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SUMMARY

Background: WHO reports that out of 160 children, one
of them has autism spectrum disorder (ASD). Experts
estimate that the cause of autism could be heavy metals.
This review aims to assess the progress of research
on the potential use of IL-6 and TNF-a cytokines as
ASD biomarkers. Methods: This review uses sources
from the PubMed and ScienceDirect databases. The
keywordsusedwere IL-6 AND TNF-a AND (Autism OR
Autism Spectrum Disorder OR ASD). At the research
identification stage, 63 studies were obtained, and
after the screening, 12 studies were found that met
the requirements for a review. Results: Some of the
included studies showed differences in the expression
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levels of IL-6 and TNF-o.in ASD children and controls,
although not all. Proinflammatory cytokines such as
IL-6 and TNF-o have been demonstrated to increase
in ASD children’s brains, although the mechanism is
notyetunderstood. Conclusions: Despite inconsistent
findings, evidence suggests that children with ASD
show increased plasma expression levels of pro-
inflammatory cytokines, including IL-6 and TNF-a.
More in-depth and integrated research is needed to
prove that IL-6 and TNF-a have the potential to be
biomarkers of ASD.

Keywords: /L-6, TNF-a, autism spectrum disorder.

RESUMEN

Antecedentes: La OMS informa que, de 160 nifios,
uno de ellos presenta Trastornos del Espectro Autista
(TEA). Los expertos estiman que la causa del autismo
podrian ser los metales pesados. Esta revision tiene
como objetivo evaluar el progreso de la investigacion
sobre el uso potencial de las citocinas IL-6 y TNF-a
como biomarcadores de TEA. Métodos: Esta revision
utiliza fuentes de las bases de datos PubMed y
ScienceDirect. Las palabras clave utilizadas fueron
IL-6 AND TNF-a AND (Autism OR Autism Spectrum
Disorder OR ASD). En la etapa de identificacion de
la investigacion se obtuvieron 63 estudios, luego del
cribado se encontraron 12 estudios que cumplieron con
los requisitos para su revision. Resultados: Algunos
de los estudios incluidos mostraron diferencias en
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los niveles de expresion de IL-6 y TNF-a en nifios
con TEA y controles, aunque varios otros no. Se
ha demostrado que las citocinas proinflamatorias
como la IL-6 y el TNF-o aumentan en el cerebro de
los nifios con TEA, aunque atin no se comprende el
mecanismo. Conclusiones: A pesar de los hallazgos
inconsistentes, alguna evidencia sugiere que en los
nirios con TEA ocurre un aumento de los niveles de
expresion plasmdtica de citoquinas proinflamatorias,
incluidas IL-6 y TNF-a. Se necesita unainvestigacion
mds profunda e integrada para demostrar que la IL-6
v el TNF-a tienen el potencial de ser biomarcadores
del TEA.

Palabras clave: /IL-6, TNF-a, trastorno del espectro
autista.

INTRODUCTION

Autism Spectrum Disorder (ASD) is a
pervasive developmental disorder characterized
by persistentdeficits in social communication and
social interaction and repetitive and restricted
patterns of behavior, interests, or activities (1).
World Health Organization (WHO) reports the
estimated global average prevalence of ASD is
62/10 000, or one in 160 children suffer from
ASD (2).

The etiology of ASD is thought to
involve an interaction between genetic (3.4),
environmental (5),andimmune (5,6)risk factors
in the prenatal, perinatal, and postnatal periods.
Changes in the immune system,such as cytokines,
play a role in the incidence of ASD (7).

Cytokines function as messengers (8), linking
innate and adaptive immune system cells. The
immune system responds to infection, antigens,
and associated immune challenges and involves
many biological processes. Cytokines stimulate
and activate the immune system and induce its
synthesis and the synthesis of other cytokines.
Cytokines can be grouped according to the
type of response, namely proinflammatory and
anti-inflammatory signaling and adaptive
immunity (9).

Several cytokines showed an increase in the
brains of ASD children, such as interleukin 6
(IL-6), tumor necrosis factor-alpha (TNF-a),
transforming growth factor-B1 (TGF-31) and
macrophage chemo-attractant protein-1 (MCP-
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1). Additionally, the cerebrospinal fluid of autistic
children has been shown to have significantly
higher levels of MCP-1, IL-8, and other pro-
inflammatory molecules (10,11). These findings
suggest that the immune system and cytokines
play an important role in the pathogenesis of
autism.

Changes in cytokine expression levels can be
used as biomarkers to identify ASD (7). Several
cytokines are relevant for proinflammatory
biomarkers, such as IL-6 and TNF-a. TNF-a
is a central regulator of inflammation and is
elevated in the cerebrospinal fluid of children
with ASD (12). Evidence is now available to
accept the concept that the brain recognizes
cytokines, among them IL-6 as molecular
signals of sickness. Interleukin 6 (IL-6),
promptly and transiently produced in response
to infections and tissue injuries, contributes
to host defense by stimulating acute phase
responses, hematopoiesis,and immune reactions.
Although its expression is strictly controlled
by transcriptional and posttranscriptional
mechanisms, dysregulated continual synthesis
of IL-6 plays a pathological effect on chronic
inflammation and autoimmunity. In the nervous
system, the classical proinflammatory cytokine
interleukin-6 (IL-6) plays essential roles in
the development, differentiation, regeneration,
and degeneration of neurons but acts as a
molecule with both beneficial and destructive
potentials (13).

This literature review aims to assess the
potential use of IL-6 and TNF-a cytokines as
ASD biomarkers.

METHOD

This study included the literature related to
the expression of IL-6 and TNF-a in children
with ASD. Articles were then selected with
pre-determined inclusion and exclusion criteria.
Articles on IL-6 and TNF-o expression
differences in children with ASD were sourced
from the PubMed and ScienceDirect databases.
The keywords used were IL-6 AND TNF-a AND
(Autism OR Autism Spectrum Disorder OR
ASD). At the research identification stage, 63
studies were obtained. The criteria for inclusion
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of research in this review were published from
2017 to the present. After screening, 12 studies

were found that met the requirements for review. Soon after its discovery, it was demonstrated
thatsome astrocytoma and gliomalines expressed

the classical proinflammatory cytokine IL-6
RESULTS when stimulated with IL-13, which prompted
speculation that IL-6 could have a role in the
central nervous system as molecular signals of

Interleukin-6

A review of 12 selected studies showed sickness, where IL.-6 play an essential role in the
differences in IL-6 and TNF-a expression levels development, differentiation, regeneration, and
in ASD (Table 1). degeneration of neurons (13). IL-61is an important

driver of acute and chronic inflammation and has
beenreportedto actas aT-cell survival factor (26).

Table 1. Research on IL-6 and TNF-a expression levels in ASD

Biomarkers Author NcaselNcontrol Conclusion
Age
IL-6 and Hughes et al., 25120 There is a difference in the level of IL-6 expression after
TNF-a 2022 (14). 5-6y lipopolysaccharide stimulation
IL-6 and Ahmad et al., 53128 Increased expression of TNF-a and IL-6 in children with ASD
TNF-a 2019 (15). 3-12y
1L-6 and Kutuk et al., 1951162 IL-6 levels were higher in children with ASD than controls, while
TNF-a 2020 (16). +7y TNEF- was no difference.
1L-6 and Guloksuz et 75135 The pro-inflammatory cytokine TNF-a is increased
TNF-a al., 2017 (17) 3-7y
IL-6 and Shen et al., 30130 There are differences in the inflammatory response of peripheral
TNE-a. 2019 (18) 26y blood mononuclear cells (PBMC), especially TNF-a and IL-6, in
autistic children compared to healthy controls
IL-6 and Cao X etal., 45141 There is a potential mechanistic relationship between dysbiotic levels
TNF-a 2021 (19) 2-19y of specific butyrate-producing gut microbiota and overexpression
of the cytokines TNF-a and IL-6 in children with autism
IL-6 N;r(;gl é' et;(l)l . 102141 IL-6levels in the combination of macrophage migration inhibitory
( ) 20) 2-8y factor (MIF) in children with autism are higher than in healthy
controls
IL-6 and Ferencova et 20120 There was an increase in IL-6 levels in ASD adolescents compared
TNF-a al., 2023(21) =12y to controls, but there was no increase in TNF-a levels
TNF-a Naglaa et al., 30135 TNF-a concentrations were significantly higher in children with
2020 (22) 2-10y ASD compared with controls
IL-6 and Nadeem et 30130 The inflammatory cytokines IL-6 and TNF-a were increased in
TNF-a. al., 2022 (23) 28y B cells of ASD subjects, when compared with a group of normal
v children
IL-6 and Ben Othman 2410 TNF-a plasma level is high (>5pg/mL), plasma IL-6 level is
TNE-o etal., 4-10y relatively normal
2021(24).
1L-6 and Prosperi et 8510 The pro-inflammatory cytokines TNF-o and IL-6 are lower than
TNF-a al.. 2019 3-6y reported

(25).
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IL-6 has been related to the prevalence of
autism spectrum disorder. In effect, Hughesetal.
demonstrated an increased innate inflammatory
cytokine, such as IL-6, in ASD; however, the
origin of excess IL-6 in ASD has not been
identified. This author explored the specific
responses of circulating monocytes from autistic
children, where isolated CD14* monocytes from
whole blood were stimulated for 24 h under
three conditions: media alone, lipoteichoic acid
to activate TLR2, and lipopolysaccharide to
activate TLR4,finding that after TLR4 activation,
CD14* monocytes from autistic children
produce increased IL.-6 compared to monocytes
from children with typical development. IL-6
concentration is also correlated with worsening
restrictive and repetitive behaviours. These
findings suggest dysfunctional activation of
myeloid cells and may indicate that other cells
of this lineage, including macrophages and
microglia in the brain, might have a similar
dysfunction (14). Likewise, Ahmad et al.
assessed whether IL.-16 expression is associated
with immune dysfunction in children with ASD,
examining IL-16 expression in CD4*, CD8*,
CD14*, CCR3*, and CXCR7* cells in typically
developing (TD) controls and children with
ASD using flow cytometry in peripheral blood
mononuclear cells, showing that IL-6 expression
is increased significantly in children with ASD
compared with TD control, suggesting that IL-
16 expression could play an essential role in
immune alteration in children with ASD (15).
Furthermore, Kutuk et al. (16) determined the
expression levels of several interleukins in
peripheral blood mononuclear cells of children
with ASD and healthy controls to determine
the contributions of cytokines to ASD. The
study included 195 children with ASDs (80.5
% male) and 162 controls (73.6 % male) in
Tirkiye, showing that most ASD children with
severe autistic symptoms had higher levels of
IL-6 (16). Shen et al. study on peripheral blood
mononuclear cell (PBMC) protein expression
in children with autism compared with healthy
controls using isobaric tags for relative and
absolute quantitation proteomic approaches,
showed differences in IL-6 levels (18). Similar
results showing overexpression of the cytokine
IL-6 in children with autism compared to controls
in the dysbiotic gut microbiota and dysregulation
of cytokine profile study (19). In China,astudy on
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102 children with autism, showed thatIL-6levels
in the combination of macrophage migration
inhibitory factor (MIF) were higher than healthy
control children (20). Likewise, Nadeem et al.
researchregarding the imbalance of inflammatory
cytokines showed that IL-6 increased in B cells
of ASD subjects when compared with a group
of normal children (23).

On the contrary, Ben Othman et al. studied 24
paediatric outpatients with ASD at the Tunisian
Military Hospital and showed that IL.-6 blood
levels were relatively normal (24). In addition,
in a study by Prosperi et al. in 85 ASD preschool
children, the proinflammatory cytokine IL-6
was lower than that reported in a previous
study in children with systemic inflammatory
conditions (25). However, these two studies did
not have a control of healthy children.

Tumor Necrosis Factor-o

TNF-aisaproinflammatory cytokine produced
by monocytes, macrophages, and other immune
cells such as B cells and activated T cells (27).
TNF-a is a central regulator of inflammation
and is elevated in the cerebrospinal fluid of
children with ASD (12).

Research conducted by Ahmad et al. in 53
children with ASD and 28 control children in
Saudi Arabia showed an increase in TNF-a
expression in children with ASD compared to
controls (15). The same study in ASD children in
Tunis showed high plasmalevels of TNF-a (>5pg/
mL) (24). The increase in the proinflammatory
cytokine TNF-a was also seen in the research
report of Guloksuz et al. in 75 children with
autism in Istanbul, Turkiye (17). Likewise,
research conducted on 35 children with autism
in Egypt showed that TNF-o concentrations
were significantly higher in children with ASD
compared to controls (22).

A study of peripheral blood mononuclear cell
(PBMC) protein expression in 30 children with
autism at the Maternal and Child Health Hospital
of Baoan, Shenzhen, China showed differences
in levels of TNF-a (18). Similarly, Caoetal. on
45 children with autism at the Second Affiliated
Hospital of Kunming Medical University,
Kunming, China, showed overexpression of the
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cytokine TNF-a (19),and Nadeem demonstrated
that inflammatory cytokine TNF-a increased in
B cells of ASD subjects (23).

TNF-a can also be used as amarker for autism
in adolescents. The research findings found
a significant difference in the concentration
of TNF-a compared to healthy adolescent
controls (19,21). However, studies showed no
difference in TNF-a expressionlevelsin children
with ASD compared to controls (14,16). In a
study by Prosperi et al. in 85 ASD preschool
children, the proinflammatory cytokine TNF-a
was lower than that reported in a previous
study in children with systemic inflammatory
conditions (25).

DISCUSSION

Previous studies have shown that cytokines
are elevated in the blood, brain,and cerebrospinal
fluid of ASD subjects (28). Proinflammatory
cytokines such as IL-6 and TNF-o have been
demonstrated to increase in the brains of ASD
children, although the mechanism is not yet
understood. The ASD child shows symptoms
of autism such as impaired communication and
social interaction and restricted and repetitive
behavior.

Proinflammatory cytokine IL-6 is acomponent
of the first immune response. It causes an
inflammatory reaction that triggers subsequent
adaptive immunological reactions, such as the
proliferation and activation of T cells (26).

TNF-a is a proinflammatory cytokine
produced by monocytes, macrophages, and
other immune cells such as B cells and activated
T-cells (27). TNF-a is a central regulator of
inflammation and is elevated in the cerebrospinal
fluid of children with ASD (12).

Antigens that enter the body will carry
out an immune response, and macrophages
carry out phagocytosis of foreign antigens.
Foreign antigens present in macrophage cells
will immediately be recognized by the major
histocompatibility complex (MHC) gene (29).
Interleukin-2 activates Th-cells (T helper), which
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are then differentiated into Thl-cells and Th2-
cells (5). Th2 cells will stimulate B cells by
secreting IL-6 cytokines. B cells then produce
plasma cells and memory cells. Plasma cells
produce immunoglobulin A (Ig-A) antibodies.
Ig-Ais a glycoprotein molecule attached to the o
chain. Ig-A then binds to the antigen (7,30,31).

Immune responses that do not function
appropriately against antigens, such as a
decrease in IFN-v, IL-6, TNF-a, and Ig-A, will
cause neurodevelopmental disorders through
their effects on epigenetic modifications in the
brain (32).

A postmortem study conducted on ASD found
two brain abnormalities in the limbic system,
namely the amygdala and hippocampus, which
regulate emotions, aggressiveness, Sensory
input, and learning processes (33). The level of
the disorder is then manifested in disturbances
in the development of communication, social
interaction, and observable behavior (3,34).

The general evidence suggests increased
plasma levels of pro-inflammatory cytokine
expression, including IL-6 and TNF-a. The
inconsistency found may be due to phenotypic
and neurobiological heterogeneity in children
with ASD (17).

CONCLUSION

Research examining the relationship between
the expression levels of IL-6 and TNF-o and
ASD includes a variety of complex factors. This
literature review examines the potential use of
IL-6 and TNF-cytokines as ASD biomarkers.
The authors browse the literature related to this,
and although they try to find a study free from
bias, they cannot avoid it altogether.

Although the findings are inconsistent, several
researchresults show increased expression levels
of pro-inflammatory cytokines. More in-depth
and integrated research is needed to prove that
IL.-6 and TNF-a are potential biomarkers of ASD
and to determine the diagnosis of ASD,no longer
just based on clinical symptoms.
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