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Background: Autism is a collection of conditions that cause a significant loss of ability to engage with, adhere to, or communicate with
other kids or adults and maintain accurate records interaction with the outside world or society. A complex variety of neurological
elements make up autism. These diseases are brought on by defects in a developing child’s brain; these conditions typically endure a
lifetime. Autism spectrum disorders are conditions that affect people of all ages. Objectives: The goal of this study is to compare the
levels of the cytokine interleukin-35 (IL-35), cortisol, and serotonin in the serum of patients with autistic children to those of seemingly
healthy controls due to their roles in the development of autism illnesses. Materials and Methods: The study included collecting blood
samples from a group of autistic children that included 80 patients (60 men and 20women), and a healthy group that included forty
individuals as a control group (20 men and 20 women). Results: The results showed that IL-35 had a low significant difference in
autism patients compared to the control group by (126.50%15.93, 484.00 % 55.27), respectively, and some immune indicators that
include serotonin. The results showed that there were low significant differences at the level of (P < 0.05) for patients. It reached
(31.77%6.55) compared to the control (138.21 £5.97). As for cortisol, it was highly significant and at a high level in autistic patients
compared to the control by (21.70 £4.54) and (8.57 £ 0.74), respectively. Conclusions: Diminished serotonin, IL-35, and cortisol levels
could potentially signify the involvement of these biomarkers in the development of autism, further endorsing the potential utility of
serotonin, IL-35 and cortisol as diagnostic tools for assessing the severity of autism.
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INTRODUCTION immune regulation might underpin certain facets. The
functioning of the immune system relies on regulatory
immune cells and the generation of immunosuppressive
or anti-inflammatory cytokines.”! Cytokines, which are
small glycoprotein molecules produced by various cells in
response to a range of immune triggers, play a vital role.l
Research has revealed that there are diminished levels of
regulatory cytokines like transforming growth factor 1
and interleukin (IL)-10 in ASD./"!

The occurrence of autism spectrum disorders (ASD) has
witnessed a substantial rise in the past 20 years.! This
escalation is gauged using behavioral benchmarks that
encompass impaired social interactions, communication
challenges, and repetitive behaviors. Whereas the
precise origins of ASD remain enigmatic, both genetic
and environmental factors are deemed significant
contributors.”! Maternal immune activation has been
linked to amplified behavioral deficits.®! Additionally, A recent discovery, IL-35, a cytokine characterized by its
ASD is correlated with an escalated prevalence of allergies, ~ immunosuppressive properties, has garnered attention.
asthma, and autoimmunity, wherein pro-inflammatory
elements such as cytokines, T cells, innate immune cells, and
autoantibodies play a role. Despite a wealth of evidence
pointing toward various ASD triggers, a definite consensus
regarding a precise immune response mechanism is yet to
be achieved. Recent insights suggest that the absence of
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Belonging to the IL-12 cytokine family, it consists of
an alpha chain (p35) and a beta chain encoded by the
Epstein-Barr virus-induced gene 3 (EBI3) subunit 1L-27.
Regulatory T cells (Treg), encompassing CD4+ and CD8+
Tregs, dendritic cells, and regulatory B cells, produce I1.-35.
The primary role of IL-35 lies in suppressing T helper
type 17 (TH17) cells and promoting Treg proliferation.
Conditions marked by auto-inflammatory responses,
such as multiple sclerosis, inflammatory bowel disease,
systemic lupus erythematosus, rheumatoid arthritis, and
psoriasis, exhibit diminished levels of 1L-35.5

Furthermore, this study delves into the role of
neurotransmitters, specifically serotonin. Serotonin, a
pivotal neurotransmitter and intrinsic active agent, exerts
a pivotal influence on brain growth and development,
profoundly affecting the central nervous system.? Its sphere
of influence extends to various physiological functions,
encompassing sleep-wake cycles, memory, behavior, and
even aggression, altered serotonin systems have been
associated with atypical brain development. In ASD
patients, irregularities in serotonin transporters, fluctuating
serotonin levels, decreased serotonin synthesis, and modified
serotonin receptor responses have been detected.!” In
addition, a heightened or attenuated hormone of stress
(cortisol) response to exposure of stress has been observed
in individuals with ASD in childhood stage, which may
have contributed to their irritability and anxiety. As it has
been demonstrated that individuals with ASD have higher
anxiety levels than normal subjects, higher trait anxiety
levels are associated with increased stress hormones.!'!!

MarteriaLs AND MEeTHODS

The current study included 120, in whom 80 patients (20
girls and 60 boys) with autistic children, aged between
(5 and 15 years), during the period from March to June,
2023, from Al-Safaa Center for Autism, Baghdad. All
samples were taken with the patients’ consent before
inclusion in the study. Forty samples from healthy
subjects for comparison (3mL) were collected and
placed in a gel tube for 30 min for clot formation at room
temperature. To collect serum, the tubes were centrifuged
at 3000 rpm for 10min to separate the serum from other
blood components, using micropipettes, and then the
serum was transferred into Eppendorf test tubes and
kept in deep freeze at —20°C until use, for the purpose
of immunological and serological tests (serotonin, I1L-35,
cortisol). When quantitating cytokines using the sandwich
enzyme-linked immunosorbent assay (ELISA) technique,
the resulting serum was chilled by freezing at (-20°C), and
the optical density used was 450 nm.

Ethical approval

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of
Helsinki. It was carried out with patients verbal and

analytical approval before sample was taken. The study
protocol and the subject information and consent form
were reviewed and approved by a local ethics committee
according to the document number (22/2078 in April 9,
2023) to get this approval.

Statistical analysis

Patient and control group differences in the study’s
variables were identified using the Statistical analysis was
performed by using statistical package of social science
(SPSS) version 26. The data were expressed as (mean *
SD). Statistical comparison between groups were made
using student’s Chi-square test and a P value of <0.05
was considered significant; while the differences between
more than two groups were analyzed using an analysis of
variance (one — way ANOVA). Also, Pearson correlation
coefficients were calculated to check the relationship
between the studied parameters.!'?

ResuLts

The comparison of the mean *+ standard error (mean *
SE) of the IL.-35 levels in the serum of children with ASD
and control groups was shown in Table 1. The results
in this study elucidated the highly significant (P < 0.05)
reduction in the means of 1L.-35 levels in patients compared
to control. Table 2 shows that the age group did not affect
the level of IL-35 concentration as the differences were
not significant.

The comparison of the mean + standard error (mean *
SE) of the serotonin levels in the serum of children with
ASD and control groups was shown in Table 3. The results
in this study elucidated the highly significant (P < 0.05)
reduction in the means of serotonin levels in patients
compared to control. Table 4 shows that the age group
did not affect the level of serotonin concentration as the
differences were not significant.

The comparison of the mean *+ standard error (mean *
SE) of the cortisol levels in the serum of children with
ASD and control groups was shown in Tables 5 and 6.

Table 1 : The concentration of IL-35 with respect to age
groups

Study population IL-35 concentration (pg/mL) P value

Agegroup Type No. Mean Std. deviation (P<0.05)

4-6 Patient 19  126.50 15.93 0.000*
Control 7 480.00 56.02

7-9 Patient 34  128.76 14.57 0.000*
Control 11 477.11 38.43

10-12 Patient 16  126.13 19.80 0.000%*
Control 13 475.29 36.07

13-15 Patient 11 130.81 16.48 0.000%*
Control 9 484.88 55.27

*Highly significant difference under P < 0.05 by one way ANOVA
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Table 2 : Intensity of IL-35 in patients

IL-35 intensity Age group/year (%) Total P value (P < 0.05)
4-6 7-9 10-12 13-15
Sever 10 (30.3) 13(39.4) 7(21.2) 3(9.1) 33 (41.2) 0.719 NS
Mild 4(23.5) 6(35.3) 3(17.6) 4(23.5) 17 (21.2) 0.734 NS
Moderate 5(16.7) 15 (50) 6 (20) 4(13.3) 30 (37.5) 0.383 NS
Total 19 34 16 11 80 (100)
NS: non-significant difference at the 0.05 level by chi-square test
Table 3: Evaluation of serotonin with respect to age groups
Study population Serotonin (nmol/L) P value (P < 0.05)
Age group Type No. Mean Std. deviation
4-6 Patient 19 31.77 6.55 0.084 NS
Control 7 137.64 5.29
7-9 Patient 34 34.57 6.95 0.058*
Control 11 134.94 4.16
10-12 Patient 16 34.00 7.24 0.000""
Control 12 138.21 5.97
13-15 Patient 11 35.72 5.98 0.000""
Control 9 136.95 10.33
* Significant difference under P < 0.05 by one way ANOVA
* HS: highly significant, NS: non-significant difference
Table 4: Intensity of serotonin in patients
Serotonin intensity Age group/year (%) Total P value (P < 0.05)
4-6 7-9 10-12 13-15
Sever 8(32) 9 (36) 6 (24) 2(8) 25(31.2) 0.790 NS
Mild 3(15) 10 (50) 4(20) 3(15) 20 (25) 0.776 NS
Moderate 8(22.9) 15 (42.9) 6(17.1) 6(17.1) 35(43.7) 0.450 NS
Total 19 34 16 11 80 (100
NS: non-significant difference at the 0.05 level by chi-square test
Table 5: The concentration of cortisol with respect to age groups
Study population Cortisol concentration (ug/dL) P value (P < 0.05)
Age group Type No. Mean Std. deviation
4-6 Patient 19 21.32 3.24 0.000*
Control 7 8.10 1.79
7-9 Patient 34 20.75 4.19 0.000*
Control 11 9.20 1.43
10-12 Patient 16 21.70 4.54 0.000%
Control 13 8.76 1.37
13-15 Patient 11 19.38 4.07 0.000%*
Control 9 8.57 0.74

* Highly significant difference under P < 0.05 by one way ANOVA

The results in this study elucidated the highly significant
(P < 0.05) increase in the means of cortisol levels in
patients compared to control. Table 4 shows that the age
group did not affect the level of serotonin concentration

as the differences were not significant.

significant Tables 7.

Correlation between IL-35, serotonin and cortisol

In our investigation, the link between parameters was
found to be non-significant for cortisol and serotonin, but
significant for IL-35. All parameters in control are non-
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Table 6: Intensity of cortisol in patients

Cortisol intensity Age group/year (%) Total P value (P < 0.05)
4-6 7-9 10-12 13-15

Sever 9 (24.3) 14 (37.8) 10 (27) 4(10.8) 37 (46.2) 0.411 NS
Mild 3(13.6) 10 (45.5) 5(22.7) 4(18.2) 22 (27.5) 0.304 NS
Moderate 7(33.3) 10 (47.6) 1(4.8) 3(14.3) 21 (26.2) 0.469 NS
Total 19 34 16 11 80 (100)
NS: non-significant difference at the 0.05 level by chi-square test
Table 7: Relationship between gender cortisol, IL-35, and serotonin in patients and control groups
Parameters Patients Control

Male (No = 60) Female (No = 20) P-value Male (No = 20) Female (No = 20) P-value
Cortisol (ug/dL) 20.37+0.60 21.4140.02 0.389 NS 8.53+0.29 8.97+0.34 0.595 NS
IL-35 (pg/mL) 124.13%2.75 134.49+3.92 0.050 * 484.25+8.10 477.67+11.95 0.757 NS
Serotonin (ng/mL) 35.54+1.53 33.04+1.61 0.379 NS 137.18+1.66 136.76+1.39 0.872 NS

* P <0.05, NS: non-significant

Discussion

ASD results from a combination of abnormalities in the
nervous system, environment, and genetics.'¥] Despite
nearly 50 years of pathogenesis research, the etiology
of ASD remains unknown.!'"¥ It is estimated that the
disease’s global common is about 1%, with a female-
to-male 1:4 ratio.'3 This study agreed with!' emerging
research findings suggest a decline in plasma IL-35 levels
within the realm of ASD-affected children, implying a
plausible connection between IL-35 levels and neuronal
functionality evident in the data presented in Table 1.
This linkage appears to influence neurodevelopmental
processes and the ensuing behaviors. These outcomes
resonate with a study!'” evident in the data presented in
Table 2. Regarding the severity gradations of ASD, we
made subgroups for severity (mild, moderate, and severe)
of disease according to their scores and to the results
of their examination and relation to age, an analysis
employing the chi-square test yielded a non-significant
outcome (P = 0.05). This observation is documented
in Tables 3 and 4. In contrast to the stance of study!®
where the influence of serotonin on various physiological
functions such as mood, appetite, sleep, cognition, and
anxiety is underscored, these multifaceted roles could
possibly elucidate its association with characteristic
autistic traits. Earlier investigations, exemplified by those
oft" contend that serotonergic systems might contribute
to the predisposition towards autism. In Tables 5 and 6,
our results cortisol agree with some studies which
demonstrated a significantly higher cortisol level in the
serum.?” Another study using plasma cortisol collected in
the morning hours found lower cortisol levels in children
with ASD than controls in contrast to our findings. This
pattern of hormonal fluctuation could point to autism-
related abnormalities of the hypothalamic-pituitary-
adrenal (HPA) axis. On the other hand, disruption of the

HPA axis has been linked to both excessive and insufficient
cortisol responses; it is commonly recognized that any
kind of physical or mental stress can raise cortisol levels.?!!

CoNncLusIoN

The present study demonstrated that serotonin, IL-35
parameters showed reduced levels in autistic children
and increase levels cortisol parameter in autistic children
comparison to their healthy counterparts. This study
did not conduct a statistical correlation existed between
autism in children with autism. Conversely, substantial
distinctions were identified between the groups regarding
the distribution of age and gender.
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