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Abstract. As people investigate deeply into the genetic level of the causes/mechanisms behind
serious diseases, scientists found out that epigenetics can explain some of the causes of serious
diseases such as cancer. The study of epigenetics focuses on the differential gene expression of
a DNA sequence that does not involve any changes to the original sequence. Proteins that interact
with DNA and DNA letters themselves have the chemical ability to change how much a gene is
switched on or off. Certain epigenetic changes can be passed from parent cells to the daughter
cells during cell division. There are various mechanisms of epigenetics, and DNA methylation
was one of the earliest epigenetic mechanisms to be discovered. DNA methylation controls gene
expression by either attracting proteins that play a role in the regulation of genes or by preventing
transcription factors from binding to DNA sequence. This overview introduces several research
studies of serious diseases: breast cancer, autism spectrum disorder, and obesity that are caused
by DNA methylation and some analytical methods: bisulfite conversion-based assays and
enzymatic methyl sequencing which are used to investigate DNA methylation.
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1. Introduction

The study of heritable differences in gene expression or function that are not caused by changes in the
sequence of the deoxyribonucleic acid (DNA) is known as Epigenetics. Not all types of cells will have
the same gene expression at once, even though an organism’s cells nearly all share the same genetic
materials. Epigenetic mechanisms, in a larger sense, regulate the varied patterns of gene expression in
many different kinds of tissues and cell types in multicellular creatures. DNA methylation was first
identified in mammals when DNA was first recognized as the genetic material. Using paper
chromatography, Rollin Hotchkiss made the initial discovery of modified cytosine in a calf thymus
sample in 1948 [1].

DNA methyltransferases (DNMTs) covalently add a methyl group to the C-5 position of the DNA
cytosine ring, resulting in DNA methylation, an epigenetic alteration. In somatic cells, more than 98%
of DNA methylation occurs in a CpG dinucleotide environment, nevertheless in embryonic stem cells
(ESCs), up to 25% of total DNA methylation occurs in non-CpG settings. Most DNA methylation is
essential for several important activities, including X-chromosome inactivation and genomic imprinting.
DNA methylation can also be improper and lead to illnesses like cancer [2]. The methylation of DNA is
regulated by a family of DNMTs, including DNMT1, DNMT2, DNMT3A, DNMT3B, and DNMT3L.
The majority of CG dinucleotides in mammals are methylated on cytosine residues, although CG
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dinucleotides found in promoters are typically shielded from methylation. Global DNA hypomethylation
and locus-specific CpG island (CGI) hypermethylation are epigenetic indicators of malignancy. All of
the cancer specimens that have been analyzed so far exhibit overall decreases in DNA methylation. The
primary underlying cause of hypomethylation is a lack of methylation at repetitive elements that are
typically strongly methylated, such as satellites and retrotransposons, which results in genomic
unpredictability and oncogene stimulation. Typically, suppressive tumor genes’ promoter CGlIs
experience locus-specific hypermethylation, which causes transmissible transcriptional silence [2].

One of the most significant inventions that helps scientists identify the patterns of methylation is the
development of DNA sequencing. DNA sequencing implies to a common analytical procedure for
figuring out the specific arrangement of nucleotides, also called bases, in a DNA molecule. The
biological information that living organisms use for development and function is stored in the DNA
sequence. Identifying the roles of genes and other components of the genome has become achievable as
a consequence to the advancement in the availability of genetic information in our genomes made
possible by DNA sequencing [3].

This review described three different serious diseases whose causes have been studied to be related
to DNA methylation. Moreover, it introduced two different sequencing techniques utilized to analyze
DNA information for identifying methylation patterns. By utilizing these advanced DNA sequencing
techniques helps scientists to investigate the genetic-level causations of serious diseases, which provides
potential effective treatments for these diseases.

2. DNA methylation-linked diseases

Mammalian embryogenesis and optimal adult organism operation depend on appropriately created and
retained DNA methylation patterns. DNA methylation is a powerful method for suppressing gene
expression and maintaining genomic integrity in the face of this abundance of repetitive DNA. Dnmt1
and Dnmt3b are required for the development of embryos, and mice lacking Dnmt3a passed away
shortly after birth, according to research studies of mouse knockout. Additionally, the somatic cells lose
the ability to control their proliferation when their DNA methylation patterns revert to normal. The
prevalence of human diseases emphasizes the significance of DNA methylation [4]. The following
section presents the research findings of three different diseases.

2.1. Breast cancer

The most common hormone-dependent malignancy that causes a high rate of mortality as well as
morbidity is carcinoma of the breast. This frequent cancer begins as a hormone-responsive (HR), non-
metastatic cancer throughout the intricate, multi-step process of tumor promotion, then gradually
transforms into a highly metastatic hormone-insensitive (HI) version that lacks the functioning estrogen
receptor. Several malignancies, including breast cancer, have been linked to the progression of urokinase
(uPA), a member of the serine protease family. In this study, scientists have investigated the relationship
between uPA expression and hormone sensitivity in HR normal mammary epithelial cells, MCF-7, and
T-47D breast cancer cell lines [5].

To performing experiments, researchers utilized human mammary epithelial cell line (HMEC). In
order to attain the final results, researchers utilized northern blot analysis, nuclear run-off assay, Matrigel
invasion assay, and southern blot analysis [5].

DNA from the genome was extracted from HR and HI mammary epithelial cells with the aim of
investigating the significance of the methylation of DNA in the variation in the regulation of control of
uPA gene activity throughout cancer metamorphosis and tumor development. Total cellular DNA was
digested using either Pst 1, a non-methylation-sensitive endonuclease, only (Fig. 2; lanes 1, 4, 7, and
10), or Pst 1 combined with either Hpall or Hhal, a methylation-sensitive endonuclease (lanes 2, 5, 8,
and 11). Southern blotting was used to determine whether the Hpall and Hhal sites were methylated.
A 778 bp Sma I and Avr II promoter region within the uPA gene was used to probe all blots. In HR
HMEC, MCF-7, and T-47D cells, methylating the uPA gene’s CpG island prevented DNA from being
digested by Hpall and Hhal, resulting in patterns of restriction that were the same as those of Pst 1
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digestion alone (Fig. 1; lanes 1-9). Hpall and Hhal completely digested the genomic DNA to produce
many lower bands as opposed to Pstl digestion alone in HI MDA-231 cells when the CpG island of the
uPA gene was methylation or hypomethylated (Fig. 1; lanes 10-12) [5].
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Figure 1. Methylation status of key sites on the human uPA gene’s CpG island. Genomic DNA isolated
from HR (HMEC, MCF-7, T-47D) and H1 (MDA-231) mammary epithelial cells [5].
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Their results provide compelling evidence for an epigenetic pathway involving the methylation of
DNA that regulates the transcription-dependent control of uPA gene expression and allows for the on
and off regulation of this vital protease at various phases of breast cancer.

2.2. Autism spectrum disorder

A series of neurodevelopmental diseases known as autism spectrum disorder (ASD) are characterized
by impaired social interaction and communication, as well as more frequent repetitive activities and
narrowed interests. All races, all ethnic groups, and all socioeconomic categories are affected by the
condition, which affects males more commonly than females (by a ratio of 4.5 to 1). Even if the majority
of ASD cases are not inherited, the substantial consistency of ASD among identical twins points to a
significant genetic link as well as complicated transmission. The etiologic involvement of genetic flaws
in ASD has also been convincingly demonstrated by genomic findings during the previous two decades
[6]. In this research, scientists employed nuclease-deactivated Cas9 (dCas9) coupled with DNA
methyltransferase catalytic domains and five locus-targeting sgRNAs to accomplish locus-specific
methylation at the location of the transcription start site (TSS) of Mecp2 in Neuro-2a cells and mice.
They investigated the connection between ASD symptoms and locus-specific DNA methylation [7].

To get the most accurate results, the researcher utilized plenty of different techniques during the
experiments, including T7ENI cleavage assay and sequencing, immunofluorescent staining, behavioral
assessments pertaining to motor skills, anxiety, and depression, and reduced representation bisulfite
sequencing [7].

After researchers methylated the promoter of Mecp2, they discovered that male mouse from the
experimental methylation collections had considerably less Mecp2 transcription in the hippocampus and
parietal cortex when compared to their control group. Additionally, in contrast to masculine mouse
serving as controls, the MeCP2 levels in tissue sections were much reduced as shown by a Western blot
analysis, which was supported by a weak immunofluorescence labeling of the MeCP2 protein (Fig. 2D,
E) [7].
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Figure 2. Reduced expression of Mecp2’s by targeted DNA methylation [7].
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Then, researchers examined whether changing the DNA methylation at the Mecp2 promoter would
result in altered mouse behavior. The interpersonal communication test consisted of three separate
chambers. When confronted with unknown mouse, mouse in the untreated group preferred to investigate
them instead of known mice, while mice in the methylation sample showed no preference between
known and unknown mice (Fig 3B). Additionally, we discovered that mouse from the methylation
collections spent noticeably more time grooming themselves (Fig. 3C), which indicates an increase in
repetitive behavior [7].
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Figure 3. Mecp2’s targeted DNA methylation in mice resulted in characteristics similar to ASD [7].

By adopting an enhanced dCas9-based methylation targeting approach to methylate Mecp2 promotor
at a specific location, scientists were able to illustrate the crucial role that methylation plays in the
pathophysiology of ASD. Mecp2 gene expression was decreased as a result of methylating the Mecp2
promotor. Additionally, the data revealed that methylation group animals were less interested in social
novelty or conspecific recognition than control mice.

2.3. Obesity

Over the past few years, childhood obesity prevalence has grown significantly and quickly, turning it
into a global public health emergency. In order to determine the methylation biomarkers in obesity,
researchers investigated into genome-wide methylation of the DNA in this study. In order to identify the
distinctively methylated genes, they used extensive DNA methylation characterization of promoters of
genes and CpG islands in obese Chinese preschoolers. This was followed by methylated DNA
immunoprecipitation and hybridization to the NimbleGen Human DNA Methylation 385K Promoter
Plus CpG Island Microarray [8]. In the study, 748 children from kindergartens in Beijing, including 32
obese preschoolers aged 3 to 6 and an equal number of lean (normal weight) youngsters who were age-
and gender-matched, were included. Scientists utilized immunoprecipitation, DNA labeling and array
hybridization, and sequencing of bisulfite-modified DNA to obtain their final results [8].
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In comparison to lean children, 251 promoters were demethylated in the peripheral blood cells of
obese kids, while 141 were hypermethylated. These promoters were connected to a total of 232 and 132
genes, respectively. In addition, when comparing obese children to control group youngsters, 575 CpG
islands were demethylated and 277 were hypermethylated (Fig. 4). Further investigation revealed that
their chromosomal distribution was unbalanced, particularly on chromosomes 3, 16, 17 and 19, which
contained more promoters and demethylated CpG islands. Additionally, it was discovered that
chromosome X had more CpG islands and promoters with differential methylation than Y chromosome
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Figure 4. Distribution of CpG islands (CGIs) and promoters with varied levels of methylation in obese
children’s chromosomes [8].

Furthermore, of the 80 most significant promoters and CGIs with DNA methylation distinctions
among control and obese children, almost fifty percent have been studied previously, and the majority
of these are associated with the etiology of malignancies that are connected to multiple body parts,
including glioblastoma, musculoaponeurotic fibrosarcoma, lung carcinoma, leukemia, and malignant
melanoma [8].

3. DNA methylation-linked analytical methods

DNA sequencing played a very crucial role in mapping out the human genome, and it’s still a significant
tool for both fundamental and applied scientific applications today. As an example, it has provided an
essential instrument for determining the numerous numbers of nucleotide variations connected to
specific genetic diseases, which may aid in improving understanding of these conditions and therapy.
Following the discovery of the mechanisms underlying methylation, scientists came upon sequencing
analysis that was specifically utilized to identify the methylation patterns of CpG, CHH, and CHG sites
throughout the human genome [9]. The following section introduces two different sequencing
techniques that are very helpful for researchers to conduct their studies about methylation.

3.1. Bisulfite conversion-based assays

The gold-standard technique: DNA bisulfite conversion followed by sequencing is used to quantify
patterns of methylation at the base-pair level. Both on microarrays and by NextGen sequencing, the first
step in assessing DNA methylation can be bisulfite conversion-based methods [10]. Frommer et al. first
introduced the bisulfite treatment in 1992 [11].

Researchers utilize the bisulfite sequencing to investigate 5-methylcytosine (SmC) in the single
strands sequence. Unmethylated cytosines are converted to uracil by the bisulfite process, causing U to
be read as T following PCR amplification and sequencing. Methylated cytosines are unaffected by this
change and remain C in the sequence (Fig. 5). To determine the status of DNA methylation, PCR
amplicons created following DNA from the genome that has undergone bisulfite conversion can be
matched to microarrays containing methylation-specific oligonucleotides (MSOs), which are composed
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of 19-23 nucleotides. The fluorescence intensity determines the extent of the variations in hybridization,
might provide information on the methylation state of a specific locus since MSO probes could
distinguish between methylated and unmethylated cytosines within a given CG-rich sequence.
Additional research using MSO allowed for the classification of different human tumor types according
to methylation patterns. Studying colorectal cancer can be achieved by a modified version of MSO
technology that shows the methylation status of the MGMT gene’s promoter region [10].
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Figure 5. The mechanisms of Bisulfite conversion-based assays [12].

3.2. Enzymatic methyl sequencing
At single-base resolution, 5-methylcytosine (SmC) and 5-hydroxymethylcytosine (ShmC) are found
using bisulfite sequencing. However, DNA is harmed by bisulfite treatment, leading to DNA loss,
fragmentation, and inaccurate sequencing results. Enzymatic methyl-seq (EM-seq), an fully enzyme-
based technique for assessing the methylation state of cytosine, was created to address these issues [13].

Three enzymes and a pair of reactions are needed for the enzyme-mediated identification of SmC
and 5ShmC. T4-BGT and Tet methylcytosine dioxygenase 2 (TET2) are employed to shield SmC and
ShmC from APOBEC3A’s ensuing deamination. TET2 has the ability to catalyze the oxidation of SmC
to ShmC, then S5-formylcytosine (5fC) to 5-carboxycytosine (5caC), resulting in simultaneous
production of CO2 and succinic acid (Fig. 6A). TET2-formed and genome-wide ShmC are both
glucosylated to 5-(B-glucosyloxymethyl) cytosine (5gmC) by T4-BGT (Fig. 6B). Then, cytosines are
deaminated by APOBEC3A (Fig. 6C) [13].

With fewer sequencing duplicates than bisulfite sequencing, EM-seq produced more usable reads,
which increased the effective genome coverage.
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Figure 6. Enzymes that are utilized to detect 5mC and 5hmC [13].
4. Conclusion

Based on the technologies that have been developed to study genetics and genomics, scientists have
been studying the reasons behind serious diseases at the genetic level for many years. The DNA/histone
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modifications of epigenetics have also become one of the most popular research fields in recent years.
This overview introduced the background, methods, and results of three diseases with different
etiologies related to DNA methylation: breast cancer, autism spectrum disorder, and obesity and two
different sequencing methods used to identify DNA methylation patterns: bisulfite conversion-based
assays and enzymatic methyl sequencing. Due to the lack of objective data, this overview does not
include the data from patients’ clinical trials on autism spectrum disorder that can support the conclusion.
With the advanced discoveries and developments of technology, it becomes possible for researchers to
study more and more diseases to discover the fundamental causes behind them in the future, and some
of their causes might be related to epigenetics. With the knowledge of the causes of diseases, scientists
can invent better therapies for treating serious diseases.
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