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Summary 
Autism spectrum disorder (ASD) is a neurodevelopmental 
condition with increasing incidence. Recent evidences suggest 
glial cells involvement in autism pathophysiology. S100B is 
a calcium binding protein, mainly found in astrocytes and 
therefore used as a marker of their activity. In our study, children 
with autism had higher plasma concentrations of S100B 
compared to non-autistic controls. No association of S100B 
plasma levels with behavioral symptoms (ADI-R and ADOS-2 
scales) was found. Plasma S100B concentration significantly 
correlated with urine serotonin, suggesting their interconnection. 
Correlation of plasma S100B levels with stool calprotectin 
concentrations was found, suggesting not only brain astrocytes, 
but also enteric glial cells may take part in autism pathogenesis. 
Based on our findings, S100B seems to have a potential to be 
used as a biomarker of human neurodevelopmental disorders, 
but more investigations are needed to clarify its exact role in 
pathomechanism of autism. 
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Introduction 
 

ASD (Autism spectrum disorder) is brain-based 
neurodevelopmental condition characterized by 
impairments in social communication and social 

interaction in the presence of restricted, repetitive 
behaviors or interests. ASD is of expanding worldwide 
medical and social concern because of its increasing 
incidence (Onaolapo and Onaolapo 2017, Baio et al. 
2018). Despite recent scientific interest, etiology and 
pathogenesis of ASD remain unclear what obstructs the 
prevention, diagnostics and treatment of people with 
these disorders. According to current hypotheses, 
etiology of ASD involves multiple mechanisms, 
including genetic predisposition and environmental 
factors. Their combination may lead to alterations in 
epigenetic gene regulation, with consequences including 
impairments in neuron-glia interactions (Zeidan-Chulia  
et al. 2014). Mounting evidence suggests the role of 
neuroglial cells in autism, as well as in other 
neurological, neurodevelopmental and psychiatric 
disorders. Neuroglia described in 1858 by Virchow is 
represented by macroglia and microglia. The role of 
microglia is characterized in several reviews (Koyama 
and Ikegaya 2015, Tay et al. 2017, Anderson and Vetter 
2019). Astrocytes, representatives of macroglia, are 
involved in neurogenesis, development and maintenance 
of homeostasis in the brain, neurotransmitter signaling, 
neuronal activity and mitochondrial functions in neural 
cells (Zeidan-Chulia et al. 2014). Since ASD is 
characterized by deviations in brain development, 
neurogenesis, synaptopathy and neuroinflammation 
(Gilbert and Man 2017), investigation of astrocytes and 
their products seems to be a reasonable and promising 
objective within surveys aimed at elucidating the autism 
pathogenesis. 

S100B is one of markers of astrocyte activation. 
It is a Ca2+ (calcium)-binding protein, concentrated 
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mainly in intracellular compartment and found 
extracellularly when actively released or in case of the 
leakage from damaged cells. The intracellular role of 
S100B includes participation in cell proliferation, 
differentiation, transcription, survival, enzyme activities. 
Its extracellular role is exerted mostly through receptors 
for advanced glycation end-products (RAGE) and 
triggering intracellular signaling cascade, that leads to 
processes such as neuroinflammation and neurode-
generation (for review see Sorci et al. 2013, Michetti  
et al. 2019). Interestingly, through this activation S100B 
has been shown to regulate microglia activation and 
migration, as well as to eventually cause neuronal death 
(Bianchi et al. 2011). 

Since S100B is released from damaged 
astrocytes, its increased extracellular concentration might 
be used as a biomarker of acute brain injury, neural 
distress, and, possibly, neurodegenerative disorders. 
Moreover, it is described that S100B biological activity is 
associated with its concentration (Michetti et al. 2019). 
However, for interpretation of S100B role in 
pathophysiology it is important to remember, that in 
neural cultures it demonstrated neurotrophic effects at 
nanomolar levels, while apoptotic effects at micromolar 
levels (Sorci et al. 2013, Michetti et al. 2019). For 
example, in nanomolar concentrations S100B has been 
shown to exert neurotrophic and neuroprotective effects 
on serotonergic neurons (Eriksen and Druse 2001). For 
last decades, S100B has been shown to be a reliable 
biomarker of neural injury (Astrand and Unden 2019, 
Michetti et al. 2019). It is actively investigated as 
a possible biomarker in such disorders as Alzheimer’s 
disease, Parkinson’s disease, Schizophrenia, or mood 
disorders (for review see Michetti et al. (2019)) and 
others. However, if is it possible to use it as a marker in 
patients with neurodevelopmental disorders, including 
autism, remains unclear. The main goal of our study was 
to investigate the plasma concentrations of Ca2+ binding 
protein S100B, as a biomarker of the status of astrocytes 
in central nervous system and glial cells in enteric 
nervous system in children with and without autism, and 
its possible correlation with their behavior. 

Additionally, in attempt to elucidate the 
mechanism of autism, in a randomly selected fraction of 
children with autism (n=30) urine was analyzed for 
serotonin levels. Serotonin (5-hydroxytryptamin, 5-HT) 
is a neurotransmitter, well known for its pleiotropic 
effects, including role in the central nervous system and 
behavior (Frazer and Hensler 1999, Mohammad-Zadeh  

et al. 2008). This molecule is also actively investigated in 
connection to ASD. Evidence suggests that increased  
or decreased serotonin level plays a critical role  
in neurodevelopment (Garbarino et al. 2019). The 
involvement of serotonin in ASD pathomechanisms is 
widely supported by findings that behavioral symptoms 
of autism, including deficits in social behavior (Kiser  
et al. 2012) and restrictive repetitive behaviors 
(Hollander et al. 2005), are modulated by 5-HT signaling. 
Some studies showed increased blood levels of serotonin 
in children with autism (Abdulamir et al. 2018), but other 
studies reported this might be a result of high level of 
hyperserotonemia not in all, but in approx. 25 % of 
people with ASD (Gabriele et al. 2014, Marler et al. 
2016). At the same time, serotonin is a neurotransmitter 
that is produced in large quantities in the gastrointestinal 
tract (Jameson and Hsiao 2018). We choose to study 
serotonin levels in urine not only because it is a non-
invasive procedure, but 5-HT levels in plasma and urine 
are shown to correlate (Audhya et al. 2012). There is 
even a study, reporting that hyperserotonemia increases 
5-HT level in urine in individuals autism (Mulder et al. 
2010). 

In the presented study, we investigated serotonin 
levels in connection to S100B, since according to 
scientific evidence their actions seem to be 
interconnected. Most of serotonin effects are mediated 
through the release of S100B (Shapiro et al. 2010). 

The level of S100B in the periphery comprises 
its release from glial cells in the brain and in the intestinal 
tract. Enteric glial cells (EGCs) are responding to gut 
inflammation (Langness et al. 2017), which can be 
approximated by measuring fecal calprotectin levels. 
Calprotectin is routinely used as a validated non-invasive 
marker of intestinal inflammation (Alibrahim et al. 2015). 
In inflammatory bowel disease it is used to evaluate the 
severity of disease and the response to treatment 
(Erbayrak et al. 2009, Alibrahim et al. 2015). It can be 
used also as a marker of gastrointestinal status in children 
with autism (Babinska et al. 2017). 
 
Methods 
 
Subjects 

The study included 93 children diagnosed with 
autism and 35 non-autistic children. The age of children 
with autism was 6.22±0.30 years (mean ± SEM), ranging 
from 2 to 16 years, and matching control group of 
children aged 6.99±0.59 years (mean ± SEM), ranging 
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from 2 to 12 years. All children were boys. Children were 
recruited from the Academic Research Center for Autism 
(ARCA), based at the Institute of Physiology, Faculty of 
Medicine Comenius University in Bratislava. The 
diagnosis of ASD was performed meeting criteria for 
DSM-V (The Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition), using Autism 
Diagnostic Observation Schedule – second edition 
(ADOS-2) (Lord et al. 2012), and the Autism Diagnostic 
Interview-Revised (ADI-R) (Lord et al. 1994). ADOS-2 
was evaluated in domains of social affect (SA), and 
restricted and repetitive behavior (RRB) scores, and total 
raw score. ADI-R was evaluated in areas of qualitative 
abnormalities in reciprocal social interaction (A) and 
communication (B), as well as in restricted, repetitive and 
stereotyped patterns (C) of behavior. All subject involved 
in the study met criteria for ASD on both ASD diagnostic 
tools. 

Exclusion criteria included genetic disorders, 
speech disorders and medication use. Children`s parents 
signed the written consent to participate in this project. 
The protocol was approved by the Ethics Committee of 
the University Hospital and Comenius University Faculty 
of Medicine in Bratislava, Slovakia. The study conformed 
to the code of ethics stated in the Declaration of Helsinki 
of the World Medical Association. 
 
Laboratory methods 

Blood samples with EDTA were centrifuged 
3000 rpm for 10 min and aliquoted to store frozen  
at -80 °C until analysis was performed. Plasma S100B 
level was detected using ELISA method with sensitivity 
of 15.6 pg/ml and detection range from 15.6 pg/ml to 
1000 pg/ml according to manufacturer’s instructions 
(LifeSpan BioSciences, Inc., USA). The absorbance was 
measured spectrophotometrically at 450 nm wavelength 
(Epoch, Biotek). 

Stool specimens were collected by parents, kept 
at 4 °C and delivered to our laboratory within 12 h, where 
aliquots of 200 mg of each specimen were frozen  
at -80 °C until analysis. Calprotectin extraction was 
performed with Calpro EasyExtract (Calprolab, Lysaker, 
Norway). Its determination in 1:50 diluted extracts was 
performed using CALPROLAB™ Calprotectin ELISA 
(ALP) (Calprolab, Lysaker, Norway) according to the 
instructions provided by the manufacturer. 

In 30 randomly chosen children from the 
individuals with autism urine was analyzed. Urine 
samples were collected by parents and delivered to the 

laboratory within 3 h, where frozen at -20 °C until 
analysis. Serotonin levels were measured by 
UHPLC/MS/MS method using the AbsoluteIDQ® p180 
kit (Biocrates Life Sciences AG, Innsbruck, Austria), 
UPLC-Xevo TQS. Sample preparation and measurements 
were carried out according to the manufacturer’s protocol 
and have been described in detail elsewhere (Wang-
Sattler et al. 2008). Serotonin concentrations were 
normalized to creatinine levels as earlier described (Tang 
et al. 2015). 
 
Data analysis 

Data were analyzed using t-test to evaluate the 
differences between groups. Data are presented as means 
± SEM. For data correlation Pearson correlation 
coefficients were used. p<0.05 were considered 
significant. For all statistical analyses, Software 
GraphPad Prism 5 and Microsoft Excel 2016 were used. 
 
Results 
 

In this study, children with autism had 
significantly higher plasma levels of S100B compared to 
non-autistic children (Fig. 1), p=0.028. S100B 
concentrations were 33.04±3.35 pg/ml, N=89 in the study 
group vs. 23.26±2.86 pg/ml, N=34 in the control group,  
4 and 1 outliers from the groups correspondingly were 
excluded. This supported the hypothesized theory of 
S100B involvement in the ASD pathogenesis. We did not 
observe correlation with any of the behavioral markers 
represented by three subscales of ADI-R, two subscales 
ADOS-2 or with its total raw score. Plasma S100B 
concentration was not age related. 
 
 

 
 
Fig. 1. Plasma levels of S100B (pg/ml) in children with autism 
(AUT) and in non-autistic controls (CON), * p<0.05 
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We found a significant positive correlation 
between plasma levels of S100B and urine levels of 
serotonin (Pearson correlation coefficient 0.47, p=0.007) 
(Fig. 2). 

Evaluated calprotectin from stool samples of 
children with autism showed a weak, but significant 
positive correlation with S100B, Pearson coefficient 0.21, 
p=0.037 (Fig. 3). 
 
Discussion 
 

ASD is a group of neurodevelopmental 
disorders, not only etiology of which remains uncertain, 
but its pathogenesis is also only partially understood. Past 
decade of investigations brought a growing comprehen-
sion of a possible involvement of neuroglia in ASD 
pathogenesis. 

S100B, Ca2+-binding protein, is mainly concen-
trated in astrocytes and passively released from them in 
brain injury, increasing its CSF (cerebrospinal fluid) and 
blood levels. It is already generally accepted that S100B 
is a reliable biomarker of acute neural distress, blood-
brain barrier integrity and as a control of the effectiveness 
of its treatment (Astrand and Unden 2019, Michetti et al. 
2019). It has been shown that CSF S100B levels are 
highly correlated with plasma S100B levels (Huang et al. 
2010). S100B plasma concentration reflects blood-brain 
barrier permeability (Marchi et al. 2003) even in absence 
of acute brain injury (such as stress, neurodegenerative 
disorders) (Michetti et al. 2019, Xu et al. 2019). 

Our study revealed augmented levels of S100B 
in plasma of children with autism, compared to control 
children, what is in concordance with earlier described 
hypothesis of increased S100B in ASD. There is 
indication that this may be a consequence of 
dysregulation of neuron-glia interactions, resulting from 
altered epigenetic gene regulation and oxidative stress 
(Zeidan-Chulia et al. 2014). Although elevated 
concentration of S100B has a pro-inflammatory function 
with the main goal to activate macrophages and trigger 
the process of repair and regeneration in case of damage 
(Sorci et al. 2013), it also increases free radical 
production, facilitating death of neurons and glia (Bianchi 
et al. 2011, Michetti et al. 2019). The main pathway of 
extracellular S100B is RAGE (Receptor for Advanced 
Glycation End-products) dependent, activating different 
cell types, mediating a series of pathological conditions, 
including neuroinflammation. Remarkably, extracellular 
elevated S100B activates a RAGE-dependent autocrine 
loop in astrocytes, turning them into a pro-inflamma-
tory/neurodegenerative phenotype what facilitates 
neuronal death (Villarreal et al. 2014). This might be 
associated with the recent finding of lower number of 
neurons in the amygdala of people with ASD (Avino  
et al. 2018), especially in context of social deficits in 
people with autism. Thus, our findings are in agreement 
with the theory of “autism as a glial pathology” (Zeidan-
Chulia et al. 2014). 

Although our investigation found a significant 
increase of plasma S100B in children with autism 
compared to controls, it did not reveal any significant 
correlation with behavioral patterns. Similar results were 

 
 
Fig. 2. Correlation between plasma levels of S100B (pg/ml) and 
urine levels of serotonin, normalized to creatinine level, in 
children with autism, Pearson coefficient 0.47, ** p<0.01. 
 
 

 
 
Fig. 3. Correlation between plasma levels of S100B (pg/ml) and 
fecal calprotectin levels (log mg/kg of feces), in children with 
autism, Pearson coefficient 0.21, * p<0.05. 
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obtained by another research group (Shaker et al. 2016), 
investigating 30 children with autism and 22 control 
children. These observations are not consistent in the 
literature, though. A study, including 40 children with 
autism reported not only their increased S100B 
concentrations, but its association with autism severity 
(Guloksuz et al. 2017). Contrary, one study with 
35 children with ASD found no difference in serum 
S100B with controls (Esnafoglu et al. 2017). This 
discordance in results could be based on small groups of 
included children, amongst which our study was the 
largest. The reason could be in different permeability of 
blood-brain barrier (BBB) for S100B. 

Another possible explanation lies in the source 
of S100B. As mentioned before, S100B has been shown 
to be found mostly in brain astrocytes, but also in other 
glial cells, such as oligodendrocytes, Schwann cells, and 
enteric glial cells (EGCs). The changed microbiota in 
children with autism (Tomova et al. 2015) might be 
a reason to induce intestinal inflammation, converting 
EGCs to “reactive EGCs”, causing alteration of S100B 
expression. Thus, the expression of the glial S100B 
protein is increased in inflammatory processes in 
response to the disruption of the intestinal barrier (Ochoa-
Cortes et al. 2016), that has been reported in ASD. Even 
pathogenic bacteria themselves and their products induce 
S100B release by EGCs (Ochoa-Cortes et al. 2016), 
suggesting this process takes place in dysbiosis, present 
in ASD. Maybe a comparison of GI (gastrointestinal) 
status in the above-mentioned studies would clarify this 
hypothesis. In this research, we used an objective marker 
of GI inflammation status – fecal calprotectin. In our 
previous study, we have demonstrated higher fecal 
calprotectin levels indicating the low-grade inflammation 
in guts of children with autism (Babinska et al. 2017). 
Our present results show low, but significant correlation 
of stool calprotectin levels with plasma S100B 
concentrations, suggesting the involvement of EGCs in 
S100B increased release in ASD individuals. Besides, it 
is known, that EGC similarly to brain glial cells 
participate in synaptic signaling and they may regulate 
synaptic plasticity and network excitability, and 
inflammation (Ochoa-Cortes et al. 2016). However, we 
should keep in mind that, on the other side, changed 
S100B alters enteric glial differentiation (Hao et al. 
2017). Thus, S100B released from glial cells in the brain 
or in the gastrointestinal tract participate in gut-brain 
interconnection, but unfortunately, peripheral concentra-
tion of S100B does not define its source. 

In case of use of S100B as a maker, it has 
advantages, that it can be detected in different biological 
fluids, as CSF, blood, saliva, urine, importantly for 
patients since it can be determined based on noninvasive 
interventions (Gazzolo et al. 2019). The challenge of use 
of S100B is its concentration dependence on the age 
(Portela et al. 2002), and therefore importance of its 
comparison to corresponding reference values (Bouvier  
et al. 2011), is crucial for early diagnosis of ASD, what 
improves the outcomes of interventions (Landa 2018). 

Interesting finding of our study is moderate 
significant positive correlation between plasma levels of 
S100B and urine levels of serotonin. Their 
interconnection has been shown before: serotonin 
increases the release of S100B (Haring et al. 1993), 
S100B increase decreases serotonin (Liu et al. 2011) in 
the brain and S100B promotes development of serotonin 
terminals (Schulte et al. 2014). It is believed that 
serotonin effects are mediated through S100B (for review 
see (Shapiro et al. 2010). On the other hand, in astrocytes 
S100B interacts with serotonin receptor 5-HT7 affecting 
behavior, as shown in mice (Stroth and Svenningsson 
2015). 

Thus, their interaction is known, but to our best 
knowledge, this study is the first to reveal the correlation 
of their concentrations in different biological liquids: 
S100B in plasma and serotonin in urine. 

Serotonin participation in autism pathogenesis is 
suggested, firstly, because augmented blood levels of 
serotonin have been observed in children with autism, at 
least in a subgroup of them (25 %) (Marler et al. 2016). 
Secondly, dysregulation of serotonin (increase or 
decrease) causes behavioral changes, characteristic for 
autism spectrum disorder (Garbarino et al. 2019). Since 
serotonin has pleiotropic effects, it is hard to specify its 
role in ASD (for review see (Muller et al. 2016, 
Garbarino et al. 2019). 

However, not only behavioral, but also 
gastrointestinal symptoms frequently accompanying 
autism, are found to be associated with blood serotonin 
concentrations in people with ASD (Marler et al. 2016). 
Not to underestimate serotonin role in ASD, we have to 
mention, that central effects of 5-HT in people are more 
difficult to investigate, than peripheral ones, especially if 
serotonin itself cannot pass the BBB (Gostner et al. 
2019). All above mentioned suggest the role of serotonin, 
released in brain, as well as synthesized and stored in the 
gastrointestinal tract in ASD manifestations. 

The role of both studied substances, S100B and 
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serotonin, is well recognized in CNS, but their significant 
amount is released in the periphery also. S100B as well as 
serotonin seems to be involved in pathogenesis of ASD 
clinical representation through the bidirectional gut-brain 
axis. Although there is some evidence about the role of 
serotonin in the gut-brain axis (Israelyan and Margolis 
2018), additional studies are needed to characterize the 
role of S100B. 
 
Limitations 
 

Our study reveals increased levels of plasma 
S100B in children with autism compared to control 
children in a larger group, than previously described. 
Even though, it is not vast enough to generalize results to 
the all ASD population. To our knowledge, this study 
firstly demonstrated the correlation of S100B and 
serotonin in different biological fluids (blood plasma and 
urine respectively). The low-grade correlation of 
intestinal inflammatory marker calprotectin with plasma 
S100B suggests the investigation of children with autism 
from more aspects for better interpretation of the source 

of S100B and its specific role in autism development. 
In conclusion, plasma S100B, the glial cells 

activity marker, was significantly elevated in our sample 
of 2-16 year old children with autism compared to the 
controls. Our results indicate its possible combined 
release from glial cells of central and peripheral nervous 
system. The S100B level in plasma correlated with 
serotonin levels in urine. These findings suggest S100B 
seems to have a potential to be used as a biomarkers of 
ASD, possibly in combination with other markers or in 
a subgroup of children with autism with some homogenic 
manifestations. Future work should address the molecular 
mechanisms and specify the role of S100B in autism 
pathogenesis. 
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