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Abstract

Background: One of the most consistent biological findings in autism is the elevated blood serotonin levels.
Immune abnormalities, including autoimmunity with production of brain specific auto-antibodies, are also
commonly observed in this disorder. Hyperserotonemia may be one of the contributing factors to autoimmunity in
some patients with autism through the reduction of T-helper (Th) 1-type cytokines. We are the first to investigate
the possible role of hyperserotonemia in the induction of autoimmunity, as indicated by serum anti-myelin-basic
protein (anti-MBP) auto-antibodies, in autism.

Methods: Serum levels of serotonin and anti-MBP auto-antibodies were measured, by ELISA, in 50 autistic patients,
aged between 5 and 12 years, and 30 healthy-matched children.

Results: Autistic children had significantly higher serum levels of serotonin and anti-MBP auto-antibodies than
healthy children (P < 0.001 and P < 0.001, respectively). Increased serum levels of serotonin and anti-MBP auto-
antibodies were found in 92% and 80%, respectively of autistic patients. Patients with severe autism had
significantly higher serum serotonin levels than children with mild to moderate autism (P < 0.001). Serum
serotonin levels had no significant correlations with serum levels of anti-MBP auto-antibodies in autistic patients
(P = 0.39).

Conclusions: Hyperserotonemia may not be one of the contributing factors to the increased frequency of serum
anti-MBP auto-antibodies in some autistic children. These data should be treated with caution until further
investigations are performed. However, inclusion of serum serotonin levels as a correlate may be useful in other
future immune studies in autism to help unravel the long-standing mystery of hyperserotonemia and its possible
role in the pathophysiology of this disorder.
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1. Introduction
Autoimmunity to CNS may have a pathogenic role in
autism [1]. This may be indicated by the presence of
brain-specific auto-antibodies in some autistic children
[2-8]. There is also an increase in the frequency of auto-
immune disorders among autistic families [9-15].
Serotonin is formed by hydroxylation and decarboxy-

lation of tryptophan. Serotonin is known to play a role

in brain development prior to the time it assumes its
role as a neurotransmitter. Disruption of serotonergic
development can leave permanent alterations in brain
function and behavior. This may be the case in autism
[16,17]. It was suggested that autism, without a discern-
ible cause, may be a genetic disorder of serotonin meta-
bolism. The interest in assessing serotonergic function
in autism stems from its role in perception and filtering
of sensory signals, social attachment and facilitation of
formation of synapses which is crucial to acquire learn-
ing and memory [18]. Blood serotonin might serve as
analogue marker for serotonergic function [19].
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Serotonin, being well known for its role in depres-
sion, has been shown to modulate immune responses.
Serotonin may contribute to asthma pathogenesis
through reduction of Th1-type cytokines [20]. In addi-
tion, hyperserotonemia may promote autoimmunity
through reduction of Th1-type cytokines. This may
result in an imbalance of T-helper (Th)1/Th2 subsets
toward Th2, which are responsible for the allergic
response and the production of antibodies. Hypersero-
tonemia may also promote autoimmunity through
initiation of the delayed-type hypersensitivity
responses, which has been proposed as a pathological
mechanism leading to autism [21]. Accordingly,
modifiers of the serotonin transmitter system such as
compounds that affect the serotonin transporter,
prejunctional serotonin receptors or postsynaptic sero-
tonin receptors might represent a novel treatment of
asthma and autoimmune disorders [22].
With this background, this study was conducted to

investigate the relationship between serum levels of
serotonin and anti-myelin-basic protein (anti-MBP)
auto-antibodies, which are possible indicators of autoim-
munity to CNS, in a group of autistic children.

2. Methods
Study population
This case-control study was conduced on 50 children
who had classic-onset autism. The patients were fulfill-
ing the criteria for the diagnosis of autism according to
the 4th edition of the Diagnostic and Statistical Manual
of Mental Disorders [23].
The autistic group comprised 41 males and 9 females.

They were recruited from the Autism Research and
Treatment Center, Faculty of Medicine, King Saud Uni-
versity, Riyadh, Saudi Arabia. Their ages ranged between
5 and 12 years (mean ± SD = 8.22 ± 2.28 years).
Inclusion criteria
1-Patients who had no associated neurological diseases
(such as cerebral palsy, tuberous sclerosis).
2-Patients who had no associated metabolic disorders

(eg. Phenylketonuria) because these associated comor-
bidities with autism may influence the results of serum
serotonin and anti-MBP levels.
3-Patients who were not receiving any medications.
The control group comprised 30 age-and sex-matched

apparently healthy children. They included 25 males and
5 females. They were the healthy older siblings of the
healthy children who attend the Well Baby Clinic, King
Khalid University Hospital, Faculty of Medicine, King
Saud University, Riyadh, Saudi Arabia for routine follow
up of their growth parameters. The control children
were not related to the children with autism, and
demonstrated no clinical findings suggestive of immuno-
logical or neuropsychiatric disorders. Their ages ranged

between 5 and 12 years (mean ± SD = 8.23 ± 2.36
years).
The local Ethical Committee of the Faculty of Medi-

cine, King Saud University, Riyadh, Saudi Arabia,
approved this study. In addition, an informed written
consent of participation in the study was signed by the
parents or the legal guardians of the studied subjects.

Study measurements
Clinical evaluation of autistic patients
This was based on the clinical history taking from the
caregivers, clinical examination and neuropsychiatric
assessment. In addition, the degree of the severity of
autism 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 fifteen areas (relating
to people; emotional response; imitation; body use;
object use; listening response; fear or nervousness;
verbal communication; non-verbal 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 have scored
30-36 have mild to moderate autism (n = 17), while
those with scores ranging between 37 and 60 points
have severe autism (n = 33).
Assessment of serum serotonin levels
Serum serotonin levels were assayed by using serotonin
EIA kit (Biosource Europe S.A. rue de l’industrie 8 1400
Nivelles Belgium). Principally, the competitive serotonin
EIA kit uses the microtiter plate format. Serotonin is
bound to the solid phase of the microtiter plate.
Acylated serotonin and solid phase bound serotonin
compete for a fixed number of antiserum binding sites.
When the system is in equilibrium, free antigen and free
antigen-antiserum complexes are removed by washing.
The antibody bound to the solid phase serotonin is
detected by anti-rabbit peroxidase. The substrate TMB/
peroxidase reaction is read at 450 nm with a filter wave
length 620 nm. The corresponding serotonin con-
centrations are determined from the standard curve by
matching their mean absorbance readings with the
corresponding serotonin concentrations in ng/ml. To
increase accuracy, all samples were analyzed twice in
two independent experiments to assess inter-assay varia-
tions and to ensure reproducibility of the observed
results (P > 0.05).
Measurement of serum anti-myelin basic protein (anti-MBP)
antibodies
This was done by using ELISA kit that allows for the
specific measurement of human anti-MBP (Diagnostic
Systems, Texas, USA). This assay recognizes recombi-
nant and natural human MBP antibodies. Principally,
the microtiter plate provided in this kit has been pre-
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coated with MBP protein. Samples are added to the
appropriate microtiter plate wells and incubated. Horse-
radish Peroxidase (HRP) conjugated to anti-antibody is
added to each microplate well and incubated. Finally a
TMB (3,3’5,5’ tetramethyl-benzidine) substrate solution
is added to each well. Only those wells that contain
anti-MBP and enzyme-conjugated anti-antibody exhibit
a change in color. The enzyme-substrate reaction is ter-
minated by the addition of a sulphuric acid solution and
the color change is measured spectrophotometrically at
a wave length of 450 nm ± 2 nm. To increase accuracy,
all samples were analyzed twice in two independent
experiments to assess inter-assay variations and to
ensure reproducibility of the observed results (P > 0.05).
No significant cross-reactivity or interference was
observed.

Statistical analysis
The results were analyzed by commercially available
software package (Statview, Abacus concepts, inc., Berk-
ley, CA, USA). The data were non-parametric, thus they
were presented as median and interquartile range (IQR),
which are between the 25th and 75th percentiles. Mann-
Whitney test was used for comparison between these
data. Chi-square test was used for comparison between
qualitative variables of the studied groups. Spearman’s
rho correlation coefficient “r” was used to determine the
relationship between different variables. For all tests, a
probability (P) of less than 0.05 was considered signifi-
cant. Patients were considered to have elevated serum
serotonin or anti-MBP if their levels were above the
highest cut-off values (84.05 ng/ml and 221.55 ng/ml,
respectively) which were the 95th percentiles of serum
serotonin and anti-MBP levels of healthy controls as the
distribution of the data was non-parametric.

3. Results
Serum serotonin levels in autistic children and their
relation to the degree of the severity of autism
Autistic children had significantly higher serum seroto-
nin levels [median (IQR) = 243.5 (119) ng/ml] than
healthy controls [median (IQR) = 41 (31) ng/ml], P <
0.001 (Figure 1). Increased serum serotonin levels were
found in 92% (46/50) of autistic patients.
Patients with severe autism had significantly higher

serum serotonin levels [median (IQR) = 268 (46) ng/ml]
than children with mild to moderate autism [median
(IQR) = 160 (84) ng/ml], P < 0.001 (Figure 2). Also, the
frequency of hyperserotonemia was significantly higher
in children with severe autism (100%) than patients with
mild to moderate autism (76.5%), P = 0.01.
Male and female autistic children had comparable

values of serum serotonin [median (IQR) = 251 (115)
ng/ml and 220 (92) ng/ml, respectively], P = 0.32. In

addition, serum serotonin levels had no significant cor-
relations with the age of the children with autism (P =
0.81).

Serum levels of anti-MBP auto-antibodies in autistic
children and its relation to the disease severity
Autistic children had significantly higher serum levels of
anti-MBP auto-antibodies than healthy controls, P <

Figure 1 Serum serotonin levels in autistic patients and
healthy children. Median value for each group is shown by a
horizontal bar.

Figure 2 Serum serotonin levels in relation to the degree of
the severity of autism. Median value for each group is shown by
a horizontal bar.

Mostafa and AL-Ayadhi Journal of Neuroinflammation 2011, 8:71
http://www.jneuroinflammation.com/content/8/1/71

Page 3 of 8



0.001 (table 1). According to the highest cut-off value of
serum anti-MBP auto-antibodies, increased serum levels
were found in 80% (40/50) of autistic patients.
There was a non-significant difference in serum levels

of anti-MBP auto-antibodies between children with
severe autism and patients with mild to moderate aut-
ism, P = 0.15 (table 1). In addition, there was a non-sig-
nificant difference in the frequency of seropositivity of
anti-MBP auto-antibodies between patients with severe
autism (81.8%) and children with mild to moderate aut-
ism (76.5%), P = 0.46.
Male and female autistic children had comparable

values of serum anti-MBP auto-antibodies [median
(IQR) = 476 (346) ng/ml and 365 (361) ng/ml, respec-
tively], P = 0.92. In addition, serum anti-MBP auto-anti-
bodies had no significant correlations with the age of
the children with autism (P = 0.75).

Relationship between hyperserotonemia and the
increased serum levels of anti-MBP auto-antibodies in
autistic children
There was a non-significant difference in serum levels of
anti-MBP auto-antibodies between autistic patients with
hyperserotonemia and patients with normal serum sero-
tonin levels, P = 0.74 (table 1). In addition, there was a
non-significant difference in the frequency of seroposi-
tivity of anti-MBP auto-antibodies between autistic
patients with hyperserotonemia (80.4%) and autistic
patients with normal serum serotonin levels (75%), P =
0.6 (table 2). Furthermore, there were no significant cor-
relations between serum levels of serotonin and anti-
MBP in autistic patients (P = 0.39).

4. Discussion
Autism without a discernible cause may be a genetic
disorder of serotonin metabolism [18]. Immune
abnormalities are also commonly observed in this disor-
der [1,25].
Elevated serotonin level in platelets, whole blood and

serum is the most consistent biochemical abnormality
found in autism [26]. In our series, autistic children had

significantly higher serum serotonin levels than healthy
controls (P < 0.001). In addition, increased serum sero-
tonin levels were found in 92% (46/50) of autistic
patients. Previous studies reported hyperserotonemia
and increased platelet serotonin in some autistic chil-
dren [27,28]. In one study hyperserotonemia was
reported in 55% of a group of 80 autistic children aged
between 3-12 years [29]. It was reported that 45% of the
fathers, 51% of the mothers and 87% of the normal sib-
lings of the autistic patients had elevated serotonin
levels [30]. Also, parents of autistic children, who them-
selves had elevated blood serotonin levels, recorded sig-
nificantly higher scores of depression and obsessive
compulsive disorders than parents with normal seroto-
nin levels [31]. Therefore, serotonin may represent a
marker for familial autism [32].
In the present work, all autistic patients were not

receiving any medications, including the selective sero-
tonin reuptake inhibitors. This may explain the
increased frequency of autistic patients with hypersero-
tonemia in this study. In addition, it was reported that
serum serotonin levels are affected by age as postpuber-
tal subjects had lower serum serotonin levels than pre-
pubertal subjects [33]. Thus, the variations of the age,
sex and race of the autistic patients between different
studies may be another explanations of the variations of
the frequency of hyperserotonemia between these
studies.
Platelet hyperserotonemia has been detected in 25-

60% of autistic children. The significant increase of the
level of serotonin mRNA in the platelets of some autis-
tic patients could suggest serotonin system dysregulation
in some patients with autism [34]. Research observing
the mechanism of hyperserotonemia indicated that it
might result from increase serotonin uptake by platelets
or decreased serotonin receptor binding sites on plate-
lets [31].
Among the potential environmental factors, hyperser-

otonemia during pregnancy and its effect on brain
development could be playing a role in autism. Hyper-
serotonemia during fetal development may result in a

Table 1 Serum levels of anti-MBP auto-antibodies in autistic patients and their relation to the degree of the severity
of autism and hyperserotonemia

Serum anti-MBP (pg/ml)
Median (IQR)

Z
(P)

Healthy children (n = 30) 92 (49) 6.85

Autistic children (n = 50) 465.5 (348) (< 0.001)

Patients with mild to moderate autism (n = 17) 334 (320) 1.45

Patients with severe autism (n = 33) 504 (328) (0.15)

Patients with normal serum serotonin (n = 4) 382 (453.5) 0.36

Patients with hyperserotonemia (n = 46) 476.5 (348) (0.74)

Anti-MBP, anti-myelin basic protein auto-antibodies. IQR, interquartile range.

Mostafa and AL-Ayadhi Journal of Neuroinflammation 2011, 8:71
http://www.jneuroinflammation.com/content/8/1/71

Page 4 of 8



dysfunction of the hypothalamo-pituitary axis, affecting
the amygdala as well as pro-social hormone oxytocin
regulation. Dysfunction of the amygdala and abnormal
oxytocin levels may underlie many clinical features of
autism [35]. Hyperserotonemia, is a common biomarker
in autism. The integrin b3 receptor subunit gene is a
quantitative trait locus for the whole blood serotonin
levels. Recent work shows that integrin b3 interacts with
the serotonin transporter (SERT) in both the platelets
and the midbrain in autism. Furthermore, multiple stu-
dies have now reported gene-gene interaction between
the integrin b3 and SERT genes in association with aut-
ism [36]. SERT has received considerable attention as a
potential risk locus for autism. One study reported a
possible role of alphaIIbbeta3/SERT associations as well
as alphaIIbbeta3 activation in control of SERT activity
in vivo that may have broad implications for hypersero-
tonemia, cardiovascular disorders, and autism [37].
In the present work, patients with severe autism had

significantly higher serum serotonin levels than patients
with mild to moderate autism (P < 0.001). In addition,
the frequency of hyperserotonemia was significantly
higher in children with severe autism (100%) than
patients with mild to moderate autism (76.5%), P = 0.01.
This may indicate that the extent of the elevation of
serum serotonin levels was closely linked to the degree
of the severity of autism. Previous research also reported
a close association between serum serotonin levels and
the severity of autism [29]. It is not easy to determine
whether hyperserotonemia is a mere consequence of
autism or has a pathogenic role in the disease.
Some studies reported that autistic patients with ele-

vated blood serotonin levels had elevated serotonin
transport into platelets [38]. However, the high seroto-
nin levels in the platelets do not necessarily mean that
this translates to high levels in the brain. In fact, there
are reasons to think otherwise. First: levels of 5-hydro-
xyindole acetic acid, the end product of serotonin meta-
bolism, have not been found to be elevated in
cerebrospinal fluid of autistic children [39]. Second: ser-
otonin reuptake inhibitors which increase brain seroto-
nin levels resulted in improvement of behavioral
disorders and language acquisition in 59% of autistic

children. Also, the decrease in brain serotonin following
acute tryptophan depletion resulted in worsening of
sterotyped movements in autistic children [18]. Third:
positron emission tomography neuroimaging using a
serotonin precursor, revealed diminished serotonin
synthesis in the left hemisphere in 5 out of 7 autistic
children [40]. Fourth: it was suggested that autistic chil-
dren may have an autoimmune disorder affecting brain
serotonin receptors since 7 out of 13 autistic children
had CSF antibodies against serotonin receptors [41]. So,
reduced brain serotonin content, which is important for
language production and sensory integration, may repre-
sent one mechanism underlying the pathophysiology of
autism [40].
Autoimmunity to CNS may have a pathogenic role in

autism [1]. This may be indicated by the presence of
brain-specific auto-antibodies in some autistic children
[2-8]. In our series, increased serum levels of anti-MBP
auto-antibodies were found in 80% (40/50) of autistic
patients. A previous study reported seropositivity of
anti-MBP protein auto-antibodies in 58% of autistic chil-
dren [2]. These antibodies have been observed to be
associated to viral serology as measles and herpes virus
6 [4], chlamydia pneumoniae and streptococcal M pro-
tein [42]. Other brain auto-antibodies such as anti-neu-
ron-axon filament protein, anti-glial fibrillary acidic
protein and anti-caudate nucleus were also reported to
be increased in patients with autism [3,5]. More
recently, seropositivity of anti-myelin-associated glyco-
protein, anti-neuronal and anti-ganglioside M1 antibo-
dies were reported in 62.5%, 54.5% and 74%,
respectively of autistic children [6-8]. Despite of the fact
that the origins of autoimmunity and the induction of
the production of brain auto-antibodies in autism are
unknown, the major histocompatibility complex genes
and their products (e.g., HLA-DRB1 and C4B null
alleles) might be involved [14,43].
MBP is a protein believed to be important in the pro-

cess of myelination of nerves in the central nervous sys-
tem. Interest in MBP has centered on its role in
demyelinating diseases, particularly multiple sclerosis
(MS). Several studies have shown a role for antibodies
against MBP in the pathogenesis of MS [44,45].

Table 2 Relationship between hyperserotonemia and the increased frequency of serum anti-MBP auto-antibodies in
autistic children

Patients with
autism
(n = 50)

Patients with normal serum serotonin
(n = 4)

Patients with elevated serum serotonin
(n = 46)

c2
(P)

Patients with normal serum anti-MBP
(n = 10)

1 (25%) 9 (19.6%) 0.07

Patients with elevated serum anti-MBP
(n = 40)

3 (75%) 37 (80.4%) (0.6)

Anti-MBP, anti-myelin basic protein antibodies.
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The reason behind the formation of some brain auto-
antibodies in some patients with autism is not fully
understood. It is speculated that autoimmune reaction
to neurons might be trigged by cross-reacting antigens
in the environment resulting in the release of neuronal
antigens. These neuronal antigens may result in induc-
tion of autoimmune reactions through the activation of
inflammatory cells in genetically susceptible individuals.
The environmental antigens may include food allergies
to certain peptides such as gliadin, cow’s milk protein
and soy [46] infectious agents [1], heavy metals such as
mercury [47] and Heavea Brasiliensis proteins in natural
rubber latex [48]. Cross-reacting antigens in the envir-
onment may increase adhesion molecules on brain
endothelial cells. Pre-existing autoreactive T-cells trans-
migrate across the blood-brain barrier (BBB) and induce
activation of local antigen-presenting cells with produc-
tion of cytokines that may result in oligodendrocyte
damage and demyelination. These events may result in
the release of antigens from neurofilaments that enter
the circulation and induce the formation of plasma cells
which produce antibodies against neuron-specific anti-
gens. These antibodies may cross the BBB and combine
with brain tissue antigens forming immune complexes
that further damage the neurological tissue. Immu-
notherapy should be initiated in autistic children when a
clue of autoimmunity is evidenced by the presence of
auto-antibodies to CNS [42].
In our series, there was a non-significant difference in

serum levels of anti-MBP auto-antibodies between chil-
dren with severe autism and patients with mild to mod-
erate autism, P = 0.15. In addition, there was a non-
significant difference in the frequency of seropositivity
of anti-MBP auto-antibodies between patients with
severe autism (81.8%) and children with mild to moder-
ate autism (76.5%), P = 0.46. These findings may indi-
cate that the induction of the production of brain auto-
antibodies in some patients with autism may occur
regardless the degree of the disease severity.
Previous research had also found an increased fre-

quency of autoimmunity in families of autistic children
[9-15]. This may be an outstanding feature among autis-
tic patients that points to their autoimmune back-
ground; the target in their case being the developing
brain. This implies that in some families, immune dys-
function, perhaps induced by certain environmental trig-
gers, could express itself in the form of autism in one of
its offsprings.
To date, a definitive relationship between autism and

autoimmunity has not been fully established. On the
basis of the preliminary results reported in this study,
however, there seems to be a suggestive evidence in sup-
port of the induction of autoimmune reaction against
brain in some patients with autism. Additional

investigation designed to expand on these data is war-
ranted. Therapy in patients who are seropositive for
serum auto-antibodies is directed at reducing the anti-
body concentration, blocking the effector mechanisms
and depleting the monoclonal B cells. The recent avail-
ability of a monoclonal antibody suppressing B-cell
clones, which is not myelosuppressive and does not
cause secondary malignancies, allows for early targeted
intervention [49]. Preliminary results suggest that this
new line of therapy is well tolerated and is promising in
the treatment of some patients [50,51]. Thus, we suggest
that further studies with a larger subject population
should be conducted to investigate the possiblr role of
this therapy in autistic patients who have increased
serum levels of anti-MBP auto-antibodies.
Serotonin has been shown to modulate some immune

responses and hyperserotonemia may explain some of
the abnormal cellular immune responses seen in autism.
Serotonin has an important role in initiation of delayed-
type hypersensitivity responses [52], which are impor-
tant in autoimmunity, as serotonin initiates the activa-
tion of local endothelial cells to recruit effector T cells,
and activates serotonin receptors on these recruited
cells [53]. Some researchers found a correlation between
serum serotonin levels and the presence of certain
major histocompatibility complex (MHC) genes (the
extended haplotype B44-DR4 and the C4B null allele)
[54] which had previously reported to be associated with
autism and to play an important role in the develop-
ment of autoimmunity [14,43].
It is possible that a common factor could account for

both hyperserotonemia and immune abnormalities seen
in autism. Such common factor may be the serotonin
transporter (5-HTT) which transports serotonin into
platelets. 5-HTT is also found on immune cells where it
can influence immune function [55]. Some studies
found an association between autism and 5-HTT pro-
motor gene polymorphisms [32]. However, the meta-
analysis failed to find a significant overall association
between either of the 5-HTT polymorphisms examined
and autism [56]. In addition, hyperserotonemia may
promote autoimmunity through reduction of the pro-
duction of Th1-type cytokines resulting in an imbalance
of T-helper (Th)1/Th2 subsets toward Th2, which are
responsible for the production of antibodies [21]. This
imbalance was reported in some autistic patients [1].
In this work, we have tried to find a possible relation

between the elevated serum levels of serotonin and anti-
MBP auto-antibodies. There was a non-significant dif-
ference in serum levels of anti-MBP auto-antibodies
between autistic patients with hyperserotonemia and
autistic patients with normal serum serotonin levels, P =
0.74. In addition, there was a non-significant difference
in the frequency of seropositivity of anti-MBP auto-
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antibodies between autistic patients with hyperserotone-
mia (80.4%) and autistic children with normal serum
serotonin levels (75%), P = 0.6. Furthermore, there was
a non-significant correlation between serum serotonin
and anti-MBP levels in autistic patients (P = 0.39). We
could not trace data in the literature concerning the
relationship between hypersrotonemia and brain auto-
antibodies in autistic patients to compare our results.
We are the first to study such a relationship. This war-
rants further research to determine the possible link
between hyperserotonemia and the elevated serum levels
of brain auto-antibodies which are detected in a sub-
group of autistic patients.
The results of this study may indicate that hypersero-

tonemia is not one of the contributing factors to the
increased frequency of anti-MBP auto-antibodies in
some autistic children. However, this initial report can
not rule out the possible association between hypersero-
tonemia and immune abnormalities that had been
reported in autism, but rather raises additional ques-
tions. So, these data should be treated with caution until
further investigations are performed. Therefore, studies
should be conducted to investigate the possible associa-
tion between hyperserotonemia and immune abnormal-
ities in autism.

Conclusions
Hyperserotonemia may not be one of the contributing
factors to the increased frequency of serum anti-MBP
auto-antibodies in some autistic children. These data
should be treated with caution until further investiga-
tions are performed. However, inclusion of serum sero-
tonin levels as a correlate may be useful in other future
immune studies in autism to help unravel the long-
standing mystery of hyperserotonemia and its possible
role in the pathophysiology of this disorder. In addition,
the possible role of blood serotonin lowering drugs in
amelioration of immune abnormalities in hyperserotone-
mic autistic children should also be studied.

List of abbreviations
(BBB): blood brain barrier; (CARS): Childhood Autism Rating Scale; (CNS):
central nervous system; (IQR): interquartile range; (MBP): myelin basic protein;
(SERT): serotonin transporter; (Th): T helper cells; (5-HTT): serotonin
transporter.

Acknowledgements
This work was financially supported by the King Abdulaziz City for Science
and Technology, Riyadh, Saudi Arabia.

Author details
1Autism Research and Treatment Center, AL-Amodi Autism Research Chair,
Department of Physiology, Faculty of Medicine, King Saud University, Riyadh,
Saudi Arabia. 2Department of Pediatrics, Faculty of Medicine, Ain Shams
University, Cairo, Egypt.

Authors’ contributions
Both authors designed, performed and wrote the research. In addition, both
authors have read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 30 April 2011 Accepted: 22 June 2011
Published: 22 June 2011

References
1. Cohly HH, Panja A: Immunological findings in autism. Int Rev Neurobiol

2005, 71:317-341.
2. Singh VK, Warren RP, Odell JD, Warren WL, Cole P: Antibodies to myelin

basic protein in children with autistic behavior. Brain Behav Immun 1993,
7(1):97-103.

3. Singh VK, Warren RP, Averett R, Ghaziuddin M: Circulating autoantibodies
to neuronal and glial filament proteins in autism. Pediatr Neurol 1997,
17(1):88-90.

4. Singh VK, Lin SX, Yang VC: Serological association of measles virus and
human herpesvirus-6 with brain autoantibodies in autism. Clin Immunol
Immunopathol 1998, 89(1):105-108.

5. Singh VK, Rivas WH: Prevalence of serum antibodies to caudate nucleus
in autistic children. Neurosci Lett 2004, 355(1-2):53-56.

6. Mostafa GA, El-Sayed ZA, Abd El Aziz MM, El-Sayed MF: Serum anti-myelin-
associated glycoprotein antibodies in Egyptian autistic children. J Child
Neurol 2008, 23:1413-1418.

7. Mostafa GA, El-Hadidi ES, Hewedi DH, Abdou MM: Oxidative stress in
Egyptian children with autism: relation to autoimmunity. J Neuroimmunol
2010, 219:114-118.

8. Mostafa GA, Al-Ayadhi LY: Increased serum levels of anti-ganglioside M1
auto-antibodies in autistic children: relation to the disease severity. J
Neuroinflammation 2011, 8:39.

9. Comi AM, Zimmerman AW, Frye VH, Law PA, Peeden JN: Familial
clustering of autoimmune disorders and evaluation of medical risk
factors in autism. J Child Neurol 1999, 14:388-394.

10. Sweeten TL, Bowyer SL, Posey DJ, Halberstadt GM, McDougle CJ: Increased
prevalence of familial autoimmunity in probands with pervasive
developmental disorders. Pediatrics 2003, 112(5):420-424.

11. Atladóttir HO, Pedersen MG, Thorsen P, Mortensen PB, Deleuran B,
Eaton WW, Parner ET: Association of Family History of autoimmune
diseases and autism spectrum disorders. Pediatrics 2009,
124(2):687-694.

12. Mostafa GA, Kitchener N: Serum anti-nuclear antibodies as a marker of
autoimmunity in Egyptian autistic children. Pediatr Neurol 2009,
40:107-112.

13. Keil A, Daniels JL, Forssen U, Hultman C, Cnattingius S, Söderberg KC,
Feychting M, Sparen P: Parental autoimmune diseases associated with
autism spectrum disorders in offspring. Epidemiology 2010, 21(6):805-808.

14. Mostafa GA, Shehab A: The link of C4B null allele to autism and to a
family history of autoimmunity in Egyptian autistic children. J
Neuroimmunol 2010, 223:115-119.

15. Mostafa GA, Shehab A Al, Fouad NR: Frequency of CD4+CD25high

regulatoryT cells in the peripheral blood of Egyptian children with
autism. J Child Neurol 2010, 25:328-335.

16. Whitaker-Azmitia PM: Serotonin and brain development: role in human
developmental diseases. Brain Res Bul 2001, 56(5):479-485.

17. Narita N, Kato M, Tazoe M, Okado N: Increased monoamine concentration
in the brain and blood of fetal thalidomide-and valproic acid-exposure
rat: putative animal models for autism. Pediatr Res 2002, 52(4):576-579.

18. Delong GR: Autism: new data suggested a new hypothesis. Neurology
1999, 52(5):911-916.

19. Moffitt TE, Brammer GL, Caspi A, Fawcett JP, Raleigh M, Yuwiler A, Silva P:
Whole blood serotonin relates to violence in an epidemiological study.
Biol Psychiatry 1998, 43(6):446-457.

20. Ménard G, Turmel V, Bissonnette EY: Serotonin modulates the cytokine
network in the lung: involvement of prostaglandin E2. Clin Exp Immunol
2007, 150(2):340-348.

21. Burgess NK, Sweeten TL, McMahon WM, Fujinami RS: Hyperserotoninemia
and altered immunity in autism. J Autism Dev Disord 2006, 36:697-704.

Mostafa and AL-Ayadhi Journal of Neuroinflammation 2011, 8:71
http://www.jneuroinflammation.com/content/8/1/71

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/16512356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7682457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7682457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9308986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9308986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9756729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9756729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14729233?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14729233?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19073846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19073846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20036015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20036015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21513576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21513576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10385847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10385847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10385847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19581261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19581261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19135624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19135624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20798635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20798635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20452682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20452682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19713552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19713552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19713552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19713552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12357053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12357053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12357053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10102405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9532350?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17822443?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17822443?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16614791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16614791?dopt=Abstract


22. Cazzola I, Matera MG: 5-HT modifiers as a potential treatment of asthma.
Trends pharmacol Sci 2000, 21(1):13-16.

23. American Psychiatric Association: Diagnostic and Statistical Manual of
Mental Disorders. Washington DC: American Psychiatric Association;, 4
1994.

24. Schopler E, Reichler RJ, Renner BR: The Childhood Autism Rating Scale
(CARS), for Diagnostic Screening and Classification in Autism. New York,
NY: Irvington; 1986.

25. Al-Ayadhi LY, Mostafa GA: Increased serum osteopontin levels in autistic
children: Relation to the disease severity. Brain Behav Immun 2011.

26. Cook EH: Autism: review of neurochemical investigation. Synapse 1990,
6(3):292-308.

27. Hranilović D, Novak R, Babić M, Novokmet M, Bujas-Petković Z, Jernej B:
Hyperserotonemia in autism: the potential role of 5HT-related gene
variants. Coll Antropol 2008, 32(Suppl 1):75-80.

28. Mulder EJ, Anderson GM, Kema IP, de Bildt A, van Lang ND, den Boer JA,
Minderaa RB: Platelet serotonin levels in pervasive developmental
disorders and mental retardation: diagnostic group differences, within-
group distribution and behavioral correlates. J Am Acad Child Adoles
Psychiatry 2004, 43:491-499.

29. Mostafa GA, EL-Sherif D, Hamza RT, Shehab A: Hyperserotonemia in
Egyptian autistic children: relation to allergic manifestations. J Pediatr
Neurol 2008, 6(3):227-236.

30. Leboyer M, Philippe A, Bouvard M, Guilloud-Bataille M, Bondoux D,
Tabuteau F, Feingold J, Mouren-Simeoni MC, Launay JM: Whole blood
serotonin and plasma beta-endorphin in autistic probands and their
first-degree relatives. Biol Psychiatry 1999, 45(2):158-163.

31. Cook EH Jr, Arora RC, Anderson GM, Berry-Kravis EM, Yan SY, Yeoh HC,
Sklena PJ, Charak DA, Leventhal BL: Platelet serotonin studies in
hyperserotonemic relatives of children with autistic disorder. Life Sci
1993, 52(25):2005-2015.

32. Yirmiya N, Pilowsky T, Nemanov L, Arbelle S, Feinsilver T, Fried I, Ebstein RP:
Evidence for an association with the serotonin transporter promotor
region polymorphism and autism. Am J Med Genet 2001, 105(4):381-386.

33. McBride PA, Anderson GM, Hertzig ME, Snow ME, Thompson SM, Khait VD,
Shapiro T, Cohen DJ: Effects of diagnosis, race, and puberty on platelet
serotonin levels in autism and mental retardation. J Am Acad Child
Adolesc Psychiatry 1998, 37(7):767-776.

34. Kazek B, Huzarska M, Grzybowska-Chlebowczyk U, Kajor M, Ciupińska-
Kajor M, Woś H, Marszal E: Platelet and intestinal 5-HT2A receptor mRNA
in autistic spectrum disorders-results of a pilot study. Acta Neurobiol Exp
(Wars) 2010, 70(2):232-238.

35. Hadjikhani N: Serotonin, pregnancy and increased autism prevalence: is
there a link? Med Hypotheses 2010, 74(5):880-883.

36. Carter MD, Shah CR, Muller CL, Crawley JN, Carneiro AM, Veenstra-Vander
Weele J: Absence of preference for social novelty and increased
grooming in integrin β3 knockout mice: initial studies and future
directions. Autism Res 2011, 4(1):57-67.

37. Carneiro AM, Cook EH, Murphy DL, Blakely RD: Interactions between
integrin alphaIIbbeta3 and the serotonin transporter regulate serotonin
transport and platelet aggregation in mice and humans. J Clin Invest
2008, 118(4):1544-1552.

38. Cook EH, Leventhal BL: The serotonin system in autism. Curr Opinn Pediatr
1996, 8(4):348-354.

39. Narayan M, Srinath S, Anderson GM, Meundi DB: Cerebrospinal fluid levels
of homovanillic acid and 5-hydroxyindole acetic acid in autism. Biol
Psychiatr 1993, 33(8-9):630-635.

40. Chugani DC, Muzik O, Rothermel R, Behen M, Chakraborty P, Mangner T, da
Silva EA, Chugani HT: Altered serotonin synthesis in the
dentatothalamcortical pathway in autistic boys. Ann Neurol 1997,
42(4):666-669.

41. Todd RD, Ciaranello RD: Demonstration of inter-and intraspecies
differences in serotonin binding sites by antibodies from an autistic
child. Proc Natl Acad Sci USA 1985, 82(2):612-616.

42. Vojdani A, Campbell AW, Anyanwu E, Kashanian A, Bock K, Vojdani E:
Antibodies to neuron-specific antigens in children with autism: possible
cross-reaction with encephalitogenic proteins form milk, Chlamydia
pneumoniae and Streptococcus group A. J Neuroimmunol 2002, 129(1-
2):168-177.

43. Odell D, Maciulis A, Cutler A, Warren L, McMahon WM, Coon H, Stubbs G,
Henley K, Torres A: Confirmation of the association of C4B null allele in
autism. Human Immunol 2005, 66(2):140-145.

44. Angelucci F, Mirabella M, Frisullo G, Caggiula M, Tonali PA, Batocchi AP:
Serum levels of anti-myelin antibodies in relapsing-remitting multiple
sclerosis patients during different phases of disease activity and
immunomodulatory therapy. Dis Markers 2005, 21(2):49-55.

45. Hedegaard CJ, Chen N, Sellebjerg F, Sørensen PS, Leslie RG, Bendtzen K,
Nielsen CH: Autoantibodies to myelin basic protein (MBP) in healthy
individuals and in patients with multiple sclerosis: a role in regulating
cytokine responses to MBP. Immunology 2009, 128(1 Suppl):e451-61.

46. Jyonouchi H, Sun S, Itokazu N: Innate immunity associated with
inflammatory responses and cytokine production against common
dietary proteins in patients with autism spectrum disorders.
Neuropsychobiology 2002, 46(2):76-84.

47. Mutter J, Naumann J, Schneider R, Walach H, Haley B: Mercury and autism:
accelerating evidence? Neuro Endocrinol Lett 2005, 26(5):439-446.

48. Dochniak MJ: Autism spectrum disorders: Exogenous protein insult. Med
Hypotheses 2007, 89:545-549.

49. Steck AJ, Stalder AK, Renaud S: Anti-myelin-associated glycoprotein
neuropathy. Curr Opin Neurol 2006, 19(5):458-463.

50. Renaud S, Fuhr P, Gregor M, Schweikert K, Lorenz D, Daniels C, Deuschl G,
Gratwohl A, Steck AJ: High-dose rituximab and anti-MAG associated
polyneuropathy. Neurology 2006, 66(5):742-744.

51. Benedetti L, Briani C, Grandis M, Vigo T, Gobbi M, Ghiglione E, Carpo M,
Cocito D, Caporale CM, Sormani MP, Mancardi GL, Nobile-Orazio E,
Schenone A: Predictors of response to rituximab in patients with
neuropathy and anti-myelin associated glycoprotein immunoglobulin M.
J Peripher Nerv Syst 2007, 12(2):102-107.

52. Geba GP, Ptak W, Anderson GM, Paliwal V, Ratzlaff RE, Levin J, Askenase PW:
Delayed-type hypersensitivity in mast cell-deficient mice: dependence
on platelets for expression of contact sensitivity. J Immunol 1996,
157:557-565.

53. Askenase PW, Herzog WR, Millet I, Paliwal V, Ramabhadran R, Rochester C,
Geba GP, Ptak W: Serotonin initiation of delayed-type hypersensitivity:
mediation by a primitive Thy-1+ antigen-specific clone or by specific
monoclonal IgE antibody. Skin Pharmacol 1991, 4(Suppl 1):25-42.

54. Warren RP, Singh VK: Elevated serotonin levels in autism: Association
with the major histocompatibility complex. Neuropsychobiology 1996,
34:72-75.

55. Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S, Benjamin J,
Müller CR, Hamer DH, Murphy DL: Association of anxiety-related traits
with a polymorphismin the serotonin transporter gene regulatory
region. Science 1996, 274:1527-1531.

56. Huang CH, Santangelo SL: Autism and serotonin transporter gene
polymorphisms: A systematic review and meta-analysis. Am J Med Genet
B Neuropsychiatr Genet 2008, 147B(6):903-913.

doi:10.1186/1742-2094-8-71
Cite this article as: Mostafa and AL-Ayadhi: A lack of association
between hyperserotonemia and the increased frequency of serum anti-
myelin basic protein auto-antibodies in autistic children. Journal of
Neuroinflammation 2011 8:71.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Mostafa and AL-Ayadhi Journal of Neuroinflammation 2011, 8:71
http://www.jneuroinflammation.com/content/8/1/71

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/10637649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1700486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19140271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19140271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9951562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9951562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9951562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7684805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7684805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11378854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11378854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9666633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9666633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20018455?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20018455?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21254450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21254450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21254450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18317590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18317590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18317590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9382481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9382481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2578670?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2578670?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2578670?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12161033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12161033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12161033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19191913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19191913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19191913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12378124?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12378124?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12378124?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16264412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16264412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16969155?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16969155?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16534115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16534115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17565535?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17565535?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8752902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8752902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1684905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1684905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1684905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8904735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8904735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8929413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8929413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8929413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18286633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18286633?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	1. Introduction
	2. Methods
	Study population
	Inclusion criteria

	Study measurements
	Clinical evaluation of autistic patients
	Assessment of serum serotonin levels
	Measurement of serum anti-myelin basic protein (anti-MBP) antibodies

	Statistical analysis

	3. Results
	Serum serotonin levels in autistic children and their relation to the degree of the severity of autism
	Serum levels of anti-MBP auto-antibodies in autistic children and its relation to the disease severity
	Relationship between hyperserotonemia and the increased serum levels of anti-MBP auto-antibodies in autistic children

	4. Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

