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Autism and NI-17A Relationship:
Why Does Fever Reduce Autism Symptoms?

Zehra Selen Mutlu'@®), Berzah Giines'(®, Oytun Erbas'?

Cytokine comes from the Greek words"cyto"
meaning cell and "kinos" meaning movement.
Cytokines are small proteins released by cells to
regulate the growth, maturation and responsiveness
of certain cell populations. Cytokines mostly play a
role in the regulation of the immune system. They
can have a positive effect by stimulating the immune
system to fight a foreign pathogen or attack tumors.
In addition, patients with multiple sclerosis (MS),
have a beneficial effect by reducing the immune
response as cytokine interferon decreases neuronal
inflammation. On the other hand, when their
expressions cause inflammatory diseases, they can
have negative effects such as rheumatoid arthritis,
asthma, and Crohn's disease."

The Interleukin-17 (IL-17) family is also a subset
of cytokines.? IL-17 was discovered in the 1990s and
turned out to be a pleiotropic cytokine, that is, it has
many different functions. IL-17; Th17 (T helper 17) cells
can be produced by a wide variety of immune cell
populations, such as CD8 + T cells (cytotoxic T cells),
natural killer (NK) cells. The unique effector functions
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ABSTRACT

Autism spectrum disorder (ASD) is a neurological disease
that manifests itself with behavioral abnormalities,
repetitive behaviors, and socialization problems due to brain
development problems. Maternal immune activation (MIA),
which occurs as a result of an infection during pregnancy,
causes some developmental disorders in the brain of the
fetus. Immune response to infection in the mother causes
some cytokines such as interleukin-17 (IL-17) to be released,
which in turn causes brain damage by affecting the cell
differentiation in the fetus. This damage can affect different
parts of the brain or systems, leading to ASD symptoms.
Features seen in ASD have been associated with the primary
somatosensory cortex dysgranular zone (S1DZ) region of
the brain and the locus coeruleus/norepinephrine (LC/NE)
system. Interestingly, children with autism had a reduction
in autism symptoms during fever. It has been observed that
children with autism who have difficulty in socializing and
who do not make eye contact make eye contact during a fire
and their movements become calmer. Related to this issue,
it has been observed that some cytokines produced during
fever, an inflammatory response, may affect brain function,
thereby temporarily suppressing autism symptoms. The
purpose of this review is to explain the relationship of
autism spectrum disorder with IL-17A and fever through
their mechanisms. In the review, the emergence of autism,
its general mechanism, the related S1DZ region and LC/NE
systeminthe brain,and why ASD symptoms disappear during
fever were discussed.

Keywords: Autism spectrum disorder, fever, interleukin-17, maternal
immune activation.

of these cell subsets allow IL-17 to have very different
functions.®

There are 6 different members of the
interleukin-17 (IL-17) family that have been
identified. These are IL-17A (also called CTLAS),
IL-17B, IL-17C, IL-17D, IL-17E (also called IL-25) and
IL-17F.12 IL-17A, the most widely studied cytokine
of the interleukin-17 family, plays important
roles in host defense against microbial infections
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and the development of inflammatory diseases.
Immune cells that produce IL-17 provide rapid
release of IL-17A in response to pathogens or
tissue damage. For example, v6 T cells (gamma
delta T cells) use pattern recognition receptors
(PRRs) such as dectin-1 and Toll-like receptor 2
(TLR2), which allow the production of IL-17 in
response to encounters with bacteria. receptors)
express. IL-17A is also produced by a subset of
CD8 + T cells that can participate in host defense
against viruses and contribute to autoimmunity.®
IL-17A promotes inflammation by inducing various
pro-inflammatory cytokines and chemokines,
increasing antibody production, and activating
neutrophils and T cells. IL-17 receptors (IL-17R) are
involved in the regulation of IL-17 signaling.™

Interleukin-17A is also known to be one of the main
triggers in various inflammatory and autoimmune
diseases. The abundance of this cytokine is associated
with pathological conditions. High levels of IL-17A
have been found in individuals with diseases such as
MS, psoriasis, asthma.”

AUTISM SPECTRUM DISORDER (ASD)

While ASD is a rare childhood disorder that has
not been studied much; has become a very common,
researched and lifelong disease in the last 50 years.”

Autism spectrum disorder is a life-long disorder
that starts before the age of three, has little social
interaction, causes limited and repetitive behavior,
and prevents the development of the brain. Compared
to typically developing individuals, in individuals with
ASD, brain development is accelerated early in life,
resulting in altered connections in the brain.?

OSB is characterized by key features in two areas:
1. Social behavior.
2. Restricted, repetitive sensory-motor behavior.

People with ASD have problems with sensory-
motor behavior and socialization. They overreact to
certain events and give different meanings to objects.
In short, these people have difficulty controlling their
emotions and reactions. Nervousness and aggression
are more common in ASD than other developmental
disorders.®

Genetic, neurological, immunological and
environmental factors play a role in the development
of ASD. A study published in 2016 stated that 74-93%
of the risk of ASD is inherited, but non-genetic factors
are also effective.™
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In addition to prenatal and perinatal (late
pregnancy and delivery) factors, maternal (maternal)
diet and lifestyle are also risk factors. Factors such
as advanced maternal age, maternal metabolic
conditions during pregnancy, medication use, weight
gain and hypertension, and specific factors such
as bacterial or viral infections experienced by the
mother have been associated with ASD risk and
developmental delay.

While genetic and non-genetic factors are
effective in ASD, only one factor does not constitute
ASD. These factors come together and cause the
development of ASD.®!

It has been reported that ASD affects 1% to 2%
of the world population and occurs in one in 54
children. Diagnosis is four times more common in
boys than girls.®!

Although it is never too late for ASD treatment, it
should be started as early as possible in order to get
maximum efficiency from the treatment. The ideal
time is before the age of two when neuroplasticity
and brain growth develop rapidly./”

AUTISM AND THE IMMUNE SYSTEM

The first recommendation for a link between
the immune system and ASD was made in children
with ASD because of undetected rubella antibodies
after rubella vaccination.® Since then, the immune
system and abnormal immune function; There
has been evidence of a significant effect on ASD,
including inflammation, cytokine dysregulation
and anti-brain autoantibodies. This evidence has
enabled researchers to investigate the potential role
of immune dysregulation and autoimmunity in ASD
more closely.”

Some studies in animal models have confirmed
that an immune challenge during pregnancy
results in behavioral abnormalities in the fetus.®
There are several ways the gestational environment
can affect neurodevelopment in the child. Besides
active infection, the mother's immune response to
infection can also be prenatal risk factors.” In a
study conducted through animal models, Shi et al.'®
Proved that an immune response activated in the
mother alone, without any infection, is sufficient
to induce changes in the offspring. Infections such
as rubella or influenza virus during pregnancy can
create an inflammatory immune environment and
stimulate the production of maternal cytokines that
can not only directly affect the placenta, but also
cross the placenta and enter the fetal compartment,
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thereby having lasting effects on the development of
the fetus. These effects can also occur in the absence
of active infection, although there is an inflammatory
response or immune regulatory disorder. Also, in
some women, anti-brain autoantibodies may similarly
be produced that can gain access to the developing
fetal brain and bind to fetal proteins and thus alter
the course of neurodevelopment.”! The presence
of maternal anti-fetal brain autoantibodies has
also been reported to play a role in ASD. Monkeys
prenatally exposed to human immunoglobulin G
(I9G) produced from mothers of children with ASD
have been shown to exhibit hyperactivity or impaired
social behavior.®

Maternal immune activation (MIA) occurs with
inflammation. This inflammatory state causes an
increase in interferon-gamma (IFN-y) and IL-17A
cytokines secreted by CD4 + T cells and a systemic
deficiency in regulatory T cells / Treg.®

In order to model MIA as a risk factor in ASD,
direct infection or lipopolysaccharide (LPS)
was used to mimic infection in pregnant mice.
With these various approaches, inflammation is
triggered in the mother. Simulating MIA in this
way resulted in offspring displaying an ASD-like
phenotype.'® Therefore, activation of the maternal
immune system during fetal development is an
important factor in ASD etiology and may lead to
changes in neurodevelopment.”!

INTERLEUKIN-17A IN AUTISM

IL-17A is a cytokine that can cause inflammatory
diseases by generating various autoimmune
responses. Autoimmunity in brain tissue plays
a pathogenic role in autism. Immune system
abnormalities have been commonly observed in and
around the brain of individuals with ASD. Studies have
found chronic neuroinflammation in ASD, indicated
by increased activation of microglia and astrocytes
and the production of cytokines and chemokines in
the brain.'"

A cross-sectional study was conducted on 45
children with ASD aged 6-11 years by Al-Ayadhi and
Mostafa. In this study, it was shown that there is a
positive correlation between IL-17A and ASD severity.
High serum IL-17A levels were seen in approximately
50% of children with autism (67.9% of children with
severe symptoms and 17% of children with mild to
moderate ASD).['?

It is known that MIA affects fetal brain
development and causes symptoms of autism
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spectrum disorder. IL-17A is also a mediator
responsible for the pathogenesis of MIA-induced
ASD. Injection of recombinant IL-17A into the fetal
brain ventricles resulted in ASD-like behavioral and
histopathological abnormalities.!"

The task of IL-17A in immunity is to provide a
protective effect. The infection causes the production
and secretion of interleukin-6 (IL-6), a cytokine. In the
presence of cytokine transforming growth factor
B (TGFB /transforming growth factor beta), IL-6
stimulates differentiation of undifferentiated CD4 + T
cells into Th17 cells. The transcription factor t (RORyt)
(Retinoic acid receptor-related orphan receptor
gamma-t) supports the transcription of IL-17A. IL-17A
signaling plays a protective role in adaptive immunity.
The dysregulation of Th17 cells and high levels of
IL-17A production is associated with autoimmune
diseases and inflammatory disorders."

The role of IL-17A in ASD; As a result of its
inappropriate activity, it may cause ASD formation
prenatally by affecting the brain development of
the fetus. In the case of MIA, IL-6 is induced and
stimulates the differentiation of Th17 cells in the
mother. This causes an increase in IL-17A secretion.
IL-17A then crosses the placental barrier where it can
act on cells expressing the IL-177RA receptor in the
developing nervous system. Consequently, IL-17A can
alter a variety of developmental processes, including
neuronal connectivity. In these ways, inappropriate
Th17 cell and IL-17A activity may adversely affect
prenatal development.['

AUTISM AND BRAIN

In individuals with ASD, many brain structures
and systems have been studied and found to be
abnormal in structure or function compared to
typically developing individuals. These studies
include many structures of the brain. Studies have
shown that certain behavioral disorders can be
associated with dysfunctions in certain brain regions
or modules.™ Maternal Th17 cells create cortical
and behavioral abnormalities in children affected by
MIA. One of the brain regions where these cortical
abnormalities are localized is a region that covers
the S1DZ of the primary somatosensory cortex.!'
The primary somatosensory cortex is located in the
parietal lobe and is responsible for processing the
somatic senses. These senses are perceived thanks
to receptors located throughout the body that
detect touch, the body's position in space, pain and
temperature. When one of these senses is perceived,
the information is sent to the thalamus and then to
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the primary somatosensory cortex and processed
there.' The cortical phenotype is characterized by
the increase in the number of Fos + activated neurons
in S1DZ. Fos is a transcription factor strongly induced
by neural activity. It is induced in many brain regions
in response to a wide variety of external stimuli.
Emotional signals also trigger gene induction and
increase.l"”!

Structural and functional changes in the
somatosensory cortex were found in studies
conducted in individuals suffering from mental
disorders related to abnormal emotional regulation
such as bipolar disorder, schizophrenia, and
anxiety disorders. Common observations in the
somatosensory cortex of individuals with mood
disorders include changes in gray matter volume,
cortical thickness, abnormal functional connectivity
with other brain regions, and changes in metabolic
rates.'®

The decrease in neural activity in SIDZ has been
shown to be effective in recovering behavioral
abnormalities in offspring who were prenatally
exposed to maternal inflammation.!'

Another system in the brain associated with ASD
symptoms; is a neuromodulatory system called
locus coeruleus/norepinephrine (LC/NE). Theories
of LC/NE and its functioning have been developed
over the last few years. These neuromodulatory
systems, derived from the brainstem and midbrain
nuclei, are linked to all areas of the brain. The ever-
changing environment that individuals have to
adapt to requires tremendous flexibility to adapt
it, and neuromodulation is the mechanism by
which the central nervous system obtains maximum
flexibility.'

The midbrain-located LC mediates attention
to function and is the main center of the locus
coeruleus-norepinephrine system.™ LC, the largest
NE core in the brain; regulates the processing of
sensory information, motor behavior, arousal and
cognitive processes and reflects them to the entire
central nervous system. It seems very likely that
the disorders in the LC/NE system are related to
the abnormal regulation of emotions in ASD. In
a mouse model, it was found to cause persistent
changes in adult emotional behavior and changes in
LC neuron activity by inhibiting NE signaling during
development.i'l

MECHANISM OF FEVER

Fever occursin response to the entry of pathogenic
microorganisms into the body, and cytokines also
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mediate fever. The fact that fire has been preserved
throughout evolution strongly maintains that fiery
temperatures provide a survival advantage. In
fact, fever is a protective mechanism that prevents
attacks by invading pathogens. Fever temperatures
reduce the efficacy and infectious potential of
pathogens. Induction and maintenance of fever
during infection occurs through tightly coordinated
interaction between the innate immune system and
the neuronal circuitry in the central and peripheral
nervous systems. The immune system's detection of
infection begins with the attachment of pathogen-
related molecular models to pathogen recognition
receptors.”® When any microbe enters our body, it is
detected by these receptors and ingested by immune
system cells called macrophages. Macrophages
stimulate other immune system cells to produce a
pyrogenic substance called interleukin-1 (IL-1). IL-1
or other pyrogens (fire makers) are secreted into
the blood and travel to the fever center in the
hypothalamus. When the hypothalamus comes into
contact with IL-1 and other pyrogens, it realizes
that 37°C is not enough and produces a chemical
called prostaglandin E2 (PGE2). PGE2 raises the firing
threshold above 37°C.2" PGE2 is an endogenous
lipid molecule that regulates important physiological
functions including calcium signaling, neuronal
plasticity, and immune responses. Exogenous factors
such as diet, exposure to immunological agents,
toxic chemicals and drugs may affect PGE2 levels in
the brain during development, and therefore PGE2
is also thought to have a potential effect on autism
disorders.??

AUTISM AND FEVER

Children with ASD have improved behavioral
symptoms during fever.”2! Some children with ASD
exhibit improved behavior and improved social
communication during periods of fever.? There
are theories that fever may affect brain function
at the cellular level by affecting the production
of immune system signaling proteins known as
cytokines.” It has been found that social behavioral
deficiencies in children exposed to MIA can be
temporarily rescued by the inflammatory response
induced by lipopolysaccharide (LPS) administration.
In this behavioral recovery, a decrease in neuronal
activity in the S1DZ, which is responsible for
behavioral phenotypes associated with children
previously exposed to MIA, was observed.'® Fever
is an expression of inflammation, so one study
measured inflammatory molecule levels before and
after injection in four groups of mice. MIA mice



90

showed a sharp increase in IL-17A not seen in control
mice. Researchers have suggested that exposure
to maternal inflammation in the uterus leads to
persistent changes in the immune system, which may
cause MIA mice to release IL-17A in response to other
immune triggers.'?*

IL-17A receptors (IL-17Ra) are found throughout
the cortex of a mouse. In a study based on this,
researchers found that injecting IL-17A into the
somatosensory cortex of MIA mice decreased the
number of Fos + activated neurons in the S1DZ
region, calming their neural activity and increasing
their sociability.? To confirm the importance of
IL-17A in fever, the researchers inhibited IL-17A or
disabled IL-17A receptors. But despite this, the
symptoms of autism did not go away. They also
showed that raising the mice's body temperature
also did not affect behavior. Namely, IL-17A was
determined to be absolutely necessary for the
reversal of ASD symptoms.?® Also; During fever,
behavioral state changes in autism are assumed
to be due to the temporary normalization of key
components in a functionally impaired LC/NE
system. Fever temporarily corrects the regulatory
functions of the LC/NE system and thus improves
ASD behavior.?¥ Strategies aimed at normalizing
the neuromodulatory functions of the LC/NE system
are seen as a promising target for the effective
treatment of ASD."™

Conclusion

Cytokines such as IL-17A, which are released as a
result of any immune response in the mother during
pregnancy, affect the brain development of the baby
by crossing the placenta and causing ASD.

ASD has been associated with some abnormal
conditions in the S1DZ region of the brain and the LC/
NE system. When these conditions in the brain were
examined, it was seen that there were some changes
during fever. In the S1DZ region, as neuron activity
decreases during fever, the overreaction situation
seen in autism is suppressed.

In the neuromodulator system called LC/NE, it
was observed that the abnormal function observed
in individuals with autism was temporarily
normalized during fever. Thus, it was determined
that by cytokines such as IL-17A released during fever,
abnormal functions in the brain were normalized and
symptoms disappeared during this time. Interestingly,
a cytokine called IL-17A has two opposite functions.
While it causes the developmental disorder of the
fetus in the mother's womb, the same cytokine
repairs this disorder during inflammation, namely
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fever, in the future of the individual. In this case, it
is understood that our immune system plays a vital
role in our development and behavior from the fetus
and how complex a system it is. The mechanism of
immune responses and IL-17 in our body is still not
fully resolved. If these mechanisms can be solved in
detail, it is thought that cytokines can be used for the
definitive treatment of ASD.

It may be promising to mimic the fever state by
administering IL-17A as a therapy to people with
ASD or by activating IL-17A receptors. In addition,
strategies aimed at stopping the activity of neurons
in the somatosensory cortex or normalizing the
neuromodulatory functions of the LC/NE system can
be used for treatment. However, due to the many
different and opposite functions of IL-17A, more
research is needed to understand whether it will have
side effects.
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