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Background: Aortic Dissection (AD) is the most common aortic emergency, and its exact etiology is still not fully understood.
With advancements in molecular biology, a more profound understanding of the causes of AD will result in more significant
breakthroughs in prevention and treatment. This work aimed to explore the role of genome-wide Deoxyribonucleic acid (DNA)
methylation in exploring the pathogenesis and outcome mechanism of AD from the perspective of molecular biology.

Methods: Aortic tissue was collected from 8 AD patients and 8 non-AD volunteers to analyze DNA methylation characteristics
in AD patients through the whole genome DNA methylation method. Based on bioinformatics, epigenetic characteristics during
AD were studied. Finally, the accuracy of the chip results was verified by pyrosequencing.

Results: A total of 1563 sites were counted. Compared with the normal group, there were 942 methylation upregulated sites and
621 downregulated sites in the AD group. Differential methylation sites detected by the chip were distributed in Transmission
Start Site (TSS) 1500, 5’ Untranslated Region (UTR), Genebody, 3'UTR, Cytosine, Phosphoric acid, and Guanine (CpG) island,
and off-island CpG sites, mainly located in Genebody. After Gene Ontology (GO) enhancement analysis and pathway analysis
of biological pathways, it was found that some methylated genes were closely related to cell differentiation, growth, maturation,
aging, and death, affecting AD development.

Conclusion: Whole genome DNA methylation plays a positive role in exploring the pathogenesis and outcome mechanism of AD
from molecular biology. This helps explore new diagnostic markers and intervention targets for AD and improve the clinical

diagnosis and treatment of AD in the future.
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Introduction

Aortic Dissection (AD) refers to the medium-layer
elastic fibers and smooth muscle degenerating and slit in
the aortic wall. As a result, the blood enters the aortic
membrane, causing the medium film to separate and expand
along the aortic length direction to form a two-layer sepa-
ration state of the aortic wall [1-5]. The onset of AD is
sudden, and the condition is critical. If the dissection ex-
pands, it will cause secondary damage to multiple organs
and systems, with complex clinical manifestations and var-
ious changes [6—8]. The pathogenesis of AD remains un-
clear. It is generally believed that the basic pathological
change in AD is the degeneration of the middle layer of the
aorta. Any conditions that destroy the elasticity of the mid-
dle layer or the integrity of muscle components can make
the aorta susceptible to dissection [9,10]. The main risk fac-
tors include hypertension, aortic atherosclerosis (approxi-
mately 70%—90%), and aortic intimal tear [11]. With the
aging population in China, AD incidence is also increasing.
Foreign scholars have proven that the rate of misdiagnosis
and missed diagnosis of AD patients is 39%. Despite the
development of medical technology, the mortality rate of

AD is still high, and postoperative complications occasion-
ally occur [12—14]. Therefore, it is of positive significance
to study the pathogenesis and outcome mechanism of the
molecular biology of AD and determine its biomarkers at
an early stage [15,16].

Epigenetics is a branch of genetics that studies heri-
table changes in gene expression without changing the nu-
cleotide sequence of genes [17-19]. Deoxyribonucleic acid
(DNA) methylation is a phenomenon in epigenetics that
refers to the process of selectively adding methyl groups
to cytosine to form 5-cytosine under the action of DNA
methylation transferase (Dnmt) [20-22]. It is an important
epigenetic marker and plays an important role in biological
processes such as regulating gene expression, maintaining
chromatin structure, gene imprinting, X chromosome inac-
tivation, and embryo development [23-25]. Prasher et al.
(2020) [26] found through experiments that epigenetics is
associated with the pathogenesis of cardiovascular diseases.
Normal DNA methylation is important in cell differentia-
tion, embryo development, immunity, and defense. In con-
trast, abnormal DNA methylation modification is closely
related to the occurrence and development of atherosclero-
sis, hypertension, and other diseases [27-31]. Tabaei and
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Table 1. The primary materials and equipment.

Name Manufacturer Item number/model
Cryogenic centrifuge Beckman (Brea, CA, USA) allegra x-30
Low-temperature refrigerator Thermo Scientific (Wilmington, MA, USA) TSX70086V
Hand-held homogenizer WIGGENS (Straubenhardt, Germany) D-130
Ultraviolet spectrophotometer RUNQEE Instrument Technology Co., Ltd. (Shanghai, China) G-9
Constant temperature water bath Zhicheng Analytical Instrument Manufacturing Co., Ltd. (Shanghai, China) ZSXH-618
Thermal cycler Thermo Scientific (Wilmington, MA, USA) A24811
Oscillator Namerui Electronic Technology Co., Ltd. (Suzhou, China) YCL-300A
Vacuum pump EDWARDS (Crowley, UK) E2M1.5
Electrophoresis apparatus Liuyi Biotechnology Co., Ltd. (Beijing, China) DYCZ-28B
Hybrid furnace Tianshi Scientific Instruments (Shanghai, China) GSL-1700X-50VTB
Methylation kit Baiaolaibo Technology Co., Ltd. (Beijing, China) WK146
Phosphoric acid buffer salt solution Codow (Guangzhou, China) CD432913
Buffer ATL tissue lysis buffer Qiagen (Dusseldorf, Germany) 19076
Protease K Hzymes Biotechnology Co., Ltd. (Wuhan, China) HH4500
Ribonuclease A Sigma-Aldrich (Shanghai) Trading Co., Ltd. (Shanghai, China) 9001-99-4
99.5% ethanol solution Baiaolaibo Technology Co., Ltd. (Beijing, China) GL2373
Buffer AW1 and AW?2 solutions Qiagen (Dusseldorf, Germany) 1067924/1020955
Agarose powder LONZA (Basel, Switzerland) 50150
Elution buffer Perfemiker Reagent (Shanghai, China) PM12158

Tabaee (2019) [32] noted that in atherosclerotic plaques,
the level of DNA methylation showed a downward trend
in the tissue genome, which would cause the proliferation
of smooth muscle cells, thus leading to the development of
atherosclerosis. However, some studies found that [33,34]
abnormal DNA methylation modification may affect the ex-
pression of some candidate genes of hypertension and then
affect the whole development process of the disease. Cur-
rent clinical studies show that DNA methylation modifica-
tion is related to cardiovascular diseases, and the overall
methylation level of genomic DNA and the level of DNA
methylation transferase are involved in the course and out-
come of cardiovascular diseases. The role of epigenetic reg-
ulation in the phenotypic transformation of smooth mus-
cle cells has also been observed in aortic disease [35,36].
UHREF-1 is an important regulatory protein that maintains
DNA and histone methylation. It can directly restrict the
expression of cell cycle suppressor gene promoters and es-
sential cell pro-differentiation genes to promote the pheno-
typic transformation of smooth muscle cells during the de-
velopment of aortic disease. In contrast [37], ARHGAP-
18 inhibits the phenotypic transformation of smooth mus-
cle cells and protects aortic walls. In some dedifferenti-
ated smooth muscle cells, downregulating the expression of
DNA demethylase can improve the level of DNA methyla-
tion and restrict the binding of promoters of genes related to
the contractility phenotype of smooth muscle cells to RNA
polymerase [38].

Therefore, AD and cardiovascular diseases are closely
associated with DNA methylation. Starting from epigenet-
ics, it is significant to study AD’s pathogenesis and out-
come mechanism from a molecular biology [39]. Finding
the pathogenesis and early diagnosis targets of AD is crucial

for reducing the prevention and diagnosis of AD, and suit-
able noninvasive intervention targets are of great value for
the complete cure of AD. In this study, whole genome DNA
methylation analysis was performed to verify the aortic tis-
sue samples of AD patients and non-AD patients, identify
the DNA methylation characteristics of AD patients, and
study the epigenetic characteristics of AD patients based on
bioinformatics. Finally, pyrosequencing was carried out to
verify the accuracy of the chip results. The study was ex-
pected to provide a reference for the clinical diagnosis and
treatment of AD by exploring the pathogenesis and outcome
mechanism from molecular biology.

Materials and Methods

Research Subjects

Aortic tissue was collected from 8 AD patients who
received open surgical treatment at the Affiliated Hospital
of Jiaxing University and 8 non-AD patients. Meanwhile,
general clinical data of all patients were collected, includ-
ing name, sex, age, height, weight, smoking and alcohol
history, and past medical history.

Inclusion criteria for the AD group: (1) No previ-
ous history of AD; (2) Receiving open surgery in our hos-
pital. Exclusion criteria: AD arising from Marfan syn-
drome, Ehlers-Danlos syndrome, Erdheim medial necro-
sis, Behcet’s disease, pregnancy, syphilis, endocarditis, sys-
temic lupus erythematosus, or multiple tuberous arteritis.

Inclusion criteria for the normal group were volun-
tary cadavers with normal organs and no history of immune
system diseases, genetic diseases, tumors, or other serious
diseases. Aortic tissue sample collection was performed
within 6 to 8 hours of the subject death, ensuring sample
quality and integrity.
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DNA was extracted from aortic tissue samples. After
heavy sulfite treatment, using the human DNA methylation
microarray chip (Human Cytosine, Phosphoric acid, and
Guanine (CpG) Islands, 44K x 1, Agilent Technologies Co.,
Ltd., Santa Clara, CA, USA) was used to analyze and screen
it. Finally, the methylation difference sites were counted.
This article involves the collection, processing, and analy-
sis of human subjects and human tissue samples, already in
accordance with the ethical principles of the Declaration of
Helsinki. Ethical Approval: This article has been approved
by the Ethics Committee of the Affiliated Hospital of Jiax-
ing University (Ref. 20210567) and strictly complies with
international ethical guidelines. Subject informed consent:
All human subjects who participated in the trial signed an
informed consent form before participation; the purpose,
sampling procedures, potential risks, and benefits of the
trial were explained in detail. Privacy and confidentiality:
The research team has taken measures to ensure the per-
sonal privacy of the subjects and the confidentiality of the
data, and all data are processed in anonymous form.

Main Experimental Instruments, Materials, and
Reagents

The primary materials and equipment information
used in the experiment are shown in Table 1.

Human DNA Methylation Microarray Chip and
Analysis Software

Human DNA methylation microarray chip (Agilent
Technologies (China) Co., Ltd., Beijing, China) and
Methylumi chip data analysis software (version: 2.4.0,
https://www.bioconductor.org/help/search/index.html?
search-Bar=Methylumi/) were used. Methylumi is an
open-source software package jointly maintained and
developed by independent researchers and the developer
community, not developed by a specific company.

DNA Extraction and Concentration Determination of
Aortic Tissue

After the intact aortic tissue was obtained, the normal
and pathological parts were cut into a square of approxi-
mately 1.0 cm x 0.5 cm and preserved with liquid nitrogen
for subsequent experimental research.

The tissue (<100 mg) was placed in a mortar, strictly
following the instructions. At the same time, liquid nitro-
gen was added, followed by grinding to powder. Then, the
power was transferred to a 2 mL centrifuge tube, and 70 uL.
phosphate buffer salt solution was poured in, followed by
beating with a hand-held homogenizer until it was particle-
free. Next, 100 pL of buffer ATL tissue lysis buffer and
20 pL of protease K were added, and the mixture was in-
cubated at a constant temperature of 60 °C until the aortic
tissue was completely lysed. Subsequently, 4 uL. Ribonu-
clease A (RA) (100 mg/mL), 200 pL tissue lysis buffer, and
200 pL 99.5% ethanol solution were added sequentially,
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followed by incubation at room temperature and centrifuga-
tion. Then, 500 pL Buffer AW1 and AW2 were introduced
successively, followed by centrifugation at 10,000 rpm for
2 min at high speed, and the supernatant was collected. Fi-
nally, 30 uL double steam water was added for incubation
for 1 minute, followed by centrifugation at a frequency of
7000 rpm for 1 minute. After elution, the extracted tis-
sue DNA was tested. The instrument used the ultraviolet
spectrophotometer to detect the absorbance value of sample
DNA at wavelengths of 260 nm and 280 nm, thus identify-
ing sample DNA concentration and optical density values.
Finally, 5 uL of the sample was added to 1% agarose gel
wells, and electrophoresis at 100 V constant pressure was
performed for 40 minutes.

Human DNA Methylation Microarray Chip
Detection Process

Tissue DNA was treated with bisulfite. The conver-
sion reagent and washing buffer were prepared in advance
according to the kit requirements.

The experimental process was as follows.

Day 1: Each 96-well plate was labeled with barcode
labels. The tissue DNA was denatured according to the re-
quirements of the methylation kit, incubated in a 60 °C in-
cubator for 24 hours, and then cycled using a thermal cycler.
After 15 cycles, the temperature of the thermal cycler was
maintained at 5 °C, and the tissue DNA was placed in it for
later use.

Day 2: It should strictly follow the kit instructions.
After washing and removing the conversion reagent, it was
placed in the desulfonation buffer reaction stop solution for
20 minutes at constant temperature and then washed. The
elution buffer was added again and centrifuged at 10,000
rpm for 10 minutes. After the gDNA was eluted, it was
stored for later use (—15 °C-25 °C). The multiplication-
stimulating factor (MSA4) reagent was prepared accord-
ing to the alkaline denaturation-genome whole amplifica-
tion extraction method. The preparation process was as fol-
lows. It should dilute 1 M sodium hydroxide to 0.1 M, mark
the MSA4 well plate, add 20 pL of MAT1 and sulfite-treated
DNA samples, and mark the corresponding ID. Next, 4 pL
of sodium hydroxide was added to each well to cover the
septum of the 96-well plate to ensure correct correspon-
dence with no splashing or contamination. Then, they were
mixed for 1 minute using a shaker at 1500 rpm and cen-
trifuged at 260 for 1 minute. After 15 minutes of incubation
at room temperature, 60 uL of rpm and 70 pL of MSM were
added, covered with the membrane, inverted 10 times to
mix thoroughly, centrifuged at high speed for 1 minute, and
then placed in a hybridization oven at 37 °C for 24 hours.

Day 3: MSA4 was centrifuged for 1 minute, and 50
pL of soluble FMS tyrosine kinase was added to cover the
membrane. They were mixed well using a shaker at 1500
rpm for 1 minute and incubated in a heating block at 37
°C for 1 hour. After 100 uL. PM1 was added to the MSA4
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well, it was covered with a diaphragm, mixed with a shaker
at 1500 rpm for 1 minute, incubated at 37 °C for 5 min-
utes, and centrifuged at high speed for 1 minute. After the
addition of 250 puL of 100% isopropanol to the well, it was
covered with a septum, turned up and down 10 times to mix
well, and then placed in a 4 °C refrigerator for 30 minutes.
Next, the sample was centrifuged for 20 minutes, and the
supernatant was discarded. It was placed upside down on
absorbent paper, and the blue precipitate was carefully re-
moved and stored for later use (—15 °C-25 °C).

For resuspension, 40 pL of RA1 was added to the
MSA4 well, sealed, and incubated in a hybridization oven at
45 °C for 1 hour, mixed well with a shaker at 1600 rpm for 1
minute, and centrifuged at high speed for 1 minute until the
blue precipitate was resuspended. During hybridization, the
hybridization box was opened, 400 uL. of PB2 was added,
and the box was immediately closed to prevent volatiliza-
tion. The resuspended MSA4 was denatured at 95 °C for
20 minutes, cooled naturally, and centrifuged at high speed
for 1 minute. It should take the chip out of the box and let it
stand, put it into the Hybridization (Hyb) Chamber inserts,
add 15 uL of DNA samples to the chip loading area in se-
quence, and record the corresponding ID. Then, the Hyb
Chamber inserts carrying the chip were placed into the hy-
bridization box, incubated in the hybridization oven at 48
°C for 20 hours after closing, added to 300 mL of 100%
ethanol, mixed well, and cooled naturally.

Day 4: After 200 mL of PB1 was added to the washing
plate, 95% formamide, 1 mM Ethylene diamine tetraacetic
acid (EDTA), and 1 mL of a human DNA methylation mi-
croarray chip were added, and the temperature was adjusted
to approximately 45 °C. The chip was removed from the
hybridization box, placed on the washing rack, lifted, and
pulled up and down. It should be noted that it had to leave
the liquid surface each time for 1 minute. It was placed in
the second wash dish and repeated the above operations.
The chip was placed in the black frame to ensure it was
submerged by PB1 and then placed in a clean glass back
plate. After adding 150 uL RAT1 to the glass back plate in
sequence, it was incubated for 30 seconds, which was re-
peated 5 times: 400 uL XCl1, incubation for 10 minutes;
400 pL XC2, incubation for 10 minutes; and 200 pL TEM,
incubation for 15 minutes. Then, 400 pL 95% formazan
Amide/l mM EDTA was added for 6 minutes. The above
operation should be repeated once. Next, it can turn on iS-
can, add 200 pL of SEM to the slope of the glass back plate
in sequence, and let it stand for 10 minutes, which should
be repeated 3 times. Then, 400 uL XC3 was allowed to
stand for 5 minutes 4 times, and 200 uL. ATM was allowed
to stand for 10 minutes once.

Then, 300 mL of PB1 was added to the first wash pan,
and the staining rack was placed. The chip was removed
and placed into the staining rack, lifted up and down 10
times, and soaked for 5 minutes. Then, 300 mL of XC4 was
added to the second washing plate, and the chip was lifted,
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pulled up and down 10 times, and soaked for 5 minutes.
The chip was removed and placed on a tube rack with the
front side up, dried in a vacuum pump for 1 hour, wiped to
ensure it was flat, and placed in a vacuum pump at room
temperature for chip scanning.

Chip Results Verification by Pyrosequencing

Single aortic tissue samples underwent polymerase
chain reaction (PCR) product purification and were an-
nealed with primers in a vacuum workstation environment.
Then, they are imported into the PSQ96 MA technology
platform (972804, Qiagen, Uppsala, Sweden). Pure water
(600 uL) was added to dissolve the substrate fully. Next,
the Q96 card clip is aligned, and the corresponding reagent
is added to the corresponding well. Subsequently, the card
clip was placed in a PyroMark Q48 sequencer to adjust to
the appropriate position, and sequencing was carried out.
The above operations were repeated 3 times to complete
the sequencing.

Methods for Statistics

The experimental data were processed using SPSS
20.0 statistical software (20.0, IBM Corporation, Armonk,
NY, USA), and the mean values of continuous variables
were expressed as + standard deviation. Independent sam-
ple t-tests were employed for comparisons between two
groups, while the chi-square test was utilized for categor-
ical variables (such as “smoking/alcohol history” and “hy-
pertension/diabetes”). A significance level of p < 0.05 was
considered statistically significant. Processed chips were
placed in a scanner, which acquired fluorescence signals
and generated raw data. The location of the scan results
was recorded, and the obtained data were directly imported
into Genome Studio software for analysis. The Illumina
official base calling algorithm was used to obtain the raw
signal intensity values for each locus. Genome Studio soft-
ware, developed by Illumina Inc. (v1, San Diego, CA,
USA), was employed for this purpose. Subsequently, bias
correction and normalization were performed due to differ-
ent fluorescence and probe types. After site filtering, the
normalized methylation levels of high-quality CpG sites,
represented by S values, were obtained for quality con-
trol. Pearson correlation coefficients (PCC) between sam-
ples were calculated to assess the reproducibility of chip
signal quality, where a 3 value of 0 indicated unmethylation
at the locus, and a 3 value of 1 indicated complete methyla-
tion. The quality-controlled data were subjected to differ-
ential methylation analysis using the IMA R package (3.1.2,
https://ima.r-forge.r-project.org/), employing the empirical
Bayes statistical method from Limma. Identification of dif-
ferentially methylated genes occurred when the obtained re-
sults showed a difference score <—13 or >13 and Delta-
Beta >0.17 or <—0.17 (DeltaBeta represents the difference
in the average (3 value for each methylation site between
the control and experimental groups). DeltaBeta analy-
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Table 2. Basic information of patients providing aortic tissue samples.
Aortic Dissecti Ni 1
Basic data ortie Pissection group ormaZ group t/x? value  p-value
n=28) n=38)

Age (years old) 484 £5.2 458 £5.4 1.001 0.334

Gender (male/female) 5/3 4/4 0.254 0.614

Height (cm) 165.41 +4.82 166.18 £+ 4.37 -0.339 0.739

Body weight (kg) 64.67 £ 6.82 65.29 £5.98 —0.193 0.850

History of alcohol and tobacco 3 3 0.000 1.000

History of hypertension 2 1 0.410 0.522

History of diabetes 2 2 0.000 1.000
sis involved enrichment statistics for Gene Ontology (GO) (bp) A M (bp)
terms associated with genes related to the corresponding ge- <1000
nomic loci. This analysis quantified the number of differ-
entially expressed genes within GO terms and determined - 750
the significance of the enrichment through statistical tests. < 500
Pathway analysis of genes corresponding to differentially - 250
methylated sites was performed using the Harmonomeme
database (https://maayanlab.cloud/harmonizome/) to assess - 100
their importance in pathways.

Results (bp) B M  (bp)

Basic Information of Patients Providing Aortic
Tissue Samples

Aortic tissue was collected from 8 AD (Aortic Dis-
section) patients who underwent open surgery and 8 nor-
mal volunteers who had never suffered from AD. The spe-
cific clinical information of the subjects is shown in Table 2.
There was no significant difference in sex, age, or other
relevant information between the two groups (p > 0.05),
which was comparable and had a negligible impact on the
results of this experiment.

Sample Quality Test Results

The test results of DNA extraction are shown in Ta-
ble 3. The Aggo/Asgp ratio of aorta tissue samples extracted
from the AD and normal groups was greater than 1.7 and
less than 1.9, respectively. The samples’ concentration and
purity met the requirements of DNA methylation chip de-
tection, so the detection was qualified. Fig. 1 shows that
multiple uniform, clear, and bright DNA bands appeared
in the electrophoresis process, indicating successful DNA
extraction.

Conversion Effect Evaluation

Before testing the chip, DNA was extracted, sulfites
were converted to ensure that the experimental results were
concrete and convincing, and strict quality control was car-
ried out. Four quality control probes were used to detect
unconverted methylation and converted unmethylated tem-
plates at a site. If the sulfite conversion is successful, the
probe is labeled with red fluorescence. If the red channel
generates a high signal value and the green channel a low

900
550
= 500
400

200

Fig. 1. Electrophoresis results. (A) shows the Aortic Dissection
(AD) group, and (B) shows the normal group. After agarose gel
electrophoresis, 399 bp size amplification products were visible in
the AD group, and 450 bp size amplification products were visible
in the normal group; M is DNA Marker.

signal value, the conversion effect is good. The results are
shown in Fig. 2. The four quality control probes generated
high signal values in the red channel and low signal values
in the green channel, indicating a good conversion effect
and a successful experiment.

Scatter Plot of Methylation Microarray Scan Data

Fig. 3 shows the distribution trends of AD and normal
groups using the mean beta values of the two groups. Each
point was a chip detection point, the X-axis was the normal-
ized signal value of the point in the chip, and the Y-axis was
the normalized signal value of the point in the control chip.
It can be observed from the Fig. 3 that with the increase
of normalized signal value, the corresponding normalized
signal value increases, and the trend is linearly distributed.
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Table 3. Sample quality test results.

Number Original sample volume (uL) ng/ul  Aggo/A2s0  Current sample volume (uL) Rating
AD group
76867 35 137.4 1.71 30 Qualified
75657 35 119.5 1.83 30 Qualified
35322 35 83.8 1.75 30 Qualified
43455 35 124.1 1.74 30 Qualified
21323 35 69.3 1.88 30 Qualified
35436 35 78.2 1.70 30 Qualified
23125 35 108.5 1.76 30 Qualified
76876 35 57.7 1.82 30 Qualified
Normal group
54364 35 67.6 1.86 30 Qualified
45365 35 89.4 1.85 30 Qualified
34546 35 67.6 1.84 30 Qualified
34907 35 82.1 1.74 30 Qualified
23435 35 75.2 1.67 30 Qualified
45667 35 74.7 1.69 30 Qualified
74478 35 96.3 1.83 30 Qualified
35446 35 102.6 1.78 30 Qualified
Green channel Red channel
B 16000
o e ! e Jeaed | *| P
el o ? . : .
W Quality control probel é 10000 B : ° 1Te1° B Quality onieol probet
I Quality control probe2 3 o 0 o I Quatity contral probe2
I Qualty conrol probes A B I . I Quatitycontrl probe3
W Quality contol probed 000 I Quatity conol probed
4000
2000

AR R N AL

2 4 6 8 10 12 14 16

Sample

Sample

Fig. 2. Probe conversion results. (A) is the green channel, and (B) is the red channel.
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Fig. 3. A scatter plot using the average of the beta values.

DNA Differential Methylation Site Screening

Differential methylation sites refer to the difference
score <—13 or >13 and DeltaBeta >0.17 or <—0.17 in the
aortic tissue samples of the AD and normal groups. In this
experiment, a total of 1563 sites were counted. Compared
with the normal group, there were 942 methylation upregu-
lated sites and 621 downregulated sites in the AD group.
Fig. 4 shows the distribution of differential methylation
sites detected by the chip in each region of the gene. Dif-
ferential methylation sites were mainly located in the Gene-
body. The top 10 upregulated and downregulated methyla-
tion sites are shown in Tables 4,5.

GO Analysis

GO analysis was used to analyze the genes corre-
sponding to differential methylation sites, and the number
of differential genes contained in them was counted. When
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Fig. 4. Distribution of differential methylation sites in vari-
ous regions of genes. UTR, Untranslated Region; CpG, Guanine;
TSS, Transmission Start Site.

Table 4. Top 10 upregulated sites of differential methylation

sites.
Site Code Location  Difference value
PQLC1 cg13244245 18 38.96528
MYTIL cgl3576746 2 37.57833
DUSP22 cg02748245 6 36.96732
PHF21B cg07828692 22 36.83565
FMOD cg28491014 1 35.99134
DIP2C cg03524565 10 35.84642
FABP9 cg05335324 8 34.99268
MGAT4C  ¢g19099342 12 33.85739
CLVS1 cg18485929 33.65325
ULK4 cg01413466 4 32.86652

calculating the significance of its enrichment, a p-value will
be shown, and a small p-value means that differential genes
are enriched in this entry. The results, combined with the
biological implications, can be used to screen out genes that
can be used in subsequent experiments. Figs. 5,6 demon-
strate the details. In Fig. 5, it can be observed that genes
corresponding to differential methylation sites are enriched
in items such as calcium binding, nitrate, and metabolic reg-
ulation. In Fig. 6, the genes corresponding to differential
methylation sites are enriched in the sensory perception of
sound, threonine kinase, protein binding, and other items.

Pathway Analysis

Pathway analysis was used to analyze the genes cor-
responding to differential methylation sites, and the results
showed that small p-value also indicated that the genes
were enriched in the pathway. In this way, it is possible
to see which cell pathways change when a tissue sample
differs. Figs. 7,8 illustrate the details. Fig. 7 illustrates that
genes corresponding to differential methylation sites are en-
riched in the transcriptional dysfunction entries in cancer.
In Fig. 8, genes corresponding to differential methylation
sites are enriched in the bladder cancer entry.
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Table 5. The top 10 downregulated sites of differential
methylation sites.

Site Code Location  Difference value
HLA-C cgl17348343 6 —-40.95982
BRSK2 cg01345839 11 -39.53237
RAPIGAP2  ¢g01847294 17 -38.16347
CPS1 cg12848594 2 —38.03263
HDAC4 cg06839683 —37.63653
TMCO3 cg08942815 13 —35.72289
HOXD4 cgl4673563 —34.84267
PDEIC cg05948295 —33.71169
GRAP2 cgl17392658 22 —33.23464
SATBI cg0428689 3 -32.95347
Cluster Analysis

Fig. 9 shows the cluster analysis results of differen-
tially methylated sites, which helps understand the similari-
ties and differences between samples. The samples were di-
vided into groups by calculating the similarity and distance
between the samples. Cluster analysis helps bring samples
with similar DNA methylation patterns for further study. If
two samples belong to the same group, they are very similar
in DNA methylation and have similar biological features.
Conversely, if two samples belong to different groups, they
may have large differences in DNA methylation. The clus-
ter analysis results can help researchers identify clusters of
samples with similar methylation patterns, which may indi-
cate that these samples share certain biological features or
associated genetic changes. This is very helpful for under-
standing the similarities and differences between different
samples and studying the relationship between methylation
and biological function.

Pyrosequencing Results

As demonstrated in Fig. 10, a total of 7 differentially
methylated genes were selected from aortic tissue samples
of 8 patients with AD and 8 normal aortic tissue samples
and verified by pyrosequencing. The results showed that
compared with normal aortic tissue, the methylation up-
regulated and down-regulated sites (41.8%, 39.9%, 58.4%,
42.8%, 23.7%, 73.1%, and 21.8%) detected in the aortic
tissue of AD patients were consistent with the microarray
results. It showed that the experiment is highly feasible.

Discussion

Molecular methods can be used to understand the
pathogenesis of the disease in depth and provide a basis for
the search for therapeutic targets. In this study, aortic tissue
was collected from 8 AD patients and 8 non-AD volunteers.
The DNA methylation characteristics in AD patients were
studied through whole genome DNA methylation analysis.
Based on bioinformatics, the epigenetic characteristics in
the course of AD were studied. Finally, pyrosequencing
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was used to verify the accuracy of the chip results. The ex-
periment revealed that there were 1563 sites in total. Com-
pared with the normal group, there were 942 upregulated
sites and 621 downregulated sites in the AD group. Consid-
ering the quantities of methylation and demethylation con-
tribute to a comprehensive understanding of the dynamic
process of DNA methylation, aiding in comprehending the
dynamic changes at these sites and identifying sites under-
going demethylation between different groups. The bal-
ance between methylation and demethylation is vital for
maintaining genomic stability and normal cellular function,
facilitating an in-depth exploration of the biological sig-
nificance of these processes in both normal and diseased
states. Also, DNA methylation status might change dy-
namically during cellular differentiation, development, and
disease progression. Simultaneously quantifying methy-
lation and demethylation quantities allows for better cap-
ture of these changes, providing more comprehensive in-
formation to understand the overall dynamics of methyla-
tion within the genome. The differential methylation sites
detected by the chip were distributed in Transmission Start
Site (TSS) 1500, 5'Untranslated Region (UTR), Genebody,
3’UTR, cytosine, phosphoric acid, Guanine (CpG) island,
and off-island CpG sites, mainly in the Genebody. At the
same time, GO and pathway analyses were carried out. As
mentioned by Kim and Costello (2017) [40], genes whose
methylation level was upregulated or downregulated were
closely related to cell differentiation, growth, maturity, ag-
ing, and death, and they also affected the development of
AD to a great extent.

Some studies have suggested [41-43] that DNA
methylation may be involved in the pathological mecha-
nism of AD, but the full picture of DNA methylation needs
to be explored. Therefore, Chen Y et al. (2022) [44] used
the Infintum Human methylation 450 K BeadChip to screen
DNA methylation patterns in the aortic tissues of 4 patients
with Stanford-A AD and 4 controls. The DNA methylation
levels of candidate genes were measured by focal sequenc-
ing in a replication cohort of 16 AD patients and 7 con-
trols using the Kyoto Encyclopedia of Genes and Genomes
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(KEGG) pathway and GO analysis. The protein expres-
sion levels of candidate genes were evaluated by West-
ern blotting. A total of 589 differentially methylated sites
were found in the AD group, including 315 hypomethy-
lated sites and 274 hypermethylated sites. KEGG analysis
showed that the differentially methylated location-related
genes were enriched in the MAPK signaling pathway, TNF
signaling pathway, and apoptosis pathway, and the protein
expression level of Fas increased nearly twofold, suggest-
ing that DNA methylation may play a role in the regulation
of gene expression. DNA methylation in Stanford-AD aor-
tic tissue is significantly changed, is related to gene dysreg-
ulation, and participates in AD progression. This is con-
sistent with the results of this paper. The pathogenesis of
AD is still unclear and complicated. In addition to the lo-
cal rupture or necrosis of elastic fibers in the middle layer
of the aorta, mucoid and cyst formation in the matrix, cell
inflammation, and changes in protease activity can also be
regarded as part of the molecular biology pathogenesis of
AD to some extent. The vascular system is considered a
very plastic system in which endothelial and smooth mus-
cle cell functions are continuously and dynamically regu-
lated by gene expression under physiological or pathologi-
cal conditions [45-47].

Methylation is an important regulator of gene expres-
sion in epigenetics, and epigenetic research on cardiovascu-
lar disease has become a hotspot in recent years. Complex
interactions between genes and the environment lead to epi-
genetic changes in the vasculature, especially endothelial
and smooth muscle cells, which play a key role in the patho-
physiology of vascular disease. DNA methylation is an im-
portant epigenetic DNA modification mechanism that can
control many kinds of cells and developmental processes.
The epigenetic mechanism of DNA methylation includes
the transfer of methyl from S-adenosyl-L-methionine to cy-
tosine of CpG dinucleotide after DNA replication [48—50].
The research results of epigenetics in the medical field have
provided solutions to many medical problems. Meanwhile,
the correlation between abnormal DNA methylation modi-
fication and some serious diseases is being deeply explored,
which will provide new ideas for early diagnosis, treatment,
and prognosis of diseases. Liu P ez al. (2021) [51] demon-
strated that Thoracic Aortic Dissection (TAD) is a serious
disease, and the current understanding of its pathogenesis is
limited. While altered DNA methylation is involved in the
etiology of many diseases, few studies have examined the
role of DNA methylation in the development of TAD. Liu P
and other scholars [51] have investigated changes in DNA
methylation in TAD and examined ascending aorta tissue
from TAD patients and healthy controls by bisulfite whole
genome sequencing (WGBS). They found many regions of
differential methylation and associated genes enriched in
vasculature and cardiac development. These findings sug-
gest that epigenetic regulation is altered in TAD patients.
This epigenetic regulation and subsequent alteration in the
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expression of genes associated with the vascular system and
cardiac development, such as Hox family genes, may lead
to loss of aortic integrity and TAD pathogenesis.

Proteins encoded by genes control the structure and
function of human tissue and organs. DNA methylation
can affect the expression of genes, and when the expression
of genes changes, it will lead to protein synthesis, thus af-
fecting the structure and function of tissue and organs. The
role and importance of abnormal DNA methylation have
been confirmed in many diseases, but its role in AD remains
unclear. This study used whole genome methylation chip
technology to establish the AD whole genome DNA methy-
lation pattern, and the differential methylation sites were
screened out based on bioinformatics. Then, GO and path-
way analyses were used to analyze and verify the screened
differential sites. The results were consistent with the re-
search results of Pan ef al. (2017) [52]. There are obvious
differences between the whole genome DNA methylation
of AD patients’ aortic tissue and normal aortic tissue, and
these gene sites, which are upregulated and downregulated,
may play an important role in AD development. This plays
an active role in exploring the molecular biological patho-
genesis and outcome mechanism of AD and is also helpful
in exploring new diagnostic markers and intervention tar-
gets for AD in the future.

Conclusion

In this study, DNA methylation characteristics in AD
patients were analyzed through whole genome DNA methy-
lation analysis and verification through aortic tissue sam-
ples from 8 AD patients and 8 non-AD volunteers. Based
on bioinformatics, epigenetic characteristics in the course
of AD were studied. Finally, the accuracy of the chip re-
sults was verified by pyrosequencing. This study provides a
reference for the clinical diagnosis and treatment of AD by
exploring the pathogenesis and outcome mechanism from
molecular biology. The disadvantage is that the sample size
of qualified aortic tissue collected in this study is small, and
the experimental results may have certain limitations and
one-sidedness. In the future, the sample size will be further
expanded to strengthen the findings of this study.
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