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This study aimed to explore the effect of auditory integration therapy (AIT)
on the forkhead box J1 protein and assessed its impact on behavioral, social,
and sensory symptoms in children with autism. Behavioral, social, and
sensory scores were calculated for each child using the childhood autism
rating scale, social responsiveness scale, and short sensory profile before and
after AIT. The plasma level of Foxjl was [575 (351-2553) pg/mL] [median
(interquartile range)] before AIT. This level did not change significantly
(p>0.05) immediately [1143(336-4599)], after one month [1268 (275-
4932)], or three months [1058 (184-3462)] AIT. However, results revealed
that behavioral, social, and sensory rating scales were improved after AIT.
Pearson correlation (r) values before and after AIT between severity
variables were calculated. Unchanged plasma levels of Foxjl after AIT
supported the non-therapeutic effect of AIT on Foxj1 in autistic children. A
significant change in behavioral, social, and sensory symptoms was noticed
in autistic children. Additional research, on a large population, is necessary to
assess AlIT's impact on behavioral and social changes in children with an
autism spectrum disorder.

© 2022 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

interventions have been focused on essential
systematic research (Scott and Chris, 2007). Timely

Autism spectrum disorder (ASD) is a complex
neurodevelopmental behavioral disorder with an
onset prior to 3 years of age. Autism is described by
social interaction impairment, repetitive behavior,
and sensory abnormalities (APA, 2000). Although
the etiology and pathogenesis of ASD are not clear,
increasing evidence suggested that it can be
originated from a range of factors including
autoimmunity (Al-Ayadhi and Mostafa, 2012).

In spite of the urgent medical necessity, at
present, there is no known active complete therapy
available for ASD. Several educational pieces of
training, including habilitative therapies and
behavioral strategies, have been applied to treat
children with ASD, however, very limited
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treatment has revealed an improvement in the
prognosis of ASD children (Rogers and Vismara,
2008), but the most useful method of treatment is
still unclear (Paul, 2008).

On the basis of several principles, integration
deformities and sensory processing may play key
roles in impairments of cognition, behavior, and
perception in autistic subjects. Among these sensory
deformities, distortion of auditory perception may
responsible for several particular signs of autism
(Sokhadze et al, 2016). Disability in sensory
processing has been revealed in forty-two to Eighty-
eight percent of autistic children; though, an
experimental study exploring the presence of
sensory processing defects in children with ASD is
uncommon. However, very limited study on the
association between possible biomarkers and
sensory processing dysfunction has been reported in
subjects with ASD (El-Ansary et al,, 2016). Data from
a previous publication (Boddaert et al, 2004)
indicated that about 50% of autistic children had
serious hearing problems; furthermore, irrationally
anxious action and poor oral communication were
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strongly associated with auditory irregularities.
Moreover, different interventions were established
to control the usual auditory sensitivity differences
in subjects with ASD and generally called auditory
integration therapies.

Auditory integrative training (AIT) was
established as a method to develop unusual sound
sensitivity in subjects with behavioral disorders
including ASD (Sinha et al, 2011). Bérard (1993)
advised that the irregular sensitivity to particular
sound wave frequencies, irrespective of general
listening capability, is linked with a variety of
learning and behavior difficulties and that AIT would
lead to “retraining” of the hearing process.

Several researchers have proposed that AIT plays
a key role to improve typical behavior symptoms,
restrictions in social interactions, and language
disorders (Sokhadze et al, 2016; Al-Ayadhi et al,
2013; Zhang et al., 2009). Furthermore, important
advances in autistic behavior and the severity of
disease in relation to intelligence quotient (IQ) and
verbal presentation have been reported after 3-12
months of intervention (Sokhadze et al., 2016; Zhang
etal, 2009). Russo et al. (2010) assessed the effect of
AIT on auditory processing and recognized biological
modifications, including pitch tracking, and cortical
and brainstem response timings, in autistic children.
Li et al. (2018) observed the efficiency of AIT for
Chinese children with and without ASD and
suggested that AIT can decrease the Aberrant
Behavior Checklist (ABC), and Autism Treatment
Evaluation Checklist (ATEC) scores and increase the
IQ score in ASD subjects. However, there is debate in
the published research relating to the efficiency of
AIT in decreasing auditory hypersensitivity. A
literature review determined the effect of AIT or
other sound therapy techniques on subjects with
ASD (Sinha et al, 2006). According to the review,
three trials demonstrated improvements in ABC
scores after three months of AIT, and the remaining
three studies showed no AIT effect in autistic
subjects.

Extensive studies (Al-Ayadhi et al., 2018; 2019)
have confirmed that AIT plays an important role in
the biological and behavioral changes in ASD.
However, research on the impact of AIT on biological
markers in ASD is rare. Recently our group discussed
the striking impact of AIT on Transforming Growth
Factor-B1 (TGF-f1) (Al-Ayadhi et al, 2018) and
Human Glial Cell Line-Derived Neurotrophic Factor
(GDNF) (Al-Ayadhi et al, 2019). These studies
suggested that an abnormal immune system may
cause adverse neuroimmune interactions,
autoimmunity, or abnormal immune responses,
during brain development.

Forkhead box protein |1 (Foxj1) is a member of
the forkhead family transcription factors (Larson et
al, 2019) associated with an extensive range of
biological processes including DNA repair, cell cycle
regulation, neurogenesis, and apoptosis (Genin et al.,
2014). Foxjl is associated with the production of
motile cilia which are the main elements of

78

ependymal cell differentiation and function in the
central nervous system (CNS) (Spassky et al.,, 2005).

Several studies have advised that Foxj1 also plays
major roles (Coffer and Burgering, 2004) in
lymphocyte progress and effector function, including
regulation of CD4+T cell tolerance. Thus, in many
immune cell lineages, and their down-regulation,
Foxjl probably involves in the pathogenesis of
numerous immunological disorders, proposing that
Foxj1 investigation will result in the advancement of
innovative treatment markers in autoimmune
diseases. Forkhead box protein ] members are
usually formed in the brain during embryonic
development but during CNS development their role
is not known (Pérez-Sanchez et al., 2000). Huang et
al. (2013) explored the Foxj1 expression pattern in
the rat brain and suggested that Foxj1 contributes to
neurogenesis and neuronal production in the brain
after cerebral ischemia.

Previously Foxjl was identified as a unique
transcription factor involved in autoimmunity (Lin et
al,, 2005). Srivatsan and Peng (2005) suggested that
Foxjl prevents spontaneous autoimmunity to some
extent by antagonizing NF-kB activation. Microarray
studies noticed the immunological importance of the
Foxj1 gene and identified novel transcription factors
in autoimmunity (Lin et al, 2004). Molecular
characteristics and expression pattern Like the Foxo
transcription factors, Foxjl is expressed mainly in
naive T cells and is rapidly down-regulated upon
activation, such as during IL-2 exposure and/or TCR
ligation (Lin et al, 2004). Hence the genetics,
molecular biology, and biochemistry of Foxj1 are not
known.

Limited research has examined the role of Foxj1
in human diseases. Certainly, given the
immunological phenotype of Foxjl deficiency, and
the relative Foxjl deficiency detected in non-
autoimmune versus autoimmune mice (Lin et al,
2004), irregularities in Foxjl gene expression,
metabolic pathway, and/or function may affect
inflammatory conditions and/or another
autoimmunity. Tuteja and Kaestner (2007) have
established that the Foxj1 gene controls the action of
IL-2 and IFN-y, along with transcription factor NF-
kB, liable for the generation of the expression of pro-
inflammatory mediators. Coffer and Burgering
(2004) suggested that the inhibition of T lymphocyte
activation and development of autoimmune reaction
resulting in Foxjl mutations in mice is the
development of systemic autoimmune inflammation.

There is no single study related to Foxj1l and ASD
has been reported so far. However, one of the FOX
family member Foxp1 variants has been identified in
several subjects with intellectual disability (ID),
sporadic ASD, moderate to severe speech delay, and
global developmental delay (Palumbo et al., 2013).
We hypothesized that Foxj1 could play a pathogenic
role in the immune system in patients with ASD.
These findings have directed us to search for
biomarkers that may help us prior to the discovery
of ASD. As the plasma levels of Foxj1 in ASD, subjects
have never been measured earlier, the main aim of
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the current study was to determine a possible role
for Foxjlin children with ASD before and after AIT
and also to evaluate the impact of AIT on behavior,
social and sensory symptoms in children with ASD.

2. Material and methods
2.1. Study participants

Twenty-six ASD subjects (20 males and 6
females) 3.6 to 11.2 years of age (mean+SD=6.9+2.0
years), were recruited for this study from the Autism
Research and Treatment Centre at the King Saud
University, Kingdom of Saudi Arabia. All subjects
were screened and assessed using the Diagnostic
and Statistical Manual of Mental Disorders (DSM-V)
(APA, 2013). Foxjl plasma concentrations were
measured by ELISA before and after AIT intervention
(immediately, one and three months) for each child.
Pre and post-autism severity were measured in all
children by using CARS (Bashir et al, 2014), SRS
(Constantino and Gruber, 2012) and SSP (Dunn,
1999) scales as described in our previous studies
(Al-Ayadhi et al., 2018; 2019).

Children with neurological diseases (tuberous
sclerosis, cerebral palsy), allergic signs, seizures,
autoimmune diseases, or a concomitant infection
and metabolic disorders (e.g, phenylketonuria),
were excluded from the study. According to the
guidelines of the Ethics Committee of the King Khalid
Hospital, King Saud University written consent from
the parents of each child was obtained. Children
were not allowed to begin any new therapies or stop
any current therapies, including medications and
supplements during the study period. Ethical
approval was obtained for the study by the
Institutional Review Board of the College of
Medicine, King Saud University.

2.2. Auditory integration training

Auditory integration training was carried out by
following the available protocol (Bérard, 1993) and
formerly reported by our group (Al-Ayadhi et al,
2013; 2018; 2019).

2.3. Blood sample collection

After overnight fasting blood sample (3 ml) was
collected from each child in coded test tubes

containing EDTA. The blood samples were
centrifuged at 3,000 rpm to collect plasma, which
was then stored in a freezer at -80°C until analysis.
Foxj1 plasma concentrations were measured using a
commercially available sandwich ELISA kit (Cusabio
Biotech Co. Ltd., Wuhan, China). All samples were
assayed in duplicate, and mean values were
calculated. No significant cross-reactivity or
interference was observed.

2.4. Statistical analysis

Data were analyzed using the Statistical Package
for the Social Sciences (SPSS 21.0 for Windows; SPSS,
Chicago, IL, USA). The parametric data were
presented as mean and standard deviation (SD).
Also, nonparametric data were presented as median
and IQR levels. Paired t-test was used for the
comparison of parametric data, while the Mann-
Whitney U-test was used for the comparison of
nonparametric data before and after AIT. The
Pearson correlation coefficient T was employed to
determine correlations between severity variables
(SRS, CARS, and SSP). The p values less than 0.05
were considered significant.

3. Results

The changes in Foxjl levels [median
(interquartile range=IQR)] and the mean scores +SD
of the three behavioral rating scales (CARS, SRS, and
SSP) before and immediately, 1 and 3 months after
AIT are summarized in Table 1. The median plasma
Foxjl level before AIT was found 575 pg/mlL, this
level did not change significantly (p=>0.05)
immediately, 1, and 3 months after AIT. However, we
found that the AIT had a significant effect in
improving autism symptoms after intervention using
behavioral rating scales (CARS, SRS, and SSP). Mean
scores of behavioral rating scales (SRS, CARS, and
SSP) after AIT is also presented in Fig. 1.

Results showed that scores of CARS, an indicator
of autism severity, were decreased significantly by
19% and 15% after 1 month (p=<0.01) and 3 months
(p=0.05) respectively after AIT compared to before
AIT. The mean SRS score was significantly decreased
(13%) after 3 months (p=<0.05) while a non-
significant increase in SSP scores was observed 1
month and 3 months (p=>0.05) after AIT.

Table 1: Effect of AIT on Foxj1 protein and social behavioral scales (CARS, SRS, and SSP) in children with autism (n=26)

Immediately after

Variable Before AIT AIT 1 month after AIT 3 months after AIT p
Foxj1 (ng/mL) 575 1143 1268 1058 5 0.05
Median(IQR) (351-2553) (336-4599) (275- 4932) (184- 3462) '
CARS 37+11 306 31+9.0 0.01%*, 0.05**
(mean * SD)
SRS 0.31*
(mean + SD) 180+ 18 186 + 20 156 + 19 < 0.05%*
SSP 0.14*
(mean + SD) 146 + 36 161 + 22 149 + 22 0.73%*

*= Before v/s 1 month, **= before v/s 3 months
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Pre and post Pearson correlation (r) values
between severity variables (CARS, SRS, and SSP) are
shown in Table 2. Significant correlations between
values of CARS scores and SRS scores before AIT
(r=0.42, p=0.042) were observed. While there was a
positive correlation between values of CARS scores
and SRS scores after AIT (r=0.42), however, this
correlation was not significant (p>0.05). Also, there

was a non-significant positive correlation between
CARS and SSP before AIT (r=0.155, p=0.54) and,
negative correlations (-0.158 (p=0.46) 3 months
after AIT. Furthermore, a significant correlation
(p=<0.05) before AIT (r=0.91, p=<0.001) and a non-
significant correlation (r=0.25, p=0.91) after AIT
were found between SRS and SSP scores.

Table 2: Pearson correlation (1) values before and after AIT between severity variables (CARS, SRS, and SSP)

Variables SRS before AIT SRS after 3 months AIT SSP before AIT SSP After 3 months AIT
CARS before AIT r = 0418 (p=0.042)* - r=0.155 (p=0.54) -
r=0.42
CARS after 3 months AIT - (p=0.84) - r=-158 value (p=0.46)
SRS before AIT - - r=0.91 (p=<0.01)* -
r=0.25
SRS after 3 months AIT - - - (p=0.91)

*=significant (<0.05)
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Fig. 1: Social responsiveness scale (SRS), childhood autism rating scale (CARS), and short sensory profile (SSP)

4., Discussion

The neurological origin of ASD is largely
unknown, increasing evidence suggested that it can
be instigated by a range of factors including
autoimmunity (Al-Ayadhi and Mostafa, 2012; Cohly
and Panja, 2005). However, the connection between
neuro-inflammation and autoimmunity needs to be
investigated. Autoimmunity to CNS was recognized
by numerous research studies, confirming the
existence of brain-specific auto-antibodies in some
children with ASD (Mostafa and Al-Ayadhi, 2012),
however, the cause behind the presence of brain
autoantibodies in autistic children is not clear. It was
hypothesized that an autoimmune reaction to
neurons might be activated by some cross-reacting
antigens in the environment resulting in the
discharge of neuronal antigens. These neuronal
antigens may result in the initiation of autoimmune
reactions through the activation of the inflammatory
cells in genetically vulnerable subjects (Al-Ayadhi et
al.,, 2015).

Communication between language and speech
systems is extremely impaired in ASD. Sensory
dysfunction is the main outcome of ASD, including
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auditory stimulation, sensation, tactile smell, taste,
and visual. Hypersensitivity to sensory stimuli is
accepted as a disturbing factor in autism, especially
hypersensitivity to auditory stimuli (Baranek, 2002).
This results in communication problems which lead
to social isolation and subsequently to complications
in rehabilitation and learning (APA, 2013). Auditory
integration training requires listening to music that
has been computer reformed to eliminate
frequencies to which an individual shows
hypersensitivities and to decrease the probability of
auditory configurations. This therapy has been
suggested to recover irregular sound sensitivity in
subjects with behavioral disorders, including ASD
(Bérard, 1993).

There has been very limited research available on
the link between sensory processing dysfunction and
the biomarkers investigated in subjects with ASD
(Baranek, 2002). Investigations of several
biomarkers to confirm the characteristics of autism
severity, like cognitive dysfunction and sensory
defects, can provide us with valuable knowledge
about the pathophysiology of ASD (El-Ansary et al.,
2016). There are no potential biomarkers for ASD,
immune abnormalities are often defined among
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subjects with ASD (Bjgrklund et al., 2016). Taking
into consideration the essential role of Foxj1 in brain
development (Spassky et al, 2005), it was our
concern to explore the role of Foxjl in the
pathophysiology of ASD. Hence, this research was
carried out to examine the possible impact of AIT on
Foxjl and explore the link between plasma Foxjl
levels and the severity of diseases related to
behavioral, social, and sensory dysfunction in ASD
children.

Some studies demonstrated a potential role for
Foxj1 in the inhibition of autoimmune reactions (Lin
et al.,, 2004) and reported that Foxj1 can prevent NF-
kB signaling through the generation of IxB proteins.
Previous research showed that Foxjl might control
inflammatory reactions and prevent autoimmunity
by antagonizing the transcription of genes that
encode pro-inflammatory cytokines (Coffer and
Burgering, 2004). Nonetheless, much remains to be
learned about the Foxjl role in immunology. The
mechanism by which it is regulated is largely
unknown. Immunological functions of Foxjl have
been implicated in vitro but not so far tested in vivo.
It was hypothesized that investigation of Foxjl in
ASD before and after AIT may likely offer important
knowledge related to mechanisms of immune
regulation, along with inflammation and/or
immunosuppressant disorders. Furthermore, it will
conclude unique and precise policies for the
therapeutic modulation of ASD.

The current study is the first to explore the effect
of AIT on plasma Foxj1 levels in autistic children. It
was not possible to trace data in the literature
regarding the Foxj1 levels in ASD as well as the effect
of AIT on Fox family proteins, including Foxjl.
Therefore, it was very interesting to investigate the
effect of AIT on Foxjl and also explore the role of
Foxjl in the deregulated processes associated with
autoimmunity, and cognitive activity with behavioral
changes in children with ASD.

Our results revealed that the Foxj1 plasma levels
were not affected in the ASD after AIT, which
supported the idea that Foxjl may not implicate the
pathological and physiological progression in ASD.
However, more research is required to confirm these
reports. However, results show a significant
improvement in some aspects of ASD social,
behavioral and sensory symptoms. This is confirmed
by substantial variations in CARS, SRS, and SSP
scores immediately, one, and three months following
AIT intervention.

The mean value of CARS scores was significantly
decreased by 19% and 15% after 1 month (p=<0.01)
and 3 months (p=<0.01) respectively after AIT
compared to pre-AlIT intervention. Similarly, the
mean SRS total score significantly decreased (13%)
after 3 months (p=<0.05) while a non-significant
10% increase (p=>0.05) in SSP scores was observed
1 month after AIT indicated typical performance
(Dunn, 1999). Thus a considerable decrease in
autistic behavior after AIT shows that AIT may have
significant therapeutic importance in autistic
children. Similar results were achieved previously

81

with improvement in SRS, SSP, and CARS scores in
ASD children following the AIT intervention (Al-
Ayadhi et al., 2013; 2018; 2019). The justification for
the improvement may be the amelioration of
compromised dopamine and serotonin systems, pro-
apoptotic markers, and glutamate excitotoxicity that
are involved in autism severity measures (Al-Ayadhi
etal, 2019).

It is interesting that the correlation between SRS,
SSP, and CARS scores is defined to highly contribute
to the impairment in social interaction, sensory
profile, and cognitive ability as three key scales of
autism severity. The positive correlations observed
between CARS, SRS, and SSP before and after AIT
may support that there is a substantial decline in
autistic behavior in children who exhibit improved
behavioral scores. It was also assumed that
establishing the association between AIT and the
severity of ASD measured by the CARS, SRS, and SSP
could increase efforts at early diagnosis,
intervention, and prevention; hence, it may
contribute to a decrease in the prevalence of autism.

There is conflict about the reports of AIT to
decrease auditory hypersensitivity. In the previously
reported review, three out of six studies revealed no
impact of AIT compared with control conditions,
however, the remaining three studies presented
improvements in the AIT group after three months
of therapy on the basis of ABC (Sinha et al,, 2006).
However, more recent studies found significant
social and cognitive improvements after AIT in
children with ASD (Al-Ayadhi et al, 2013; 2018;
2019). These studies proposed that AIT could
clinically reduce an ASD core symptom about social
reciprocity with the improvement of brain activity
and functional coordination in children with ASD.

The present investigations may have a
remarkable effect on upcoming biological and
clinical trials of the therapeutic impacts of AIT on
children with ASD. We suggested that the use of AIT
intervention would lead to improvement in
behavioral evaluation scores in children with ASD.
However, these results should be treated with
caution until more studies are conducted in a larger
subject size, to decide whether the improvement in
CARS, SRS, and SSP scores is a simple outcome of
autism or has a pathogenic role in the disease.

One of the possible limitations of the current
study is the small sample size; we measured Foxjl
plasma concentrations pre and post-AlIT, which
might not precisely reflect levels in the cerebrospinal
fluid or in brain regions, whereas cytokines readily
cross the blood-brain barrier, suggesting that plasma
levels should correlate well with cerebrospinal fluid
levels (Coccaro et al, 2015). However, a disrupted
blood-brain barrier has been established in autism
(Fiorentino et al, 2016). An additional possible
limitation of the present study is that the exact
mechanism of action of AIT remains to be clarified.
Finally, a further potential limitation of the current
study is the fact that the period of AIT used may not
have been ideal. Moreover, it is also of interest to
measure plasma levels of Foxjl in children without
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autism before and after AIT in order to determine
the role of Foxj1 as a serological marker for children
with ASD.

5. Conclusion

Our findings suggest that AIT did not affect Foxjl
levels but it could play an important role in the
improvement of autistic behavior. Furthermore,
other factors suggesting different signaling pathways
associated with the pathology of autism are
suggested. Generally, the results of our study
support the therapeutic effect of AIT resulting in
improvements in clinical ASD severity scores (CARS,
SRS, and SSP). Furthermore, our results may offer
important evidence to learn the cellular and
molecular mechanisms underlying AIT intervention
and offer a novel strategy for the treatment of ASD.
More studies with larger sample sizes on human
forkhead box protein family members including
Foxjl in subjects with ASD and healthy children
(controls) are strongly suggested to evaluate the
exact beneficial effect of AIT and to confirm the
highest level of validity and reliability.

Acknowledgment

We thank the Autism Research and Treatment
Centre, Department of Physiology, Faculty of
Medicine, King Saud University. King Abdul Aziz City
for Science and Technology (KACST), and Vice
Deanship of Research Chairs, at King Saud
University, Kingdom of Saudi Arabia for financial
support. This project was funded by the National
Plan for Science, Technology and Innovation
(MAARIFAH), King Abdulaziz City for Science and
Technology (KACST), Kingdom of Saudi Arabia
(Project No. 08-MED 510-02).

Compliance with ethical standards
Conflict of interest

The author(s) declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

References

Al-Ayadhi L, Alhowikan AM, and Halepoto DM (2018). Impact of
auditory integrative training on transforming growth factor-
1 and its effect on behavioral and social emotions in children
with autism spectrum disorder. Medical Principles and
Practice, 27(1): 23-29.
https://doi.org/10.1159/000486572
PMid:29298441 PMCid:PMC5968258

Al-Ayadhi L, El-Ansary A, Bjgrklund G, Chirumbolo S, and Mostafa
GA (2019). Impact of auditory integration therapy (AIT) on
the plasma levels of human glial cell line-derived
neurotrophic factor (GDNF) in Autism spectrum disorder.
Journal of Molecular Neuroscience, 68(4): 688-695.
https://doi.org/10.1007/s12031-019-01332-w
PMid:31073917

Al-Ayadhi LY and Mostafa GA (2012). A lack of association
between elevated serum levels of S100B protein and

82

autoimmunity  in autistic  children. Journal  of
Neuroinflammation, 9: 54.
https://doi.org/10.1186/1742-2094-9-54

PMid:22420334 PMCid:PMC3359166

Al-Ayadhi LY, Halepoto DM, Al-Dress AM, Mitwali Y, and Zainah R
(2015). Behavioral benefits of camel milk in subjects with
autism spectrum disorder. Journal of College of Physicians and
Surgeons Pakistan, 25(11): 819-823.

Al-Ayadhi LY, Majeed Al-Drees A, and Al-Arfaj AM (2013).
Effectiveness of auditory integration therapy in autism
spectrum disorders: Prospective study. Autism Insights, 5: 13-
20. https://doi.org/10.4137 /AUL.S11463

APA (2000). Diagnostic and statistical manual-text revision (D SM-
IV-TR). American Psychiatric Association, Washington, USA.

APA (2013). Diagnostic and statistical manual of mental disorders.
5t Edition, American Psychiatric Association, Washington,
USA.

Baranek GT (2002). Efficacy of sensory and motor interventions
for children with autism. Journal of Autism and
Developmental Disorders, 32(5): 397-422.
https://doi.org/10.1023/A:1020541906063
PMid:12463517

Bashir S, Zeina R, Muhammad D, and Al-Ayadhi L (2014). Role of
hedgehog protein family members in autistic children.
Neurology, Psychiatry and Brain Research, 20(3): 63-67.
https://doi.org/10.1016/j.npbr.2014.06.002

Bérard G (1993). Hearing equals behavior. Keats Publisher,
Wilkes-Barre, USA.

Bjgrklund G, Saad K, Chirumbolo S, Kern JK, Geier DA, Geier MR,
and Urbina MA (2016). Immune dysfunction and
neuroinflammation in autism spectrum disorder. Acta
Neurobiologiae Experimentalis, 76(4): 257-268.
https://doi.org/10.21307 /ane-2017-025 PMid:28094817

Boddaert N, Chabane N, Belin P, Bourgeois M, Royer V, Barthelemy
C, and Zilbovicius M (2004). Perception of complex sounds in
autism: Abnormal auditory cortical processing in children.
American Journal of Psychiatry, 161(11): 2117-2120.
https://doi.org/10.1176/appi.ajp.161.11.2117
PMid:15514415

Coccaro EF, Lee R, and Coussons-Read M (2015). Cerebrospinal
fluid inflammatory cytokines and aggression in personality
disordered subjects. International Journal of
Neuropsychopharmacology, 18(7): 1-7.
https://doi.org/10.1093/ijnp/pyv001
PMid:25650410 PMCid:PMC4540103

Coffer P] and Burgering BM (2004). Forkhead-box transcription
factors and their role in the immune system. Nature Reviews
Immunology, 4(11): 889-899.
https://doi.org/10.1038/nri1488 PMid:15516968

Cohly HHP and Panja A (2005). Immunological findings in autism.
International Review of Neurobiology, 71: 317-341.
https://doi.org/10.1016/S0074-7742(05)71013-8
PMid:16512356

Constantino JN and Gruber CP (2012). Social responsiveness scale:
SRS-2. Western Psychological Services, Torrance, USA.

Dunn W (1999). The sensory profile: Examiner’s manual.
Psychological Corporation, San Antonio, USA.
https://doi.org/10.1037/t15155-000

El-Ansary A, Hassan WM, Qasem H, and Das UN (2016).
Identification of biomarkers of impaired sensory profiles
among autistic patients. PLOS ONE, 11(11): e0164153.
https://doi.org/10.1371/journal.pone.0164153
PMid:27824861 PMCid:PMC5100977

Fiorentino M, Sapone A, Senger S, Camhi SS, Kadzielski SM, Buie
TM, and Fasano A (2016). Blood-brain barrier and intestinal
epithelial barrier alterations in autism spectrum disorders.
Molecular Autism, 7: 49.


https://doi.org/10.1159/000486572
https://doi.org/10.1007/s12031-019-01332-w
https://doi.org/10.1186/1742-2094-9-54
https://doi.org/10.4137/AUI.S11463
https://doi.org/10.1023/A:1020541906063
https://doi.org/10.1016/j.npbr.2014.06.002
https://doi.org/10.21307/ane-2017-025
https://doi.org/10.1176/appi.ajp.161.11.2117
https://doi.org/10.1093/ijnp/pyv001
https://doi.org/10.1038/nri1488
https://doi.org/10.1016/S0074-7742(05)71013-8
https://doi.org/10.1037/t15155-000
https://doi.org/10.1371/journal.pone.0164153

AL-Ayadhi et al/International Journal of Advanced and Applied Sciences, 10(1) 2023, Pages: 77-83

https://doi.org/10.1186/s13229-016-0110-z
PMid:27957319 PMCid:PMC5129651

Genin EC, Caron N, Vandenbosch R, Nguyen L, and Malgrange B
(2014). Concise review: Forkhead pathway in the control of
adult neurogenesis. Stem Cells, 32(6): 1398-1407.
https://doi.org/10.1002/stem.1673 PMid:24510844

Huang Y, Xu Z, Cao ], Cao H, and Zhang S (2013). The expression of
FOX]J1 in neurogenesis after transient focal cerebral ischemia.
Canadian Journal of Neurological Sciences, 40(3): 403-409.
https://doi.org/10.1017/S0317167100014372
PMid:23603178

Larson ED, Pathak S, Ramakrishnan VR, and Finger TE (2019). A
subset of olfactory sensory neurons express forkhead box J1-
driven eGFP. Chemical Senses, 44(9): 663-671.
https://doi.org/10.1093/chemse/bjz060
PMid:31504289 PMCid:PMC6821233

Li N, Li L, Li G, and Gai Z (2018). The association of auditory
integration training in children with autism spectrum
disorders among Chinese: A meta-analysis. Bioscience
Reports, 38(6): BSR20181412.
https://doi.org/10.1042/BSR20181412
PMid:30429234 PMCid:PMC6294631

Lin L, Brody SL, and Peng SL (2005). Restraint of B cell activation
by Foxj1l-mediated antagonism of NF-kB and IL-6. The Journal
of Immunology, 175(2): 951-958.
https://doi.org/10.4049 /jimmunol.175.2.951
PMid:16002694

Lin L, Spoor MS, Gerth A], Brody SL, and Peng SL (2004).
Modulation of Th1 activation and inflammation by the NF-xB
repressor Foxj1. Science, 303(5660): 1017-1020.
https://doi.org/10.1126/science.1093889 PMid:14963332

Mostafa GA and Al-Ayadhi LY (2012). The relationship between
the increased frequency of serum antineuronal antibodies and
the severity of autism in children. European Journal of
Paediatric Neurology, 16(5): 464-468.
https://doi.org/10.1016/j.ejpn.2011.12.010 PMid:22226851

Palumbo O, D'Agruma L, Minenna AF, Palumbo P, Stallone R,
Palladino T, and Carella M (2013). 3pl14.1 de novo
microdeletion involving the FOXP1 gene in an adult patient
with autism, severe speech delay and deficit of motor
coordination. Gene, 516(1): 107-113.
https://doi.org/10.1016/j.gene.2012.12.073
PMid:23287644

Paul R (2008). Interventions to improve communication in autism.
Child and Adolescent Psychiatric Clinics of North America,
17(4): 835-856.
https://doi.org/10.1016/j.chc.2008.06.011
PMid:18775373 PMCid:PMC2635569

Pérez-Sanchez C, Gomez-Ferreria MA, de la Fuente CA, Granadino
B, Velasco G, Esteban-Gamboa A, and Rey-Campos ] (2000).
FHX, a novel fork head factor with a dual DNA binding
specificity. Journal of Biological Chemistry, 275(17): 12909-

83

12916.
https://doi.org/10.1074/jbc.275.17.12909 PMid:10777590

Rogers SJ] and Vismara LA (2008). Evidence-based comprehensive
treatments for early autism. Journal of Clinical Child and
Adolescent Psychology, 37(1): 8-38.
https://doi.org/10.1080/15374410701817808
PMid:18444052 PMCid:PMC2943764

Russo NM, Hornickel ], Nicol T, Zecker S, and Kraus N (2010).
Biological changes in auditory function following training in
children with autism spectrum disorders. Behavioral and
Brain Functions, 6: 60.
https://doi.org/10.1186/1744-9081-6-60
PMid:20950487 PMCid:PMC2965126

Scott MM and Chris P] (2007). Management of children with
autism spectrum disorder. Pediatrics, 120(5): 1162-1182.
https://doi.org/10.1542/peds.2007-2362 PMid:17967921

Sinha Y, Silove N, Hayen A, and Williams K (2011). Auditory
integration training and other sound therapies for autism
spectrum disorders (ASD). Cochrane Database of Systematic
Reviews, 12: CD003681.
https://doi.org/10.1002/14651858.CD003681.pub3

Sinha Y, Silove N, Wheeler D, and Williams K (2006). Auditory
integration training and other sound therapies for autism
spectrum disorders: A systematic review. Archives of Disease
in Childhood, 91(12): 1018-1022.
https://doi.org/10.1136/adc.2006.094649
PMid:16887860 PMCid:PMC2082994

Sokhadze EM, Casanova MF, Tasman A, and Brockett S (2016).
Electrophysiological and behavioral outcomes of Berard
auditory integration training (AIT) in children with autism
spectrum  disorder. Applied Psychophysiology and
Biofeedback, 41(4): 405-420.
https://doi.org/10.1007 /s10484-016-9343-z
PMid:27573986

Spassky N, Merkle FT, Flames N, Tramontin AD, Garcia-Verdugo
JM, and Alvarez-Buylla A (2005). Adult ependymal cells are
postmitotic and are derived from radial glial cells during
embryogenesis. Journal of Neuroscience, 25(1): 10-18.
https://doi.org/10.1523/JNEUROSCI.1108-04.2005
PMid:15634762 PMCid:PMC6725217

Srivatsan S and Peng SL (2005). Cutting edge: Foxjl protects
against autoimmunity and inhibits thymocyte egress. The
Journal of Immunology, 175(12): 7805-7809.
https://doi.org/10.4049/jimmunol.175.12.7805
PMid:16339515

Tuteja G and Kaestner KH (2007). SnapShot: Forkhead
transcription factors Il Cell, 131(1): 192.

https://doi.org/10.1016//j.cell.2007.09.016 PMid:17923097

Zhang GQ, Gong Q, Zhang FL, Chen SM, Hu LQ, Liu F, and He L
(2009). Effects of auditory integrative training on autistic
children. Journal of Peking University: Health Sciences, 41(4):
426-431.


https://doi.org/10.1186/s13229-016-0110-z
https://doi.org/10.1002/stem.1673
https://doi.org/10.1017/S0317167100014372
https://doi.org/10.1093/chemse/bjz060
https://doi.org/10.1042/BSR20181412
https://doi.org/10.4049/jimmunol.175.2.951
https://doi.org/10.1126/science.1093889
https://doi.org/10.1016/j.ejpn.2011.12.010
https://doi.org/10.1016/j.gene.2012.12.073
https://doi.org/10.1016/j.chc.2008.06.011
https://doi.org/10.1074/jbc.275.17.12909
https://doi.org/10.1080/15374410701817808
https://doi.org/10.1186/1744-9081-6-60
https://doi.org/10.1542/peds.2007-2362
https://doi.org/10.1002/14651858.CD003681.pub3
https://doi.org/10.1136/adc.2006.094649
https://doi.org/10.1007/s10484-016-9343-z
https://doi.org/10.1523/JNEUROSCI.1108-04.2005
https://doi.org/10.4049/jimmunol.175.12.7805
https://doi.org/10.1016/j.cell.2007.09.016

	Assessment of the effect of auditory integration therapy on human forkhead box protein J1 and its impact on behavioral, social, and sensory symptoms in children with autism spectrum disorder
	1. Introduction
	2. Material and methods
	2.1. Study participants
	2.2. Auditory integration training
	2.3. Blood sample collection
	2.4. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgment
	Compliance with ethical standards
	Conflict of interest
	References


