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Highlights of the Study

•	 Plasma levels of α-synuclein and γ-synuclein were correlated with the severity of autism spectrum dis-
order (ASD).

•	 Plasma levels of α-synuclein were higher and those of γ-synuclein were lower in children with ASD 
than normal children.

•	 α-synuclein and γ-Synuclein were significantly correlated with the severity of ASD.
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Abstract
Objectives: The aim of this study was to correlate plasma 
levels of the synaptic proteins α-synuclein and γ-synuclein in 
autism spectrum disorder (ASD) children in order to eluci-
date their possible contribution to the pathogenesis of ASD 
and to study their association with the severity of the disor-
der. Subjects and Methods: Plasma levels of α-synuclein and 
γ-synuclein were measured in 38 male children diagnosed 
with ASD and 40 healthy age-matched male children by ELI-
SA. Results: Our results showed that plasma levels of 
α-synuclein (18.02 ± 5.3 pg/mL) were significantly higher in 
ASD children than in control children (14.39 ± 2 pg/mL), and 

plasma levels of γ-synuclein were decreased in the ASD 
group (23.74 ± 7.7 pg/mL) compared to the control group 
(32.40 ± 6.8 pg/mL) (p < 0.0001). Our data also indicate that 
plasma levels of both α-synuclein and γ-synuclein are sig-
nificantly associated with the severity of ASD. Conclusions: 
Our study showed that alteration in α-synuclein and 
γ-synuclein might be associated with ASD pathogenesis and 
could be an indicator of the severity of the disorder.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Autism spectrum disorder (ASD) is a complex neuro-
developmental disorder characterized by communication 
impairment, and repetitive and stereotyped patterns of 
behaviors [1]. The prevalence of ASD is increasing rap-
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idly in the past decade, and it can differ according to the 
geographic area due to many factors but, most important-
ly, the socioeconomic factors that lead to misdiagnosis of 
ASD [2]. The etiology of ASD is heterogonous and com-
plex. The pathogenesis of ASD involves multiple factors, 
including genetic, environmental, immune dysregulation, 
neuroinflammation, and oxidative stress [1]. Synaptic im-
balance and mutation in synaptic proteins and receptors 
have also been reported in patients with ASD [3].

Synucleins are a family of small soluble proteins that 
are expressed abundantly in presynaptic terminals. Small-
er amounts are found in other tissues like RBCs, heart, 
and muscles. They have an important role in regulating 
synaptic plasticity and neurotransmitters. The synuclein 
family consists of synuclein α, synuclein β, and synuclein 
γ; all of these have been found to be important in the pre-
synaptic terminal topography [4]. They are abundantly 
expressed in the brain and neurons. The structural prop-
erties of γ- and α-synuclein are similar, while the 
β-synuclein structure was found to be different and ag-
gregates less than γ- and α-synuclein. Also, β-synuclein 
has an inhibitory effect on both γ- and α-synuclein ac-
tivities [5]. α-synuclein was extensively studied in neuro-
degenerative diseases, while little is known about the as-
sociation of β- and γ-synucleins in neurodegenerative 
diseases.

α-synuclein is known to be associated with many neu-
rodegenerative disorders that are collectively called synu-
cleinopathies. These disorders include Alzheimer’s dis-
ease (AD), Parkinson’s disease (PD), dementia with Lewy 
bodies (DLBs), and multiple system atrophy. In these dis-
eases, α-synuclein overexpression and\or misfolding 
leads to protein aggregation and the formation of amyloid 
fibril in Lewy bodies which is a hallmark in PD [6]. An-
other study reported that α-synuclein and γ-synuclein, 
but not β-synuclein, affect the risk of developing diffuse 
Lewy body disease [7].

In addition, α-synuclein has been reported to inhibit 
certain signaling pathways of brain-derived neurotrophic 
factor (BDNF), leading to dopaminergic neuronal death, 
which causes neurotoxicity in PD [8]. Also, the overex-
pression of α-synuclein and γ-synuclein is associated 
with cognitive deficits [9, 10].

A recent study reported a strong association between 
neurodegenerative and neurodevelopmental disorders, 
specifically PD and ASD [11]. This association includes 
genetic, molecular, and even clinical similarities between 
these disorders.

Due to this association between the above disorders 
and the structural similarity between α-synuclein and 

γ-synuclein, we investigated plasma levels of α-synuclein 
and γ-synuclein in ASD children to demonstrate their 
possible contribution to the pathogenesis of ASD. We 
also studied the association of α-synuclein and γ-synuclein 
with the severity of the disorder. This study is the first to 
examine the correlation of γ-synuclein in ASD children 
and the severity of ASD symptoms with γ- and α-synuclein.

Subjects and Methods

Subjects
The ASD group included 38 male children with a confirmed 

diagnosis of ASD aged 2–12 years who fulfilled this study’s inclu-
sion criteria. They were recruited from the Autism Research and 
Treatment Center, Faculty of Medicine, King Saud University. The 
diagnosis of autism in all ASD patients was based on the Diagnos-
tic and Statistical Manual of Mental Disorders, Fourth Edition 
(DSM-IV). The control group included 40 age-matched healthy 
male children who attend the pediatrics clinic of King Khalid Uni-
versity Hospital for routine follow-up. Any participant with an in-
fectious disease or with neuropsychiatric disorders was excluded 
from the study. Informed consent forms were obtained from all 
participants’ parents as approved by the Institutional Review 
Board of the Faculty of Medicine, King Saud University, according 
to the most recent Declaration of Helsinki.

Behavioral Assessment
Childhood Autism Rating Score
The childhood autism rating score (CARS) is an observational 

scale of 15 items used to distinguish children with ASD from oth-
er types of delays. The CARS assesses the child on a scale from 1 
(normal) to 4 (severe abnormality) in the following 15 items: relat-
ing to people, emotional response, imitation, body use, object use, 
listening response, fear or nervousness, verbal communication, 
nonverbal communication, activity level, level and consistency of 
intellectual response, adaptation to change, visual response, taste, 
smell and touch response, and general impressions. According to 
the scale, children who score between 30 and 36 have mild to mod-
erate autism, while those with scores between 37 and 60 points 
have severe autism.

Social Responsiveness Scale
The social responsiveness scale (SRS)is a 65-item quantitative 

questionnaire that measures the severity of autistic behaviors and 
is completed in 15–20 min using a “0” (not true) to “3” (almost 
always true) scale. It focuses on the child’s behavior during the 
previous 6 months. Children were rated in 5 subscale areas: social 
awareness, social cognition, social communication, social motiva-
tion, and autistic mannerisms. An SRS score between 60 and 75 is 
considered a mild to moderate range of social impairment. In con-
trast, a 76 or higher score is considered as severe and is strongly 
associated with a clinical diagnosis of ASD.

Short Sensory Profile
The short sensory profile (SSP)is a 38-item questionnaire used 

to rate a variety of sensory impairments. Each item on the SSP is 
measured on a 5-point Likert scale (1 being “Always” and 5 being 
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“Never”). Domain scores are measured in the areas of tactile sen-
sitivity, taste/smell sensitivity, movement sensitivity, seeking sen-
sation, auditory filtering, low-energy levels, and visual/auditory 
sensitivity. Lower scores indicate a more significant association 
with ASD. Domain scores and the overall sensory response are 
categorized as follows: <142 indicate severe performance (definite 
difference from typical performance), scores between 142 and 152 
indicate mild to moderate performance (probable difference from 
typical performance), and scores between 153 and 190 indicate 
typical performance.

Measurement of Plasma α-Synuclein and γ-Synuclein
Five milliliters of blood was collected in EDTA tubes from each 

subject in both groups. Samples were centrifuged to isolate the 
plasma, which was aliquoted and stored at −80°C until analysis. 
Plasma concentrations of α-synuclein and γ-synuclein were mea-
sured by ELISA using a commercial kit according to the manufac-
turer’ instructions (human α-synuclein assay, γ-synuclein assay, 
ELISA kit, Wuhan EIAab Science Company, Wuhan, China). 
Samples and standards were added to the precoated plate with an-
tibodies specific for α-synuclein or γ-synuclein and analyzed in 
duplicates for each protein of interest.

Statistical Analysis
The data are presented as mean ± standard deviation. Data 

were statistically analyzed with one-way repeated-measures ANO-
VA. Bonferroni correction was used to compare the levels of 
α-synuclein and γ-synuclein in the subcategories (mild-moderate, 
severe) of CARS, SSP, and SRS. Data that were not normally dis-
tributed (Shapiro-Wilk normality test) are presented as median 
and statistical analysis was performed with ANOVA, followed by 
Dunnett’s post hoc test to compare α-synuclein and γ-synuclein 
levels in all subgroups. Student’s t test was also used for comparing 
the plasma levels of α-synuclein and γ-synuclein in ASD and con-
trol groups. Statistical analysis was performed with GraphPad 
Prism software, version 5 (GraphPad, San Diego, CA, USA). Two-
tailed tests for statistical significance were performed where p < 
0.05 was considered significant. Statistical significance was denot-
ed as *p < 0.05; **p < 0.01; ***p < 0.001.

Results

Demographic Data
The demographic and clinical data of ASD patients 

and healthy controls are shown in Table  1. The ASD 
group consisted of 38 autistic boys aged 2–12 years with 
a mean age of 5.0 ± 2.5 years, while the healthy control 
group consisted of 40 age-matched healthy boys with a 
mean age of 5.8 ± 1.8 years.

Plasma Levels of α-Synuclein and γ-Synuclein in ASD 
and Control Groups
Plasma levels of α-synuclein ranged between 12 and 40 

pg/mL in the ASD group and between 9 and 19 pg/mL in 
the control group. As shown in Figure 1a, plasma levels 

of α-synuclein were significantly higher in the ASD group 
than in the control group (p < 0.0001). The plasma levels 
of γ-synuclein ranged between 21 and 44 pg/mL in the 
ASD group and between 22 and 49 pg/mL in the control 
group. Figure 1b shows that plasma levels of γ-synuclein 
were decreased significantly in the ASD group compared 
to the control group (p < 0.0001).

Correlation between Age and Levels of α-Synuclein 
and γ-Synuclein
Figure 2a and b shows that the ASD and control groups 

were divided into subgroups as follows: ages 2–4, ages 
5–7, and ages 0–12. Plasma levels of α-synuclein were sig-
nificantly increased in the 2–4 years control subgroup 
compared to its age-matched ASD group (p < 0.01). It also 
shows that plasma levels of γ-synuclein in the 2–4 years 
and 5–7 years subgroups are significantly decreased in 
children with ASD compared to children in the control 
group (p < 0.05). Also, γ-synuclein was significantly in-
creased in the ASD group in the 10–12 years subgroup 
compared to the ASD group in both 2–4 years and 5–7 
years subgroups. This indicates that age is associated with 
γ-synuclein levels in ASD patients.

Comparison of Levels of α-Synuclein and γ-Synuclein 
in ASD Subgroups according to Their CARS, SRS, and 
SSP Scores
Plasma levels of α-synuclein and γ-synuclein were 

compared between ASD subgroups with different de-
grees of severity and with the control group. Data were 
presented as mean ± standard deviation. To evaluate 
whether α-synuclein and/or γ-synuclein are correlated 

Table 1. Demographic and clinical characteristics of the ASD and 
control groups

Variable ASD 
(mean ± SD)

Control 
(mean ± SD)

p value

Age 5.026±2.5 5.8±1.8 >0.05
CARS 36.16±3.7 – –
SRS 79.97±8.4 – –
SSP 109±36.2 – –
Laboratory findings (mean ± SD)

α-Synuclein, pg/mL 18.02±5.3 14.39±2 <0.001
γ-Synuclein, pg/mL 23.74±7.7 32.40±6.8 <0.0001

ASD, autism spectrum disorder; SD, standard deviation; CARS, 
childhood autism rating score; SSP, short sensory profile; SRS, so-
cial responsiveness scale.
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to the severity of ASD, the ASD group was divided into 
subgroups according to their CARS, SRS, and SSP 
scores.

CARS analysis showed that 68.4% of the ASD patients 
had moderate autism, while 31.8% had severe autism. 
There was a significant increase in plasma levels of 

α-synuclein in the mild (p < 0.01) and severe (p < 0.001) 
ASD subgroups compared to the control group. No sig-
nificant difference was observed between the severe ASD 
and moderate ASD subgroups. Also, there was a signifi-
cant decrease in plasma levels of γ-synuclein in both mild 
and severe ASD subgroups compared to the control group 
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Fig. 1. Plasma levels of α-synuclein and γ-synuclein in the ASD group and control group. a Plasma level of 
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(p < 0.001). There was no significant correlation found 
between the ASD subgroups (Fig. 3a, b).

Our data analysis of the SRS showed that 57.9% of the 
ASD group had severe autistic behavior, and 42.1% had 

mild autistic behavior. Compared to the control group, 
plasma levels of α-synuclein in mild and severe SRS in the 
ASD group were significantly higher (p < 0.01, p < 0.001), 
respectively. No significant difference was observed be-
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tween the ASD subgroups. Levels of γ-synuclein in the 
severe ASD subgroup were significantly decreased com-
pared to the control group (p < 0.001) and in the mild ASD 
subgroup compared to controls (p < 0.05) (Fig.  3c, d). 
Also, there was a significant decrease in the severe ASD 
subgroup compared to the mild ASD subgroup (p < 0.05).

The severity of sensory impairment in ASD patients 
was assessed by SSP analysis. The ASD group showed that 
71% of the patients had a severe sensory impairment, 
7.9% had a moderate sensory impairment, and 21% had 
a mild sensory impairment. Plasma levels of α-synuclein 
in all the ASD subgroups (mild, moderate, and severe) 
were significantly higher than the control group (p < 
0.001, p < 0.01, p < 0.001), respectively. Also, there was a 
significant decrease in plasma levels of γ-synuclein in 
ASD subgroups compared to the control group (p < 0.001, 
p < 0.05, p < 0.0001), respectively, but no correlation was 
observed between the ASD subgroups and levels of 
α-synuclein and γ-synuclein (Fig. 3e, f).

Our data indicate that plasma levels of both α-synuclein 
and γ-synuclein are significantly associated with the se-
verity of ASD. Although both proteins are correlated to 
the severity in between ASD subgroups, only plasma levels 
of γ-synuclein in the ASD subgroups (mild compared to 
severe subgroup) are found to be significantly correlated 
with social impairment measured by the SRS (p < 0.05).

Discussion

The present study is the first to report the association 
of both α-synuclein and γ-synuclein with the severity of 
ASD compared to healthy controls. Although α-synuclein 
is an intracellular protein that is mostly located in the 
brain, several studies have reported its presence in the 
plasma as well as in the cerebrospinal fluid (CSF) [12]. 
Levels of α-synuclein were significantly higher in ASD pa-
tients than in healthy controls. This result refutes 2 previ-
ous studies that reported a decrease in α-synuclein levels 
in ASD patients compared to controls. In these studies, the 
sample size was less than our study and included both sex-
es [13] and other types of ASD [14]. Although sex and age 
might not affect the results in the age-groups we studied, 
we included only males and subcategorized the plasma 
levels of α-synuclein and γ-synuclein according to the age 
and included only autistic children. This is because previ-
ous studies showed that α-synuclein was significantly af-
fected by the age and sex in patients with PD [15, 16]. 
Many studies have suggested that α-synuclein as a bio-
logical biomarker for PD, AD, and cognitive impairment. 

Previous studies have reported an increased level of 
α-synuclein in neurodegenerative diseases, especially in 
PD and mild cognitive impairment [12]. Other reports 
showed that α-synuclein is decreased or similar in PD pa-
tients compared to controls and did not support 
α-synuclein as a reliable biomarker of PD, AD, and DLBs 
[17]. As the concentration of plasma α-synuclein is higher 
than those measured in CSF of PD patients, the increased 
plasma levels of α-synuclein in the present study might be 
affected by the α-synuclein in the peripheral blood [12]. 
Thus, measurement of α-synuclein in the CSF would yield 
more accurate results, but this procedure is invasive and 
not ideal for routine monitoring. Another reason for the 
elevated plasma α-synuclein in our study might be due to 
the clearance of excess α-synuclein from the brain leading 
to the efflux of α-synuclein from the central nervous sys-
tem into the extracellular environment [18]. Also, oxida-
tive stress, which is found to be increased in ASD patients, 
induces α-synuclein aggregation in PD patients and other 
neurodegenerative diseases and was found to be an im-
portant factor in disease initiation and progression [19, 
20]. In addition, α-synuclein is involved in the regulation 
of synaptic plasticity which causes synaptic dysfunction, 
neurotransmitter disturbances, and affects dopamine ho-
meostasis [21]. It might also lead to neuronal death. Thus, 
this might be related to the synaptic dysfunction that has 
been reported in ASD patients and dopaminergic genes 
and pathways disturbances that are found to be strongly 
associated with ASD pathogenesis [3, 22].

In the present study, both α-synuclein and γ-synuclein 
were significantly associated with ASD patients com-
pared to control subjects. Similar results were reported 
from a genetic study on PD and DLB patients [7]. Also, it 
has been reported that both α-synuclein and γ-synuclein 
affect synaptic transmission and are associated with neu-
rodegenerative diseases. Some studies have reported that 
γ-synuclein dysfunction is correlated with neurodegen-
erative diseases. Some of these studies reported overex-
pression of γ-synuclein in neurodegenerative diseases, 
while others reported that γ-synuclein has a neuroprotec-
tive role and lower levels are associated with neurodegen-
eration [23, 24].

γ-Synuclein is a soluble protein that has an important 
role in synaptic functions and neural growth [4]. It also 
facilitates the expression and release of BDNF which has 
a neuroprotective effect and was found to be decreased in 
neurodegenerative diseases [25]. A study reported that 
BDNF is associated with the severity of neurobehavioral 
deficit [26]. Also, γ-synuclein is needed for the progres-
sion of astrocytes through the cell cycle, and disruption of 
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γ-synuclein function leads to astrocyte apoptosis, possibly 
leading to neurological diseases [25]. In the present study, 
γ-synuclein was significantly lower in ASD patients than 
in controls, which might cause a disruption of neuropro-
tective functions of γ-synuclein in ASD patients.

Our findings indicated that there is an association be-
tween plasma levels of both α-synuclein and γ-synuclein 
and the severity of ASD compared to the control group as 
shown in Figure 3a–f. Previous studies also reported a cor-
relation between both α-synuclein or γ-synuclein in mem-
ory, cognitive functions, and social communication [10, 
27]. The association between intellectual disabilities and 
synaptic dysfunction in autistic children was found to be 
significant [28]. In our study, the correlation between the 
severity of ASD and the plasma levels of synaptic proteins 
(α-synuclein or γ-synuclein) might also be caused by the 
disruption of the synaptic functions in ASD patients.

Conclusion

Abnormal plasma levels of α-synuclein and/or 
γ-synuclein might be implicated in the synaptic or neu-
ronal pathogenesis of ASD. Further studies on larger 
sample sizes are required to determine whether 
α-synuclein and/or γ-synuclein leads to synaptic or neu-
ral disruption, both of which occur in ASD patients. Also, 
these proteins could be a potential therapeutic target for 
neurobehavioral deficit in ASD patients or a potential tar-
get for early diagnosis and treatment of ASD.
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