 (9, 5.36%); the results for female patients were as follows: €2/3 (13,
8.23%), €3/3 (92, 58.23%), €3/4 (47, 29.75%), and €4/4 (6, 3.80%). There was no
significant difference between APOE &4 and sex in our study (P = 0.537 > 0.05; 95%CI:
0.727, 1.845). The Kruskal-Wallis test showed that the leukocyte m6A DNA level was
not associated with APOE carrying €4 (including e4/4 and €3/4) or not carrying &4
(including €2/3 and €3/3) (P = 0.633, > 0.05). It has been shown that APOE &4 confers
greater AD risk in females than in males[25]. Therefore, we studied APOE &4 further in
the female participants. In the female participants, the m6A level was also not
associated with APOE in the participants carrying &3 (including €2/3 and £3/3) or in
the participants carrying e4 (including e4/4 and €3/4) (P = 0.425, > 0.05). Thus, in our
study, the m6A DNA level was not associated with APOE.

DISCUSSION

DNA methylation can affect many biological processes by changing DNA structure
and topology. Recent studies have demonstrated that m6A, a novel modified form of
adenine in DNA, may function as an epigenetic biomarker of DNA modification
preserved in prokaryotes and eukaryotes[26]. m6A significantly affects DNA
replication, repair, virulence, and gene regulation[27]. It can also be used to
distinguish host DNA from foreign DNA and other foreign nucleic acid elements,
which is important for prokaryotic immunity[28]. However, the occurrence and
biological effects of m6A methylation are still poorly understood[29]. Therefore, we
analyzed whether m6A had any effect in AD. Liu ef al[9] showed that m6A accounts
for up to 0.1%-0.2% of total adenines during early embryogenesis in zebrafish and
pigs, but during embryo development, the m6A level is relatively low. Stephen ]|
Mondo et al[30] showed that the high m6A level present in early-diverging fungal
lineages is related to transcriptionally active genes, and the percentage of methylated
adenines can be as high as 2.8% of all adenines. M6A is associated with not only
nervous system development, but also neurodegenerative diseases. To our knowledge,
no study has evaluated m6A DNA methylation between NCs and AD patients. In our
study, we found that global m6A DNA methylation levels were higher in NCs than in
AD patients. We demonstrated this result through not only a MethylFlash m6A DNA
Methylation ELISA Kit but also dot blotting. The m6A level was significantly lower in

Bainnidenge WICC | https://www.wjgnet.com 453 January 14,2022 | Volume10 | Issue2 |



Lv Set al. m6A-modified DNA was decreased in AD patients

Jaishideng®

the AD patients than in the NCs by approximately 8.33% (mean 0.011 + 0.005 vs 0.012 +
0.005). The dot blot results revealed that the number of NCs who were PET negative
was significantly higher than the number of AD patients who were PET positive.
Therefore, we speculate that m6A can be used as a new marker of AD for early
detection and diagnosis.

Memory loss and cognitive impairment are the main clinical features of AD patients
[1]. Next, we explored the relationship between the MoCA score and the m6A level
because the MoCA is widely used to screen for dementia[31]. In clinical work, the
MoCA is also used to assess the severity of cognitive impairment[32]. In our study, we
showed that there was a positive correlation between the MoCA score and the m6A
level, indicating that there may be a positive correlation between m6A and cognitive
function. This result further validates our hypothesis that m6A is associated with AD.
Chen et al[33] also suggested that m6A methylation may be associated with cognitive
dysfunction. Deng et al[34] found that m6A reader protein (insulin-like growth factor 2
mRNA binding protein 2) was abnormally highly expressed in AD patients. The APOE
€4 allele is the best-characterized amyloid-p (AB) chaperone and is related to Ap
metabolism and tau phosphorylation[35]. e4 carriers have brain structural and
developmental abnormalities (e.g., lower cortical gray matter volume in regions partic-
ularly affected by AD) that, together with functional features (e.g., deficient neuronal
maintenance and repair), increase their vulnerability to neuropathological changes and
subsequent late-life cognitive decline. 4 allele insertion in mice causes tau accumu-
lation[36]. A randomized trial showed that the amelioration of cognitive function
among people aged over 65 years may occur through reducing the Ca:Mg ratio, which
is mediated by reductions in 5-mC levels in APOE[37]. However, the biological
mechanisms through which the ¢4 allele contributes to disease pathophysiology are
incompletely understood. Therefore, we hypothesized that APOE would also be
related to the mo6A level. However, no relationship was found (P = 0.633; > 0.05).
Another study showed that compared with males, females have a higher risk of AD
[38]. Thus, we further assessed whether APOE allele status had any relationship with
mo6A levels in females. However, no relationship was found in the female subgroup or
the total group. Some limitations of our study should be noted. First, the sample size of
the study was small. In addition, we did not conduct a large sample size or conduct a
multicenter study, which may have caused bias in the results, such as gender bias and
age bias. We concluded that the m6A level was correlated with the overall level of
cognition but did not further analyze the correlation between the m6A level and
various aspects of cognition (e.., memory, executive function, visual space). Further
studies are required to validate these findings.

CONCLUSION

The above study and analysis showed that the m6A level was significantly correlated
with the incidence of AD. We conducted a linear regression analysis to determine the
relationship between the m6A level and AD, which showed a positive correlation. The
moA level was approximately 8.33% lower in AD patients than in NCs. We will
further study the effect of the m6A level on the pathological mechanisms of AD to
elucidate its role in the disease.

ARTICLE HIGHLIGHTS

Research background

Alzheimer’s disease (AD) is the most common form of dementia and places a large
burden on both society and family members. Extracellular senile plaques composed of
amyloid-beta (AB) peptide and intracellular tau-containing neurofibrillary tangles in
the brain are the classical view of AD pathogenesis.

Research motivation

Currently, targeting AR and tau-containing neurofibrillary tangles fails to stop the
progression of AD. Studies have shown that early diagnosis and treatment are
beneficial for improving the prognosis of AD patients. Thus, it is important to identify
AD biomarkers.
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Research objectives

This study aimed to determine the relationship between the novel m6A DNA and
cognition in patients with AD and normal controls (NCs) in China. Complete the
biomarkers of AD in clinical.

Research methods

The study included 179 AD patients and 147 NCs who were age- and sex-matched. All
of them underwent neuropsychological scale assessment and magnetic resonance
imaging examination. Blood samples were obtained from each subject to analyze
apolipoprotein E (APOE) genotypes and global m6A levels. Global m6A levels were
evaluated by a MethylFlash m6A DNA ELISA Kit (colorimetric). In addition, m6A
levels from ten AD patients with 18F-AV-45 (florbetapir) positron emission
tomography (PET) positivity and ten NCs with PET negativity were analyzed by dot
blotting.

Research results

The study showed that the m6A level was approximately 8.33% lower in AD patients
than in NCs. Multivariate regression analysis further confirmed that the m6A level
had a positive correlation with the occurrence of AD (P < 0.01). The correlation
between the MoCA score and peripheral blood m6A levels revealed that there was a
significant correlation between the two in the tested population (r = 0.143, P = 0.01; <
0.05). However, m6A levels were not associated with APOE.

Research conclusions
The study showed that leukocyte m6A DNA levels are associated with AD and MoCA

scores. Global m6A DNA methylation levels are significantly lower in AD patients
than in NCs.

Research perspectives

We will further analyze the correlation between the mé6A level and various aspects of
cognition, such as memory and executive function. A further study will be performed
to elucidate the effect of the m6A level on the pathological mechanisms of AD.
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