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Abstract Autism is a neurodevelopmental disorder charac-
terized by stereotypic repetitive behaviors, impaired social
interactions, and communication deficits. Numerous immune
system abnormalities have been described in individuals with
autism including abnormalities in the ratio of Th1/Th2/Th17
cells; however, the expression of the transcription factors re-
sponsible for the regulation and differentiation of Th1/Th2/
Th17/Treg cells has not previously been evaluated.
Peripheral blood mononuclear cells (PBMCs) from children
with autism (AU) or typically developing (TD) control chil-
dren were stimulated with phorbol-12-myristate 13-acetate
(PMA) and ionomycin in the presence of brefeldin A. The
expressions of Foxp3, RORγt, STAT-3, T-bet, and GATA-3
mRNAs and proteins were then assessed. Our study shows
that children with AU displayed altered immune profiles and
function, characterized by a systemic deficit of Foxp3+ T reg-
ulatory (Treg) cells and increased RORγt+, T-bet+, GATA-3+,
and production by CD4+ T cells as compared to TD. This was
confirmed by real-time PCR (RT-PCR) and western blot anal-
yses. Our results suggest that autism impacts transcription

factor signaling, which results in an immunological imbal-
ance. Therefore, the restoration of transcription factor signal-
ing may have a great therapeutic potential in the treatment of
autistic disorders.
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Abbreviations
ASD Autism spectrum disorders
PBMCs Peripheral blood mononuclear cells
PMA Phorbol-12-myristate 13-acetate
AU Children with autism
TD Typically-developing control children
MIA Maternal immune activation
Tregs Regulatory T cells
CD4 Cluster of differentiation 4
Th cells T helper cells
IL Interleukin
Foxp3 Forkhead box P3
STAT3 Signal transducer and activator

of transcription 3
RORγt Retinoid-acid receptor-related

orphan receptor gamma t
T-bet T-box transcription factor
GATA3 GATA Binding Protein 3
mRNA Messenger RNA
RT-PCR Reverse transcription polymerase

chain reaction
FITC Fluoro isothiocyanate
PE Phycoerythrin
SDS-PAGE Sodium dodecyl sulfate

polyacrylamide gel electrophoresis
CARS Childhood Autism Rating Scale
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GAPDH Glyceraldehyde 3-phosphate dehydrogenase
HBSS Hanks balanced salt solution
cDNA Complementary DNA
PBS Phosphate-buffered saline

Introduction

Autism is a neurodevelopmental disorder characterized by
social shortfalls and limited or stereotypic behavior patterns
that is diagnosed in children at around 3 years of age [1, 2].
While the biological basis of autism is unclear, this disease
likely involves a relationship between genetic liability and
environmental exposures [3]. Moreover, autoimmunity
against the central nervous system may have a role in the
pathogenesis of autism [4, 5]. There are no reliable biological
markers for autism, and diagnosis is grounded on behavioral
traits and developmental history [6]. Moreover, the most reli-
able treatment for autism is behavioral therapy, which is most
effective when implemented early in life [7]. Immune system
abnormalities have been implicated in the pathogenesis of
autism. In fact, children with a diagnosis of autism often pres-
ent with immune dysfunction at a young age [8]. This immu-
nological dysregulation is complex and may be connected to
modifications in the prenatal immune environment, which
may result in increased risk of autism [9]. However, it is un-
explored whether immunological changes arise in children
due to an imbalance in the transcription factor signaling that
regulates Th1/Th2/Th17/Treg cell development and function.

Transcription factors play important roles in many immune
disorders. We focus on the role of key transcription factors
such as forkhead box P3 (Foxp3), signal transducer and acti-
vator of transcription 3 (STAT3), retinoid-acid receptor-relat-
ed orphan receptor gamma t (RORγt), T-box transcription
factor (T-bet), and GATA binding protein 3 (GATA3), which
play important roles in differentiation of Treg, Th17, Th1, and
Th2 cells, respectively [10–12]. Given that Tregs are critical
for limiting immune activation and preventing self-reactivity,
their deficiency may result in activation of inflammatory path-
ways as observed in autism and autoimmune diseases [13].
The balance of Th1/Th2 cells is tightly controlled and there is
an overactivity of either of these cell types in immune disease;
there is evidence of a shift from Th1 and Th2 cells in autism
[14]. IL-17 is a cytokine produced by Th17 CD4+ T cells,
which are known to secrete IL-17, IL-17 F, IL-21, and IL-22
[15]. Previous reports indicated increased serum levels of IL-
17 in individuals with autism spectrum disorders [16].
Alterations in transcription factor signaling may lead to im-
balance in the immune systems of autistic children. For exam-
ple, decreased levels of regulatory cytokines and increased
levels of proinflammatory cytokines including IL-17 has been
shown in children with autism [16–19]. The GATA-3 pathway
has been involved and has the ability to enhance IL-4 and IL-5

and to inhibit IFN-γ cytokine production in differentiated T
cells [20]. Indeed, during neurodevelopment, IL-6 activates
the STAT3 pathway to maintain homeostasis between
neurogenesis and gliogenesis [21]. STAT3 signaling has been
proposed as a neurobiological mechanism to mediate the ef-
fects of the maternal immune system (MIA) on the developing
fetal brain [22]. In addition, STAT3 is the major transcription
factor involved in the differentiation of Th17 cells [23].

Based on the abnormal immune responses observed in chil-
dren with autism, we assessed the expression of transcription
factors associated with Th1, Th2, Th17, and Treg develop-
ment and function. To our best knowledge, this is the first
study to show an increase in Th1/Th2/Th17-related transcrip-
tion factors and a decrease in Treg-related transcription factors
in autistic children. Based on our findings, we hypothesize
that alterations in transcription factor signalingmay be respon-
sible for the dysregulated immune system in children with
autism.

Materials and Methods

Participants

This cross-sectional study was conducted on 40 children, who
had classic-onset autism, over a period of 6 months from the
beginning of June 2015 to the end of November 2015. The
autistic group comprised 40 children (30 males and 10 fe-
males) recruited from the Autism Research and Treatment
Center, Faculty of Medicine, King Saud University, Riyadh,
Saudi Arabia. Subjects were fulfilling the criteria for the diag-
nosis of autism according to the fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders [2]. Their ages
ranged between 3 and 11 years (mean ± SD = 7.69 ±
2.26 years). Subjects included in this study had no associated
neurological diseases (such as cerebral palsy, tuberous sclero-
sis) or metabolic disorders (e.g., phenylketonuria) because
these associated comorbidities with autism may influence
the results. Also, the included subjects were not receiving
any medications.

The control group comprised 32 age- and sex-matched
healthy children (24 males and 8 females). They were the
healthy older siblings of the healthy infants who attend the
Well Baby Clinic, King Khalid University Hospital, Faculty
of Medicine, King Saud University, Riyadh, Saudi Arabia for
routine following up of their growth parameters. The control
children were not related to the children with autism and dem-
onstrated no clinical findings suggestive of immunological or
neuropsychiatric disorders. Their ages ranged between 3 and
11 years (mean ± SD = 7.76 ± 2.45 years). The local Ethical
Committee of the Faculty of Medicine, King Saud
University, Riyadh, Saudi Arabia approved this study. In ad-
dition, an informed written consent of participation in the
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study was signed by the parents or the legal guardians of the
studied subjects.

Study Measurements

Clinical evaluation of autistic subjects: This was based on
clinical history taking from caregivers, clinical examination,
and neuropsychiatric assessment. In addition, the disease se-
verity was assessed by using the Childhood Autism Rating
Scale (CARS) [24] which rates the child on a scale from one
to four in each of 15 areas (relating to people; emotional re-
sponse; imitation; body use; object use; listening response;
fear or nervousness; verbal communication; non-verbal com-
munication; activity level; level and consistency of intellectual
response; adaptation to change; visual response; taste, smell,
and touch response and general impressions).

Chemicals and Antibodies

The chemicals and antibodies used in this study were pur-
chased from the following companies. Primary antibodies
[RORγ (no. sc-28559), Foxp3 (no. sc-130666), T-bet (no.
sc-21763), GATA-3 (no. sc-268), STAT3 (no. sc-8019)], sec-
ondary antibodies [anti-mouse, anti-rabbit and anti-goat
horseradish peroxidase-conjugated antibodies (no. sc-2005,
no. sc-2004 and no. sc-2020 respectively)], and broad range
markers (no. sc-2361) were purchased from Santa Cruz
Biotechnology, Inc, USA. Histopaque-1077 (no. 10771), hep-
arin (no. H3393), phorbol-12-myristate 13-acetate (no.
P8139) and ionomycin (no. 9657) were purchased from
Sigma-Aldrich, USA. Fluoro isothiocyanate-labeled CD4
(no. 357406) anti-human monoclonal antibody, and phycoer-
ythrin labeled Foxp3 (no. 320008), RORγt (no. 563081), T-
bet (no. 644810), and GATA-3 (no. 653804) anti-human
monoclonal antibodies, GolgiStop (no. 554724), FcR
blocking reagent (no. 130-059-901), fixation (no. 420801)
and permeabilizing buffers (no. 421002) were obtained from
(Miltenyi Biotech, Germany; BioLegend and BD
Biosciences, USA). Primers used to assess gene expressions
were purchased from Applied Bio Systems (Paisley, UK) and
Genscript (Piscataway, USA); TRIzol reagent (15596018)
was purchased from Life Technologies (Grand Island, USA);
High Capacity cDNAReverse Transcription kit (no. 4368814)
and SYBR® Green PCR Master Mix (1509503) were pur-
chased from Applied Bio systems (Paisley, UK). Luminata
forte Western HRP substrates (no. WBLUF0100) were pur-
chased from Merck Millipore UK; nitrocellulose membranes
(LC2001) were purchased from Life technologies, USA.

Isolation of PBMCs

Peripheral blood was collected in an acid-citrate-dextrose
Vacutainer tube (BD Biosciences; USA) and processed for

flow cytometry and gene/protein expression analyses.
Peripheral blood was mixed 1:1 with Hanks balanced salt
solution (HBSS; Gibco, Gaithersburg, MD, USA), and the
diluted blood was then carefully layered over a Ficoll-Paque
gradient (Sigma-Aldrich, USA) and centrifuged at 400×g for
40 min at room temperature. This centrifugation separated
lymphocytes, monocytes, and plasma. The peripheral blood
mononuclear cell (PBMC) layers were carefully removed
from the tube and transferred to a new conical tube followed
by two washes with HBSS [25]. After centrifugation, the
PBMCs were resuspended in the appropriate volume of 1×
PBS and were stored at −80 °C.

Intracellular Staining and Flow Cytometric Analysis

Transcription factors were assessed by flow cytometric
analysis of PBMCs stimulated with phorbol 12-myristate
13-acetate (PMA) and ionomycin (10 μg/ml, Sigma,
USA) in the presence of 5 μg/ml brefeldin A (Bio leg-
end, USA) for 4 h, using methods previously described
for intracellular staining [26, 27]. Briefly, PBMCs were
stained for the CD4 T cell surface marker (Bio legend,
USA), followed by incubation at room temperature in
the dark for 10 min. The freshly prepared fixation/
permeabilization solution (Miltenyi Biotech, Germany;
Biolegend and BD Biosciences, USA) was added to
the pellet. Cells were permeabilized and incubated for
10 min at room temperature followed by adding, human
Fc receptor blocking solution (Miltenyi Biotech,
Germany). After washing with wash buffer, anti-human
Foxp3, RORγt, T-bet, and GATA-3 (Biolegend and BD
Biosciences, USA) were added to the cells, followed by
incubation for 30 min at room temperature in the dark.
All cells were analyzed for the expression of phenotypic
markers and transcription factors on FC500 flow
cytometer (Beckman Coulter, USA) using CXP soft-
ware, and 10,000 events were counted. To analyze the
staining of the CD4, Foxp3, RORγt, T-bet, and GATA-
3, the lymphocytes were first gated by their physical
properties (forward and side scatter). Then, a second
gate was drawn based on the immunofluorescence char-
acteristics of the gated cells. The data are presented as
dot plots as previously described [28].

Isolation of Total RNA and RT-PCR

Total RNA was extracted using Trizol (Invitrogen; Life
Technologies, USA) according to method described ear-
lier [29, 30]. cDNA was synthesized using a high-
capacity cDNA reverse transcription kit (Applied
Biosystems, USA) according to the manufacturer’s in-
structions. The primers used in these assays were select-
ed from PubMed and other databases, which are listed
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in Table 1. Assay controls were incorporated into the
same plate, which consisted of no-template controls to
test for contaminations of any of the assay reagents.
The real-time PCR data were analyzed using the relative
gene expression (i.e., ΔΔCT) method, as described in
Applied Biosystems User Bulletin No. 2. Briefly, the
data are presented as the fold change in gene expression
normalized to an endogenous reference gene (GAPDH)
and relative to a calibrator.

Protein Extraction and Western Blot Analysis

The total cellular proteins were extracted from PBMCs by a
method as previously described [31]. Protein concentrations
were measured by the Lowry method [32]. Western blot anal-
ysis was performed using a previously described method [32].
Briefly, 25–50 μg of protein from each group was separated
by 10% SDS-polyacrylamide gel electrophoresis (PAGE) and
electrophoretically transferred into nitrocellulose membranes
(Bio-Rad, USA). Protein blots were blocked overnight at
4 °C, followed by incubations with primary antibodies against
Foxp3, RORγ, T-bet, GATA-3, and STAT3 (Santa Cruz
Biotechnology, Inc, USA), followed by incubation for 2 h
with peroxidase-conjugated secondary antibodies at room
temperature. The Foxp3, RORγ, STAT3, T-bet, and GATA-3
bands were visualized using the enhanced chemiluminescence
method (GEHealth care,Mississauga, Canada) and quantified
relative to β-actin bands using the ImageJ® image processing
program (National Institutes of Health, Bethesda, USA).
Images were taken on C-Digit chemiluminescentWestern blot
scanner (LI-COR, Lincoln, USA).

Statistical Analysis

The results were analyzed using a commercially available
software package (GraphPad InStat Software, La Jolla
USA). The data were expressed as mean ± SEM. The results
were analyzed by Student’s t test. The level of statistical sig-
nificance was set at p < 0.05 for differences between the
groups.

Results

Transcription Factor Expression Correlates
with Immunological Imbalance in Autism

The importance of transcription factors in the development of
several neurodevelopmental disorders was shown in earlier
studies [33]. As seen in Fig. 1a, children with AU display
decreased Foxp3+ cells in the peripheral blood as compared
to TD. This deficit is also revealed when looking specifically
at CD4+Foxp3+ T cells (Fig. 1a). Further, the mRNA and
protein expression of Foxp3 were significantly reduced in
the PBMCs from children with AU as compared to TD
(Fig. 1b, c). Taken together, these findings indicate a systemic
deficit in the abundance of Tregs in children with autism.

RORγt-deficient mice have attenuated autoimmune dis-
ease and lack tissue-infiltrating Th17 cells [34]. In addition,
a number of reports show increased production of IL-17 in
children with autism [16, 19]. Therefore, we assessed the ex-
pression of RORγt in children with autism and found it to be
considerably increased in both CD4+ and CD4- T cells in AU
children as compared to TD controls (Fig. 2a). Further, RT-
PCR and western blotting analysis confirmed the strong in-
duction of RORγt mRNA and RORγ protein expression in
PBMCs from AU children as compared to TD children
(Fig. 2b, c). These results provide evidence that RORγt, a
key regulator of Th17 cell differentiation, is upregulated in
autistic children.

Given the increasing indications of the involvement
of STAT3 in neurological disorders, and its association
with the development of Th17 cells, we wanted to ex-
tend our results to determine whether STAT3 mRNA
expression levels are affected in AU children [35].
Thus, we assessed STAT3 mRNA expression in the
PBMCs of children with autism and found it to be up-
regulated compared to TD controls (Fig. 3a). Next, we
examined STAT3 protein expression by western blot
analysis and found a significantly higher level of
STAT3 expression in samples from children with autism
than in TD controls (Fig. 3b). These observations sug-
gest increased STAT3/RORγt signaling in autistic
children.

Table 1 Primers sequence

Targeted gene Direction and sequence

Foxp3 F: 5′-ACCCAAGGGCTCAGAACT-3′ R: 5-
CACTGCCCTGAGTACTGGTG-3′

RORγt F: 5′-AGTGTAATGTGGCCTACTCCT-3′ R: 5′-
GCTGCTGTTGCAGTTGTTTCT-3′

STAT3 F: 5′-CCCCGTACCTGAAGACCAAG-3′ R: 5′-
TCCTCACATGGGGGAGGTAG-3′

T-bet F: 5′-TCAACCAGCACCAGACAGAG-3′ R: 5′-
AACATCCTGTAATGGCTTGTG-3′

GATA-3 F: 5′-CTTATCAAGCCCAAGCGAAG-3′ R: 5-
CCCATTAGCGTTCCTCCTC-3′

GAPDH F: 5′-CCCAGCAAGGACACTGAGCAAG-3′R: 5′-
GGTCTGGGATGGAAATTGTGAGGG-3′

Foxp3 forkhead box P3, RORγt retinoic acid receptor-related orphan
nuclear receptor t, STAT3 signal transducers and activator of transcription
3, T-bet transcription factor of the t-box, GATA-3 GATA binding protein
3, JAK1 Janus kinase 1, GAPDH glyceraldehyde 3-phosphate
dehydrogenase
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T-bet regulates Th1 responses by mediating essential
effects on GATA-3 function [36]. In children with au-
tism, there was a significant increase in the proportion
of T-bet+ cells and in the number of CD4+ T cells ex-
pressing T-bet in peripheral blood as compared to the
TD controls (Fig. 4a). Furthermore, children with autism
showed a significant increase in both the mRNA and
protein expression of T-bet as compared to TD controls
(Fig. 4b, c). These data suggest that T-bet may also play
a significant role in the development of autism.

GATA-3 is involved in the brain development and regulates
many processes in the body including cell differentiation, im-
mune responses, and the synthesis of neurotransmitters and
hormones [37]. In PBMCs from AU children, we observed
an upregulation in the percentage of GATA-3+ producing cells
compared to TD controls (Fig. 4a). A similar trend was noted
when looking specifically at CD4+GATA-3+ T cells (Fig. 5a).
Similarly, GATA-3 mRNA and protein were highly expressed
in autistic children compared to TD controls (Fig. 5b, c). Our
data strongly suggest that GATA-3 may play an important role
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Fig. 1 a Flow cytometric
analysis of Foxp3+ transcription
factor production by all cells and
specifically by CD4+ T cells in
peripheral blood mononuclear
cells (PBMCs). b Quantitative
RT-PCR of Foxp3 mRNA
expression in PBMCs. c Western
blot analysis of Foxp3 protein
expression in lysates generated
from PBMCs. Peripheral blood
was incubated with PMA/
ionomycin (10 μg/ml) for 4 h. d
Dot plots represent events from
PBMCs taken from one typically
developing (TD) control child and
one autistic (AU) child. Statistical
analyses were performed using
Student’s t test. The level of
significance was set at *p < 0.05
compared with the TD group
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in autism. Overall, our data show that Th17-, Th1-, and Th2-
related transcription factors are upregulated and Treg-related
transcription factor is downregulated in PBMCs of autistic
children as compared to typically developing children.

Discussion

Autistic disorders are complex neurodevelopmental con-
ditions principally characterized by dysfunctions linked
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Fig. 2 a Flow cytometric
analysis of RORγt+ transcription
factor production by all cells and
specifically by CD4+ T cells in
peripheral blood mononuclear
cells (PBMCs). b Quantitative
RT-PCR of RORγt mRNA
expression in PBMCs. c Western
blot analysis of RORγ protein
expression in lysates generated
from PBMCs. Peripheral blood
was incubated with PMA/
ionomycin (10 μg/ml) for 4 h. d
Dot plots represent events from
PBMCs taken from one typically
developing (TD) control child and
one autistic (AU) child. Statistical
analyses were performed using
Student’s t test. The level of
significance was set at *p < 0.05
compared with the TD group
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to mental development [38]. Recent studies have shown
that there are more than 1000 genes likely involved in
autism, which are highly interconnected among them-
selves and expressed mainly in the brain [39]. There
are also many reports of peripheral immune abnormali-
ties in autistic individuals [40–42]. Immune aberrations
consistent with a dysregulated immune response that
have been reported in autistic subjects include abnormal
or skewed Th1 and Th2 cytokine profiles, decreased
lymphocyte numbers, and an imbalance in serum immu-
noglobulin levels [43, 44]. Recently, a number of stud-
ies have examined the role played by Treg cells in
human immune-mediated diseases and their findings
suggest that an acquired defect in Foxp3 expression
may be a contributing factor [45, 46]. Treg cells play
an important role in the formation of immunological
self-tolerance and thereby in the prevention of autoim-
munity [47]. Moreover, Foxp3 expression has been
shown to be reduced in individuals who develop inflam-
matory neurologic diseases, and reduced functionality of
Treg cells is associated with upregulation of RORγt
[48, 49]. In the present investigation, we found a sig-
nificant downregulation of Foxp3 specifically within
CD4+ T cells in the peripheral blood of autistic chil-
dren. These results suggest that a reduction in Foxp3
expression is associated with autism. Together, these
observations confirm that immune dysfunction, and spe-
cifically deficits in Treg cells, correlates with the mod-
ulation of behaviors and core features of autism.

A recent study reported higher expression of GATA-3
in lymphoblastic cell lines derived from the lympho-
cytes of autistic subjects as compared to their non-

autistic siblings [50], suggesting the possible use of
GATA-3 as a disease biomarker. In addition, in a
neuron-like PC-12 cell culture, GATA-3 expression in-
creased after treatment with valproate, thalidomide, or
alcohol, three teratogens known to cause autism [51].
Our data confirms that the GATA-3 expression is higher
in children with autism as compared to TD controls. It
is hypothesized that an excessive differentiation of neu-
rons expressing GATA-3 could cause anomalies in the
development of brain resulting in autistic symptoms.
Thus, GATA-3 may represent a molecular link between
immune and neuronal dysfunction in autism and further
study is warranted.

STAT3 and RORγt are thought to collaboratively reg-
ulate the transcriptional profile of Th17 cells, and both
are known to be critical for Th17 cell differentiation
[23]. The underlying mechanism is believed to involve
the translocation of activated STAT3 into the nucleus
where it promotes transcription of RORγt, the essential
transcription factor for Th17 cell differentiation [52].
The prominent expression of IL-17A has been reported
in children with autism [15, 16]. There are several
STAT protein variants, which lead to an array of signal-
ing that can result either in neuronal death or growth
and differentiation [53]. The activation and regulation of
STAT3 signal is known to be critically involved during
neurodevelopment [54]. In addition, earlier results
showed that blocking the STAT3 signaling pathway sig-
nificantly opposes maternal immune activation (MIA)-
induced abnormal behavior and neuropathological ab-
normalities in MIA/adult offspring [54]. Similarly, chil-
dren with autism demonstrated noticeable upregulation
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A BFig. 3 a Quantitative RT-PCR of
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cells (PBMCs). b Western blot
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expression in lysates generated
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of STAT3 mRNA and protein expression. Therefore, our
study suggests the involvement of STAT3 in autism and
further exploration of this key signaling pathway is
warranted.

T-bet, a master transcription factor, controls lineage
commitment of CD4+ T cells and promotes Th1 differ-
entiation [55–57]. Our study shows increased T-bet

expression in CD4 T cells in children with autism.
Th1 cells are known to be involved in the pathogenesis
of neurological disorders such as multiple sclerosis and
depression and Th1 cells, along with Th17 cells, regu-
late neuroinflammation [58, 59]. Our study shows in-
creases in both of these cells, which suggests involve-
ment of T-bet as well as RORγt in autism. Overall, our
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Fig. 4 a Flow cytometric
analysis of T-bet+ transcription
factor production by all cells and
specifically by CD4+ T cells in
peripheral blood mononuclear
cells (PBMCs). b Quantitative
RT-PCR of T-bet mRNA
expression in PBMCs. c Western
blot analysis of T-bet protein
expression in lysates generated
from PBMCs. Peripheral blood
was incubated with PMA/
ionomycin (10 μg/ml) for 4 h. d
Dot plots represent events from
PBMCs taken from one typically
developing (TD) control child and
one autistic (AU) child. Statistical
analyses were performed using
Student’s t test. The level of
significance was set at *p < 0.05
compared with the TD group.
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study shows immune dysregulation of transcription fac-
tors related to Th1/Th2/Th17 cells and Treg cells in
autistic children. These findings suggest that the correc-
tion of transcription factor signaling could potentially be
beneficial for treatment of autism.

Conclusion

While it is well known that autism disturbs brain func-
tion, it is becoming clear that the neuroimmune axis is
involved in many neurological disorders. In this
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Fig. 5 a Flow cytometric
analysis of GATA-3+

transcription factor production by
all cells and specifically by CD4+

T cells in peripheral blood
mononuclear cells (PBMCs). b
Quantitative RT-PCR of GATA-3
mRNA expression in PBMCs. c
Western blot analysis of GATA-3
protein expression in lysates
generated from PBMCs.
Peripheral blood was incubated
with PMA/ionomycin (10 μg/ml)
for 4 h. d Dot plots represent
events from PBMCs taken from
one typically developing (TD)
control child and one autistic
(AU) child. Statistical analyses
were performed using Student’s t
test. The level of significance was
set at *p < 0.05 comparedwith the
TD group

4398 Mol Neurobiol (2017) 54:4390–4400



manuscript, we described the modification of the im-
mune system of autistic children as assessed through
alterations in transcriptional signaling pathways. The im-
pact of transcription factor imbalance in autistic children
and the association with behavior impairment is intrigu-
ing and warrants further consideration. Future studies
will provide a better understanding of the underlying
mechanisms responsible for the pathogenesis of autism
and may improve diagnosis and therapy. Furthermore,
the correction of the immune system dysfunction in au-
tism may signify a novel target for treatment.
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