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To the Editor: Stereotyped behavior refers to a series of
behaviors with a high frequency and no obvious purpose
and meaning. It also includes narrow interest and
difficulty in accepting changes in things. In addition to
autism spectrum disorder (ASD), stereotyped behavior
also exists in various neurodevelopmental disorders, such
as Tourette syndrome, Fragile X syndrome, Prader-Willi
syndrome, obsessive-compulsive disorder, andmany other
diseases, which are considered to be related to dysfunction
of the striatum.

Epigenetics is the study of heritable changes in gene
expression when a gene remains unchanged, including
DNA methylation, RNA methylation, and histone
modification. RNA methylation, which is involved in
the regulation of gene expression, is a hot topic in
epigenetics. Methylation modifications of mRNA are
widespread in eukaryotes, including m1A, m5C, pseu-
douridine, and m6Amethylation modifications, which can
affect protein synthesis in eukaryotes. Among them, m6A
methylation modification is the most common modifica-
tion in eukaryotic mRNA and long-chain non-coding
RNA (lncRNA). On average, there are 3 to 5 m6A sites in
each mRNA molecule. As the binding protein of m6A,
YTHDF1 plays an important role in the protein transla-
tion process.

This article reviews the relationship between m6A RNA
methylation based on YTHDF1 gene and stereotyped
behavior.

m6A methylation is the most common internal modifica-
tion in eukaryotic RNA, which occurs preferentially on
the consensus sequence RRACH (R stands for purine,
A is the m6A methylation modification site, and H is
a non-G base). It is highly enriched near codons and in
30-UTR.
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m6A methylation works through three major types of
enzymes: methylase, demethylase, and effector protein.
The methylatransferase also called writers, include
METTL3, METTL4, WTAP, and KIAA1492, and their
function is to modify the mRNA base with m6A
methylation. The demethylase includes FTO, ALKBH5,
and other homologies, which mainly mediates the
demethylation of m6A. Effector proteins are mainly
responsible for identifying the information of RNA
methylation modification and participate in a series of
processes such as translation and degradation of down-
stream RNA. They all contain a common YTH domain.
There are five proteins in the human body that contain
YTH domains: YTHDC1, YTHDC2, YTHDF1,
YTHDF2, and YTHDF3. These proteins jointly regulate
mRNA homeostasis: YTHDC1 is responsible for regulat-
ing mRNA splicing; YTHDC2 may be an RNA helicase.
YTHDF1 and YTHDF3 can regulate the translation of
mRNA; YTHDF2 regulates the stability of mRNA, which
is the main molecule of mRNA degradation induced by
m6A. However, there are also new ideas that YTHDF1,
YTHDF2, and YTHDF3 jointly regulate the degradation
of m6A-modified mRNA, their binding sites are the same
with m6A, and their functions can replace each other. A
study found that the binding sites of YTHDF1 clustered
around the stop codon, similar to the distribution sites of
m6A. Using photoactivatable ribonucleoside-crosslinking
immunoprecipitation (PAR-CLIP) technology, it was
found that YTHDF1 binds near the exact GRAC site (R
is G or A).

Mammalian brains contain a large amount of m6A. In
rodents, the overall level of m6A is regulated by
development, and its expression reaches its peak in
adulthood. During the development of the human brain,
it can be found that the abundance of m6A gradually
increases. Compared with other organs, m6A methylation
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is more abundant in the brain. m6A methylation
modification affects the differentiation and development
of cells. The imbalance of m6A methylation modification
level can lead to severe developmental defects in the
cerebral cortex and cerebellum. It has been experimentally
confirmed[1] that rodents’ autistic-like manifestation, such
as their pro-social and stereotyped behaviors, were all
improved after reducing the level of modification of m6A
methylation.

Many human diseases are currently known to be related
to methylation. m6A methylation has a huge impact on
neurological diseases such as ASD, depression, and
attention deficit hyperactivity disorder (ADHD). It has
been found that, compared with normal people, the
methylation modification including m6A methylation in
the brain of ASD patients is abnormal.[2] In a study, in a
Chinese Han population suffering from major depres-
sion, the gene of the m6A demethylase ALKBH5 may
play a role in severe depression in the Chinese
population. Studies have been shown that the m6A
demethylase FTO is involved in the regulation of the
ADHD phenotype, which may be the result of regulating
a variety of neural signaling pathways, including the DA
signaling pathway.

Stereotyped behavior is related to the striatum, and the
cortical-striatum circuit is impaired in children with ASD.
The striatum is the main input channel of the basal
ganglia, receiving projections from sensory, motor, and
related cortical areas and projecting to the corresponding
nuclei through the direct or indirect pathways of the basal
ganglia. It is now believed that the imbalance between the
direct and indirect pathway interactions in the striatum,
especially the inhibition of indirect pathway activation,
can lead to stereotyped behavior. Stimulating the
subthalamic nucleus, that is, stimulating the indirect
pathway, can improve stereotyped behavior to a certain
extent.

The maintenance of the normal physiological function of
the striatum requires normal synaptic structure and the
normal function of the synapses. Abnormal synaptic
protein synthesis leads to changes in synaptic structure,
abnormal synaptic function, and striatal dysfunction. In a
study on the Shank3 mutant mouse model, researchers
Figure 1: YTHDF1 interacts with elF to regulate mRNA translation.[8] elF: Eukaryotic
Initiation factor; PABP: Poly(A) binding protein;40s: 40s ribosomal subunit.
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found that Shank3 mutant mice exhibited stereotyped
behavior like ASD and damaged social interactions. When
Shank3 gene was re-expressed, the protein synthesis
returned to normal, the synaptic structure was restored,
the synaptic function was improved, and stereotyped
behavior like ASD were also corrected.

As a binding protein of m6A methylation modification,
YTHDF1 plays an important role in synaptic formation
and function properly.

YTHDF1 is closely related to the synaptic formation.
Robo3.1 is an axon-guiding protein that plays an
important role in axon generation. YTHDF1 can promote
the translation of Robo3.1 and affect the occurrence of
axons and then affect the synaptic plasticity. When the
m6A site was mutated, the positive regulation of YTHDF1
on Robo3.1 translation also disappeared, and the protein
level of YTHDF1 and the protein expression level of
Robo3.1 in Ythdf1-knockout mice decreased significantly,
while the mRNA level of Robo3.1 was not affected.

YTHDF1 is also closely related to the synaptic function. In
the Morris water maze and the probe test, the Ythdfl-
knockout mice showed learning and memory disorders.
The YTHDF1 protein was not detected in the dentate
gyrus and CA2/3 region of the hippocampus, and the
synaptic base transmission and long-term potentiation
(LTP) in the hippocampus were impaired. After the re-
expression of Ythdfl gene, YTHDF1 protein was detected
in the hippocampus again. The learning and memory
impairment and LTP of the model mice were reversed, and
the synaptic function was restored.

m6A methylation may be an important link in regulating
the function of the striatum and stereotyped behavior by
regulating the level of eukaryotic initiation factor (eIF).
The initiation of protein translation in eukaryotes is a
complex process that requires the participation of a series
of proteins, which are called eIF. In the initial stage of
translation, the formation of eIF-4F complex is critical.

The eIF-4F complex can ensure the correct identification
of the initiation codon and ensure smooth translation. The
eIF-4F complex is composed of eIF-4G, eIF-4E, and eIF-
4A. Among them, eIF-4G is a multi-domain adaptor
protein, responsible for binding eIF-4E, eIF-3, and poly-A
tail binding protein PAB; eIF-4E is responsible for binding
the 50-end cap structure of mRNA; eIF-4A has activity of
RNA helicase, which can remove the hairpin structure at
the 50-end of the mRNA and bind it to the small ribosomal
subunit. Among them, the assembly of the eIF-4E/eIF-4G
complex plays a central role in the regulation of gene
expression at the translation initiation level.

Existing experiments have shown that the binding protein
YTHDF1 of m6A can regulate mRNA translation through
interaction with eIF, thereby affecting protein synthesis.
YTHDF1 can recognize the m6A methylation modifica-
tion on the mRNA in the cell, promote the connection of
the target mRNA with the ribosome, make the target
mRNA form a closed loop, and improve its translation
efficiency. This process requires the participation of eIF.
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Variations associated with the eIF4E gene have been
found in ASD patients.[3,4] These suggest that eIF4E gene
may play a role in the pathogenesis of ASD. In the study of
eIF-4E transgenic mice, researchers found that eIF-4E
levels in eIF-4E transgenic mice increased, the eIF-4E/eIF-
4G interaction level was significantly enhanced, the
control of protein translation is dysfunctional, and the
mice exhibit abnormal behavior consistent with ASD.[5] In
the marble burying experiment, compared with wild-type
litter pups, the eIF-4E transgenic mice showedmore severe
repetitive excavation behavior, and the number of self-
modifications increased and the time was prolonged.
Compared with wild-type litter pups, eIF-4E transgenic
mice showed enhanced long-term depression, showing
changes in synaptic function and plasticity in the striatum,
and synaptic function was damaged. When eIF-4E
transgenic mice were injected with 4EGI-1 (a kind of
eIF-4E/eIF-4G interaction inhibitor), the synaptic function
of the striatum was restored, and 4EGI-1 reversed
the autistic-like phenotype caused by elevated eIF-4E
levels[5,6]; the stereotyped behavior of eIF-4E transgenic
mice in the marble burial experiment is greatly reduced.
Dysregulation of translation and abnormal levels of
synaptic proteins, resulting in changes in synaptic structure,
may be one of the mechanisms leading to repetitive
stereotyped behavioral phenotypes.[7]

At the same time, it has also been pointed out that YTHDF
protein plays a role in mRNA degradation, but there is no
evidence that it can promote translation. When YTHDF1,
YTHDF2, and YTHDF3 were present at the same time,
the degradation rate of m6A-modified mRNA was the
highest. When YTHDF1 protein was knocked out with
YTHDF2 or YTHDF3 protein, the expression of m6A-
modified mRNA was increased.

Stereotyped behavior is not only one of the core symptoms
of ASD but also a manifestation of a variety of neuro-
developmental disorders, which is thought to be related to
striatal dysfunction. Epigenetic modification plays an
important role in the normal functioning of synapses by
participating in the regulation of gene expression. Animal
experiments have pointed out that changes in eIF levels in
the striatum can affect the phenotype of stereotyped
behavior. As a binding protein modified by m6A
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methylation, YTHDF1 plays an important role in the
process of synapse formation and synapse function.
However, further research is needed to determine whether
YTHDF1 can regulate repetitive and rigid behavior by
regulating mRNA translation. This will provide a
theoretical basis for the pathogenesis of stereotyped
behavior of ASD and also will provide a new idea and
approach for the intervention of core symptoms of ASD.
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