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INTRODUCTION

 Autism spectrum disorder (ASD) is a 
neurodevelopmental disorder characterized by deficits 
in social communication and the presence of restricted 
interests and repetitive behaviors.1 The disorder 
manifests during the age of early three years and 
continues into later life. There is developing indication 
that irregular immune responses play a major role in 
the pathophysiology of ASD.2  
 Overall, the links among the neurological and 
immunological systems are very important in various 
neurological conditions. Sleep and mood behaviors can 
be influenced by several cytokines and other products of 
immune activation, because of prevailing consequences 
on neurons.3 Abnormal immune action throughout 
the early critical periods of brain and neuronal 
development could possibly play a role in neuronal 
dysfunction. Numerous research investigations2 have 
demonstrated defects of the immune reaction in ASD, 
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ABSTRACT
“Autism spectrum disorder (ASD) is complex neurodevelopmental disorder characterized by impairments in three 
core behavioral: social deficits, impaired communication, and repetitive behaviors.” There is developing indication 
and emerging data that irregular autoimmune responses to the central nervous system may play a pathogenic role in 
patients with autism spectrum disorder.”
The aim of this review was to discuss the updated research carried out at Autism research and treatment center, King 
Saud University, Riyadh, Kingdom of Saudi Arabia particularly on the role of autoimmunity in Autism spectrum disorder. 
This review also present state of information available about the role of autoimmunity biomarkers involved in the 
neuronal damage of central nervous system in autistic children. The systematic literature search was carried out using 
Google Scholar, Science direct and PubMed databases on the role of autoimmunity in autism and reviewed all relevant 
articles published in peer reviewed journals by Autism research and treatment center, King Saud University, Riyadh, 
Kingdom of Saudi Arabia till April, 2022. We searched relevant articles using key words Autism spectrum disorder, 
Autoimmunity, Neuroinflamation and Central nervous system. This review revealed that plasma levels of autoimmunity 
related factors/ markers were altered in patients with autism. Significant change in blood markers in subjects with 
ASD may resulted in several years of decreased neutrotrophic support along with increasing impairment in relationship 
with down-regulated inflammation that may play a role in the ASD.
Overall, the role of autoimmunity in ASD subjects with excess of anti-brain antibodies suggest that in some patients, 
autoantibodies that target the CNS may be pathological factor in neuronal growth in autistic children. Large cohort 
studies with well-defined and specially pheno typed autistic groups and matched healthy controls are required to 
examine the role of autoantibodies in the pathology of subjects with ASD. 
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along with irregular production of cytokines, immune 
cells and antibodies. 
Neurological defects in ASD: In the early age neural 
brain growth (migration, neuronal differentiation, 
synapse formation and axonal extension) takes 
place. Several neurological irregularities have been 
established in ASD which proposed that usual 
neurodevelopment was interrupted in an acute period 
of brain growth.4 Twenty five to thirty percent (25-
30%) of autistic children (aged 18-22 months) undergo 
a period of autistic deterioration, in which they go 
through loss of formerly developed language and social 
skills.5 Many reports have suggested that several main 
brain structures may be disturbed in ASD.6  Moreover, 
brain areas included in ASD have a tendency to 
progress gradually and are more likely to disruptions. 
Cerebellar deformities have been identified as the 
utmost common outcome in ASD, directing in specific 
granular and Purkinje cells.7 
 ASD results from over-pruning of brain connectivity 
early in development, particularly effecting long-
range connections. Resting state studies demonstrate 
significantly reduced functional connectivity within and 
between resting state networks incorporating ‘social’ 
brain regions. This reduced connectivity may result in 
difficulties in social interaction and communication, 
which is reflected in hypoactivation of amygdala in 
ASD individuals.6 Furthermore, the amygdala volume 
of young ASD children is significantly enlarged and 
comprised a significantly lower number of neurons 
relative to that of young healthy children.6 

 Moreover to immune genes mutations, autoimmune 
disorders are highly related with the families of autistic 
children.8 Research studies have demonstrated that 
there is maximum fifty percent rise in the chances of 
ASD diagnosis among children or parents who have 
an autoimmune disorder.8 Certainly, autoimmune 
disorders are over-represented in the ASD people.9 
Though, such disorders also raise the chance of several 
neurodevelopmental disorders including intellectual 
disability, suggest that immune disorders usually 
increase the susceptibility of the developing brain to 
progressive deficiencies.10  
Immunological innovations in ASD: Autoimmunity is 
a disease resulted when the body produce an unsuitable 
immune reaction against its own tissues. Occasionally 
the immune system is ended to categorize one or more 
of the body’s usual components as “self” and creates 
autoantibodies that attack its own cells, tissues, and/or 
organs. This results damage and inflammation which 
leads to autoimmunity. 
 In 2011 Al-Ayadhi explained 3 that the exact 
mechanism of autoimmunity in autoimmune diseases 
is not similar, but they all have auto reactive antibodies 
and T cells. Moreover, the existence of antibodies 
directed against components of the central nervous 
system (CNS) in the sera of autistic children is indicative 
of an autoimmune process that may be involved in the 
pathology of some cases of ASD. 

 Mostly with all autoimmune diseases, environmental, 
immunological and genetic, factors, play major roles in 
the progress of the disease.11 Food sources containing 
gluten, casomorphins, casein, and gluteomorphins, the 
opioid peptides, are linked with the pathogenesis of 
ASD.
 Baspinar and Yardimci investigated12 the effect of 
Gluten-Free Casein-Free diet to solve the gastrointestinal 
and behavioral problems in ASD. Incompletely digested 
peptides, toxins, and proinflammatory cytokines enter 
in the bloodstream and reach the central nervous 
system which adversely affect the brain function. In 
addition to nutritional problems various uncontrolled 
immune responses arise in individuals with ASD, 
including increased natural killer cell activity, presence 
of autoantibodies directed to brain proteins, and 
modified cytokine profiles, which cause several diseases 
associated with ASD.12

 Immunoglobulin’s (IgG, IgM and IgA) were 
identified, against nine specific neuron-specific antigens 
in the blood sera of autistic children.13    These resulted 
antibodies were attached with different CNS molecules 
that have sequence homologies to a milk protein. The 
occurrence of brain-specific auto-antibodies in some 
autistic children14 indicated that autoimmunity may 
play a role in the etiology of ASD. Moreover, there is 
also an upsurge in the rate of autoimmune disorders 
among ASD families.14 Despite the fact that the cause 
of autoimmunity in ASD is not known, involvement of 
the major histocompatibility complex genes and their 
products cannot be ruled out.15 Though, at present, the 
indication for contribution of the immune system in ASD 
is still not clear. However immune system irregularities 
have been described in autistic children, nevertheless, 
their function in central nervous system is less known. 
Neurogenic inflammation in autoimmune diseases: 
Neurogenic inflammation is caused due to the release 
of neuropeptides containing tachykinins (neurokinin B, 
substance P and neurokinin A) from the exhibiting part 
of the noncholinergic, nonadrenergic excitative nervous 
system after exposure to allergens.16 Neuropeptides, 
such as neurotrophins and tackykinins have been 
believed as fundamental intermediaries of neuro-
immune associations in some autoimmune disorders.17 

It is also reported that neuropeptides play a potential 
role in some autoimmune neuroinflammatory and 
systemic autoimmune diseases.18

 Suggestion for relation between neural dysfunction 
points and chronic inflammation in autoimmune 
diseases to an involvement in the immune and the 
nervous system is established. Some investigations have 
suggested that antibodies may act as markers for specific 
disease expressions, including CNS disease.19 The 
maintenance and development of the CNS is effected by 
several different factors, one of the most important being 
neurotrophic factors (NTFs).20 Moreover, individual 
NTFs and their receptors are comparatively different 
and are subject to significant variations in the neural 
growth.21 
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Table-I: List of some studies on role of autoimmunity related Proteins/Antibodies 
in children with ASD, published by ARTC, King Saud University, Riyadh, KSA.

Protein/Antibody Age in years, A= 
autistic, C= control

Method/
Source Values Outcome/Result Ref

Antineuronal antibodies 6-12, A=80,C=80 IIF/S A=62.5%
C=5%

Autistic has 
higher positiv-
ity than healthy 
controls

2

Anti-ds-DNA antibodie
Anti-nuclear Antibodies 
(ANA)

4-11
A=100
C=100

ELISA/S 34% and 25%
Increased respec-
tively in autistic 
children

31

Antiendothelial cell 
antibodies (AECAs) 3-12 A=55,C=25 ELISA/S

(mean ± SEM) 
A=306.4 ± 45.6 pg/ml
C=209.6 ± 24.6 pg/ml

Increased in A 32

Epithelial cell-derived 
neutrophil-activating 
peptide-78 (ENA-78)

4-11 years A=62, 
C=62 ELISA/S

median (IQR) 
A= 186.26 (105) pg/ml
C= 112.5 (115) pg/ml

Increased in A 33

Neurokinin A 4 – 12 A=70,C=48 ELISA/S
median (IQR) (pg/ml
A= 130 (328)
C= 52.5 (31)

Increased in A 16

Anti-Ribosomal P protein 4 – 12 A=70,C=48 ELISA/S
median (IQR) U/ml
A= 115 (467)
C= 23.5 (248)

Increased in A 16

Progranulin 3 – 12 A=40,C=40 ELISA/S

median(IQR)
ng/ml,
A=77.50 ±19 C=87.00 
± 81

Decreased in A 34

Serotonin, 5 – 12 A=50,C=30 ELISA/S

median (IQR) ng/ml,
A= 243.5 ±119
C=41 ±31 Increased in A 35

Anti-myelin basic protein 
(MBP) 5 – 12 A=50,C=30

median (IQR) pg/ml,
A=465.5 ±348, C= 92 
±49

Increased in A 35

Anti-myelin basic protein 
(anti-MBP) antibodies

4-12
A=80, C=80 ELISA/S 75% Increased in A 36

Osteopontin 3 – 11 A=42,C=42 ELISA/S
(mean ± SD) ng/ml,
A= 197.10 ± 48.84 C= 
122.30 ± 39.16

Increased in A 37

Anti-ganglioside M1 4 – 12 Years, 
A=54,C=54 ELISA/S

Median (IQR) ng/ml,
A= 422 (486)
C= 43 (75)

Increased in A 38

S100B protein 4 – 12 Years, 
A=64,C=46 ELISA/S

mean± SD, pg/ml,
A=207.97 ± 52.6 
C=171.33 ± 34.65

Increased in A 39

Antiribosomal P protein 
antibodies

median (IQR)  400 
(459)  U/ml Increased in A 39
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 Autoimmunity may be a major issue in the etiology 
of ASD. A dynamic factor of the autoimmune route 
should contain antibodies against brain, the concerned 
tissue in ASD.  In this relation, a few studies in ASD 
have confirmed indication of antibodies to brain 
tissue antigens, e.g., serotonin receptor, neurofilament 
proteins and Myelin basic protein (MBP).22 Moreover,the 
proinflammatory cytokines such as interleukin (IL)-1, 
IL-6, IL-12, interferon-(IFN) and tumor necrosis factor 
(TNF)” have been exposed and directly affect neural 
tissue growth and function. 23 
Possible neuroimmune mechanism: development of 
autism: There is developing concentration on deciding 
by what means immune dysregulation might change 
function and brain connectivity to play role in ASD. 
Meanwhile, in the brain immune molecules associate 
with glia or neurons have been known to control each 
stage of function and growth of brain.24 The body reuses 
immune molecules, immune cells, and their receptors 

for extensively different assignments in both area and 
advanced phase certain means. Modifications in the 
expression of these immune molecules in the brain, as 
an outcome of environmental risk factors or by genetic 
mutations can lead to temporary and/or permanent 
modifications in brain function and growth.
 It was revealed that irregularities in immunity, may 
play a part in brain synaptic functions and development 
hereafter in the pathophysiology of ASD.25 Cytokines 
such as interleukin-6 (IL-6), interleukin-4 (IL-4), 
Interferon gamma (IFN-γ), Transforming growth factor β 
(TGF- β1) and Tumor necrosis factor-α (TNF-α) influence 
directly on neurons function. They are involved in 
neurodevelopment in prenatal and postnatal period.26 
There is also a group of indication involving cytokines 
to greater order neurological roles, including memory 
and cognition.27 Hence, interruption within cytokine 
homeostasis may be liable for a range of neurological 
outcomes associated to ASD.25

Anti-myelin-associated 
glycoprotein (MAG) 
antibodies

5-12 years
A=50, C=30 ELISA/S

mean ± SD
A=2274.22 ± 578.32 
BTU
C=1468.57 ± 302.89 
BTU

Increased in A 40

Interleukin-17A 6-11 A=45,C=40 ELISA/S

median (IQR) pg/ml,
mean ± SD
A=1.7 ±0.9 C=0.77 
(0.8)

Increased in A 41

Thymus and activation-
regulated chemokine 
(TARC).

4-12 Years, A=56, 
C=32 QSEIT/S

median (IQR)
A = 880.5
(1206) pg/ml),
C= 137.25 (173) pg/
ml)
pg/ml),

Increased in A 42

Macrophage-derived 
chemokine (MDC)

4-12 Years, A=56, 
C=32 QSEIT/S

median (IQR) pg/ml)
A= 1289.5 (1079)
C= = 190 (295)

Increased in A 42

Antinucleosome-specific 
antibody

3-12
A=60, C=60 ELISA/S

median (IQR)
A=2.9 (2.6)
C=1.7 (1)

Increased in A 43

Human leukocyte anti-
gen
HLA-DRB1*11

5-12
A=100, C=100 PCR 33/180

6/160

Autistic had 
higher frequency 
than controls

44

Human leukocyte anti-
gen
HLA-DRB1*03

5-12
A=100, C=100 PCR 40/160

16/180

Autistic had 
lower frequency 
than controls

44

A = Autistic, C=Control, IIF = Indirect immunofluorescence technique,
S = Serum, P= Plasma, ELISA = Enzyme-Linked Immunosorbent Assay,
QSEIT = Quantitative sandwich enzyme immunoassay technique,
PCR = Polymerase chain reaction, BTU = Buhlmann titre unit.
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 In the nervous system interleukin-1 beta (IL-
1β) is present during plasticity, synapse formation, 
differentiation, migration, neurogenesis and responses 
to injury.28 Earlier study also verified that permanent 
expression of IL-1β in hippocampus impairs spatial 
memory.29 The IL-1β has been also play role in neural 
progenitor cell proliferation in specific CNS areas 
which provide to region-particular progress in the 
brain of autistic subjects.25 The deficiency of the protein 
expression outcomes in altered CNS development may 
lead to motor incoordination, seizures, and severe 
behavioral abnormalities.30 
 Keeping in view of these facts, the objective of this 
study was to review the literature reported by ARTC, 
KSU, Riyadh, KSA with respect to autoimmune 
phenomena and possible association with damage of 
neurons in CNS in children with ASD.

METHODS 

Search Strategy: All relevant articles in English 
language on the role of autoimmunity markers in ASD 
published in peer reviewed journals by Autism research 
and treatment center (ARTC), King Saud University 
(KSU), Riyadh, Kingdom of Saudi Arabia (KSA) were 
reviewed, till 2022. A systematic electronic search was 
conducted for records indexed within Science Direct, 
Google Scholar, and PubMed, or Web of Science. 
Within these databases, we identified thirty-one (31) 
relevant articles using the following key words Autism 
spectrum disorder, Autoimmunity, Neuroinflamation 
and Central nervous system. The published articles 
were first selected by titles, then by abstracts, followed 
by assessment of full-text. 
Selection criteria:  Selection criteria of primary studies 
were as follows: (1) carried out with blood samples of 
subjects diagnosed with ASD according to Diagnostic 
and Statistical Manual of Mental Disorders (DSM V); 

1 (2) measured autoimmunity related markers; (3) 
compared with matched controls. (4) Articles were 
excluded that did not meet inclusion criteria.
Data Extraction: Two authors independently extracted 
data from all retrieved articles using a standardized 
data collection form. Information extracted included 
full reference with publication year, autoimmunity 
markers, number of subjects with age, values obtained 
with results/outcome.
Study Characteristics: The main characteristics and 
findings of some autoimmunity related studies in 
Saudi Children with ASD published by ARTC, KSU, 
Riyadh, KSA are summarized in Table-I. The included 
studies were published at varying times, ranging 
from 2011 to 2022, the included studies adopted 
different methodological approaches [Enzyme-
linked immunosorbent assays (ELISA) Indirect 
immunofluorescence (IF), Quantitative sandwich 
enzyme immunoassay (QSEIT), Polymerase chain 
reaction (PCR) and Buhlmann titre unit (BUT)] to 
evaluate autoimmunity markers in serum/plasma of 
ASD subjects.

DISCUSSION

 This review identified thirty-one (31) studies 
conducted at ARTC, KSU, Riyadh, KSA. Results 
revealed that plasma levels of autoimmunity related 
factors/ markers were altered in patients with ASD. 
Significant changes in blood markers may resulted in 
several years of decreased neutrotrophic support along 
with increasing impairment in relationship with down-
regulated inflammation that may play a role in the ASD.
 The neurological source for ASD is still not clear, 
and the association between autoimmunity and neuro-
inflammation needs to be discovered.45 Research in 
neurobiological related area in ASD has emphasized trails 
associated in cognition, behavior, synapse plasticity, 
neural growth and, structural brain irregularities. 
Simultaneously, numerous lines of indication direct to 
changed immune dysfunction in ASD that influences 
specific or all these neurological routes.46 
 General modifications in immune role have now 
been defined in both adults and children with ASD, 
along with continuing inflammation in brain samples, 
raised pro-inflammatory cytokine levels in the CSF 
and blood, elevated existence of brain-specific auto-
antibodies and reformed immune cell function. 
Moreover, these dysfunctional immune reactions are 
linked with amplified impairments in behaviors typical 
of key characteristics of ASD, in specific, deficits in 
social interactions and communication. This collective 
evidence recommends that immune progressions play a 
significant role in the pathophysiology of ASD.46 
 Previous studies also suggested that autoimmunity 
play key pathogenic roll to CNS in ASD.34,37 This may 
be designated by the existence of brain-specific auto-
antibodies in autistic children.14,35,38 Whereas considerably 
advanced values of autoantibodies were identified in 
ASD subjects as compared to controls. However, the 
pathophysiological importance of these antibodies 
is unclear. All over, the results of autoimmunity in 
families and the extra anti-brain antibodies propose 
that in certain ASD subjects, autoantibodies that attack 
the CNS may be an aggravating or pathological issue in 
neuronal growth in ASD children. It is also uncertain 
whether individual children with ASD are positive for 
more than one antibody. Furthermore, possibly higher 
autoimmunity may be limited to only a subset of ASD 
patients.
 In fact, detailed cohort studies with systematically 
described and precisely pheno-typed groups with autism 
and healthy controls are required to validate the role 
of autoantibodies in the pathology of autistic children. 
As for as anti-brain autoantibodies are concerned they 
were also confirmed for individuals with neurological 
disorders except autism, and healthy subjects. This is 
doubt for disease-specificity and pathogenic importance 
of the antibodies confirmed in the serum of patients 
with autism.
 The cause behind the development of certain 
autoantibodies in patients with ASD is not well known. 



It is hypothesized that cross-reacting antigens in the 
environment might trigger an autoimmune reaction, 
which release some self-antigens. Such antigens may be 
produced in the generation of autoimmune reactions 
via the activation of inflammatory cells in hereditarily 
vulnerable subjects.47 Possible neuroimmune mechanism 
leading development of autism was described 
previously.48 According to this hypothesis during prenatal 
period, the body is exposed to infectious agents, which 
mimic neuron-specific antigens. Following sequence of 
various events in CNS neurofilaments produce MBP, α-β-
crystalline, MAG and MOG, and other antigens. 
 These antigens enter into the blood circulatory system 
result in immune responses; leading to create plasma cells 
that are able to form IgA, IgG, and IgM antibodies against 
neuron-specific antigens. Antibodies linked with neurons 
may pass the blood-brain barrier and form immune 
complexes by combining with brain tissue antigens, thus 
cause more damage to nervous system tissues. Neuron-
specific antibodies, accompanied by toxic biological 
factors, such as free radicals and arachidonic acid, can 
also remove neuron myelin and consequently impair 
electrical conduction e.g. between CNS and muscles. This 
assumption may describe substantial variations in the 
values of pathogenic anti-neurological autoantibodies 
between controls and individuals exposed to toxic 
chemicals and metals.49 
 It has been also believed that autoimmune disease is 
generally associated to some genes that regulate immune 
reactions and ASD is probably an autoimmune response 
against the brain.50 In fact ASD patients react positively 
to therapy with immune modulating drugs supports the 
hypothesis that ASD is an autoimmune disorder.51

 The fundamental basis of immune abnormalities in 
patients with ASD may range from maternal immune 
activation to genetic or any different unidentified reasons. 
Research studies at ARTC so far, suggested an extensive 
ranging impact of immune dysfunction on behavioral 
change in ASD patients. Detecting a convergent effect of 
immune function on neurodevelopment and behavioral 
symptoms in ASD should be the focus of future research.

Strengths of the study: The strength of this study is that 
the findings are based on an appropriate sample size 
which support the role of autoimmunity in the damage of 
neurons in CNS. This study also reported very important 
markers which play major role in autoimmunity process.

Limitations of the study: First, the search is limited to 
the findings associated only to Saudi autistic children 
reported by ARTC, KSU, Riyadh, KSA. Second, it is 
possible that we have omitted important studies by 
searching only English-language literature. This analysis 
was also limited by the heterogeneity among patient 
populations and outcomes of results. Therefore, the 
present review may not assess the findings appropriately; 
hence, further studies from other nations/ countries can 
be conducted to validate the results and clarify the role of 
autoimmunity in ASD.

CONCLUSION

 Autoimmunity plays a pathogenic role in CNS 
and etiologically important in ASD. Considerably 
greater values of autoantibodies are identified in ASD 
subjects as compared to healthy controls, however, 
the pathophysiological importance of these antibodies 
identified in ASD children is not well known. Overall, 
the results of autoimmunity in ASD families with 
excess of anti-brain antibodies suggest that in some 
patients, autoantibodies that target the CNS may be an 
aggravating or pathological factor in neuronal growth in 
autistic children. Large cohort studies with well-defined 
and specially pheno typed autistic groups and matched 
healthy controls are required to examine the role of 
autoantibodies in the pathology of subjects with ASD. 

Acknowledgement: We thank Autism Research and 
Treatment Centre, 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 Abdul-Aziz City for 
Science and Technology (KACST), Kingdom of Saudi 
Arabia (Project No. 08-MED 510-02).

Declaration of Conflicting interest: None.

Grant Support & Financial Disclosures: None.

REFERENCES
1. American Psychiatric Association. Diagnostic and statistical manual 

of mental disorders. 5th ed. Arlington: American Psychiatric Pub-
lishing, 2013. 

2. Mustafa GA, Al-Ayadhi LY. The relationship between the increased 
frequency of serum antineuronal antibodies and the severity of 
autism in children. Eur J Paediatr Neurol. 2012;16(5):464-468.  doi: 
10.1016/j.ejpn.2011.12.010

3. AL-Ayadhi LY. Autoimmunity in Autism Spectrum Disorders, Au-
tism-A Neurodevelopmental Journey from Genes to Behaviour, Dr. 
Valsamma Eapen (Ed.) 2011. doi: 10.5772/17377

4. Rice D, Barone Jr S. Critical periods of vulnerability for the developing 
nervous system: evidence from humans and animal models. Environ. 
Health Perspect. 2000;108(3):511-533. doi: 10.1289/ehp.00108s3511

5. Barger BD, Campbell JM, Jaimi D, McDonough JD. Prevalence and 
onset of regression within autism spectrum disorders: a meta-ana-
lytic review. Autism Dev Disord. 2013;43(4):817-828.  doi: 10.1007/
s10803-012-1621-x

6. Weston CSE. Four Social Brain Regions, Their Dysfunctions, and Se-
quelae, Extensively Explain Autism Spectrum Disorder Symptoma-
tology. Brain Sci. 2019;9(6):130. doi: 10.3390/brainsci9060130

7. Sudarov A. Defining the role of cerebellar Purkinje cells in autism 
spectrum disorders. Cerebellum. 2013;12(6):950-955. doi: 10.1007/
s12311-013-0490-y

8. Keil A, Daniels JL, Forssen U, Hultman C, Cnattingius S, Soder-
berg KC, et al. Parental autoimmune diseases associated with au-
tism spectrum disorders in offspring. Epidemiology. 2010;21:805-
808.  doi: 10.1097/EDE.0b013e3181f26e3f 

9. Kohane IS, McMurry A, Weber G, MacFadden D, Rappaport L, Kun-
kel L, et al. The co-morbidity burden of children and young adults 
with autism spectrum disorders. PLoS One. 2012;7:e33224. doi: 
10.1371/journal.pone.0033224 

10. Patterson PH. Immune involvement in schizophrenia and autism: 
etiology, pathology and animal models. Behav Brain Res. 2009; 
204:313-321. doi: 10.1016/j.bbr.2008.12.016 

11. Buehler MR. A proposed mechanism for autism: an aberrant neu-
roimmune response manifestedas a psychiatric disorder. Medical 
Hypotheses. 2011;76(6):863-870. doi: 10.1016/j.mehy.2011.02.038

Pak J Med Sci     November - December  2023    Vol. 39   No. 6      www.pjms.org.pk     1863

Dost Muhammad Halepoto et al.

http://www.ncbi.nlm.nih.gov.ezp-prod1.hul.harvard.edu/pubmed/22226851
http://www.ncbi.nlm.nih.gov.ezp-prod1.hul.harvard.edu/pubmed/22226851
http://www.ncbi.nlm.nih.gov.ezp-prod1.hul.harvard.edu/pubmed/22226851


12. Baspinar B, Yardimci H. Gluten-Free Casein-Free Diet for Autism 
Spectrum Disorders: Can It Be Effective in Solving Behavioural and 
Gastrointestinal Problems? Eurasian J Med. 2020;52(3):292–297. doi: 
10.5152/eurasianjmed.2020.19230

13. Jyonouchi H. Immunological Abnormalities in Autism Spectrum 
Disorders. Adv Neuroimmune Biol. 2013;4:141–159. doi: 10.3233/
NIB-130061 

14. Mostafa GA, El-Sayed ZA, Abd El Aziz MM, El-Sayed MF. 
Serum anti-myelinassociated glycoprotein antibodies in 
Egyptian autistic children. J Child Neurol. 2008;23:1413-1418.  
doi: 10.1177/0883073808319321

15. Mostafa GA, Ibrahim DH, Al Shehab A, Mohammed AK. The role 
of measurement of serum autoantibodies in prediction of pediatric 
neuropsychiatric systemic lupus erythematosus. J Neuroimmunol. 
2010; 227:195-201. doi: 10.1016/j.jneuroim.2010.07.014

16. Mostafa GA and AL-Ayadhi LY. The possible link between the 
elevated serum levels of neurokinin A and anti-ribosomal P protein 
antibodies in children with autism. J Neuroinflammation. 2011;8:180. 
doi: 10.1186/1742-2094-8-180

17. Veres TZ, Rochlitzer S, Braun A. The role of neuro-immune 
cross-talk in the regulation of inflammation and remodelling 
in asthma. Pharmacol Ther. 2009;122(2):203-214. doi: 10.1016/j.
pharmthera.2009.02.007

18. Reinke EK, Johnson MJ, Ling C, Karman J, Lee J, Weinstock JV, et al. 
Substance P receptor mediated maintenance of chronic inflammation 
in EAE. J Neuroimmunol. 2006;180(1-2):117-125. doi: 10.1016/j.
jneuroim.2006.07.010

19. Schneebaum AB, Singleton JD, West SG, Blodgett JK, Allen LG, 
Cheronis JC, et al. Association of psychiatric manifestations with 
antibodies to ribosomal P proteins in systemic lupus erythematosus. 
Am J Med. 1991;90(1):54-62.  doi: 10.1016/0002-9343(91)90506-s

20. Nickl-Jockschat T, Neurotrophic Factors in Autism Spectrum 
Disorders, Comprehensive Guide to Autism, Springer, New York, 
NY.  2014:741-754. doi: 10.1007/978-1-4614-4788-7_36

21. Nickl-Jockschat T, Michel TM. The role of neurotrophic factors in au-
tism. Mol Psychiatry. 2011; 16(5):478-490. doi: 10.1038/mp.2010.103

22. Sandler RH, Bolte ER. Possible gut-brain interaction contributing 
to delayed onset autism symptomatology. Abstract #18, Fourth Int 
Symp on Brain-Gut Interactions; Neurogastroenterol Mot 10.363, 
1998.USA.

23. Al-Ayadhi LY. Autoimmune connection of autism in Central Saudi 
Arabia. Neurosciences (Riyadh). 2005;10(4):265-267. 

24. Garay PA, McAllister AK. Novel roles for immune molecules 
in neural development: implications for neurodevelopmental 
disorders. Front Synaptic Neurosci. 2010;2:136. doi: 10.3389/
fnsyn.2010.00136

25. Goines PE, Ashwood P. Cytokine dysregulation in autism spectrum 
disorders (ASD): possible role of the environment. Neurotoxicol 
Teratol. 2013;36:67-81. doi: 10.1016/j.ntt.2012.07.006

26. Deverman BE, Patterson PH. Cytokines and CNS 
development. Neuron. 2009;64:61–78. doi: 10.1016/j.
neuron.2009.09.002

27. Derecki NC, Cardani AN, Yang CH, Quinnies KM, Crihfield A, 
Lynch KR, et al. Regulation of learning and memory by meningeal 
immunity: a key role for IL-4. J Exp Med. 2010;207:1067-1080. doi: 
10.1084/jem.20091419 

28. Boato F, Hechler D, Rosenberger K, Ludecke D, Peters EM, Nitsch R, 
etal. Interleukin-1 beta and neurotrophin-3 synergistically promote 
neurite growth in vitro. J Neuroinflammation. 2011; 8:183.

29. Moore AH, Wu M, Shaftel SS, Graham KA, O’Banion MK. Sustained 
expression of interleukin-1beta in mouse hippocampus impairs 
spatial memory. Neuroscience. 2009;164:1484-1495. doi: 10.1016/j.
neuroscience.2009.08.073

30. Depino AM, Lucchina L, Pitossi F. Early and adult hippocampal 
TGF-β1 overexpression have opposite effects on behavior. Brain 
Behav Immun. 2011;25:1582-1591.  doi: 10.1016/j.bbi.2011.05.007

31. Mostafa GA, El-Sherif DF, Al-Ayadhi LY. Systemic auto-antibodies 
in children with autism. J Neuroimmunol. 2014; 272(1-2):94-98. doi: 
10.1016/j.jneuroim.2014.04.011

32. Bashir S, Al-Ayadhi L. Endothelial antibody levels in the sera 
of children with autism spectrum disorders. J Chin Med Assoc. 
2015;78(7):414-417. doi: 10.1016/j.jcma.2015.01.008

33. Mostafa GA, Al-Ayadhi LY. The possible link between elevated 
serum levels of epithelial cell-derived neutrophil-activating 
peptide-78 (ENA-78/CXCL5) and autoimmunity in autistic children. 
Behav Brain Funct. 2015;19(11):11. doi: 10.1186/s12993-015-0056-x

34. Al-Ayadhi LY, Mostafa GA. Low plasma progranulin levels in 
children with autism. J Neuroinflammation. 2011; 8:111. doi: 
10.1186/1742-2094-8-111

35. Mostafa GA, Al-Ayadhi LY. A lack of association between 
hyperserotonemia and the increased frequency of serum anti-
myelin basic protein auto-antibodies in autistic children. J 
Neuroinflammation. 2011;8:71. doi: 10.1186/1742-2094-8-71

36. Mostafa GA, El-Khashab HY, AL-Ayadhi LY. A possible 
association between elevated serum levels of brain-specific 
auto-antibodies and reduced plasma levels of docosahexaenoic 
acid in autistic children. J Neuroinflammation. 280(2015)16-20. 
doi: 10.1016/j.jneuroim.2015.01.009

37. Al-ayadhi LY, Mostafa GA. Increased serum osteopontin 
levels in autistic children: relation to the disease 
severity. Brain Behav Immun. 2011;25(7):1393-1398. 
doi: 10.1016/j.bbi.2011.04.006

38. Mostafa GA, Al-Ayadhi LY. Increased serum levels of anti-
ganglioside M1 auto-antibodies in autistic children: relation 
to the disease severity. J Neuroinflammation. 2011;25;8:39. 
doi: 10.1186/1742-2094-8-39

39. Al-Ayadhi LY, Mostafa GA. A lack of association between 
elevated serum levels of S100B protein and autoimmunity 
in autistic children. J Neuroinflammation. 2012;16;9:54. 
doi: 10.1186/1742-2094-9-54

40. Mostafa GA, Al-Ayadhi LY. Reduced serum concentrations 
of 25-hydroxy vitamin D in children with autism: relation 
to autoimmunity. J Neuroinflammation. 2012;17;9:201.  
doi: 10.1186/1742-2094-9-201

41. Al-Ayadhi LY, Mostafa GA. Elevated serum levels of interleukin-
17A in children with autism. J Neuroinflammation. 2012;9:158. doi: 
10.1186/1742-2094-9-158

42. Al-Ayadhi LY, Mostafa GA. Elevated serum levels of macrophage-
derived chemokine and thymus and activation-regulated chemokine 
in autistic children. J Neuroinflammation. 2013;10:72. doi: 
10.1186/1742-2094-10-72

43. Al-Ayadhi LY, Mostafa GA. Serum antinucleosome-specific anti-
body as a marker of autoimmunity in children with autism. J Neuro-
inflammation. 2014;11(1):69. doi: 10.1186/1742-2094-11-69

44. Mostafa GA, Shehab AA, Al-Ayadhi LY. The link between some alleles 
on human leukocyte antigen system and autism in children. J Neuro-
immunol. 2013;255(1-2):70-74. doi: 10.1016/j.jneuroim.2012.10.002

45. Al-Ayadhi LY, Alghamdi FA, Altamimi LA, Alsughayer LY, 
Alhowikan AM, Halepoto DM, et al. The possible link between 
Fetuin-A Protein and Neuro-inflammation in Children with 
Autism Spectrum Disorder. Pak J Med Sci. 2021;37(4):1166-1171. 
doi: 10.12669/pjms.37.4.4032

46. Onore C, Careaga M, Ashwood P. The role of immune dysfunction in 
the pathophysiology of autism. Brain Behav Immun. 2012;26(3):383-
392. doi: 10.1016/j.bbi.2011.08.007

47. Cohly HP, Panja A. Immunological findings in autism. Int Rev 
Neurobiol. 2005;7:317-341. doi: 10.1016/s0074-7742(05)71013-8

48. Cooper EL, Neuroimmunology of autism: a multifaceted 
hypothesis. Int J Immunopathol Pharmacol. 2003;16(3):289-292. doi: 
10.1177/039463200301600316

49. Vojdani A, A.W. Campbell, E. Anyanwu, A. Kashanian, K. Bock and 
E. Vojdani, et al. Antibodies to neuron specific antigens in children 
with autism: possible cross reaction with encephalitogenic proteins 
from milk. Chlamydia pneumoniae and Streptococcus group A. J 
Neuroinununol. 2002;129:168. doi: 10.1016/s0165-5728(02)00180-7

50. Edmiston E, Ashwood P and Van de Wate J. Autoimmunity, 
autoantibodies, and autism spectrum disorders (ASD). Biol 
Psychiatry. 2017;81(5):383–390. doi: 10.1016/j.biopsych.2016.08.031

51. Chez MG, Natalie Guido-Estrada N. Immune Therapy in 
Autism: Historical Experience and Future Directions with 
Immunomodulatory Therapy. Neurotherapeutics. 2010;7:293–301.

Authors Contribution:

DMH: Data collection and manuscript writing and 
responsible and accountable for the accuracy or integrity 
of the work.
LYA: Review and final approval of manuscript.
AMA: Conceived, designed and editing of manuscript.
NEE: Data collection and editing.

Pak J Med Sci     November - December  2023    Vol. 39   No. 6      www.pjms.org.pk     1864


	OLE_LINK1
	_Hlk71273857
	_Hlk71275002
	_Hlk71275451
	_Hlk71270220
	_Hlk71270833
	_Hlk70672587
	_Hlk71272516
	_Hlk70673638
	_Hlk70672674
	_Hlk70622285
	_Hlk70624907
	_Hlk70624888
	_Hlk70626772
	_Hlk70601279
	_Hlk70601395
	_Hlk70622356
	_Hlk70601462
	_Hlk70601619
	_Hlk70673592
	_Hlk71288227
	_Hlk71287852
	_Hlk71287440
	_Hlk71293557
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk79023485
	OLE_LINK45
	OLE_LINK21
	OLE_LINK20
	OLE_LINK28
	OLE_LINK13
	OLE_LINK19
	OLE_LINK26
	OLE_LINK7
	OLE_LINK5
	OLE_LINK32
	OLE_LINK10
	OLE_LINK29
	OLE_LINK31
	OLE_LINK33
	OLE_LINK34
	OLE_LINK30
	OLE_LINK37
	OLE_LINK38
	_GoBack
	_GoBack
	_GoBack
	_Hlk137302237
	_Hlk105489496
	_Hlk119921113
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_Hlk139380254
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk77978349
	_Hlk88244648
	_Hlk140034186
	_Hlk87111725
	_GoBack
	_Hlk141694297
	_Hlk140068976
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk105141832
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_GoBack
	_GoBack
	_Hlk123306339
	_Hlk123306377
	_Hlk123306427
	_Hlk123306475
	_Hlk123556758
	_GoBack
	_Hlk114897313
	_Hlk112576743
	_Hlk112575233
	_Hlk112576913
	_Hlk112579858
	_GoBack
	_GoBack
	OLE_LINK134
	_Hlk95205413
	_GoBack
	_Hlk120142761
	_GoBack
	_GoBack
	_GoBack
	bf0025
	_GoBack
	_Hlk108464293
	_Hlk106042765
	_Hlk137549796
	_GoBack
	_Hlk140747670
	_Hlk140747798
	_Hlk140747963
	_Hlk140748144
	_Hlk140747857
	_Hlk141181243
	_GoBack
	_Hlk140857000
	_GoBack
	_GoBack
	_GoBack
	_Hlk144556179
	_GoBack
	_GoBack
	_Hlk141182774
	_GoBack
	_Hlk140443205

