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A B S T R A C T 

Autism, as a neurodevelopmental disorder, has become an 

important public health issue worldwide. The mechanisms by which 

DNA methylation regulates gene expression contributing to autism 

are complex and elaborate. As a non-invasive, highly accurate 

prenatal diagnosis, DNA methylation screening can be used to detect 

whether the fetus may be at risk for autism. However, the results of 

this approach require a professional bioinformatics analysis, and the 

diagnosis cannot be directly confirmed. Therefore, DNA methylation 

screening is often used as an adjunct to prenatal diagnosis rather 

than the only diagnostic basis. In practice, doctors will make a 

comprehensive judgment based on the results of DNA methylation 

screening, combined with other prenatal diagnosis methods, such as 

gene sequencing. Some studies have found a large number of DNA 

methylation abnormalities in the autistic brain, especially in genes 

related to neurodevelopment. These aberrant DNA methylation 

states may contribute to autism by affecting the expression of these 

genes, which in turn affects neuronal function and behavior. This 

study aimed to investigate the role of DNA methylation in autism 

and the application of detection techniques. 
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1. Introduction 

Autism, as a neurodevelopmental disorder, 
has become an important public health issue 
worldwide. Although scientists have achieved 
some understanding of the causes of autism 
[1], the exact causes of the disorder remain 
unclear [2]. Autism spectrum disorder (ASD) 
is a condition that affects individuals from an 
early age, causing challenges in social 
communication, repetitive behaviors, highly 
restricted interests, or sensory behaviors. The 
prevalence of autism worldwide is slightly 
less than 1%, but it is more common in high-
income countries [3]. 

In recent years, research in epigenetics has 
provided new perspectives, revealing that 
environmental factors such as nutrition, 
infections, and toxins can affect DNA 
methylation and thus gene expression, 
potentially leading to autism [4]. 

DNA methylation is a common epigenetic 
modification that affects gene expression by 
altering the bases on the DNA molecule, 
placing them in an "off" or "on" state. A large 
number of DNA methylation abnormalities 
have been found in the brains of people with 
autism, especially in genes related to 
neurodevelopment [5]. These aberrant DNA 
methylation states may contribute to autism 
by affecting the expression of these genes, 
which in turn affect neuronal function and 
behavior [6].  

1.1. Ambition 

Little is known about how to effectively use 
DNA methylation for early diagnosis and 
treatment of autism. Therefore, this study 
aimed to delve into the relationship between 
DNA methylation and autism, as well as the 
application of DNA methylation detection 
technology in the screening of autistic fetuses. 
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We hope that these studies will provide new 
tools for the early diagnosis and treatment of 
autism, as well as help us to understand the 
pathogenesis of autism more deeply [7]. 

2. The Basics of DNA Methylation 

2.1. Definition and process of DNA 
methylation 

DNA methylation is the process of 
transferring methyl groups (-CH3) to the DNA 
molecule in the presence of DNA 
methyltransferases. This process occurs 
primarily on DNA in the nucleus but may also 
occur on DNA in mitochondria and 
chloroplasts. During cell division, DNA 
replicates itself and also undergoes 
methylation [8]. This replicated DNA is sent to 
the poles of the cell, where one part forms a 
new nucleus and the other a new 
mitochondrion or chloroplast [9]. Thus, cell 
division is the main process of DNA 
methylation. 

2.2. Biological functions of DNA 
methylation 

The mechanisms by which DNA 
methylation regulates gene expression are 
complex and elaborate, and it can affect gene 
transcription and translation by influencing 
the binding of transcription factors to DNA or 
by directly binding to specific regions of a 
gene.[6, 10] This type of regulation allows the 
cell to rationally regulate gene expression 
according to the demands of the environment. 
Under normal circumstances, many genes are 
methylated, silencing them from expression. 
This is because methylation prevents RNA 
polymerase from binding to the promoter of a 
gene, thus preventing the transcription of the 
gene[11, 12]. However, some genes become 
methylated and thus activated and begin to be 
expressed. This dynamic regulation allows the 
cell to rationally regulate gene expression 
according to the demands of the environment 
[13]. For example, during embryonic 
development, some key differentiation- and 
development-related genes are methylated, 
thereby suppressing their expression and 
preventing premature differentiation; 
whereas in adulthood, these genes may be 
demethylated, thereby restoring their 
expression function and promoting tissue 
regeneration and repair [14, 15]. In addition, 

DNA methylation is involved in the regulation 
of cell differentiation, development, and life 
cycle. For example, during embryonic 
development, stem cells regulate their fate by 
methylation in response to signals of 
differentiation, eventually forming a variety of 
different cell types[16]. Similarly, in adults, 
DNA methylation can influence cellular aging 
and disease processes. 

2.3. Mechanisms of regulation of DNA 
methylation 

DNA methylation is an important 
mechanism for regulating gene expression, 
with a complex and sophisticated regulatory 
approach. It can affect the binding of 
transcription factors to DNA, or directly bind 
to specific regions of genes, thereby affecting 
the transcription and translation processes of 
genes. This regulatory mechanism enables 
cells to flexibly regulate gene expression 
according to the needs of the environment to 
adapt to different physiological and 
pathological states [7]. 

Under normal circumstances, many genes 
are methylated, resulting in their silencing 
and inability to be expressed. This is because 
methylation hinders the binding of RNA 
polymerase to the gene promoter, thereby 
inhibiting the transcription process of the 
gene. However, some genes are instead 
activated and begin to be expressed after 
being methylated. This dynamic regulatory 
mechanism allows cells to precisely regulate 
the expression level of genes according to 
changes in the environment [17]. 

For instance, during embryonic 
development, some genes related to key 
differentiation and development are 
methylated, thereby inhibiting their 
expression to prevent premature 
differentiation of cells. In adulthood, these 
genes may be demethylated, thereby restoring 
their expression function and promoting the 
regeneration and repair of tissues. In addition, 
DNA methylation is also involved in the 
regulation of cell differentiation, development, 
and the life cycle [18]. 

During embryonic development, stem cells 
respond to differentiation signals through 
methylation to regulate their fate, ultimately 



Cell. Mol. Biomed. Rep.                                                                                                                                       2025, 5(1): 1-12 

3 | P a g e  
 

forming various cell types. Similarly, in adults, 
DNA methylation can also affect the process of 
cell aging and disease. DNA methylation is an 
important mechanism for regulating gene 
expression, allowing cells to precisely regulate 
the expression level of genes according to 
changes in the environment to adapt to 
different physiological and pathological states 
[18]. 

3. Association between autism and DNA 
methylation 

3.1. Autism background and current early 
screening methods 

Definition and characteristics of autism: 
Autism, or ASD, is a neurodevelopmental 
disorder. Typical features include 
impairments in social interaction and 
communication, stereotyped and repetitive 
patterns of behavior, sensitivity to change, 
and "giftedness" in certain areas. Autism 
usually manifests itself before the age of three 
and is more prevalent in males than 
females[19, 20]. 

Limitations of current early screening 
methods: Despite the importance of early 
identification and intervention in autism, 
there are several limitations of current early 
screening methods. First, current diagnostic 
criteria are largely based on behavioral 
observations and developmental milestones, 
but these indicators are not specific and may 
also be influenced by cultural and social 
contexts. Second, while current screening 
tools can help identify children at risk for 
developing autism, they do not definitively 
diagnose autism [14, 21]. In addition, most of 
these screening tools need to be interpreted 
by professionals, and the limited number of 
professionals makes it difficult to meet the 
demand for large-scale screening. Finally, due 
to the complexity and variety of symptoms of 
autism and the wide variation in presentation 
across individuals, current screening methods 
may have a high risk of false positives and 
false negatives [22]. 

3.2. The role of DNA methylation in the 
pathogenesis of autism 

DNA methylation is a process by which a 
methyl group (-CH3) is transferred to a DNA 
molecule in the presence of a DNA 

methyltransferase. This process occurs 
primarily on DNA in the nucleus, but may also 
occur on DNA in mitochondria and 
chloroplasts. DNA methylation has an 
important regulatory role in gene expression. 
It can lead to the silencing of certain genes or 
activate the expression of others [23, 24]. In 
addition, DNA methylation is involved in the 
regulation of cell differentiation, development, 
and life cycle. 

Autism is a neurodevelopmental disorder 
with a complex etiology involving a 
combination of genetic and environmental 
factors. In recent years, epigenetics has played 
an increasingly important role in the study of 
autism, especially DNA methylation. A 
growing body of research suggests that 
abnormal DNA methylation may be an 
important causative factor in autism. For 
example, some studies have found a large 
number of DNA methylation abnormalities in 
the brains of people with autism, especially in 
some genes related to neurodevelopmental 
[25, 26]. These aberrant DNA methylation 
states may contribute to the development of 
autism by affecting the expression of these 
genes, which in turn affects neuronal function 
and behavior. Many genes associated with 
autism have been found to have high DNA 
methylation status, such as NR3C1 and FOXP2. 
The methylation status of these genes may 
affect neuronal function and behavior by 
influencing their expression and thus [27, 28]. 
For example, the methylation status of the 
NR3C1 gene is strongly associated with 
behavioral symptoms of autism, while the 
methylation status of the FOXP2 gene may 
affect the social competence of neurons, 
thereby exacerbating the symptoms of 
individuals with autism [29].  

3.3. Relationship between DNA 
methylation abnormalities and clinical 
manifestations of autism 

Abnormal DNA methylation may 
contribute to the clinical symptoms of autism 
by affecting the function of nerve cells in the 
brain. These symptoms include social deficits, 
language deficits, and stereotyped behaviors. 
For example, the methylation status of the 
FOXP2 gene may cause neurons to become 
hypersensitive to social information. This may 
trigger social phobia, causing the patient to 
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feel extremely uneasy in social situations. In 
addition, the methylation status of the FOXP2 
gene may also affect the communication 
ability of neurons, which may trigger language 
and communication disorders. The 
methylation status of the NR3C1 gene may 
affect the communication ability of neurons 
[30, 31]. This may lead to language and 
communication disorders such as delayed 
language development, and difficulties in 
language comprehension and expression. In 
addition, DNA methylation abnormalities may 
also affect the excitability and inhibitory 
properties of neurons, thus triggering 
stereotypical behaviors and obsessive-
compulsive symptoms, among others. For 
example, some studies have found a large 
number of DNA methylation abnormalities in 
the brains of people with autism, especially in 
brain regions associated with reward. These 
abnormal DNA methylation states may lead to 
stereotyped behaviors and obsessive-
compulsive symptoms, etc. by affecting the 
functioning of these regions, which in turn 
affects the excitability and inhibitory 
properties of neurons[32]. 

4. DNA methylation detection technology 

4.1. Conventional DNA methylation 
detection methods 

DNA methylation is the process of adding 
methyl groups (-CH3) to DNA molecules, 
which plays an important role in the 
regulation of gene expression. However, due 
to the complexity and diversity of DNA 
methylation states, traditional DNA 
methylation detection methods are often 
difficult to perform this task accurately and 
efficiently [33]. 

The sodium bisulfite treatment-PCR 
method is a commonly used DNA methylation 
detection method. In this method, the DNA 
sample to be tested is first treated with 
sodium bisulfite to break down the proteins 
and RNA in the DNA and then amplified by 
PCR, so that the methylated genes are 
suppressed during the amplification process, 
while the non-methylated genes can be 
amplified. This method is simple to perform, 
but its sensitivity and specificity are relatively 
low because it cannot distinguish between 
true methylated and unmethylated states. For 

example, if part of a gene is methylated but 
the rest of the gene is not methylated, this 
method cannot accurately detect the 
methylation status of that part of the 
gene[33]. 

Chromatin immunoprecipitation is a 
method of DNA methylation detection based 
on the principle that antibodies bind to DNA. 
In this method, the DNA to be tested is first 
bound to a specific antibody and then 
separated by centrifugation, causing the 
antibody-bound DNA to precipitate. By 
staining and microscopic observation of this 
precipitate, the methylation status of the DNA 
can be roughly determined. This method can 
detect genome-wide methylation status, but 
its sensitivity and specificity are somewhat 
limited. For example, if a portion of a gene is 
methylated but the rest of the gene is not 
methylated, then this method cannot 
accurately detect the methylation status of 
that portion[34]. 

4.2. Application of high-throughput 
sequencing technology in DNA methylation 
detection 

With the continuous development of 
science and technology, the application of 
high-throughput sequencing technology in 
DNA methylation detection has become more 
and more extensive[35]. This technology 
allows accurate access to large-scale DNA 
methylation information, providing 
researchers with a powerful research tool. 
Whole genome sequencing is a common 
method of DNA methylation detection. It can 
reveal the methylation status of the entire 
genome, thus helping researchers understand 
the overall methylation distribution of the 
genome. Although this method can obtain 
comprehensive methylation information, its 
wide coverage and high detection cost limit its 
promotion in practical applications to a 
certain extent [36]. 

Targeted sequencing, on the other hand, is 
a more refined DNA methylation detection 
method. It can select specific gene regions for 
methylation detection according to the 
research needs of researchers. This method 
can not only avoid the problem of information 
redundancy that may occur in whole genome 
sequencing but also greatly improve the 
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efficiency of detection while ensuring the 
accuracy of detection. These two high-
throughput sequencing technologies can not 
only improve the accuracy of DNA 
methylation detection but also greatly 
improve the efficiency of detection. They 
enable researchers to obtain more 
comprehensive and accurate methylation 
information in a shorter period, thus 
providing powerful support for the study of 
DNA methylation and disease correlation[36].  

4.3. Current status of the development of 
novel DNA methylation detection 
technologies 

In addition to whole genome sequencing 
and targeted sequencing mentioned above, 
there are also some novel DNA methylation 
detection technologies under development. 
The emergence of these new technologies 
aims to further improve the sensitivity and 
specificity of DNA methylation detection to 
meet the higher demand for methylation 
research from researchers. A single nucleotide 
polymorphism (SNP) chip is a methylation 
detection method based on microarray 
technology  [37]. 

It infers the methylation status of DNA by 
analyzing the polymorphisms of individual 
nucleotides. The main advantages of this 
method are that it can detect the methylation 
status of a large number of genes 
simultaneously, and it is easy to operate and 
relatively low cost. However, it has some 
limitations, such as the inability to distinguish 
between true methylation and non-
methylation states, and the possibility of being 
affected by the efficiency of PCR amplification 
[37]. 

Methylation-sensitive amplicon sequencing 
(MSA), on the other hand, is a PCR-based 
method for methylation detection. It 
distinguishes between methylated and 
unmethylated DNA fragments by amplifying 
both. The advantage of this method is that it 
can accurately distinguish between 
methylated and non-methylated DNA 
fragments and can be used for precise 
quantitative analysis as needed. However, it 
has some limitations, such as the need to 
design specific primers and possible 
limitations in PCR amplification efficiency and 

specificity[37]. These novel DNA methylation 
detection techniques overcome the limitations 
of traditional methods to a certain extent and 
are expected to play an important role in 
future DNA methylation research. With the 
continuous development and improvement of 
these techniques, we have reason to believe 
that DNA methylation research will enter a 
completely new stage. 

5. DNA methylation in fetal screening for 
autism 

5.1. Principles of DNA methylation 
screening 

DNA methylation screening is a method 
that allows epigenetic screening of the fetus 
based on the analysis of free fetal DNA in the 
blood of the pregnant woman. This method 
requires no invasive procedures and can be 
performed by simply collecting a blood 
sample from the pregnant woman. The main 
principle of this method is that the DNA of the 
fetus is retained in the mother's body, and 
therefore information on the fetus' DNA can 
be obtained by analyzing the mother's blood 
sample. Then, by analyzing the methylation 
status of this DNA, it is possible to find out 
whether the fetus has certain epigenetic 
abnormalities, such as excessive methylation 
levels of certain genes [38]. 

There have been some use cases of DNA 
methylation screening in the diagnosis of 
autistic fetuses. Findings have shown that this 
method has high accuracy and sensitivity in 
predicting autism. This is because the 
development of autism is closely related to the 
methylation status of some genes[39] DNA 
methylation screening allows early detection 
of these methylation abnormalities in genes 
that may be associated with autism, thus 
providing a basis for early intervention and 
treatment. 

The advantages of DNA methylation 
screening are mainly in its non-invasiveness 
and high accuracy. Compared with traditional 
prenatal diagnostic methods, DNA 
methylation screening does not require 
invasive operations and does not cause any 
harm to the mother or the fetus. At the same 
time, since it directly analyses the DNA of the 
fetus, its accuracy is also higher [40].  
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5.2. Overview of techniques and methods 
for DNA methylation analysis 

Methylation Sensitive Restriction Enzyme 
Cleavage - Real-Time Quantitative PCR: This 
method first uses specific restriction enzymes 
to cleave the DNA, producing two types of 
DNA fragments, methylated and non-
methylated DNA. These restriction enzymes 
are usually designed based on the specificity 
of the target methylation site. For example, if 
the 5th base of a gene is methylated, then a 
restriction enzyme might be designed that 
recognizes this particular methylation site. 
The ratio of these two fragments is then 
determined by real-time quantitative PCR, and 
because the methylated DNA fragments 
cannot be cleaved by this restriction enzyme, 
there will be significantly fewer of them than 
the non-methylated DNA fragments [41]. 

Methylation-specific PCR: This is another 
method used to detect DNA methylation. This 
method uses special primers to detect 
methylation sites instead of cutting them. 
These primers are usually designed based on 
the specificity of the target methylation site. If 
the primers can pair with a methylated DNA 
fragment, then it can be shown that the site is 
methylated. The advantages of this method 
are that it does not require cutting the DNA, so 
it is less destructive to the sample, and it can 
detect the methylation status of multiple sites 
at the same time [42]. 

Methylation microarray technology: This 
technology can detect the methylation status 
of multiple sites simultaneously, providing 
comprehensive methylation information. It 
usually consists of microarray chips that have 
been designed to detect the degree of 
methylation at thousands of loci. By 
comparing methylation differences between 
healthy individuals and patient samples, 
genes or regions that may be associated with 
disease can be identified. The advantage of 
this approach is that a large number of loci 
can be tested at the same time, so more 
comprehensive and accurate methylation 
information can be obtained [43]. 

Methylation sequencing technology: This is 
a high-throughput method that can determine 
the methylation status of a large number of 
DNA samples simultaneously. It can provide 

more precise methylation information but 
also requires higher costs and technical 
difficulties. For example, whole genome 
sequencing (WGS) can determine the 
methylation status of the entire genome, 
whereas targeted sequencing can determine 
the methylation of only specific gene regions. 
These sequencing results can be used to 
identify methylation patterns and study their 
relationship to phenotypic features. For 
example, if hypermethylation of a particular 
gene is found in many different tissues, it may 
indicate that this gene plays a key role in 
regulating a particular disease process [44]. 

5.3. Methylation markers and their use in 
autism screening 

Genome-wide methylation variants: 
Methylation analysis in DNA samples from 
autistic individuals and normal controls 
allows the identification of methylation 
variants in genomic regions associated with 
autism. These variants may involve regulatory 
regions of genes, affecting gene expression 
levels and thus correlating with the 
pathogenesis of autism. For example, it was 
found that high methylation occurs in regions 
of genes such as FOXP2, NR3C1, and NRXN1, 
which are all associated with 
neurodevelopment [45]. Candidate 
methylation markers: Based on large-scale 
methylation analysis, researchers can screen 
for potential candidate methylation markers. 
These markers may be closely associated with 
the risk of developing autism. The detection of 
these markers allows for early screening and 
risk assessment of autism. For example, 
disease-associated hypermethylation sites 
have been detected in several samples from 
autistic patients [46]. 

Transcriptomic studies of epigenetic 
inheritance: analysis of methylation markers 
can be combined with transcriptomic studies 
to reveal the relationship between genome-
wide methylation and gene expression in 
autism. These studies can help to understand 
the pathogenesis of autism and provide new 
clues for early diagnosis and intervention. In 
this way, we can understand which genes 
have altered expression under the influence of 
methylation, thus revealing some of the 
underlying pathological mechanisms of 
autism [47]. 
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Methylation testing in blood specimens: 
Fetal screening for autism is usually 
performed using non-invasive methods, and 
blood samples are one of the commonly used 
sample types. By analyzing DNA methylation 
in blood, relevant methylation markers can be 
obtained from fetal genetic information to 
facilitate early screening for autism. Although 
this method cannot directly detect abnormal 
methylation in the brain, it can indirectly 
reflect possible abnormalities in the brain 
through the methylation status in the blood 
[48]. 

5.4. Advantages and limitations of DNA 
methylation screening 

Although DNA methylation screening has 
the advantage of being non-invasive and 
highly accurate, the interpretation of its 
results requires specialized bioinformatics 
analysis. This means that the technicians 
performing DNA methylation screening need 
to have specialized bioinformatics knowledge 
and extensive experience in order to 
accurately interpret the results. In addition, 
DNA methylation screening can only indicate 
a possible risk of autism and cannot directly 
determine that a fetus is autistic. Therefore, it 
is usually used as an adjunct to prenatal 
diagnosis rather than the sole basis for 
diagnosis [49]. 

In practice, doctors will make a 
comprehensive judgment based on the results 
of DNA methylation screening in combination 
with other prenatal diagnostic methods, such 
as amniocentesis and chorionic villus 
sampling. If the screening results indicate that 
the fetus is at a higher risk of autism, the 
doctor may recommend more precise 
diagnostic tests, such as gene sequencing, in 
order to have a more accurate picture of the 
fetus' condition [50]. Overall, DNA 
methylation screening is an effective prenatal 
diagnostic tool that can help us identify 
fetuses that may be at risk for autism earlier. 
However, due to its limitations, we cannot rely 
on this method alone to make a final 
diagnosis. We need to combine it with other 
prenatal diagnostic methods, as well as 
professional evaluation of the baby after birth, 
to make an accurate judgment on whether the 
fetus has autism [51]. 

6. Conclusion 

This study aims to provide new means for 
the early diagnosis and treatment of autism by 
delving into the relationship between DNA 
methylation and autism, as well as the 
application of DNA methylation detection 
technology in the screening of autistic fetuses. 
We found that a large number of DNA 
methylation abnormalities exist in the brains 
of autistic patients, especially in some genes 
related to neurodevelopment. These aberrant 
DNA methylation states may contribute to the 
development of autism by affecting the 
expression of these genes, which in turn 
affects neuronal function and behavior. 

In the future, DNA methylation is expected 
to play a role in the study of many other 
diseases, including neurodegenerative 
diseases, cardiovascular diseases, and cancer. 
With technological advances, we will be able 
to acquire and analyze DNA methylation data 
on a larger scale and develop new 
experimental techniques and methods to 
study the mechanisms of DNA methylation in 
depth. In addition, we expect more studies to 
reveal the molecular mechanisms of autism 
and develop new therapeutic approaches. 
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