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ABSTRACT

Neuroinflammatory processes in autism spectrum disorder (ASD) is related to
the immune system. Regulatory T cells (Tregs) are essential elements of this association. Deficiency in
these cells may have a role in worsening of ASD.

This study reviews the physiology of Tregs and their molecular mechanisms in regu-
lating the immune system, their role in neurological disorders, abnormality in Treg number and function
in patients with ASD, and the association of neuroinflammatory processes with Tregs. The comprehen-
sive literature search was performed by electronic databases such as Google Scholar, PubMed, Web of
Science, and Scopus to July 2023.

[{EEVTE Expression of cytokines in Treg induction decrease in ASD patients which causes Th/Treg cells
imbalance and deficiency in Treg cells. This may be clinical evidence of ASD. However, there are scant
research on molecular mechanism of Tregs causing healthy behaviors in ASD patients. Future studies on
the effect of Th/Treg cells imbalance on attenuating behavior deficits and finding treatments for ASD
based on the activation of Tregs and regulation of the immune system are recommended

[@TEITERT The use of approaches that balance the function of the immune system, especially through
the activation of Tregs, may help improve the health of the patients.

[ETTIEE Autism, T Regulatory cells, Immune system

Extended Abstract difficulty falling or staying asleep and have excessive
daytime sleepiness. They have even problems in social
Introduction functioning such as a deficiency in recognizing emo-

utism spectrum disorder (ASD) is a neu-
rodevelopmental disorder characterized

by problems in signs of social interac-

tions and communications and repetitive and restrictive
behaviors. These behaviors vary in intensity and time of
occurrence [1]. Patients with ASD have feeding prob-
lems, such as picky eating or food avoidance. They have
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tions and interpreting vocal and visual cues [2, 3]. Their
families have high levels of anxiety, stress, and depres-
sion, and suffer from high financial burden of the disease
[4]. According to the World Health Organization (WHO),
1% of the world’s population suffer ASD [5]. It is a ma-
jor health problem worldwide. Identifying the involved
factors in this disease can help prevent and cure it. The
biological mechanisms of ASD are unknown, but the
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existence of some evidence, such as the association of
ASD with congenital rubella infection [6, 7], inflamma-
tion [8-10], disruption of cytokine regulation [11-15], and
autoantibodies against the proteins of the central nervous
system [16-19], confirm the role of the immune system
dysfunction in ASD. Several reports have shown an as-
sociation between ASD and a personal or family history
of autoimmune disorders such as psoriasis [17, 18], type
1 diabetes [19-21], celiac disease [22, 23], systemic lupus
erythematosus [24, 25], theumatoid arthritis [26, 27], and
autoimmune thyroiditis [28]. Other studies using brain
tissues or peripheral blood of people with ASD have also
reported a dysfunction in the immune system, including
the abundance of active M2 microglial genes in the brain
and the genes related to the immune responses [20].

Regulatory T cells (Tregs) play an essential role in regu-
lating the function or maintaining the homeostasis in the
immune system. The abnormalities in the population of
Tregs can Therefore have a role in progress of ASD. Ellul
et al. in a meta-analysis of 13 studies assessed Treg lym-
phocytes/Th17 lymphocytes imbalance in ASD with the
participation of 388 ASD patients and 326 healthy con-
trols [21]. There is no narrative review to investigate the
effect of imbalance in the number of Tregs and their role
in ASD based on molecular mechanism. Therefore, this
review study aims to increase knowledge of the relation-
ships between Treg dysfunction and ASD. We first ex-
plain the structure and biological function of Tregs in the
immune system and identify its relationship with neuro-
development, and finally investigate its association with
the progression of ASD. The search was carried out in
online databases including Google Scholar, Web of Sci-
ence, PubMed, and Scopus for related studies published
up to July 2023.

Physiology and function of Tregs

Tregs are a small group of immune cells that prevent
autoimmune diseases and control inflammation by inhib-
iting autoreactive T cells. Therefore, the development of
autoimmune diseases or the lack of control over inflam-
mation in other conditions indicates an insufficient num-
ber of Tregs [22].Tregs have different origins. They can
originate from the thymus during the development of T
cells or from naive CD4+ due to /CD28 stimulation in
the presence of cytokines such as transforming growth
factor-beta (TGF-p) and interleukin-2 (IL-2) in peripheral
blood. Moreover, Tregs have different locations. A group
circulates in organs and secondary lymphatic fluids, and
the other group resides in non-lymphoid tissues such as
colon, fat, and skin, and can play roles such as repairing
muscles, differentiating oligodendrocytes, and promoting
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have remyelination in the brain [22, 24]. Forkhead box P3
(FoxP3) and IL-2 receptor alpha chain (CD25) are two
markers of these cells. FoxP3 is a crucial regulator of Treg
development and function. The transfer of this marker to
naive T cells increases the expression of CD25 and other
Treg-related cell surface molecules, cytotoxic T cell-asso-
ciated antigen-4 (CTLA-4), and glucocorticoid-induced
TNF receptor family-related gene/protein (GITR). It sup-
presses the expression of IL-2, interferon-gamma (IFN-y),
and interleukin-4. Some studies have shown that high
FoxP3 expression can confer suppressive activity to nor-
mal non-Treg cells. Other studies have shown that Tregs
acquire the properties of effector T cells upon the loss of
FoxP3 expression [23, 24]. CD2S5 is also functionally nec-
essary for Treg development. In vitro studies proved that
IL-2 is required for the stable expression of FoxP3 and
CD2S5 in Tregs and increasing their suppressive function
[25]. IL-2 also induces the differentiation of Tregs.

Suppression mechanisms of Tregs

Tregs can control immune system by suppression mech-
anism. These cells interact strongly with dendritic cells
and suppress conventional naive T cells [26]. Also, they
can regulate CD4+T cells. They can control Thl response
by the expression of miR-146a, and suppression of ex-
pression and activation of signal transducer and activator
transcription 1 (STAT1) [27]. Also, they can inhibit the
proliferation of TH1 cells and the production of their cyto-
kines by expression of interleukin-10 (IL-10) and TGF-$
[28-30]. Gut microbiota induces a distinct Treg popula-
tion that expresses Rory, and promotes T helper 17 cell
differentiation in colonic TH1/TH17 inflammation [31].
Treg can induce apoptosis in CD4+T cells by expres-
sion of tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL)/death receptor 5 (DRS) [32].These cells
can suppress CD8+ T cell proliferation by expression of
interleukin-35 [33, 34]. Also, they can upregulate the ex-
pression of CD95 and CD95L and express granzyme B
and perforin to induce apoptosis in these cells [35-38].
In visceral adipose tissue, Tregs catabolize prostaglandin
E2 (PGE2) into the 15-keto PGE2 and suppresses con-
ventional T-cell activation and proliferation [39]. Tregs
suppress autoreactive B cells through programmed death
ligand 1/programmed cell death protein 1 (PDL1/PD-1)
interaction [40]. These cells can convert monocytes to a
tolerogenic phenotype (M2 Macrophages) and reduce in-
flammation [41]. Figure 1 shows some mechanisms by
which Tregs control immune cells.
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Table 1. Recent studies on the role of Tregs in neurological disorders
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Author Study Neurological Disorder Type of Study Molecular Effects of Tregs
. In-vitro Promotion of neural stem cell proliferation by
Wang et al. [42] Ischemic stroke Animal study IL-10
liesz et al, [44] Ischemic stroke iRl S Inhibition of T cells and presentation of inflamma-
tory pathway by IL-10
Preventing middle cerebral artery occlusion—in-
Li et al. [45] Cerebral ischemia Animal study duced stroke, and elevation of IL-6 and TNF-a in
the blood.
Rodriguez-Perea et al. [46] Ischemia reperfusion injury Animal study Decreased glial cell activation
Causing spatial learning, involving in glucose me-
Baek et al. [48] Alzheimer’s disease Animal study tabolism, reducing the deposition of AB plaques
and microglia/macrophage
Releasing TGF-B, inducing Foxp3, inhibiting IL-17
Chen et al. [49] Multiple sclerosis Animal study production, suppression of immune responses of
myelin, oligodendrocyte, and glycoprotein
Chietal. [50] Parkinson’s disease Animal study Microglial, inflammatory responses

Mao et al. [53]

Ishibashi et al. [54]

Ischemic stroke

Ischemic stroke

In vitro, Animal
study, clinical trial

Animal study

Inhibiting CCL2 and MMP9

Modulating the efficacy of neurogenesis

The role of Tregs in neurological disorders

Several studies have demonstrated that Tregs have an
essential role in the progress and control of neurologi-
cal disorders by controlling the cells and their cytokines.
Tregs negatively regulate neuroinflammation, enhance
neural stem cell proliferation, and reduce brain damage
in brain injuries [42-50]. These cells inhibit inflammation
resulted from lipopolysaccharide in the prenatal brain tis-
sue [51]. Inresponse to cerebral ischemic injury, Tregs are
recruited to the blood-brain barrier (BBB) and exert pro-
tection against damage by the expression of PD-L1 [47,
52] and interleukin-1 [48]. They can inhibit brain hemor-
rhage after stroke by inhibiting neutrophil-derived matrix
metalloproteinase-9 (MMP-9) and endothelial-derived
CC-chemokine ligand 2 (CCL2) [53, 54]. Furthermore,
Tregs express CD39, which causes catalytic inactivation

Table 2. Recent studies on the effect of Treg abnormalities on ASD
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and conversion of extracellular adenosine 5'-triphosphate
(ATP), reduces CNS inflammation, and has a role in im-
mune suppression of multiple sclerosis [55]. Recently,
using BioNTech mRNA vaccine that codes for disease-
related autoantigens optimized for systemic delivery to
splenic dendritic cells can activate antigen-specific Tregs
and suppress disease-promoting autoreactive T-cells and
related cytokines (IL-6, IL-2, IL-17, TNF-0, and IFN-y).
It causes demyelination of the brain and spinal cord [56].
The recent studies on role of Tregs in neurological disor-
ders are summarized in Table 1.

The role of Tregs in ASD

Tregs play a main role in controlling the self-reactivity
of the immune system. The deficiency in the number and
function of Tregs may impair the immune system and

Author Change in Treg Population Change in Gene Expression or Serum Level Effect on ASD
Ahmad et al. [57] Decrease in number Systemic deficit of FoxP3+ Progression of ASD
Giacomo et al. [60] Decrease in number - Progression of ASD
Cao et al. [62] Decrease in number - Progression of ASD
Nie et al. [64] - Decrease in Foxp3+, and TGF-B1 Progression of ASD
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Figure 1. Some mechanisms by which Tregs suppress immune cells

Treg induce apoptosis in T cells by producing granzyme B, perforin, IL-10, and TRAIL/DRS. Also, they can interact strongly with
dendritic cells and prevent conventional naive T cells. These cells can affect B cells through PDL1/PD-1 interaction and DCs by
both CTLA-4 and lymphocyte activation gene 3 (LAG-3). They can also cause the monocyte-to-M2 macrophage differentiation and
inhibit their differentiation to M1 macrophages.

finally intensify the symptoms of ASD [21, 57]. Some of Treg is disrupted in maternal blood of children with
studies reported that the transcription of phosphatase and ASD and their IL-10 expression decrease. These findings
tension homolog (PTEN) genes involved in development indicate a genetic difference in the maternal blood and re-

Current Psychosomatic Research
Figure 2. Relationship of Treg abnormalities and ASD.

In patients with ASD, there are a deficiency in Tregs and a Th/Treg cells imbalance. In addition, the expression of Treg cell markers
decrease and the expression of inflammation markers increase.
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activity of maternal autoantibodies to fetal brain proteins
[58, 59] Several studies showed Th/Treg cell imbalance
in ASD patients [57]. Ahmad et al. reported low numbers
of Tregs in the peripheral blood of ASD children com-
pared to healthy children. The deficiency rate was 73.3%.
Interestingly, these patients have allergic manifestations
and a family history of autoimmunity. Giacomo et al. ap-
proved that the children with ASD have lower values of
Tregs compared to healthy controls. In addition, four out
of six patients with severe ASD had a significantly lower
frequency of Tregs (35.3%) compared to children with
mild or moderate ASD [60]. This evidence can suggest
the contributing role of Treg cell deficiency to autoimmu-
nity in the brain [61]. Other studies also showed the num-
ber of Tregs in the ASD group was lower in comparison
with non-ASD group [62-64]. Tregs inhibit nitrification
by stimulating reactions such as microglia a-Synuclein
[65]. Therefore, these cells regulate behavioral character-
istics of ASD [66].

Expression of some Treg cell markers, such as FoxP3
[57, 67, 68], IL-10, and TGF-3 were reported to be lower
in the peripheral blood of children with ASD [60, 61]. IL-
10 induces activation of STAT3 and facilitates the sup-
pression function of Tregs [62, 63]. Ashwood et al. report-
ed that the activities of Treg CD3+IL-10+ decreased in
ASD. TGF-B is another cytokine of Tregs. This cytokine
has a role in the differentiation and suppression activity
of Tregs [61, 62]. Low TGF-f level is has a negative sig-
nificant association with behavioral test scores [60]. The
expression of Treg suppression cytokines such as TNF-a,
IL-6, and IL-17, and pro-inflammatory cytokines are
higher [13, 15, 67, 69-73].This indicates that Tregs have
a role in controlling autistic behavior. These results may
be related to clinical evidence of ASD. For example, the
severity of gastrointestinal symptoms (diarrhea/constipa-
tion) and intestinal permeability in ASD patients is associ-
ated with a change in the microbiota composition and fre-
quency of the lymphocytes subtype [74, 75]. Therefore, it
is assumed that low Tregs may be associated with micro-
bial dysbiosis. There is a significant increase in the spread
of atopic diseases (such as allergies and asthma) among
patients with ASD [76, 77]. Tregs are important in main-
taining tolerance to several antigens and atopic diseases
[78]. Therefore, relative or absolute defects or unstable
phenotypes in Tregs may cause atopic diseases in ASD
patients [76, 79]. The recent studies that investigated ef-
fect of Treg abnormalities on the progression of ASD are
summarized in Table 2. Figure 2 shows the relationship
between Treg abnormalities and ASD.

Several studies showed that some drugs and nutrition-
al supplements can help with regulation of the immune
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system. Bakheet et al. showed that treatment of BTBR
mice model of ASD with Resveratrol (a type of natural
phenol and a phytoalexin) could have a role in substantial
induction of FoxP3+ and reducing T-bet, GATA binding
protein 3 (GATA-3), and IL-17A expression in CD4+
cells of mice. They suggested that it may help reduce
the complications of ASD [67]. Revealed that combina-
tion of Omega-3 and vitamin D had an effect on the main
symptoms of ASD. These supplementations may reduce
inflammation and increase the number of Tregs and help
treat ASD-related symptoms [5, 80-82]. Albekairi et al.
demonstrated that the treatment of BTBR mice model of
ASD with C-X-C Motif Chemokine receptor 2 (CXCR2)
antagonist SB332235 improved the behavior of mice by
increasing the Treg-related transcription factors such as
IL-10 and Foxp3 [83].

Conclusion

Expression of cytokines in Treg induction decrease in
ASD patients which causes Th/Treg cells imbalance and
deficiency in Treg cells. This may be clinical evidence
of ASD. However, there are scant research on molecular
mechanism of Tregs causing healthy behaviors in ASD
patients. Future studies on the effect of Th/Treg cells im-
balance on attenuating behavior deficits and finding treat-
ments for ASD based on the activation of Tregs and regu-
lation of the immune system are recommended.
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