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KEYWORDS Abstract
Immune dysregulation may contribute to autism spectrum disorder (ASD)
Brain antibodies severity and progression. This cross-sectional study assessed the frequency
of peripheral regulatory T cells (Tregs) and brain-related antibodies in 25
T regulatory cells children with ASD and 25 healthy controls. Flow cytometry was used to

measure CD4+CD25+ and CD4+CD25+Foxp3+ Tregs. Serum anti-nuclear

Autisti rum
utistic spectru antibody (ANA), anti-myelin-associated glycoprotein (MAG), and anti-

disorder myelin oligodendrocyte glycoprotein (MOG) antibodies were evaluated in
both groups. Children with ASD exhibited a significant reduction in
Anti MOG CD4+CD25+Foxp3+ Tregs compared to controls. CD4+CD25+ lymphocytes
Anti MAG below 3.15% predicted ASD with 80% sensitivity and 73.5% specificity,
while CD4+CD25+Foxp3+ Tregs below 2.55% achieved 73.3% sensitivity
ANA and 76.7% specificity. ANA and anti-MAG positivity were comparable

between groups. Anti-MOG antibodies were undetectable in ASD patients.
These findings suggest impaired Treg function in ASD, whereas brain-
directed autoantibodies appear unaltered. Treg frequency may serve as a
potential biomarker and therapeutic target in ASD.
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Introduction

Autism  spectrum  disorder (ASD) is a
neurodevelopmental disorder that impacts
children’s behaviors and social interactions!. There
is increasing evidence suggesting that immune
dysregulation plays a role in the pathogenesis and
progression of ASD2. Previous studies reported
abnormalities, including alterations in cytokine
profiles, disruption in immune cell subset
distribution, changes in immunoglobulin levels,
and presence of autoantibodies2. These findings
suggest that immune-mediated mechanisms and
autoimmunity may have a role in the
pathophysiology of ASD.

ASD shares several features with autoimmune
disorders, including familial clustering, polygenic
genetic  predisposition, and gender-based
differences in prevalence3. In addition, immune
activation, elevated cytokines, and impaired
lymphocyte function are commonly reported in
ASD*. Brain-specific autoantibodies, including anti-
myelin oligodendrocyte glycoprotein (anti-MOG)
and anti-myelin-associated glycoprotein (anti-
MAG), have been recorded in central nervous
system autoimmunity and were suggested to have
arole in ASD>. Antinuclear antibodies (ANAs) were
found to be elevated in ASD patients, which was
correlated with symptom severity, when used as a
screening marker for autoimmunity?®.

Regulatory T  cells (Tregs), including
CD4*CD25*FOXP3* cells, are essential in
maintaining immune balance by suppressing
autoreactive immune responses and supporting in
tissue repair’. Dysfunction in Tregs was previously
linked to several autoimmune diseases, including
systemic  lupus  erythematosus8.  Reduced
CD4*CD25" Treg frequencies have been previously
recorded in patients with ASD. However, there are
limited studies that assessed FOXP3 expression.
leaving a gap in understanding the suppressive
function of these cells in ASD. This study aimed to
evaluate the frequency of peripheral CD4*CD25*
and CD4*CD25*FOXP3* regulatory T cells, along
with serum levels of ANA, anti-MOG, and anti-MAG
antibodies in children with ASD compared to
healthy controls. The goal was to investigate
potential immune dysregulation and its possible
role in the pathogenesis of ASD, and whether they
could have a diagnostic or therapeutic value as
immune markers.

MATERIALS AND METHODS
Study Design and Setting

This cross-sectional study was conducted over six
months, from March to September 2022, at the
Developmental and Behavioral Pediatrics Clinic of the
Children’s Hospital of Ain Shams University. Ethical
approval was obtained from the Research Ethics
Committee of the Faculty of Medicine, Ain Shams
University (approval number: FWA 000017585).
Informed consent was obtained from the guardians of
all participating children after explaining the aim and
procedures of the study.

Study population

Atotal of 25 children and adolescents with physician-
confirmed ASD were consecutively enrolled. All
patients were diagnosed based on the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition,
Text Revision (DSM-5-TR) criteria®, after considering
all inclusion and exclusion criteria. The inclusion
criteria comprised children of both genders, with ages
between 4 and 16 years, who met the diagnostic
criteria for ASD. Exclusion criteria included children
with a history of allergic, autoimmune, or
immunodeficiency disorders, as well as those with
any concomitant infections. An age- and sex-matched
control group of 25 healthy children without ASD or
known immune-related conditions was recruited for
comparison.

Clinical and Diagnostic Assessment
All participants underwent a comprehensive
assessment, including the collection of
demographic data and relevant medical history
such as age, gender, developmental milestones,
presence of associated medical conditions, and any
personal or family history of autoimmune
disorders. Clinical examination was performed for
all participants, with particular focus on
neuropsychiatric evaluation. All diagnosis of ASD
was confirmed based on THE DSM-5-TR criterialo,
and ASD severity was assessed using the Childhood
Autism Rating Scale (CARS)11.
Laboratory Assessment

1. Sample Collection and Processing
Laboratory investigations were conducted for all
participants. Peripheral blood (5 mL) was
withdrawn under aseptic conditions. Half of the
sample was treated with EDTA as an anticoagulant
and processed within 24 hours at room
temperature for flow cytometric analysis of
peripheral CD4+CD25+Foxp3+ regulatory T cells
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(Tregs). The remaining blood sample was allowed
to clot, centrifuged, and serum was separated and
stored at -80°C for later analysis.

2. Flow Cytometry Analysis of Tregs
Treg frequency was determined using CD4-FITC,
CD25-PE, and Foxp3-PC7 monoclonal antibody kits
(Beckman Coulter). Fifty pL of homogenized whole
blood was mixed with 2 mL of lysis buffer,
incubated for 2 minutes, and centrifuged. The
supernatant was discarded, and the cell pellet was
washed twice with phosphate-buffered saline
(PBS). Cells were then stained with 5 uL each of
CD4-FITC and CD25-PE monoclonal antibodies,
incubated in the dark at room temperature for 15
minutes. After permeabilization, 10 pL of Foxp3-
PC7 antibody was added, followed by another 15-
minute incubation. Cells were washed and
resuspended in 500 pL of PBS for flow cytometric
analysis. Lymphocytes were gated using forward
and side scatter, then analyzed for CD4+CD25+
expression. Foxp3 expression was subsequently
assessed within the CD4+CD25+ population to
determine the percentage of CD4+CD25+Foxp3+
Tregs.

3. Serological Investigations
Additional serological tests included ANA using a
human ANA ELISA kit (Orgentec Diagnostika
GmbH, Germany), anti-MOG antibodies via a cell-
based assay (Euroimmun, Libeck, Germany), and
anti-MAG antibodies using an ELISA kit (BT LAB,
Shanghai).
Statistical analysis
Statistical Package for the Social Sciences (SPSS),
version 23 (SPSS Inc., Chicago, IL, USA) was used
for data analysis. Quantitative variables were
expressed as mean * standard deviation (SD) or
median and interquartile range (IQR), according to
data distribution. Categorical variables were
and percentages.
Appropriate statistical tests were applied for group
comparisons and correlation analyses based on
data type and distribution. A p-value of <0.05 was
considered statistically significant.

presented as frequencies

RESULTS

This study enrolled 25 children diagnosed with
ASD, including 19 males (76%) and 6 females
(24%), with a male-to-female ratio of 3.17:1. The
mean age of enrolled children was 6.62 + 2.11
years. A positive family history of ASD was
recorded in 2 patients. True seizures were
confirmed by electroencephalogram in 3 patients
(12%). At the time of diagnosis, 64% of patients

were considered mild to moderate ASD, and 36%
were considered severe (Table 1).

Table (1):
characteristics of the studied populations

Demographic and clinical

Groups Test of significance
Control | Patients
(25) (25)
Mean + | Mean + Value p-Value
SD SD
N (%) N (%)
Age in years 7.36 £ 6.58 £ t=0.917 0.364
3.15 2.86

Gender Male 16 (64) 19 (76) | X?=0.857 0.355

Female 9 (36) 6 (24)
Family No 25 24 (96) FE 1.00
history of (100)
Allergy Yes 0(0) 1(4)
Family No 25 25 (100)
history of (100)
autoimmune | Yes 0(0) 0(0)
diseases
Family No 25 23(92) FE 0.49
history of (100)
ASD Yes 0(0) 2(8)
Convulsions | No 22 (88)

Yes 3(12)
CARS Mean * 34.64 + 4.15

SD

Median 34 (31-37)

(IQR)
Severity of Mild to 16 (64)
CARS moderate

Severe 9(36)

ASD: autistic spectrum disorder, CARS: childhood
autism rating scale, IQR: interquartile range, SD:
standard deviation. *Student t-test of significance (t).
Chi-Square test of significance (X2).

ANA and Anti-MAG levels were comparable
between patients and controls (p-value = 0.429 and
=1.00, respectively). Anti-MOG antibodies were
detected in only one patient with ASD.
CD4+CD25*Foxp3* Tregs were significantly lower
among children with ASD compared to healthy
controls (p-value = 0.003) (Table 2).
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Table (2): The studied immunological parameters
among the studied populations

Table (3): The predictive value of T regulatory
cells for ASD patients from healthy controls

Groups
. Test of
Control | Patients significance
(n=25) | (n=25) &
N (%) N (%) i
Median | Median | Value P
Value
(IQR) (IQR)
Anti | Negative 25 23
AG & (100%) | (92%) | FE | 0.49
Positive | 0 (0%) 2 (8%)
Anti Negative 25 24
oG 8 (100%) | (96%) | FE | 1.00
Positive 0 (0%) 1 (4%)
CD4CD25 cells | 4.5 (3.5 2.7 (2- z=- <0.001
(%) -8.4) 3.5) 4.077
75.5
CD4CD25Foxp3 (2.8 1.5(0.5- z=- 0.003
o . = "
cells (%) 89.7) 3.9 2.990
0.7 (0.6 | 0.7 (0.6 z=-
ANA 429
-0.8) -0.8) 0.791 0

ANA: antinuclear antibodies, MAG: anti-myelin

associated glycoprotein, MOG: Myelin oligodendrocyte
glycoprotein. *Mann-Whitney test of significance (z).

CD4+CD25+

lymphocyte

levels below 3.15%
demonstrated a sensitivity of 80% and specificity
of 73.5% for predicting the probability of ASD.
Similarly, a FOXP3+ Treg percentage below 2.55%
yielded a sensitivity of 73.3% and specificity of
76.7% (Table 3, Figure 1). However, no significant
correlation was found between Treg levels and

either ASD severity or the presence of seizures
(Table 4).

95% CI
Cut Sensi | Speci
Variables AUC . . . Pvae | Lower | Uppe
off tivity ficity Bound Bound
CD4CD25
< 80 73.5 <0.00
lymphoc 0.816 0.709 | 0.922
3.15 % % 1
ytes
0,
/oFOXP3 < 0.753 733 | 767 0.001 | 0.629 | 0.877
Tregs 2.55 % %
ROC Curve

054

Sensitivity

Meterance Low

— —
oA ce

1 - Specificity

Figure (1): Receiver operating curve (ROC) of
CD4+CD25+lymphocytes and CD4+CD25+FOXP3
percentage as predictors for ASD from healthy

controls




Shousha G. et al.,, (Immune Markers in Children with Autism Spectrum Disorder)

Table (4): Correlations between T regulatory
cells and clinical-demographic data of ASD
patients

Gender Age [Convulsions| CARS
Test Test | p.
P- P- P
value r value|valu| r
value value value|
¥ | €
0.01{0.6 0.28
%CD4CD25 cells|-0.44 (0.66 -0.3510.73/0.22
1|1 7
%FOXP3CD4CD 0.03 0.2
-2.11 0.24 -1.3210.19{0.19]0.35
25 cells 5 5
5

CARS: childhood autism rating scale, IQR:
interquartile range. {: Mann Whitney test

DISCUSSION

This study compared several immunological
parameters in children with ASD to those of healthy
children. The main finding was the significant
reduction in the frequency of regulatory T cells
(CD4+CD25+Foxp3+) among the ASD group.
Children with ASD had lower levels of
immunosuppressive Tregs compared to controls,
suggesting an impaired immunoregulatory
function in children with ASD. In contrast, classical
markers of autoimmunity, such as antinuclear
antibodies, did not differ between groups. Myelin-
related autoantibodies, including anti-MOG and
anti-MAG, were largely absent or infrequent in
both ASD and control groups. These findings
suggest that autoimmunity is not a common feature
of ASD, aligning with previous studies that ASD is
not typically characterized by the presence of
pathogenic autoantibodies 1213,

Immune alterations are increasingly observed
among patients with ASD, particularly involving
impaired immune regulation and the reduced
ability to control immune responses!4. In the
current study, there was a significant reduction in
CD4+CD25+lymphocytes, the most prevalent Treg
cells, in children with ASD. Moreover, the
percentage of CD4+CD25+Foxp3, the most
effective Treg cells, was also significantly lower in
ASD. This decrease in Tregs levels is consistent
with its decline in autoimmune diseases, where
increased susceptibility of Tregs to Fas-mediated

apoptosis leads to their depletion following
excessive exposure to self-antigens1516,
Downregulation of Tregs in ASD can lead to an
unopposed inflammatory cascade, highlighting
Tregs as a possible therapeutic strategy in ASD
patients. Rose et al. reported a significantly
reduced percentage of CD4+CD25+Foxp3 Tregs in
pediatric ASD patients (1.93%)4. Similarly,
another study reported an altered immune profile,
including lower expression of Foxp3+ Treg cells'’.
A previous study conducted on CD4+CD25+ Tregs,
without Foxp3 analysis, showed a significant
downregulation of Tregs among children with ASD
(p-value < 0.001)!8. These findings were also
supported by a meta-analysis, which observed a
significant decrease in Tregs cells in the peripheral
blood of children with ASD compared to healthy
controls (p < 0.0001). These findings suggest that
Treg depletion is a consistent immunological
feature of ASD. However, Treg levels did not show
a significant correlation with ASD severity or with
the presence of seizures in our study. This
discrepancy highlights the possibility of the
influence of other genetic or external factors on
ASD severity.

Our study indicated that a CD4+CD25+ T-
cell percentage below 3.15% can differentiate ASD
cases from neurotypical children with a relatively
high sensitivity and specificity. In addition, a
Foxp3+ Treg percentage below 2.55% yielded a
similar diagnostic accuracy. This suggests the
possibility that Treg frequency could be a
predictive biological marker for ASD. However,
these findings need validation in larger, diverse
populations. Other theories can be applied from
our findings, such as the applicability of using
immunomodulatory interventions in ASD, and
whether restoring the immune balance could
potentially control some ASD-related features?3.
Anti-MAG antibodies were detected in two children
with ASD (8%). Although this percentage is
relatively low, it suggests a potential autoimmune
impact on the central nervous system. Brain-
specific autoantibodies in ASD were evident in
previous studies, where elevated levels of anti-
MAG antibodies in children with ASD were
reported!?20, Similarly, anti-MOG antibodies were
identified in one child in our ASD group. Notably, a
larger study by Mostafa and Al-Ayadhi reported
high anti-MOG percentages, reaching up to 78.5%
of children with ASD. This suggests a possible link
between myelin-targeting autoantibodies and the
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neurodevelopmental features of autism?2.
However, this claim needs to be further
investigated in larger and more diverse cohorts to
determine if there is a true correlation. This finding
aligns with the hypothesis that cerebral
autoimmunity may  contribute to  ASD
pathogenesis. In contrast, there was no difference
between ANA levels among patients and controls in
our study. This contradicts the theory that ASD 1
could be a tone in the symphony of systemic
autoimmune disorders. A previous study reported

elevated ANA levels in 47% of children with ASD22,

However, our findings should also be validated by

a larger cohort to clarify the role of autoantibodies
in the pathophysiology of ASD.

STUDY LIMITATIONS

The small sample size and the single center were

major limitations that could impact the 3.

generalizability of our results. The cross-sectional
study design is not the design of choice to
determine causality. Additionally, the duration of
illness and regimen of therapy were not
questioned, which may act as confounding factors.

4.

CONCLUSION

CD4+CD25+FOXP3+ T cells, the master promoter
of Tregs, were significantly reduced in children
with ASD, with expression levels below 2.5%
demonstrating good sensitivity and specificity for
distinguishing ASD cases. Additionally, the
detection of brain-specific autoantibodies, anti-
MOG and anti-MAG, in a few patients suggests a
possible underlying autoimmune etiology. These
findings highlight both CD4*CD25*FOXP3" Tregs
and brain-targeted autoantibodies as potential
biomarkers and therapeutic targets.

Author Contribution: All authors have revised
and approved the final manuscript except GM, who
passed away before the completion of this
manuscript. Idea generation: GM; Protocol
formulation: GM, AY, RH, and GS. Patient
recruitment, data collection and tabulation,
statistical analysis, and results design: HM and AM;
Laboratory analysis: AS; Supervision: GS;
Manuscript development: GS; Manuscript review
and approval: All authors except GM.

Conflict of Interest: The authors declare that they

have no conflict of interest 9.

Funding: This study did not receive any funding
support from institutes or companies, and it was
totally funded by the authors

Ethical approval: Ethical approval was obtained
from the University Research Ethics Committee in
Egypt, which follows the research ethics of
Helsinki. Approval number is FWA 000017585.

REFERENCES:

1. Hirota T, King BH. Autism Spectrum Disorder: A
Review. JAMA. 2023;329(2):157-168.
doi:10.1001/JAMA.2022.23661

2. Erbescu A, Papuc SM, Budisteanu M, Arghir A,
Neagu M. Re-emerging concepts of immune
dysregulation in autism spectrum disorders. Front
Psychiatry. 2022;13:1006612.
doi:10.3389/FPSYT.2022.1006612

3. Edmiston E, Ashwood P, Van de Water J.
AUTOIMMUNITY, AUTOANTIBODIES, AND
AUTISM SPECTRUM DISORDERS (ASD). Biol
Psychiatry. 2016;81(5):383.
doi:10.1016/].BIOPSYCH.2016.08.031

4. Masi A, Glozier N, Dale R, Guastella A]. The
Immune System, Cytokines, and Biomarkers in
Autism Spectrum Disorder. Neurosci Bull.
2017;33(2):194. doi:10.1007/5S12264-017-0103-8

5. Halepoto DM, Al-Ayadhi LY, Alhowikan AM,
Elamin NE. Role of autoimmunity in Neuronal
damage in children with Autism spectrum
disorder. Pak ] Med Sci. 2023;39(6):1858.
doi:10.12669/PJMS.39.6.6804

6.Zou T, Liu ], Zhang X, Tang H, Song Y, Kong X.
Autoantibody and autism spectrum disorder: A
systematic review. Res Autism Spectr Disord.
2020;75:101568.
doi:10.1016/].RASD.2020.101568

7. Honing DY, Luiten RM, Matos TR. Regulatory T
Cell Dysfunction in Autoimmune Diseases. Int |
Mol Sci. 2024;25(13):7171.
doi:10.3390/1J]MS25137171

8. Rajendeeran A, Tenbrock K. Regulatory T cell
function in autoimmune disease. J Transl
Autoimmun. 2021;4:100130.
doi:10.1016/].JTAUTO0.2021.100130

American Psychiatric Association. Diagnostic and
Statistical Manual of Mental Disorders. Diagnostic
and Statistical Manual of Mental Disorders.



10.

11.

12.

13.

14.

15.

16.

17.

18.

Shousha G. et al.,, (Immune Markers in Children with Autism Spectrum Disorder)

Published online May 22, 2013.
doi:10.1176/APP1.BO0OKS.9780890425596

American Psychiatric Association. Diagnostic and
Statistical Manual of Mental Disorders. Diagnostic
and Statistical Manual of Mental Disorders.
Published online May 22, 2013.
doi:10.1176/APPL.BOOKS.9780890425596

Schopler E, Reichler R], Renner BR. The Childhood
Autism Rating Scale (CARS): For Diagnostic
Screening and Classification of Autism.; 1986.

De Giacomo A, Gargano CD, Simone M, et al. B and
T Immunoregulation: A New Insight of B
Regulatory Lymphocytes in Autism Spectrum
Disorder. Front Neurosci. 2021;15:732611.
doi:10.3389/FNINS.2021.732611/BIBTEX

Ellul P, Rosenzwajg M, Peyre H, et al. Regulatory T
lymphocytes/Th17 lymphocytes imbalance in
autism spectrum disorders: evidence from a meta-
analysis. Mol Autism. 2021;12(1).
doi:10.1186/S13229-021-00472-4

Rose DR, Yang H, Careaga M, Angkustsiri K, Van de
Water ], Ashwood P. T cell populations in children
with autism spectrum disorder and co-morbid
gastrointestinal symptoms. Brain Behav Immun
Health. 2020;2. doi:10.1016/j.bbih.2020.100042

Toubi E, Kessel A, Mahmudov Z, Hallas K,
Rozenbaum M, Rosner I. Increased spontaneous
apoptosis of CD4+CD25+ T cells in patients with
active rheumatoid arthritis is reduced by
infliximab. Ann N Y Acad Sci. 2005;1051:506-514.
doi:10.1196/ANNALS.1361.095

Miyara M, Yoshioka Y, Kitoh A, et al. Functional
delineation and differentiation dynamics of
human CD4+ T cells expressing the FoxP3
transcription factor. Immunity. 2009;30(6):899-
911. doi:10.1016/].IMMUNI.2009.03.019

Ahmad SF, Zoheir KMA, Ansari MA, et al.
Dysregulation of Th1, Th2, Th17, and T regulatory
cell-related transcription factor signaling in
children with autism. Mol Neurobiol.
2017;54(6):4390-4400. doi:10.1007/S12035-016-
9977-0,

18. Mostafa GA, Al Shehab A, Fouad NR. Frequency
of CD4+CD25high regulatory T cells in the
peripheral blood of Egyptian children with autism.

19.

20.

21.

22.

J Child Neurol. 2010;25(3):328-335.
doi:10.1177/0883073809339393

19. Wills S, Cabanlit M, Bennett |, Ashwood P,
Amaral DG, Van de Water J. Detection of
autoantibodies to neural cells of the cerebellum in
the plasma of subjects with autism spectrum
disorders. Brain Behav Immun. 2009;23(1):64-74.
doi:10.1016/j.bbi.2008.07.007

20. Abou-Donia MB, Suliman HB, Siniscalco D,
Antonucci N, ElKafrawy P, Brahmajothi M V. de
novo Blood Biomarkers in Autism: Autoantibodies
against Neuronal and Glial Proteins. Behavioral
Sciences 2019, Vol 9, Page 47. 2019;9(5):47.
doi:10.3390/BS9050047

21. Mostafa GA, Al-Ayadhi LY. The possible
relationship between allergic manifestations and
elevated serum levels of brain specific auto-
antibodies in autistic children. ] Neuroimmunol.
2013;261(1-2):77-81.
doi:10.1016/j.jneuroim.2013.04.003

22.Mazo6n-Cabrera R, Vandormael P, Somers V.
Antigenic Targets of Patient and Maternal
Autoantibodies in Autism Spectrum Disorder.
Front Immunol. 2019;10.
doi:10.3389/FIMMU.2019.01474






