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Chapter

The Role of Brain-Derived
Neurotrophic Factor in Autism
Spectrum Disorder: Current
Findings and Future Directions

Mumin Alper Evdogan and Oytun Erbas

Abstract

Brain-derived neurotrophic factor (BDNF) is a crucial neurotrophic factor that
plays an essential role in neuroplasticity and neurodevelopment. Autism spectrum
disorder (ASD) is a neurodevelopmental disorder that affects social interaction,
communication, and behavior. The relationship between BDNF and ASD has
been studied extensively, with conflicting results. While some studies suggest that
decreased BDNF levels may contribute to the development of ASD, others do not
confirm this finding. The effects of BDNF on synaptic plasticity and cognitive func-
tions have also been investigated, with some studies indicating that BDNF may be
associated with impairments in learning, memory, and attention in individuals with
ASD. Additionally, physical exercise and cognitive and behavioral therapies may help
alleviate ASD symptoms by increasing BDNF levels and enhancing neuroplasticity.
Further research is needed to better understand the mechanisms underlying the
relationship between BDNF and ASD and to develop more effective treatment strate-
gies for individuals with ASD.

Keywords: BDNF, autism spectrum disorder, neuroplasticity, cognitive functions,
therapeutic interventions

1. Introduction

The growth and plasticity of the brain are significantly influenced by the protein
BDNF. A neurodevelopmental disorder called Autism spectrum disorder (ASD)
causes social and behavioral difficulties. Numerous experts have conducted consider-
able study on the link between BDNF and ASD.

A neurotrophic factor known as BDNF helps neurons across the central ner-
vous system to survive, develop, differentiate, and function. The nervous system’s
capacity to adapt to structural and functional changes is known as neuroplasticity.
Understanding how BDNF affects neuroplasticity is important for learning, memory,
and cognitive functions as well as for understanding the origins and therapies of
neurological and neuropsychiatric illnesses.
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2. The effect of BDNF on neuroplasticity

BDNF plays a critical role in regulating synaptic plasticity processes. Synaptic
plasticity can be defined as the strengthening or weakening of synapses, leading to
changes in the connections between neurons. BDNF particularly influences the fol-
lowing neuroplasticity processes: [1-3].

1. Synaptogenesis: BDNF promotes the formation of synapses and the development
of connections between nerve cells.

2. Dendritic growth and arborization: BDNF supports the development and com-
plexity of neurons’ dendritic trees, thereby increasing the number of connec-
tions between nerve cells.

3. Synaptic transmission and modulation: BDNF regulates the effectiveness of
synaptic transmission and modulation of synapses, which are critical for learn-
ing and memory processes.

4. Structural reorganization and neuronal migration: BDNF plays a significant role
in the structural organization and reorganization of the brain by regulating the
migration and settlement of neurons.

5.Neuronal survival and neuroprotection: BDNF provides protection against
neuronal damage by regulating the expression of factors necessary for neurons’
survival, growth, and differentiation.

2.1 BDNF and Learning, Memory, and Cognitive Functions

Neuroplasticity is considered a fundamental mechanism in learning and memory
processes, and BDNF’s effects on these processes are of great importance. BDNF is
particularly associated with the following cognitive functions: [2-4].

1. Learning and memory: The hippocampus and prefrontal cortex are particularly
where BDNF influences learning and memory processes. As BDNF levels rise,
synaptic connections between nerve cells become stronger and more synapses
are formed, which enhances the potential for learning and memory. Impaired
memory and learning might result from BDNF insufficiency.

2. Processing speed and focus: BDNF is also essential in controlling cognitive pro-
cesses including processing speed and attentiveness. Levels of BDNF have been
demonstrated to be positively correlated with attention and processing speed.
Additionally, attention-deficit/hyperactivity disorder (ADHD) and other cogni-
tive function abnormalities have been linked to BDNF insufficiency.

3.Executive functions: BDNF is essential for the development and regulation
of executive functions as well as for controlling the prefrontal cortex’s func-
tioning. High-level cognitive activities including problem-solving, planning,
adaptability, and thinking organizing are included in executive functions.
Executive function issues and poor cognitive flexibility may result from BDNF
insufficiency.
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2.2 BDNF and neurological and neuropsychiatric disorders

The regulation of neuroplasticity and BDNF plays a significant role in the patho-
genesis and treatment of neurological and neuropsychiatric disorders. Decreased
BDNF levels and impaired neuroplasticity processes have been associated with the
following diseases: [2—4].

1. Depression and anxiety: Reduced BDNF levels and impaired neuroplasticity pro-
cesses are associated with the pathogenesis of depression and anxiety disorders.
Antidepressants and other pharmacological treatments are thought to be effec-
tive by increasing BDNF levels and supporting neuroplasticity.

2.Schizophrenia: Schizophrenia has been associated with impairments in synap-
tic function and neuroplasticity processes, and decreased BDNF levels are also
observed in this disorder. Antipsychotic drugs used in the treatment of schizo-
phrenia are believed to be effective by increasing BDNF levels and supporting
neuroplasticity.

3. Alzheimer’s disease and other neurodegenerative conditions: The pathophysiol-
ogy of Alzheimer’s disease, Parkinson’s disease, and other neurodegenerative
conditions is linked to neuronal damage and compromised neuroplasticity pro-
cesses. BDNF levels have been found to be decreased in many disorders, and its
neuroprotective properties are thought to be a possible target for their therapy.

4.ASD (Autism spectrum disorder): ASD is a neurodevelopmental condition
marked by challenges with social interaction and communication as well as con-
fined, monotonous, and stereotyped behaviors. Because BDNF levels are low in
ASD, its effects on neuroplasticity are thought to have a possible involvement in
the etiology and management of ASD.

2.3 BDNF and neuroplasticity: applications and future research directions

Current research on BDNF and neuroplasticity has provided important insights into
the understanding and treatment of neurological and neuropsychiatric disorders [1].
Some important areas of future research that could be focused on in this field include:

1. Drug development: New treatment strategies that regulate BDNF levels and
support neuroplasticity processes may be potentially effective in the treatment
of neurological and neuropsychiatric disorders. Research in this area should aim
to discover new pharmacological compounds and enhance the effectiveness of
current treatments [2].

2.Behavioral and lifestyle interventions: Research could investigate the effects of
physical activity, diet, and other lifestyle factors on increasing BDNF levels and
neuroplasticity naturally. Such interventions could provide a complementary

approach for the prevention and treatment of neurological and neuropsychiatric
disorders [3].

3. Neurodevelopmental processes and aging: Research on BDNF and neuroplasti-
city could contribute to a better understanding of neurodevelopmental processes
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in early life and cognitive and neurological changes associated with aging. Such
studies could lead to the development of specific strategies to support neuroplas-
ticity at different stages of life [4].

4.Personalized medicine: Research on BDNF and neuroplasticity could help deter-
mine the impact of individual genetic and environmental factors on disease risk
and treatment effectiveness. Such information could contribute to the develop-
ment of personalized treatment approaches and more effective management of
neurological and neuropsychiatric disorders [5, 6].

Future research on BDNF and neuroplasticity has a great potential to provide a
better understanding of how neuronal and synaptic functions change in different
disease states and stages of life. Specifically, gaining more knowledge on how BDNF
and neuroplasticity mechanisms interact and influence each other could lead to the
development of more effective treatment strategies and better management of neuro-
logical and neuropsychiatric disorders. Progress in this field could play an important
role in improving patients’ quality of life and contributing to public health.

3. BDNF’s biological and functional properties and effects
3.1 Biological properties of BDNF

BDNF is a protein produced in nerve cells in the brain and plays an important role
in many biological processes such as neurodevelopment and synaptic plasticity [7].
BDNF is converted from proBDNF, a protein synthesized in brain cells and sent to
neurons, to mature BDNF (mBDNF) by proteolytic cleavage [8]. BDNF is particularly
expressed in brain regions such as the hippocampus, prefrontal cortex, striatum, and
amygdala [9, 10].

3.2 Functional properties and effects of BDNF

BDNF is a protein that affects communication between neurons in the brain and
plays an important role in many biological processes such as neurodevelopment and
synaptic plasticity [6]. BDNF promotes the growth and healthy development of
neurons. Moreover, BDNF strengthens synaptic connections between neurons and
supports the formation of new synaptic connections [7, 8]. BDNF is also important
for learning and memory and plays a role in memory formation [9]. BDNF also plays
an important role in regulating stress response and mood [10].

The effects of BDNF are mediated through receptors. BDNF binds to a recep-
tor called TrkB to promote the growth and healthy development of neurons [6].
Additionally, TrkB receptor strengthens synaptic connections between neurons and
supports the formation of new synaptic connections [11]. TrkB receptors are also
responsible for the effects of BDNF on learning and memory formation [12].

As BDNF plays a significant role in regulating nervous system functions, BDNF
levels can vary in many diseases associated with processes such as neurodevelop-
ment and synaptic plasticity [13]. Therefore, BDNF levels are also used as a potential
biomarker for the pathophysiology, diagnosis, and treatment of neuropsychiatric
disorders [14].
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3.3 BDNF and neurodevelopment

BDNF promotes the growth, migration, and differentiation of nerve cells during
neurodevelopment. BDNF also assists nerve cells in forming the proper connec-
tions. A deficiency in BDNF can result in errors in neurodevelopment and the
failure of neurons to make the proper connections [11]. The effects of BDNF on
neurodevelopment have been studied extensively in relation to neurodevelopmental
disorders [12].

3.4 BDNF gene expression

BDNF gene expression is necessary for the production of BDNF protein. The
BDNF gene can be expressed by neurons and other cell types [13]. BDNF gene expres-
sion is influenced by many factors, such as activity, stress, and neurodevelopmental
processes [14]. BDNF gene expression has been studied extensively in relation to
neurodevelopmental disorders and other brain diseases [9].

3.5 BDNF’s roles in different brain regions

The roles of BDNF vary in different regions of the brain. In the hippocampus,
BDNF is involved in learning and the formation of memories [15]. BDNF also plays
a crucial role in regulating stress response and emotion in the prefrontal cortex [16].
Additionally, other brain regions such as the striatum and amygdala also rely on
BDNF for proper functioning [17].

4. Autism spectrum disorder

Autism spectrum disorder (ASD) is a condition that stems from the interplay of
both genetic and environmental elements and affects neurodevelopment. ASD is
defined by symptoms such as challenges with social interactions, communication
deficits, and repetitive and restricted behavior patterns [18].

1. Pathophysiology of ASD:

The exact cause of autism spectrum disorder (ASD) remains unclear, but it is
thought to be the result of a complex interplay between genetic, epigenetic, and
environmental factors affecting the development and function of the brain [19].
Many researchers suggest that ASD arises from dysfunctions in brain develop-
ment and function [20]. Brain development is related to the proper migration,
differentiation, and connection of neurons. In addition, the proper formation
and function of synaptic connections between nerve cells is also important [21].

2. Relationship between ASD Neurodevelopment and BDNF

The relationship between the neurodevelopmental abnormalities in ASD and
BDNF has been studied by many researchers. It has been found that BDNF levels
are decreased in individuals with ASD, especially in those with low functional
levels on the autism spectrum [22, 23]. In contrast, BDNF receptor levels in indi-
viduals with ASD are normal or increased [24].
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3.BDNF and ASD Symptoms:

BDNF is a key factor in synaptic plasticity and neurodevelopment, and a decrease
in its levels may be linked to the symptoms of ASD. Specifically, a decrease in
BDNF levels can result in an increase in social interaction difficulties and repetitive
behaviors among individuals with ASD [25]. Additionally, the decreased BDNF
levels observed in individuals with ASD have been linked to emotional disorders
and increased obsessive-compulsive behaviors [26].

4.BDNF, ASD Treatment, and Medications:

BDNF may be a potential target in the treatment of ASD. The neurodevelopmental
effects of BDNF can be used to improve brain function in individuals with ASD [27].
Increasing BDNF levels may increase synaptic plasticity and reduce ASD symptoms.
Therefore, drugs that increase BDNF levels are being investigated as a potential strat-
egy in the treatment of ASD [28].

ASD and BDNF Gene Expression: Decreased expression levels of the BDNF gene
in individuals with ASD may be associated with developmental dysfunctions. Some
studies have shown that BDNF gene expression levels may be decreased in individuals
with ASD [29, 30].

BDNF and ASD Medications: Drugs that increase BDNF levels are being evaluated
as a potential strategy for ASD treatment [31]. For example, antidepressant drugs
such as selective serotonin reuptake inhibitors (SSRIs) are thought to reduce ASD
symptoms by increasing BDNF levels [32]. Additionally, BDNF agonists are being
investigated as a potential treatment strategy for reducing ASD B symptoms [33].

4.1 Clinical features, diagnosis, and treatment of autism spectrum disorder

Early childhood is when autism spectrum disorder (ASD) first appears. ASD is
characterized by challenges with social interaction and communication as well as limited
and repetitive behavioral patterns. The three core characteristics of ASD, as defined
by the DSM-5, include difficulties with social interaction and communication, as well
as restricted interests and repetitive behaviors. These signs can be mild to severe and
last a person their entire life [18]. A thorough assessment of a child’s behavioral traits,
such as social interaction, language and communication abilities, repetitive habits, and
interests, can lead to the diagnosis of ASD. Specialists frequently utilize standardized
tests and autism screening instruments to make their diagnoses. However, identifying
ASD cannot be done with a single test or clear indication. Input from a child’s family,
teachers, and other healthcare experts may also be included in a thorough review [34].
Multidisciplinary therapy is necessary for ASD. A child’s treatment frequently starts
as early as feasible and lasts their entire lives. Education, speech and language therapy,
behavior therapy, family counseling, and medication are all possible treatment modali-
ties. Children can have better results with early diagnosis and treatment [35].

5. BDNF and autism spectrum disorder

BDNF is a member of the neurotrophic factor family and is critical for neurological
functions such as neuroplasticity and neurogenesis. BDNF functions as a protein that
regulates the growth, maturation, survival, and synaptic plasticity of neurons [36].
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Changes in BDNF levels in individuals with autism spectrum disorder (ASD) may
contribute to the pathophysiology of ASD. Many researchers have found evidence that
changes in BDNF levels may be associated with ASD. Some studies have shown that
BDNF levels are lower in individuals with ASD and that these lower levels are associated
with ASD symptoms [37]. However, other studies suggest that normal BDNF levels

may be associated with ASD. For example, one study found that individuals with ASD
had normal BDNF levels compared to a control group, but differences in the regional
distribution of BDNF in the brain may contribute to ASD symptoms [38]. Additionally,
genetic variations in the BDNF gene have been investigated in individuals with ASD. One
study found that certain variations in the BDNF gene were associated with an increased
risk of ASD [39]. However, another study found that these variations in the BDNF gene
were not associated with ASD [40]. The relationship between BDNF and ASD is not yet
fully understood and further research is needed in this area. Taken together, the evidence
discussed suggests that BDNF may have an important role in the pathophysiology of
ASD, although the precise nature of this role warrants further research.

The relationship between ASD and BDNF may be important for the pathophysiol-
ogy of ASD, and further research in this area is needed. Many researchers have shown
that BDNF levels are decreased in individuals with ASD and that these low levels are
associated with ASD symptoms. However, other studies suggest that normal BDNF
levels may also be associated with ASD.

BDNF levels may be used as a potential therapeutic target to alleviate ASD symp-
toms. A study has shown that BDNF deficiency in mice leads to ASD-like symptoms
and that BDNF infusion can reverse these symptoms. This study suggests that BDNF
may be a potential agent for ASD treatment.

In conclusion, while the relationship between ASD and BDNF is not yet fully
understood, it is known that BDNF is critical for neurological functions such as
neuroplasticity and neurogenesis and may play a role in ASD pathophysiology. The
diagnosis and treatment of ASDB require a multidisciplinary approach, and early
diagnosis and treatment may help achieve better outcomes. BDNF levels may be used
as a potential therapeutic target in ASD treatment.

6. BDNF’s role in the pathophysiology of autism spectrum disorder
and clinical outcomes

Although the exact role of BDNF in the pathophysiology of ASD is still not fully
understood, studies in this area have made significant progress. Changes in BDNF
levels have been shown to be associated with ASD, and BDNF receptors and signaling
pathways are also thought to play an important role in ASD pathophysiology.

6.1 Changes in BDNF levels

Changes in BDNF levels may be related to ASD pathophysiology. Some studies
have shown low levels of BDNF in individuals with ASD [41-45]. These low levels
have also been suggested to be associated with ASD symptoms [42]. Some research
suggests that changes in BDNF levels are associated with factors that affect BDNF
production in the brain. For example, one study showed that maternal antibodies
inhibited BDNF production in fetal mice, resulting in ASD-like symptoms [46].
Another study showed that early-life stress in mice resulted in decreased BDNF levels,
which were associated with ASD-like symptoms [47].

7
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6.2 BDNF receptors and signaling pathways

BDNFs effects are mediated by tropomyosin receptor kinase B (TrkB) receptors,
which are high-affinity receptors on the cell surface [48]. Activation of TrkB recep-
tors by BDNF affects a series of signaling pathways critical for neurological functions
such as neuroplasticity and neurogenesis [49]. BDNF activates signaling pathways
that affect many neurological functions, including neurotransmitter release, synaptic
plasticity, cell proliferation, and cell differentiation, through TrkB receptors [50, 51].
Therefore, the role of TrkB receptors and these signaling pathways in the pathophysi-
ology of ASD is also being investigated.

Some studies have shown that TrkB receptor levels are low in individuals with ASD
[51]. These low levels may contribute to ASD pathophysiology by reducing the effects
of BDNF. In addition, other components of BDNF signaling pathways may also play a
role in the pathophysiology of ASD. For example, a study showed that the phosphati-
dylinositol 3-kinase (PI3K)/AKT signaling pathway is involved in BDNF’s neuroprotec-
tive effects and may also play an important role in the pathophysiology of ASD [52].

6.3 Clinical implications of BDNF and ASD

While the exact role of BDNF in ASD pathophysiology is not fully understood,
research in this area has made significant progress. Changes in BDNF levels have been
shown to be associated with ASD, and BDNF receptors and signaling pathways may
also play an important role in ASD pathophysiology.

Several studies have shown that low BDNF levels are associated with ASD symp-
toms [48, 49]. It has also been suggested that an increase in BDNF levels may alleviate
ASD symptoms [50]. Additionally, BDNF levels could be a potential therapeutic
target for ASD treatment. Some studies have shown that BDNF agonists, in particular,
may have a potential role in alleviating ASD symptoms [51, 52].

However, further research is needed to fully understand the potential use of BDNF
in ASD treatment. The side effects of BDNF, especially with long-term use, are not yet
fully understood and require careful investigation.

6.4 Relationship between BDNF levels and severity of ASD

Studies on individuals with ASD indicate that BDNF levels are associated with the
severity of the disorder. Specifically, low levels of BDNF have been linked to more
severe ASD symptoms [53]. Various studies have reported that plasma and serum
BDNF levels in individuals with ASD are lower compared to those without ASD
[54]. However, it is believed that changes in BDNF levels may vary across different
subtypes of ASD [55]. Furthermore, a positive correlation has been reported between
BDNF levels and social functioning [56]. This relationship suggests that an increase
in BDNF levels is paralleled by improvement in social skills. These findings suggest
that BDNF plays an important role in regulating the neurobiological mechanisms and
modulating symptom severity in ASD.

6.5 The effect of BDNF on cognitive and social functions in individuals with ASD

BDNF plays an important role in the development and regulation of cognitive and
social functions. Studies conducted in individuals with ASD have shown that BDNF
levels affect learning, memory, language skills, and social skills [57]. For example, a

8
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study conducted in children with ASD found a positive correlation between BDNF
levels and language development and social skills [58]. These results indicate that
BDNF is an important modulator of language and social skill development in individ-
uals with ASD. Increasing BDNF has been associated with improvements in cognitive
function and social skills [59]. Therefore, increasing BDNF levels is considered a
potential treatment approach for improving cognitive and social functions in indi-
viduals with ASD [54]. Pharmacological treatments and lifestyle changes targeting
BDNF, particularly BDNF agonists, are evaluated as promising methods to enhance
cognitive and social functions in individuals with ASD. These treatments may target
neurotraumatic factors, synaptic plasticity, and neurogenesis processes to increase
BDNF levels. However, further research is needed to fully understand the effects

of BDNF on cognitive and social functions in individuals with ASD. Future studies
should focus on evaluating the efficacy and safety of treatment strategies targeting

BDNF and improving our understanding of the complex interactions between BDNF
and ASD [2, 60].

7. BDNF genetic and epigenetic regulations: Their association with autism
spectrum disorder (ASD)

7.1 BDNF genetic regulations and ASD

1. BDNF Polymorphisms: Various polymorphisms in the BDNF gene have been
associated with the risk of ASD. In particular, the Val66Met (rs6265) poly-
morphism is the most commonly reported BDNF polymorphism in ASD. This
polymorphism can affect the conversion and release of BDNF from pro-BDNF to
mature BDNF, leading to disrupted synaptic plasticity and neuronal communi-
cation [61].

2. ASD Severity and BDNF Genetic Variations: BDNF polymorphisms have also
been linked to the severity and clinical features of ASD. For example, in addition
to the Val66Met polymorphism, other polymorphisms in the BDNF gene (e.g.
152049046 and rs11030104) have been associated with ASD severity and clinical
characteristics [62].

7.2 BDNF epigenetic regulations and ASD

1.DNA Methylation: DNA methylation levels in the promoter region of the BDNF
gene play a crucial role in ASD. Abnormal DNA methylation levels in the BDNF
promoter region have been reported in individuals with ASD. These abnormal
methylation levels can cause changes in BDNF gene expression and disrupt syn-

aptic plasticity and neuroplasticity, which are key neurobiological mechanisms
underlying ASD [63].

2. Histone Modifications: Histone modifications of the BDNF gene can also im-
pact ASD. In particular, histone acetylation and methylation levels can regulate
BDNF gene expression and influence synaptic plasticity and neuroplasticity
[64]. Changes in histone modifications of the BDNF gene have been observed in
individuals with ASD, which can cause disruptions in synaptic function at the
neurobiological level.
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Genetic and epigenetic regulations in the BDNF gene play an important role in
the neurobiological basis of autism spectrum disorder (ASD). BDNF gene polymor-
phisms and epigenetic regulations can affect synaptic plasticity and neuroplasticity,
and therefore have been associated with ASD risk and severity. Understanding the
role of BDNF’s genetic and epigenetic regulations in the etiology of ASD may contrib-
ute to the development of new intervention and treatment strategies.

8. The role of BDNF in the neurodevelopment, neuroplasticity,
and cognitive functions of autism spectrum disorder

BDNF is a crucial neurotrophic factor for the survival, development, and func-
tion of neurons [65]. Additionally, it has a significant impact on neuroplasticity and
neurodevelopment, and has been linked to neurological disorders such as autism
spectrum disorder. While some studies suggest a decrease in BDNF levels in individu-
als with ASD, others have not confirmed this finding [32, 66, 67]. Synaptic plasticity
is an important mechanism for neurons to modify their ability to communicate with
each other, and is essential for neurodevelopment and learning processes. BDNF’s
effects on synaptic plasticity have been associated with neurological disorders like
autism spectrum disorder, with some studies indicating that synaptic plasticity may be
impaired in individuals with ASD [68, 69]. The effects of BDNF on cognitive func-
tions have also been investigated. A decrease in BDNF levels in individuals with autism
spectrum disorder may lead to cognitive impairments, with some studies suggesting
that memory, learning, and attention may be affected in individuals with ASD [61, 70].

Based on the literature findings regarding the role of BDNF in the neurodevelop-
ment, neuroplasticity, and cognitive functions of individuals with autism spectrum
disorder (ASD), changes in BDNF levels may play a role in the pathophysiology
of ASD, but the exact mechanism is still not fully understood. BDNF deficiency,
as suggested by some studies, can affect ASD in several ways. For example, BDNF
deficiency can affect the maturation and function of synapses in neurons dur-
ing neurodevelopment. However, BDNF deficiency is thought to be particularly
effective on synaptic plasticity and cognitive functions in brain regions such as the
hippocampus and amygdala. BDNF deficiency may also be associated with funda-
mental symptoms of ASD, such as social behavior and communication. Some studies
suggest that BDNF deficiency could help develop various treatments to alleviate ASD
symptoms. For instance, treatments that increase BDNF levels have been shown to
support the development of social interaction, language skills, and cognitive func-
tions in children with ASD.

9. BDNF and neuroinflammation in ASD

Neuroinflammation is a factor associated with the pathogenesis of ASD. BDNF’s
anti-inflammatory properties and neuroprotective effects may play a role in manag-
ing neuroinflammation in ASD.

9.1 Neuroinflammation and ASD

Neuroinflammation is a process involving inflammatory responses and release of
inflammatory mediators by nervous system cells. In the context of ASD pathogenesis,

10
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possible mechanisms of neuroinflammation include immune cell activation, cytokine
and chemokine production, oxidative stress, and neurotransmitter imbalances.

Neuroinflammation in ASD is associated with activation of immune cells such as
microglia and astrocytes in the brain. These activated cells produce proinflammatory
cytokines and chemokines, which contribute to the maintenance of neuroinflamma-
tion and disruption of synaptic function.

9.2 The anti-inflammatory and neuroprotective effects of BDNF

BDNF is one of the neurotrophic factors that are important for the survival,
growth, and differentiation of nerve cells. The anti-inflammatory and neuroprotec-
tive properties of BDNF may contribute to the management of neuroinflammation
in ASD by reducing inflammation and protecting nerve cells. BDNF can regulate
inflammatory processes and decrease the activation of immune cells. As an instance,
BDNF could decrease neuroinflammation by promoting the generation of anti-
inflammatory cytokines, including interleukin-10 (IL-10) and transforming growth
factor-beta (TGF-f). Furthermore, BDNF may alleviate the effects of neuroinflam-
mation by reducing oxidative stress and regulating neurotransmitter balance. BDNF
may contribute to the preservation of synaptic function and maintenance of neuro-
plasticity, thereby affecting the development and severity of ASD [71].

9.3 Modulation of BDNF and neuroinflammation in ASD

Studies investigating the potential role of BDNF in managing neuroinflam-
mation in ASD indicate that this neurotrophic factor may contribute to reducing
inflammation and protecting nerve cells [72-74]. For example, the effect of BDNF
on astrocytes, which play an important role in regulating neuroinflammation, may
affect inflammatory processes in ASD [75]. In addition, interventions targeting
BDNF may have positive effects on reducing neuroinflammation and protect-
ing nerve cells in individuals with ASD. Pharmacological agents or gene therapy
methods used to increase BDNF levels may contribute to managing neuroinflam-
mation in ASD and alleviating its symptoms [76]. In conclusion, the role of
neuroinflammation in the relationship between BDNF and ASD is an important
area of research for better understanding the potential impact of this neurotrophic
factor on the pathogenesis and treatment of ASD. Future studies examining the
modulation of neuroinflammation and the preservation of synaptic function in
ASD by BDNF may contribute to the development of new and effective treatment
strategies. These investigations are of great importance for the development of
methods that may be used for the treatment of ASD and other neurodevelopmental
disorders by improving the understanding of the anti-inflammatory and neuropro-
tective properties of BDNF.

10. BDNF’s potential effects on treatment of autism spectrum disorder
10.1 BDNF and ASD treatment

The effect of BDNF on neuroplasticity and synaptic function may play an impor-
tant role in alleviating ASD symptoms. Pharmacological and behavioral approaches
that increase BDNF levels and enhance neuroplasticity can be used in ASD treatment.

11
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10.2 Pharmacological approaches

1. Antidepressants: Antidepressants such as selective serotonin reuptake inhibitors
(SSRIs) can enhance neuroplasticity by increasing BDNF levels [75]. Therefore,
SSRIs and other antidepressants have the potential to modulate BDNF levels in
ASD treatment.

2. Neurotrophic Factor Modulators: Neurotrophic factor modulators that affect
BDNF can alleviate ASD symptoms by increasing BDNF levels and supporting
neuroplasticity [76]. Such drugs can be effective in ASD treatment by promoting
the survival and growth of nerve cells.

10.3 Behavioral approaches

1. Physical activity: By raising BDNF levels and promoting neuroplasticity, physical
activity can reduce the symptoms of ASD [77]. Therefore, engaging in regular
physical exercise can significantly enhance an ASD person’s quality of life and
ability to adjust to social situations.

2. Cognitive and behavioral therapies: These treatments have the potential to help
people with ASD become more socially and communicationally adept. These
treatments can help to reduce ASD symptoms by regulating BDNF levels and
neuroplasticity [78].

In conclusion, BDNF and ASD treatment is a promising research area for alle-
viating ASD symptoms using a combination of pharmacological and behavioral
approaches. By increasing BDNF levels and promoting neuroplasticity, these
approaches can enhance the quality of life and social adaptation of individuals with
ASD. Furthermore, treatment strategies that increase BDNF levels can provide
further insights into the pathophysiology and treatment of ASD by elucidating their
effects on neuroplasticity and synaptic function. BDNF plays a significant role in
regulating neurodevelopment, synaptic plasticity, and cognitive function. Therefore,
BDNF-targeted therapies may have potential benefits for the treatment of autism
spectrum disorder.

10.4 BDNF targeted treatment options

BDNF targeted treatment options include both pharmacological and non-
pharmacological approaches. Pharmacological treatments include medications
such as antidepressants, antipsychotics, and sodium valproate. Some studies have
shown that sodium valproate can reduce symptoms of autism spectrum disorder by
increasing BDNF levels [79]. Antidepressants may be effective in treating comorbid
symptoms commonly seen in autism spectrum disorder, such as obsessive-compulsive
disorder and depression. Antipsychotics are used to treat disruptive behaviors in
autism spectrum disorder. Non-pharmacological treatments include exercise, diet,
cognitive therapy, and cognitive-behavioral therapy. Exercise, in particular, is thought
to increase neurodevelopment and synaptic plasticity by leading to an increase in
BDNF levels [80]. Diet can also be helpful in treating symptoms of autism spec-
trum disorder. For example, one study showed that omega-3 fatty acids can reduce
hyperactivity symptoms in autism spectrum disorder [81]. Cognitive therapy and

12
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cognitive-behavioral therapy are effective treatment options for symptoms such as
anxiety and depression in autism spectrum disorder.

10.5 Possible side effects of using BDNF

Potential side effects of BDNF-targeted treatments include headaches, sleep distur-
bances, and sexual dysfunction with antidepressants; movement disorders and weight
gain with antipsychotics; and impaired liver function with sodium valproate [82, 83].

These studies suggest that increasing BDNF levels may help improve symptoms of
autism spectrum disorder. However, the effectiveness of BDNF-targeted treatments
is still being investigated, and further research is needed. In this section, BDNF-
targeted treatment options, both pharmacological and non-pharmacological, as well
as possible side effects of BDNF use will be discussed.

BDNF-targeted treatments include BDNF agonists and BDNF enhancers. BDNF
agonists increase the effects of BDNF by binding to BDNF receptors, while BDNF
enhancers increase BDNF production and enhance the response of neurons to BDNF.
Animal studies have shown that BDNF agonists may be effective in improving symp-
toms of autism spectrum disorder. However, the effectiveness of these treatments in
humans is still being investigated.

Pharmacological treatments that can increase BDNF levels include antipsychotics,
antidepressants, and psychostimulants. However, the side effects of these medica-
tions should also be considered. In particular, metabolic side effects of antipsychotics
are a significant concern for their use in children and adolescents.

Non-pharmacological treatments that can increase BDNF levels include physical
activity, exercise, meditation, and therapy. For example, physical activity and exer-
cise have been shown to increase BDNF levels and enhance neuroplasticity. Similarly,
stress management techniques such as meditation and therapy have been shown to
increase BDNF levels.

Possible side effects of BDNF-targeted treatments may include neurotoxicity due
to excessive BDNF increases and BDNF’s pro-inflammatory effects. Therefore, these
treatments should be carefully managed.

In conclusion, BDNF-targeted treatments may have potential benefits for autism
spectrum disorder. However, the side effects and effectiveness of treatment options
need to be considered. Further research is needed to ensure the appropriate use of
BDNF-targeted treatments.

11. Recent research findings and future research directions on BDNF

An essential neurotrophin known as BDNF is involved in the cognitive, neurode-
velopmental, and neuroplastic aspects of autism spectrum disorder. More details on
the function of BDNF in the pathophysiology of autism spectrum disorder have come
to light recently. Future study is required since it is yet unknown how BDNF affects
the therapy of autism spectrum disorder.

11.1 Control of BDNF gene expression

The usage of BDNF in the treatment of autism spectrum disorder can be improved
by managing the expression of the BDNF gene. More investigation is required, in par-
ticular, on how the BDNF gene-associated SNPs affect the likelihood of developing
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autism spectrum disorder. A correlation between BDNF polymorphisms and autism
spectrum disorder was discovered in one study [84], however further investigation is
required to fully understand this correlation.

The usage of BDNF in the treatment of autism spectrum disorder can be improved
by managing the expression of the BDNF gene. It is necessary to do additional study
on the nature of the association between BDNF polymorphisms and autism spectrum
disorder in order to better understand the processes that enhance or decrease BDNF
gene expression. According to one study in this field, people with autism spectrum
disorder have changed gene regulatory regions that boost the expression of the BDNF
gene [85]. This finding raises the possibility that the pathophysiology of autism
spectrum disorder may include the control mechanisms of BDNF gene expression.

11.2 Examination of BDNF receptors and signaling pathways

The effects of BDNF are dependent on the activation of BDNF receptors on the
cell surface. Therefore, examining the BDNF receptors and signaling pathways may
help to better understand the effects of BDNF in the treatment of autism spectrum
disorder. One study showed that the effects of BDNF are mediated through the activa-
tion of TrkB receptors [86]. However, the subtypes of these receptors and the exact
workings of the signaling pathways are still unclear. BDNF affects synaptic plasticity
and neurodevelopment through the TrkB receptor. Therefore, a better understanding
of the effects of the TrkB receptor and BDNF signaling pathway on the pathophysiol-
ogy of autism spectrum disorder is needed. One study showed that BDNF increased
social behavior through activation of the TrkB receptor and restored normal social
behavior in mice with social behavior deficits, which are also present in autism spec-
trum disorder patients [87]. These results suggest that the TrkB receptor and BDNF
signaling pathway may have a significant impact on symptoms of autism spectrum
disorder, such as social behavior.

11.3 Understanding the effects of BDNF on behavioral and social functions

A better understanding of the effects of BDNF on behavioral and social functions
may assist in the development of BDNF-targeted therapies for autism spectrum dis-
order (ASD) treatment. Specifically, the effects of BDNF on social functions are still
not clear and further research is needed in this area. One study has shown that BDNF
treatment improved social learning and increased social memory [88].

These results suggest that BDNF may play a significant role in regulating social
functions and the effects of BDNF on behavioral and social functions are seen as
a potentially useful area for ASD treatment. BDNF is considered a potential target
for treating symptoms of ASD, such as social function impairment, especially social
function disorder.

Many studies have demonstrated the positive effects of BDNF on social learning
and social memory. For example, one study showed that BDNF application improved
social learning and increased social memory [65]. The effects of BDNF are thought
to be useful for treating symptoms of ASD, such as social function disorder observed
in ASD.

A better understanding of the effects of BDNF on social functioning is important
for the development of BDNF-targeted treatments. To do this, more research is
needed to understand the role of BDNF in regulating social functioning, particularly
its effects on processes such as social learning, processing, and memory. Such studies
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can help us better understand how effective BDNF-targeted treatments may be in
treating symptoms such as social dysfunction in autism spectrum disorder.

11.4 Future perspectives in BDNF and ASD research

In autism spectrum disorder (ASD) and brain-derived neurotrophic factor
(BDNF) research, future studies are expected to focus on developing more compre-
hensive and effective strategies for understanding and treating the disease. Here are
some important areas related to these perspectives:

1.Modulation methods for BDNF levels: Future research should focus on discov-
ering ways to modulate BDNF levels. This is considered a potential treatment
approach for improving cognitive and social functions in individuals with ASD
[89]. It is important to increase the number of clinical studies evaluating the ef-
ficacy and safety of BDNF-targeted pharmacological treatments, neuromodula-
tion techniques, and lifestyle changes [90].

2.BDNF and subtypes of ASD: Better understanding of changes in BDNF levels
among different subtypes of ASD is needed [32]. Studies examining BDNF levels
and mechanisms specific to ASD subtypes can contribute to the development of
diagnosis and treatment strategies [91].

3.Epigenetic regulation of BDNF: Studies focusing on the role of epigenetic
mechanisms that affect BDNF gene expression and activity in ASD should be
increased [70]. Epigenetic regulators such as DNA methylation, histone modi-
fications, and microRNAs can play an important role in the pathophysiology of
ASD and offer potential therapeutic targets [92].

4.BDNF and neuroinflammation in ASD: The number of studies investigating the in-
teraction between BDNF and neuroinflammation in ASD should be increased [93].
Understanding the role of BDNF in regulating neuroinflammation and modulating
mechanisms related to the immune system in ASD can help us better understand
the neurobiological basis of ASD and potential treatment approaches [94].

5.BDNF and synaptic plasticity in ASD: Synaptic plasticity plays an important role
in learning and memory processes. Studies investigating the effects of BDNF on
synaptic plasticity in ASD should be increased [95]. These studies can shed light
on treatment strategies for improving cognitive and social skills in individuals
with ASD [96].

6. BDNF and neurogenesis and gliogenesis in ASD: BDNF is important for the de-
velopment and function of neurons and glial cells. Studies examining the effects
of BDNF on neurogenesis and gliogenesis in ASD should be increased [97]. These
studies can provide more information about the role of neuronal and glial cells in
the pathophysiology of ASD and help develop new treatment approaches [98].

7. Interactive factors with BDNF and ASD: Given the complex nature of ASD, it is
important to identify other factors that interact with BDNF. Studies investigat-
ing how genetic, environmental, and lifestyle factors affect BDNF levels and the
pathophysiology of ASD can fill gaps in knowledge in this field [99].
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8.Early diagnosis and prognosis of ASD with BDNF: The number of studies inves-
tigating the use of BDNF levels as a potential biomarker for early diagnosis and
prognosis of ASD should be increased [100]. Early diagnosis and prognosis are
important for initiating effective interventions in a timely manner and improv-
ing outcomes [101].

In summary, future perspectives in BDNF and ASD research should focus on com-
prehensive and innovative studies that will fill the gaps in knowledge and contribute
to the development of more effective diagnosis and treatment methods for individuals
with ASD. These studies will help us better understand the neurobiological basis of
ASD and develop effective treatment strategies.

11.5 Personalized ASD treatment and BDNF

Personalized treatment approaches aim to improve the quality of life and func-
tionality of individuals with autism spectrum disorder (ASD) by offering customized
treatment plans based on each individual’s genetic, biochemical, and environmental
factors. Brain-derived neurotrophic factor (BDNF) can be considered an important
target in personalized ASD treatment.

Firstly, identifying BDNF levels and genetic variations can help in selecting appro-
priate treatment methods based on individual differences. Studies examining BDNF
levels and interactive factors can contribute to optimizing treatment options specific
to the needs and sensitivities of individuals with ASD.

In addition, pharmacological and lifestyle interventions targeting BDNF can be
used in personalized ASD treatment. For example, drugs that increase BDNF levels
and support synaptic plasticity can be evaluated as a potential treatment to improve
the cognitive and social skills of individuals with ASD, taking into account individual
differences. Lifestyle interventions, especially regular physical activity and appro-
priate nutrition, can help increase BDNF levels and improve the quality of life and
functionality of individuals with ASD.

In conclusion, knowing the precise functions of BDNF in ASD and using this
information to individualized treatment plans will help to create more successful and
focused therapies for people with ASD. Future studies should investigate the relationship
between BDNF and the underlying causes of ASD, the variables that control BDNF lev-
els, and the efficacy of BDNF-targeting therapies. Examining BDNF levels and effects in
various ASD subtypes and individual variations can also help with the creation of more
sensitive and efficient treatment approaches because of the varied character of ASD.

12. Prevention of neurodevelopmental disorders and policies related to ASD

Understanding the relationship between BDNF and ASD can contribute to
the prevention of neurodevelopmental disorders and the development of policies
and strategies for individuals with ASD. In this context, the following steps are
recommended:

1.Increasing Awareness: Raising awareness about the relationship between ASD
and BDNF can help the community understand and support the lives of indi-
viduals with ASD. This can be achieved through educational programs, public
awareness campaigns, and media efforts.
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2.Early Intervention and Education Programs: Given that genetic and epigenetic
regulations in the BDNF gene may affect the risk and severity of ASD in early
life, the importance of early intervention and education programs should be
emphasized. These programs should aim to improve the social, communication,
and cognitive skills of children with ASD and enhance their quality of life.

3. Control of Environmental Factors: Policies and strategies should be developed
to reduce the risk of ASD by considering the impact of environmental factors on
epigenetic regulations in BDNF. This may include measures such as preventing
exposure to environmental toxins during pregnancy and early life and promot-

ing healthy lifestyle choices.

4.Research and Treatment Development: Further research should be conducted on
the relationship between BDNF and ASD, and this information should be used
to develop new and effective treatment strategies. In addition, continuous efforts
should be made to evaluate and improve the effectiveness of existing treatment
approaches.

5.Policy and Legal Regulations: Policies and legal regulations should be established
and implemented to improve the lives of individuals with ASD. This should in-
clude policies that support the rights and opportunities of individuals with ASD
in areas such as education access, employment opportunities, and social services.

In conclusion, the better understanding of the relationship between BDNF and
ASD provides important insights into the prevention and management of neurode-
velopmental disorders. Specifically, studies on the genetic and epigenetic regulations
of BDNF offer new perspectives on the etiology and treatment of ASD. In the future,
it is important to conduct more detailed research on the relationship between BDNF
and ASD and apply this knowledge to develop effective policies and strategies. This
approach can contribute to improving the quality of life of individuals with ASD and
enhancing the general ability of society to cope with neurodevelopmental disorders.

13. Conclusions

In conclusion, this section discussed the current scientific literature on the
relationship between BDNF and ASD. BDNF was highlighted as an important protein
in neuronal functions such as synaptic plasticity, neurogenesis, and gliogenesis, and
therefore, it has significant importance in the pathophysiology and treatment of ASD.
The role of BDNF in the specificity of ASD and the relationship between individual-
ized ASD treatment and BDNF were also addressed.

BDNF has emerged as a possible target for the therapy of autism spectrum disor-
der (ASD), as it is a protein that is crucial for neurodevelopment, synaptic plasticity,
and cognitive skills. According to recent studies, BDNF levels are linked to ASD
symptoms. To ascertain the efficacy and safety of BDNF-targeted therapies, more
study is necessary.

BDNF levels have been found to be low in patients with ASD, making BDNF-
targeted treatments a potential target for the treatment of ASD. Pharmacological
treatment options include antidepressants, antipsychotics, and sodium valproate.
Some studies have shown that sodium valproate can increase BDNF levels and reduce
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symptoms of ASD. However, further research is needed to determine the effectiveness
and safety of these treatments.

Non-pharmacological treatment options include exercise, nutrition, and therapy
options. Particularly, exercise can increase BDNF production and help reduce symp-
toms in children with autism spectrum disorder. Cognitive therapy and cognitive-
behavioral therapy are also effective treatment options for symptoms such as anxiety
and depression in autism spectrum disorder. However, further research is needed on
the effects of these non-pharmacological treatments on BDNF levels.

Controlling BDNF gene expression may help in developing the use of BDNF in
autism spectrum disorder treatment. Examining BDNF receptor and signaling path-
ways can also play an important role in developing BDNF-targeted treatments. For
example, it has been shown that activation of BDNF’s TrkB receptors enhances social
behavior and restores normal social behavior in mice with social behavior deficits
similar to those seen in autism spectrum disorder patients.

Pharmacological and non-pharmacological options for BDNF-targeted treatments
include antidepressants, antipsychotics, sodium valproate, exercise, diet, cognitive
therapy, and cognitive-behavioral therapy. The side effects of these treatment options
should also be taken into consideration.

The potential effects of BDNF-targeted treatments include increased neurode-
velopment and synaptic plasticity, reduced symptoms, and improved behavioral and
social functioning in individuals with autism spectrum disorder (ASD). However, the
relationship between BDNF and ASD is not yet fully understood, and further research
is needed. Understanding the relationship between BDNF and ASD could have
significant benefits for clinical and research applications. Specifically, using BDNF
levels and genetic variations in the diagnosis and prognosis of ASD could provide
opportunities for early intervention and support. Additionally, BDNF-targeted treat-
ment approaches could contribute to the development of potential therapies aimed
at improving cognitive and social skills in individuals with ASD. Lastly, evaluating
BDNF levels and interactive factors in individualized ASD treatment could provide
optimized treatment options tailored to each individual’s unique needs and sensitivi-
ties. Future research focusing on BDNF gene expression control, BDNF receptors and
signaling pathways, and better understanding the effects of BDNF on behavioral and
social functioning could help develop BDNF-targeted treatments for use in ASD.

There are some limitations to consider in BDNF and ASD research, as well as
suggestions for future studies. Firstly, many current studies may not fully reflect the
heterogeneous nature of ASD and may overlook the relationships between differ-
ent ASD subtypes and individual differences in BDNF levels and effects. Therefore,
future research should focus on examining the relationships between the underlying
mechanisms of ASD and the levels and effects of BDNF. Additionally, the number of
studies evaluating the factors regulating BDNF levels and the effectiveness of BDNF-
targeting therapies should be increased. These studies can help us better understand
the fundamental mechanisms underlying the relationship between BDNF and
ASD and develop more effective treatment strategies for individuals with ASD. The
diversity of sample sizes and methodologies used in related research may pose some
difficulties in evaluating the relationship between BDNF and ASD. Therefore, studies
conducted with larger sample sizes and standardized methods can increase the reli-
ability and generalizability of findings.

Future research should look at the precise functions of BDNF in ASD, paying close
attention to age and gender differences. The quality of life and functional abilities of people
with ASD may be improved by greater early-life chances for intervention and support.
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In conclusion, BDNF and ASD research can significantly contribute to the
development of effective and targeted treatments that provide individuals with ASD
with a better quality of life and functionality. Therefore, ongoing research aimed at
understanding the relationship between BDNF and ASD should be supported and
encouraged.
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