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Abstract: Background: Autism is a neurological disorder marked by difficulties in social and communicative
abilities , as well as repetitive actions of behaviors. Despite more than five decades of investigations, the
etiology of autism remains unclear, and no specific immune biomarkers have been identified yet as being
associated with autism. Several studies have presented that the level of cytokines in autistic subjects differ
from those of healthy children; this study aims to test the role that interferon gamma and interleukin-10 may
play in the pathophysiology of autism and the severity of the disease. Materials and methods: The study group
consisted of 40 Iraqi autistic children ranging in age from 3 to 12 years. According to the severity of the
condition, children were grouped into three categories mild, moderate, and severe. The control group consisted
of 40 children who were age and gender matched to the study group. Saliva samples were taken from all
subjects. ELISA assay was carried out to estimate salivary levels of interferon- gamma and interleukin-10.
Results: The study showed a significant elevation in interferon- gamma levels in autistic patients compared to
controls, as well as a decrease in interleukin-10 levels, there was also a significant increase in interferon gamma
/ interleukin-10 ratio in autistic patients in compartion to controls. Conclusion: These findings indicated that
alteration in cytokines level may reflect dysfunctional immune response in autistic patients and confirms the
major role of immunity and neuroinflammation in the etiology of autism.
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1. Introduction

Autism spectrum is a complex neurodevelopmental disorder of early onset that is different in its
clinical presentation, classically characterized by impaired social communications, limited patterns
of behavior and selective attentions ! . According to World Health Organization WHO, one in every
160 children worldwide has an ASD 23, Although the causes of autism in the majority of patients
are unknown, several lines of research support the notion that autism susceptibility is clearly at-
tributed to both genetic and environmental factors that influence the development of abnormal cor-
tical circuitry that underlie autistic cognitive processes, social impairment, and other behaviors .
Recent research suggests that inflammatory pathways have a role in autism 3 .

One of the most significant advances in ASD research in the last ten years has been evidence that
active neuroinflammation, including chronically activated microglia, is a substantial component of
ASD °. Microglia is the CNS's primary resident immune cells; they serve as key mediators of in-
flammation, as well as immune surveillance and synaptic pruning during normal neurodevelop-
ment. Chronic microglial activation may contribute to the development and progression of neuro-
degenerative diseases 7. Furthermore, some postmortem studies have reported that the structural
and morphological characteristics of microglia are aberrant in the brains of people with ASD 8.

While there is general agreement that cytokines and chemokines are part of the altered immune
environment seen in autism, there is some disagreement about how such alterations manifest, spe-
cifically whether the pro-inflammatory Thl or anti-inflammatory Th2 cellular response predomi-
nates. Numerous studies have found a correlation between cytokine levels and ASD status *!'* Cy-
tokines have been shown to impact host responses to infection, injury, inflammation, and illnesses
of unknown etiology. They have also been shown to affect brain tissue growth and cell proliferation
A pleiotropic cytokine with antiviral, anticancer, and immunomodulatory properties is inter-
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feron-gamma IFN-y. As a result, it is crucial for synchronizing innate and adaptive immune re-
sponses '>!31* TFN-y a protein produced by immune cells, affects how different immune cells be-
have throughout the body. Through the activation of CD4 Thl cells, CD8 cytotoxic T lymphocytes
CTL, NK cells, DCs, and macrophages, IFN-y in particular enhances antigen presentation. Contra-
rily, IFN-y blocks the formation and functions of Th2 and Th17 cells, regulatory T Treg cells '*
The proinflammatory reactions of both innate and adaptive immune cells are inhibited by the pow-
erful anti-inflammatory cytokine interleukin-10 IL-10 ' Human IL-10 was formerly known as cy-
tokine synthesis inhibitory factor CSIF because to its capacity to prevent different cell types from
producing pro-inflammatory cytokines such as interferon IFN, interleukin-2 IL-2, and tumor ne-
crosis factor alpha TNF-a 1819 While IL-10's primary function is to reduce inflammation, it also
has immunostimulatory qualities for some cell types, such as cytotoxic T cells and NK cells.

Different cytokines' dynamic expression can change how well the immune system functions ?° . For
instance, rising levels of IFN-y and IL-12 can induce inflammation, whereas rising levels of Trans-
forming growth factor-beta TGF-B can inhibit inflammation 2! . Numerous research have revealed
that autistic individuals have different amounts of inflammatory cytokines, which might affect their
ability to fight infection in the central nervous system and increase the activity of microglia in their
brains 7> 2% Similar to this, alterations in cytokine production or levels may indicate to an issue with
cellular immunity. The autistic group exhibited significantly higher levels of both Th2 and Thl
cytokines, according to a study that assessed the production of several cytokines in peripheral blood
mononuclear cells 2 . A relationship between higher levels of various Th1 pro-inflammatory cyto-
kines and the severity of disease, especially aberrant behaviors and poor communications was ob-
served by Ashwood et al. 2011 when cytokine levels in children with ASD were examined. The
purpose of this study is to investigate the potential contribution of IFN-y and IL-10 to the patho-
physiology and severity of autism.

2. Materials and Methods

e Subjects: The study group included 40 children diagnosed with autism, with an age range of 3-
12 years of both genders. Children were examined at specialized centers for autistic disorder in
Baghdad City/Iraq, and they had a confirmed diagnosis of autism based on international criteria
done by specialized medical staff. And they were categorized into three subgroups based on how
severe the disease was mild, moderate, and severe. The control group included 40 children, match-
ing in age and gender with the study groups. The study started in December 2021 and lasted for
two months.

Exclusion Criteria: Children with a diagnosis of metabolic diseases, such as diabetes, or an-
other neurological or systemic chronic disease. Children who had used antibiotics and anti-inflam-
matory medications during the preceding two months as well as those with unauthorized parental
permission were excluded from the research.

e Saliva sample collection: Three milliliters of non-stimulated saliva were collected through drool-
ing; children were given clear, simple, and direct instructions to drool the saliva by tilting the head
and placing the plane tube near the lips to facilitate saliva flow 2> . The saliva collection tubes were
then numbered for each individual and transported to the laboratory in an ice box for centrifugation
at 3000g for 10-15 minutes at 2.8°C. The 1-2 ml of supernatant was transferred to Eppendorf tubes,
numbered, and frozen at -20°C for the biomarkers detection procedure.

e Measurement of IFN-y: Detection of the levels of salivary IFN-y were determined by the com-
mercially-available ELISA kit and done according to the guidelines present in the attached leaflet
Shanghai/China. In brief, This assay uses a quantitative sandwich enzyme immunoassay method
to evaluate human IFN-y in less than five hours. There is a pre-coated 96-well microplate with a
IFN-y-specific monoclonal antibody on it. The streptavidin-peroxidase combination detects IFN-
v in samples and standards sandwiched by the first immobilized antibody in the well and a bioti-
nylated antibody specific for [FN-y. A peroxidase enzyme substrate is then administered after any
unbound material has been washed away. Within 10 minutes of applying the stop solution, the
optical density OD value of each well was calculated using a microplate reader set to 450 nm.

e  Measurement of IL-10: same procedure used in the measurement of IFN-y

o Statistical Analysis: The Statistical Package for social science was used to describe, analyze, and
present the data SPSS version -21 26, The significance of differences in mean was determined
using the student's t-test. [FN-y and IL-10 levels in the saliva were represented as mean and SD.
P-values under 0.05 were used to determine if an analysis was statistically significant.
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3. Results
3.1 Detection of Salivary IFN-y Levels

The level of IFN-y in patients and control groups are shown in the table 1 and figure 1, which
illustrates that mean level of salivary IFN-y in the patient group was higher 178.79+66.60 than the
control group 51.36+14.88 with statistically significant differences between them P<0.05.

Table 1: Case Control Difference in Salivary Levels of IFN-y ng/ml
Groups Minimum Maximum Mean+SD T test P value
patient 83.481 347.780 178.790+66.605

11.809 = 0.000**
Control 23.837 88.650 51.362+14.881

**=gignificant at p<0.05 ; SD: Standard Deviation
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Figure 1: Levels of IFN-y ng/ml in study and control group

3.1.1: IFN-y level according to disease severity

With increasing autism severity, salivary IFN-y levels rise significantly. Those children with mild
autism had 127.49 + 32.01, those with moderate had 155.43 + 54.78, and those children with severe
autism had 223.53 £ 61.51. The results revealed a highly significant difference p<0.05 between

three groups of patients, as seen in the table 2 and figure 2.

Table 2: IFN-y Level in Patient group according to Disease Severity.

Severity Minimum Maximum Mean + SD F P value

Mild 83.481 186.176 127.49 +32.01 10.666 =~ 0.000**
Moderate 90.595 281.450 155.43+54.78
Severe 117.461 347.780 223.53+61.51

**= =gignificant at p<0.05; SD: Standard Deviation
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Figure 2 : Levels of IFN-y according to disease severity
3.2 Detection of Salivary IL-10 Levels
This study found that the patients' salivary mean level of IL-10 was lower than the healthy group,
with statistically significant differences. The mean level of the study group was 120.80+£18.67
whereas the control group means level was 289.40 +£58.11, as shown in table 3 and figure 3.
Table 3: Case Control Difference in Salivary Levels of IL10 ng/ml.
Groups Minimum  Maximum Mean+SD T test p value
patient 67.178 158.607 120.801+18.678
17.469  0.000**
Control 157.519 405.217 289.404+58.116
**= gignificant at p<0.05; SD: Standard Deviation
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Figure 3: Levels of IL-10 ng/ml in study and control group
3.2.1: IL-10 level according to disease severity

The current results found that there was a non-significant difference P>0.05 in the salivary level of
IL-10 level among three groups of patients, However, IL-10 levels increase somewhat as severity
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increases. Children with mild autism had 117.10+£23.49, those with moderate had 120.75+£17.95,
and those with severe autism had 122.58+17.79, as demonstrated in table 4 and figure 4.

Table 4: IL-10 Level in Patient Group According to Disease Severity.

Severity Minimum  Maximum Mean+SD F P-value
Mild 67.178 137.822 117.109+£23.494

Moderate 100.133 152.890 120.753+17.958  0.224  0.800"%
Severe 97.932 158.607 122.580+17.792

NS= Non significant; SD: Standard Deviation
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Figure 4: Levels of IL-10 according to disease severity

3.3 Estimation the Ratio of [IFN-y /IL10

The current study's measurement of the IFN-y/IL10 ratio indicated a significant difference between
the two study groups. According to table 5 and figure 5, the mean IFN-y/IL10 ratio in autistic
individuals 1.52+0.67 was significantly higher p<0.05 than the ratio in healthy controls 0.18+0.07.

Table S: Ratio of IFN-y: IL-10 levels
Groups
Statistics
patient  Control
Minimum 0.743 0.081

Maximum 3.219 0.378

Mean 1.528 0.186
+SD 0.671 0.073
+SE 0.106 0.011
T test 12.571

P value 0.000%**

**= highly significant at p<0.05.
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4. Discussion

The results of the current study found that salivary IFN-y concentration was significantly increased
in autistic children compared to normal children. The increase in IFN-y demonstrated in the present
study may indicate antigenic stimulation of T-helperl. Elevated IFN-y is supported by previous
studies 2"?%2° | suggesting a potential direct role for IFN-y in the pathophysiology of ASD.
However, Sweeten, et al., 2004 failed to show any differences in the level of IFN-y 3 . On other
hand, Gupta et al. 1998 and Iraqi study by Halboot et al. 2015 reported a decrease in the level of
IFN-y in ASD 3132 | Another study conducted by Tostes et al. in 2012, showed that plasma levels
of IFN-y were significantly higher in children with autism, compared to the healthy subjects 2% .
Additionally, earlier research offered more proof that elevated IFN-y may be linked to increased
oxidative stress, a factor that plays a significant role in the genesis of autism ** Given that several
studies compare adult controls with ASD children, these discrepancies are likely caused by the
characteristics of the patient group under investigation and/or age mismatches of cases and controls,
as well as by the analytical methods, statistical analysis's power, and the various specimens used.
The results of the current study and earlier research support the existence of a Th-1 immune
response in autistic children. In addition, IFN-y is one of the cytokines best known for causing
autoimmune disorders, and Hamdan et al. 2014 revealed the presence of proinflammatory cytokines
in Alzheimer’s disease 3* which would also be consistent with autoimmune pathogenesis.

Surprisingly, the data presented in this study revealed a significant increase in IFN-y level with
increasing severity of the disease. El-Ansary and Al-Ayadhi 2012 go in agreement with the present
result 2 . Furthermore, Sasayama et al. 2017 suggest that IFN-y levels are negatively related to
cognitive development in children with ASD 3°. An elevated level of IFN-y in patients with severe
symptoms suggests that autism may be accompanied by excessive activation of the macrophages;
The increased production of pro-inflammatory cytokines may also be thought to contribute to the
genesis of some autistic symptoms. Thus, increased IFN-y production may be responsible for
autistic disorder symptoms such as social withdrawal, reduction of exploratory activity, sleep
difficulties, and changes in mood ¢.

Noteworthy, the present study revealed a significant decrease in IL-10 level in an autistic patient in
compared to control. This result was consistent with results 2%273738 who reported a decrease level
of IL-10 among autistic patients. This is contrary to the findings of 44142 who mentioned that
there were no differences in the levels of IL-10 between patients and control. However, Halboot et
al. 2015 found an increased level of IL-10 in autistic patients 32. This variability could be attributed
to several factors regarding the specimen tested and sample size of studied researches. As well as,
Rija et al., 2021 reported a decrease in IL-10 in rheumatoid arthritis patient, This observation is
remarkable since IL-10 is an immunomodulatory cytokine that may be produced to inhibit the

effects of inflammatory cytokines and that its level decreases in a variety of autoimmune illnesses
43

The main characteristics of ASD and its related behaviors in children with ASD may be affected
by defective immunological responses and/or activities, according to recent data. Another theory is
that abnormalities in shared basic cellular processes, such as those involved in signaling, emerge as
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aberrations in both the immunological and neural systems. With regard to disease severity, the study
showed no significant differences in the salivary level of IL-10 among three groups of patients.
This finding is consistent with other findings reported by Ashwood et al. which indicated that
although there was a trend for associations between more impaired social interactions and IL-10
level, the result did not show any statistical significance 2* .

The mean IFN-y/IL10 ratio in autistic patients was significantly higher compared to controls.
Studies have supported the idea that ASD has a more pro-inflammatory environment *4*° agreed
with the current study, and other researches further supports a Thl-dominated response*®+7
suggesting that ASD patients showed an increased innate and adaptive immune response through
the Th1 pathway, proposing that the Thl arm is activated in autism. This is supported by the claim
that localized brain inflammation and autoimmune disorders might be involved in the pathogenesis
of ASD. Gupta et al. 1998, on the other hand, observed decreased proportions of Thl - IFN-y and
increase Th2-1L10 indicating a shift in Th1/Th2 ratio ' . Hamdan et al. 2014 also demonstrated this
shift and attributed it to the role of IL-10 as an anti-inflammatory in reducing inflammation through
suppression of pro-inflammatory cytokines . In conclusion these findings indicated that alteration
in cytokines level may reflect dysfunctional immune response in autistic patients and confirms the
crtical role of neuroinflammation in the etiology of syndrome.

Ethical approval: All of the participants were given detailed information about the study and the
procedures, and their informed consent was written on a form that had been approved by the ethics
committee of the University of Baghdad's College of Dentistry.

Conflicting interests: The authors state that they have no competing interests.
Funding: This research was self-funded.

Acknowledgements: I'm appreciative to everyone who took part in this research. All of the
children's parents and careers, as well as the institutions that aided me and offered all the assistance
I needed to perform this research.

References

10.

11.

12.

13.

14.

15.

16.

17.

Zhao H, Zhang H, Liu S, Luo W, Jiang Y, Gao J. Association of peripheral blood levels of cytokines with autism spectrum disorder:
A meta-analysis. Frontiers in psychiatry. 2021 Jul 2;12:1006.

Tawhid MN, Siuly S, Wang H. Diagnosis of autism spectrum disorder from EEG using a time—frequency spectrogram image-based
approach. Electronics Letters. 2020 Dec;5625:1372-5.

Hussien, S. .; Doosh, K. S. . Production And Characterization Of B-Galactosidase Enzyme In The Plant Extract From (Ziziphus Spina-
Christi) And Its Application In Milk. JLSAR 2021, 2, 1-8.

Hong MP, Erickson CA. Investigational drugs in early-stage clinical trials for autism spectrum disorder. Expert Opinion on Investi-
gational Drugs. 2019 Aug 3;288:709-18.

Matta SM, Hill-Yardin EL, Crack PJ. The influence of neuroinflammation in Autism Spectrum Disorder. Brain, behavior, and im-
munity. 2019 Jul 1;79:75-90.

F. T. Al-Rawi, Y. T. Abdul-Rahaman , Abdullah I.Noaman , Th. T. Mohammed, S. M Abdulateef, Nadia Jebril and KI. Mahmud.
Role of ascorbic acid and appetite stimulants on a few blood serum biochemical characteristics in pregnant Iraqi ewes under heat
stress. Revis Bionatura. 2022;7(4) 6. http://dx.doi.org/10.21931/RB/2022.07.04.6.

Wei H, Chadman KK, McCloskey DP, Sheikh AM, Malik M, Brown WT, Li X. Brain IL-6 elevation causes neuronal circuitry imbal-
ances and mediates autism-like behaviors. Biochimica et Biophysica Acta BBA-Molecular Basis of Disease. 2012 Jun 1;18226:831-
42.

Koyama R, Ikegaya Y. Microglia in the pathogenesis of autism spectrum disorders. Neuroscience research. 2015 Nov 1;100:1-5.
Enstrom AM, Onore CE, Van de Water JA, Ashwood P. Differential monocyte responses to TLR ligands in children with autism
spectrum disorders. Brain, behavior, and immunity. 2010 Jan 1;241:64-71.

Ricci S, Businaro R, Ippoliti F, Lo Vasco VR, Massoni F, Onofri E, Troili GM, Pontecorvi V, Morelli M, Rapp Ricciardi M, Archer
T. Altered cytokine and BDNF levels in autism spectrum disorder. Neurotoxicity research. 2013 Nov;244:491-501.

Turner MD, Nedjai B, Hurst T, Pennington DJ. Cytokines and chemokines: At the crossroads of cell signalling and inflammatory
disease. Biochimica et Biophysica Acta BBA-Molecular Cell Research. 2014 Nov 1;184311:2563-82.

Schoenborn JR, Wilson CB. Regulation of interferon-y during innate and adaptive immune responses. Advances in immunology. 2007
Jan 1;96:41-101.

Alspach E, Lussier DM, Schreiber RD. Interferon y and its important roles in promoting and inhibiting spontaneous and therapeutic
cancer immunity. Cold Spring Harbor perspectives in biology. 2019 Mar 1;113:2028480.

Mendoza JL, Escalante NK, Jude KM, Bellon JS, Su L, Horton TM, et al. Structure of the IFNy receptor complex guides design of
biased agonists. Nature. 2019;567:56—60.

Castro F, Cardoso AP, Gongalves RM, Serre K, Oliveira MJ. Interferon-gamma at the crossroads of tumor immune surveillance or
evasion. Frontiers in immunology. 2018 May 4;9:847.

Shouval DS, Ouahed J, Biswas A, Goettel JA, Horwitz BH, Klein C, Muise AM, Snapper SB. Interleukin 10 receptor signaling: master
regulator of intestinal mucosal homeostasis in mice and humans. Advances in immunology. 2014 Jan 1;122:177-210.

Saraiva M, O’Garra A. The regulation of IL-10 production by immune cells. Nat Rev Immunol 2010 103:170-81. doi:10.1038/nri2711



Bionatura 2022, x, x FOR PEER REVIEW 8

18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
. Tostes MH, Teixeira HC, Gattaz WF, Branddo MA, Raposo NR: Altered neurotrophin, neuropeptide,cytokines and nitric oxide levels
29.
30.
31.
32.
33.
34.

35.

36.
37.
38.

39.

40.

41.

42.

43,
44,

45.
. Jyonouchi H, Sun S, Itokazu N. Innate immunity associated with inflammatory responses and cytokine production against common

47.

Sabat R, Griitz G, Warszawska K, Kirsch S, Witte E, Wolk K, Geginet J. Biology of interleukin-10. Cytokine Growth Factor Rev. 2010
Oct;215:331-44.

Ouyang W, Rutz S, Crellin NK, Valdez PA, Hymowitz SG. Regulation and functions of the IL-10 family of cytokines in inflammation
and disease. Annual review of immunology. 2011 Apr 23;29:71-109.

Manzardo AM, Henkhaus R, Dhillon S, Butler MG. Plasma cytokine levels in children with autistic disorder and unrelated siblings.
International Journal of Developmental Neuroscience. 2012 Apr 1;302:121-7.

Delves PJ, Martin SJ, Burton DR, Roitt IM. Ontogeny and phylogeny. Roitt’s Essential Immunology, 12th Ed., Oxford, Wiley-Black-
well. 2011;291.

Vargas DL, Nascimbene C, Krishnan C, Zimmerman AW, Pardo CA. Neuroglial activation and neuroinflammation in the brain of
patients with autism. Ann Neurol. 2005;571:67-81. https://doi. org/10.1002/ana.20315

Molloy CA, Morrow AL, Meinzen-Derr J, Dawson G, Bernier R, Dunn M, et al. Familial autoimmune thyroid disease as a risk factor
for regression in children with autism spectrum disorder: a CPEA study. J Autism Dev Disord 2006;36: 317e24.

Ashwood P, Krakowiak P, Hertz-Picciotto I, Hansen R, PESSAH I, Van de Water J. Elevated plasma cytokines in autism spectrum
disorders provide evidence of immune dysfunction and are associated with impaired behavioral outcome. Brain Behav Immun 2011;
25:40-45.

Navazesh M. Methods for collecting saliva. Annals of the New York Academy of Sciences. 1993 Sep;6941:72-7.

Statistical Package for social sienceSPSS. 2014. Version 21.0 for windows.

El-Ansary A, Al-Ayadhi L. Neuroinflammation in autism spectrum disorders. Journal of neuroinflammation. 2012 Dec;91:1-9.

in autism. Pharmacopsychiatry 2012, 45:241-243

Masi A, Quintana DS, Glozier N, Lloyd AR, Hickie IB, Guastella AJ. Cytokine aberrations in autism spectrum disorder: a systematic
review and meta-analysis. Molecular psychiatry. 2015 Apr;204:440-6.

Sweeten TL, Posey DJ, Shankar S, McDougle CJ. High nitric oxide production in autistic disorder: a possible role for interferon-y.
Biological Psychiatry. 2004 Feb 15;554:434-7.

Gupta S, Aggarwal S, Rashanravan B, Lee T. Th1-and Th2-like cytokines in CD4+ and CD8+ T cells in autism. Journal of Neuroim-
munology. 1998 May 1;851:106-9.

Halboot KM, Melconian AK, Jenan AS. Profile of some cytokines in sera of children with autism syndrome. Iraqi Journal of Science.
2015;561A:125-31.

Al-Gadani Y, El-Ansary A, Attas O, Al-Ayadhi L: Oxidative stress and antioxidant status in Saudi autistic children. Clin Biochem
2009, 42:1032-1040.

Hamdan AA, Melconian AK, Adhia AH, Alhaidary AF. The level of IL-1a, IL-10 and IL-17A in Alzheimer's disease patients: com-
parative study. Baghdad Sci J. 2014;11:1486-92.

Sasayama D, Kurahashi K, Oda K, Yasaki T, Yamada Y, Sugiyama N, Inaba Y, Harada Y, Washizuka S, Honda H. Negative corre-
lation between serum cytokine levels and cognitive abilities in children with autism spectrum disorder. Journal of Intelligence. 2017
Jun;52:19.

Al-Ayadhi LY. Pro-inflammatory cytokines in autistic children in central Saudi Arabia. Neurosciences Journal. 2005 Apr 1;102:155-
8.

Goines PE, Croen LA, et al. Increased midgestational IFN-gamma, IL-4 and IL-5 in women bearing a child with autism: A case-
control study. Mol Autism. 2011;2:13.

Saghazadeh A, Ataeinia B, Keynejad K, Abdolalizadeh A, Hirbod-Mobarakeh A, Rezaei N. Anti-inflammatory cytokines in autism
spectrum disorders: A systematic review and meta-analysis. Cytokine. 2019 Nov 1;123:154740.

Napolioni V, Ober-Reynolds B, Szelinger S, Corneveaux JJ, Pawlowski T, Ober-Reynolds S, Kirwan J, Persico AM, Melmed RD,
Craig DW, Smith CJ. Plasma cytokine profiling in sibling pairs discordant for autism spectrum disorder. Journal of neuroinflammation.
2013 Dec;101:1-2.

Inga Jacome MC, Morales Chacon LM, Vera Cuesta H, Maragoto Rizo C, Whilby Santiesteban M, Ramos Hernandez L, Noris Garcia
E, Gonzalez Fraguela ME, Fernandez Verdecia CI, Vegas Hurtado Y, Siniscalco D. Peripheral inflammatory markers contributing to
comorbidities in autism. Behavioral Sciences. 2016 Dec;64:29.

Guloksuz SA, Abali O, Aktas Cetin E, Bilgic Gazioglu S, Deniz G, Yildirim A, Kawikova I, Guloksuz S, Leckman JF. Elevated
plasma concentrations of S100 calcium-binding protein B and tumor necrosis factor alpha in children with autism spectrum disorders.
Brazilian Journal of Psychiatry. 2017 Jan 12;39:195-200.

Alzghoul L, ABDELHAMID S, YANIS A, QWAIDER Y, Aldahabi M, ALBDOUR S. The association between levels of inflamma-
tory markers in autistic children compared to their unaffected siblings and unrelated healthy controls. Turkish Journal of Medical
Sciences. 2019;494:1047-53.

Rija FF, Hussein SZ, Abdalla MA. Physiological and immunological disturbance in rheumatoid arthritis patients. Baghdad Sci J. 2021
Jun 1;182:247-52.

Li X, Chauhan A, Sheikh AM, Patil S, Chauhan V, Li XM, Ji L, Brown T, Malik M. Elevated immune response in the brain of autistic
patients. Journal of neuroimmunology. 2009 Feb 15;2071-2:111-6.

Rose D, Ashwood P. Potential cytokine biomarkers in autism spectrum disorders. Biomark Med. 2014;8:1171-81.

dietary proteins in patients with autism spectrum disorder. Neuropsychobiology. 2002;462:76-84.
Jyonouchi H, Geng L, Ruby A, Zimmerman-Bier B. Dysregulated innate immune responses in young children with autism spectrum
disorders: their relationship to gastrointestinal symptoms and dietary intervention. Neuropsychobiology. 2005;512:77-85.



	1. Introduction
	Autism spectrum is a complex neurodevelopmental disorder of early onset that is different in its clinicalopresentation, classically characterized by impaired social communications, limited patterns of behavior and selective attentions 1 . According to...
	One of the most significant advances in ASD research in the last ten years has been evidence that active neuroinflammation, including chronically activated microglia, is a substantial component of ASD 6. Microglia is the CNS's primary resident immune ...
	While there is general agreement that cytokines and chemokines are part of the altered immune environment seen in autism, there is some disagreement about how such alterations manifest, specifically whether the pro-inflammatory Th1 or anti-inflammator...
	Different cytokines' dynamic expression can change how well the immune system functions 20 . For instance, rising levels of IFN-γ and IL-12 can induce inflammation, whereas rising levels of Transforming growth factor-beta TGF-β can inhibit inflammatio...
	2. Materials and Methods
	 Subjects:  The study group included 40 children diagnosed with autism, with an age range of 3-12 years of both genders. Children were examined at specialized centers for autistic disorder in Baghdad City/Iraq, and they had a confirmed diagnosis of a...
	 Statistical Analysis: The Statistical Package for social science was used to describe, analyze, and present the data SPSS version -21 26. The significance of differences in mean was determined using the student's t-test. IFN-γ and IL-10 levels in th...
	3. Results
	3.1 Detection of Salivary IFN-γ Levels
	The level of  IFN-γ in patients and control groups are shown in the table 1 and figure 1, which illustrates that mean level of salivary IFN-γ in the patient group was higher 178.79±66.60 than the control group 51.36±14.88 with statistically significan...
	Table 1: Case Control Difference in Salivary Levels of IFN-γ ng/ml
	**=significant at p<0.05 ; SD: Standard Deviation
	Figure 1: Levels of IFN-γ ng/ml in study and control group
	3.1.1: IFN-γ level according to disease severity
	With increasing autism severity, salivary IFN-γ levels rise significantly. Those children with mild autism had 127.49 ± 32.01, those with moderate had 155.43 ± 54.78, and those children with severe autism had 223.53 ± 61.51. The results revealed a hig...
	Table 2: IFN-γ Level in Patient group according to Disease Severity.
	**= =significant at p<0.05; SD: Standard Deviation
	Figure 2 : Levels of IFN-γ according to disease severity
	3.2 Detection of Salivary IL-10 Levels
	This study found that the patients' salivary mean level of IL-10 was lower than the healthy group, with statistically significant differences. The mean level of the study group was 120.80±18.67 whereas the control group means level was 289.40 ±58.11, ...
	Table 3: Case Control Difference in Salivary Levels of IL10 ng/ml.
	**= significant at p<0.05; SD: Standard Deviation
	Figure 3: Levels of IL-10 ng/ml in study and control group
	3.2.1: IL-10 level according to disease severity
	The current results found that there was a non-significant difference P>0.05 in the salivary level of IL-10 level among three groups of patients, However, IL-10 levels increase somewhat as severity increases. Children with mild autism had 117.10±23.49...
	Table 4: IL-10 Level in Patient Group According to Disease Severity.
	NS= Non significant; SD: Standard Deviation
	3.3 Estimation the Ratio of IFN-γ / IL10
	The current study's measurement of the IFN-γ/IL10 ratio indicated a significant difference between the two study groups. According to table 5 and figure 5, the mean IFN-γ/IL10 ratio in autistic individuals 1.52±0.67 was significantly higher p<0.05 tha...
	Table 5: Ratio of  IFN-γ: IL-10 levels
	**= highly significant at p<0.05.
	Figure 5: Ratio IFN-γ/ IL10
	4. Discussion
	The results of the current study found that salivary IFN-𝛾 concentration was significantly increased in autistic children compared to normal children. The increase in IFN-γ demonstrated in the present study may indicate antigenic stimulation of T-hel...
	Surprisingly, the data presented in this study revealed a significant increase in IFN-γ level with increasing severity of the disease. El-Ansary and Al-Ayadhi 2012 go in agreement with the present result 27 . Furthermore, Sasayama et al. 2017 suggest ...
	Noteworthy, the present study revealed a significant decrease in IL-10 level in an autistic patient in compared to control. This result was consistent with results 20,27,37,38 who reported a decrease level of IL-10 among autistic patients. This is con...
	The main characteristics of ASD and its related behaviors in children with ASD may be affected by defective immunological responses and/or activities, according to recent data. Another theory is that abnormalities in shared basic cellular processes, s...
	The mean IFN-γ/IL10 ratio in autistic patients was significantly higher compared to controls. Studies have supported the idea that ASD has a more pro-inflammatory environment 44,45 agreed with the current study, and other researches further supports a...
	Ethical approval: All of the participants were given detailed information about the study and the procedures, and their informed consent was written on a form that had been approved by the ethics committee of the University of Baghdad's College of Den...
	Conflicting interests: The authors state that they have no competing interests.
	Acknowledgements: I'm appreciative to everyone who took part in this research. All of the children's parents and careers, as well as the institutions that aided me and offered all the assistance I needed to perform this research.


