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Abstract
Autism spectrum disorder (ASD) is a multifactorial disorder caused by an interaction between environmental risk factors and a genetic
background. It is characterized by impairment in communication, social interaction, repetitive behavior, and sensory processing. The
etiology ofASD is still not fully understood, and the role of neuroinflammation in autism behaviors needs to be further investigated. The
aim of the present studywas to test the possible association between prostaglandin E2 (PGE2), cyclooxygenase-2 (COX-2), microsomal
prostaglandin E synthase-1 (mPGES-1), prostaglandin PGE2 EP2 receptors and nuclear kappa B (NF-κB) and the severity of cognitive
disorders, social impairment, and sensory dysfunction. PGE2, COX-2, mPGES-1, PGE2-EP2 receptors and NF-κB as biochemical
parameters related to neuroinflammation were determined in the plasma of 47 Saudi male patients with ASD, categorized as mild to
moderate and severe as indicated by the ChildhoodAutismRating Scale (CARS) or the Social Responsiveness Scale (SRS) or the Short
Sensory Profile (SSP) and compared to 46 neurotypical controls. The data indicated that ASD patients have remarkably higher levels of
the measured parameters compared to neurotypical controls, except for EP2 receptors that showed an opposite trend. While the
measured parameter did not correlate with the severity of social and cognitive dysfunction, PGE2, COX-2, and mPGES-1 were
remarkably associated with the dysfunction in sensory processing. NF-κB was significantly increased in relation to age. Based on the
discussed data, the positive correlation between PGE2, COX-2, and mPGES-1 confirm the role of PGE2 pathway and neuroinflam-
mation in the etiology of ASD, and the possibility of using PGE2, COX-2 and mPGES-1 as biomarkers of autism severity. NF-κB as
inflammatory inducer showed an elevated level in plasma of ASD individuals. Receiver operating characteristic analysis together with
predictiveness diagrams proved that the measured parameters could be used as predictive biomarkers of biochemical correlates to ASD.

Keywords Autism . Childhood autism rating scale . Cyclooxygenase-2, microsomal prostaglandin E synthase-1,
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Introduction

Autism spectrum disorder (ASD) is a neurological develop-
mental disorder that remarkably demonstrates an increase in
prevalence to recently reaching the estimation of about one
child per 50 children (Gordan 2013). Social interaction im-
pairments, cognitive problem, repetitive behavior together
with sensory abnormalities are the major features of ASD. It
clinically occurs early, before three years of age (Silver and
Rapin 2012; Verhoeven et al. 2010; Gadad et al. 2013). ASD
has been considered as a multifactorial disorder that likely
results from the integrated interaction of environmental fac-
tors, multiple genes and infant nutrition with the effect of
oxidative stress (Innis 2000; King 2011; Gadad et al. 2013).

Nuclear factor kappa B (NF-κB) is a transcription factor
found in almost all cell types. This protein promotes the ge-
netic expression of many inflammatory cytokines and
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chemokines. It mediates inflammation responses by promot-
ing the expression of inflammatory mediators. Thus, abnor-
malities in nuclear kappa B (NF-κB) should lead to chronic or
excessive inflammation (Liu et al. 2012). NF-κB activation
also induces cyclooxygenase-2 (COX-2), and inducible nitric
oxide synthase (iNOS), which plays a critical role in inflam-
mation (Kwon et al. 2013). Chez et al. (2007) reported that
TNFα, a potent inducer of NF-κB, was significantly higher in
the cerebrospinal fluid of children with ASD (Chez et al.
2007). Moreover, oxidative stress, as a mechanism greatly
contributing to the etiopathology of ASD, leads to an increase
in reactive oxygen species (ROS), which in turn activate
NF-κB gene expression. Many oxidative stress biomarkers
are impaired in children with ASD and linked to the activating
of NF-κB. It has been found that NF-κB activity suppresses
superoxide dismutase (SOD) (Manna et al. 1998).

In the very recent years, the potential interaction be-
tween fatty acid profile and neuroinflammation, as an
etiological mechanism of ASD, has been found utmost
interesting, worth studied by many authors as a promis-
ing diagnostic tool. Since fatty acids make up 60% of
the dry weight of the brain, with 20% of long-chain
polyunsaturated fatty acids (PUFAs), they should play
a crucial role in the brain development (Innis 2000;
Vancassel et al. 2001; Richardson 2004; Das 2013). Omega-
6 arachidonic acid (AA) and omega-3 docosahexaenoic acid
(DHA) are the most abundant PUFA in the brain, and play a
critical role in the composition of neural cell membrane phos-
pholipids, membrane fluidity modulation, and G-coupled pro-
tein receptors function (GPCRs) (Schuchardt et al. 2010;
Bradbury 2011).

Imbalanced pro-oxidant/anti-oxidant status is repeatedly
reported in ASD patients (Frustaci et al. 2012; Frye et al.
2013; Rossignol and Frye 2014). Previously Al-Gadani et al.
(2009) reported a decreased level of glutathione (GSH) in
Saudi children with ASD. The researchers attributed the ele-
vation in oxidative stress-related parameters to GSH deple-
tion, overexpression of SOD, and reduced activity of catalase
(Al-Gadani et al. 2009). Researchers found lower levels of
glutathione peroxidase (GPx) and SOD as antioxidant en-
zymes in Egyptian children with ASD (Tassoni et al. 2008;
Meguid et al. 2011).

Oxidative stress as the major etiological mechanism in
ASD is greatly related to microglial activation and blood-
brain barrier (BBB) compromise (Pun et al. 2009; Lull and
Block 2010; Rose et al. 2012). This can be associated with
neuroinflammation as a second etiological mechanism of this
disorder (Bjørklund et al. 2016). Activated microglia and as-
trocytes release different inflammatory cytokines such as IL-1,
IL-6, IL-8, IL-12 and tumor necrosis factor α (TNF-α) in
response to insults. This can find support through the repeat-
edly reported elevation of inflammatory cytokine in serum,
plasma and cerebrospinal fluid (CSF), and the association

between elevated cytokines and the severity of ASD (Vargas
et al. 2005; Li et al. 2009; Goines and Ashwood 2013).

It is well documented that IL-1β and TNF-α released from
activated glial cells up-regulate transcription of many genes
including genes for the AA cascade such as cytosolic phos-
pholipase A2 (cPLA2), secretory PLA2 (sPLA2), and COX-2,
via the NF-κB pathway. These enzymes are inducible forms
that their expressions increase under inflammation status
(Laflamme et al. 1999; Blais and Rivest 2001; Allan and
Rothwell 2003; Moolwaney and Igwe 2005).

The red blood cell (RBC) phospholipid fatty acid profile is
thought to be a reliable biomarker for fatty acid status in tis-
sues and organs, including the brain (Kuratko and Salem
2009). They are highly abundant in the neuronal membranes,
and thus they play a cr i t i ca l ro le in ASD as a
neurodevelopmental disorder (Bell et al. 2004; Sun et al.
2007; Kuratko and Salem 2009).

Rapid conversion of PUFAs into AA and DHA has been
studied in individuals with ASD. AA released by phospholi-
pase A2 (PLA2), an enzyme important for cell membrane
maintenance (Bonventre et al. 1997; Uozumi et al. 1997;
Marusic et al. 2005). This enzyme hydrolyzes AA, the precur-
sor for the generation of eicosanoids, from membrane phos-
pholipids and further convert it to multiple mediators such as
prostaglandins, thromboxanes, leukotrienes, and lipoxins
through cyclooxygenase (COX) and lipoxygenase (LOX)
pathways (Simmons et al. 2004; Vila 2004). These mediators
play important roles, not only in regulating signal transduction
and gene transcription processes but also in inducing and
maintaining the acute inflammatory responses (Warner et al.
2004). An elevated level of PGE2 has been found in ASD as a
risk factor of neuroinflammation that mediates several behav-
ioral symptoms such as social impairment, depression, fever
and hypophagia (Tassoni et al. 2008; Meguid et al. 2011). On
the other hand, production of prostaglandins can be induced
by pro-inflammatory cytokines such as TNF-α, IL-1β and
nitric oxide (O'Banion et al. 1996; Mark et al. 2001).

Cyclooxygenase as, an integral membrane glycoprotein
enzyme, which catalyzes the rate-limiting steps controlling
the synthesis of prostaglandin H2 (PGH2) from AA
(Marshall et al. 1987). Besides a constitutive isoform (COX-
1), a second and inducible isoform, termed COX-2, is the most
important inflammatory enzyme (Kurumbail et al. 1996).
Overexpression of COX-2 in response to pro-inflammatory
cytokines is responsible for the elevated lipid mediator in
acute and chronic inflammatory conditions. Additionally,
many studies have found that IL-1β upregulate COX
mRNAwithin brain vascular endothelium (Mark et al. 2001;
Carrero et al. 2012).

As a member of the PGE synthases, microsomal prosta-
glandin E synthase-1 (mPGES-1) (mPGES-1) are
membrane-associated proteins involved in eicosanoid and
GSH metabolism superfamily. It is up-regulated in response
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to various neuro-inflammatory stimuli with a concomitant
overexpression of COX-2 (Samuelsson et al. 2007). During
the inflammatory response, the inflammatory mediators acti-
vate the transcription of target genes such as COX-2 and
mPGES-1 and regulate PGE2 synthesis by activating the
NF-κB pathway (Jenab and Quinones-Jenab 2002; Tammali
et al. 2007). Pre- or postsynaptic dendritic sites and through a
set of four G protein-coupled receptors, PGE2 activate
different signaling pathways such as calcium mobiliza-
tion, and intracellular cAMP through EP2 receptors. The
EP2 receptor is abundantly expressed in cerebral cortex,
striatum, and hippocampus PGE2-EP2 receptor mediates
a significant neuroprotective effect in the setting of glutamate
toxicity (McCullough et al. 2004).

Social impairments and cognitive level, and sensory dys-
function as the core deficit of ASD were found to be directly
related to neuroinflammation and so might be related to im-
paired lipid metabolism (Rossignol and Frye 2012).

This information initiates our interest to understand how
the abnormal lipid metabolism markers PGE2, COX-2,
PGES-1, and PGE2-EP2 receptors in relation to NF-κB as a
remarkably important marker of neuroinflammation can con-
tribute to autism severity.

Methods

Participants

The protocol of the present study followed the ethical guide-
lines of the College ofMedicine, King Saud University related
to the most recent Declaration of Helsinki (World Medical
Association 2000). Parents of all subjects enrolled in the study
(48 ASD children and 40 neurotypical control males) had
signed a filled informed consent. They were enrolled through
the ART Center (Autism Research & Treatment Center) clinic
in King Khalid University Hospital in Riyadh. The diagnosis
of ASD was confirmed in all subjects using the Autism
Diagnostic Interview-Revised (ADI-R) and the Autism
Diagnostic Observation Schedule (ADOS) and the
Developmental, Dimensional Diagnostic Interview (3DI).
Themean age of all ASD and neurotypical control participants
was 7 ± 4 years. Patients with ASD were simplex cases, neg-
ative for fragile x gene study. The exclusion criteria included
any serious neurological (e.g., seizures), psychiatric (e.g., bi-
polar disorder) or other known medical conditions.

Behavioral assessment

The CARS score was fulfilled as a scale for autism severity.
CARS assessed the child on a scale from one to four in each of
15 dimensions or symptoms (relating to people; emotional
response; imitation; body use; object use; listening response;

fear or nervousness; verbal communication; non-verbal com-
munication; activity level; level and reliability of intellectual
response; adaptation to change; visual response; taste, smell
and touch response; and general impressions). Total scores of
or above 30 strongly suggest the presence of autism. Children
who have a score from 30 to 36 have mild to moderate autism,
while those with scores ranging from 37 to 60 points have
severe autism (Mick 2005). SRS is the first widely used quan-
titative parent/interviewer-report measure of autistic behav-
iors; it was completed in 15 to 20 min. A total score of 76 or
higher on SRS is considered severe and strongly associated
with a clinical diagnosis of autistic disorder. A score of 60–75
is interpreted as falling in the mild to moderate range of social
impairment (Constantino et al. 2003)

The Short Sensory Profile (Dunn 1999) is a 38-item ques-
tionnaire intended to rate a variety of sensory impairments.
Each item is measured on a 5-point Likert scale. Domain
scores are measured in the areas of tactile sensitivity, taste/
smell sensitivity, movement sensitivity, seeking sensation, au-
ditory filtering, low energy levels, and visual/auditory sensi-
tivity. Domain scores, as well as overall sensory response, are
categorized as typical performance, a probable difference
from typical performance, and definite difference from the
typical performance. The score less than 142 is considered
as severe (definite difference), score from 142 to 152 is con-
sidered as mild to moderate (probable difference), and score
from 153 to 190 is considered a typical performance. SSP can
provide information about the sensory processing skills of
children with ASD to assist occupational therapists in
assessing and planning an intervention for these children
(Jenab and Quinones-Jenab 2002).

Laboratory assessment

Blood samples collection and handling

After ten hours fast, blood samples from 48 ASD children and
40 matched neurotypical controls were collected in K2-
EDTA-containing tubes, immediately centrifuged at 4 °C at
3000 g for 20 min to get the plasma, which was stored at
−80 °C until analysis.

Assay of biochemical markers

Cyclooxygenase-2 COX-2 was measured using a quantitative
sandwich enzyme immunoassay technique (ELISA) kit from
Cusabio Biotech Co. (Wuhan, China). The assay was conduct-
ed according to the manual instructions with a minimum de-
tectable dose of 0.31 ng/ml.

Microsomal prostaglandin E synthase-1 mPGES-1 was mea-
sured using a quantitative sandwich enzyme immunoassay
technique (ELISA) kit from Wuxi Donglin Sci & Tech
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Development Co. (Wuxi, China). The assay was conducted
according to the manual instructions with a minimum detect-
able dose of 0.54 ng/ml.

Prostaglandin E2 PGE2 was measured using a research kit
from USCN Life Science (Wuhan, China). This assay em-
ploys the competitive inhibition enzyme immunoassay tech-
nique in which a microplate was pre-coated with a monoclo-
nal antibody specific for human PGE2. The minimum detect-
able concentration of PGE2 is typically less than 1.78 pg/ml.

Prostaglandin E2 EP2 receptors PGE2-EP2 was measured
using an ELISA kit from USCN Life Science (Wuhan,
China). It is a sandwich ELISA for in vitro quantitative mea-
surement of EP2 in human biological fluids. The minimum
detectable concentration of PGE2-EP2 is typically less than
33 pg/ml.

Nuclear factor kappa BNF-κBwas measured using an ELISA
kit from Oxford Biomedical Research (Rochester Hills, MI,
USA). This method based on the use of an oligonucleotide,
containing the DNA binding NF-κB consensus sequence,
bound to a 96 –well plate. NF-κB, present in the sample binds
specifically to the oligonucleotide coated on the plate. The
DNA bound NF-κB is selectively recognized by the primary
antibody (p50 and p 105), which, in turn, is detected by the
secondary antibody-horseradish peroxidase conjugate. The
optical density is measured by a colorimetric plate reader after
the addition of TMB substrate. This protocol is sensitive
enough, and the detection limit is at pg/μg protein.

Statistical analysis

The results of the present study were expressed as expressed
asmean and standard deviation (mean ± SD), and all statistical
comparisons were made by means of independent t-test with
P ≤ 0.05 considered as significant, SPSS program, version 19
was used. Normality was checked with a Shapiro Wilk
test. To test the specificity and sensitivity of the mea-
sured parameters as markers of ASD, a receiver operat-
ing characteristics (ROC) analysis was performed. The
area under the curve (AUC) provides a useful metric to
compare different biomarkers. Whereas an AUC value
close to one indicates an excellent diagnostic and pre-
dictive marker, a curve with an AUC range between
0.5–0.6 has no diagnostic utility.

Predictiveness curves as the mirror images of ROC curve
were drawn in which the x-axis represents percentile rank of
the biomarker, the y-axis represents the probability of identi-
fying the disease, and the horizontal line is the prevalence of
the disease using a Biostat 16 computer program. Pearson’s
correlations analysis was used to determine the relationships
between the parameters and CARS, SRS, and SSP.

By using a statistical analysis program (SPSS) that includes
the Pearson correlation test, the correlation was done
between all parameters; the results showed that there
was a correlation significance difference between the
parameters (Table 1).

Results

The significant difference noted inmean plasma concentration
of COX-2, mPGES-1, PGE2, PGE2-EP2 receptors and
NF-κB between the ASD and control individuals is presented
in Table 2 and plotted in Fig. 1. It can easily noticed that ASD
patients recorded significant elevated levels (p < 0.001) of
COX-2, mPGES-1, and PGE2, showing values of 8.47 ±
4.43 SD ng/ml, 250.22 ± 29.01 SD ng/mL, and 21.31 ± 5.25
SD pg/ml, whereas the control individuals exhibited lower
levels of 3.07 ± 1.47 SD ng/ml, 94.17 ± 3.83 SD ng/ml, 4.32
± 1.69 SD pg/ml for these lipid parameters respectively.
Table 2 and Fig. 1d show the mean value of PGE2-EP2 levels
for individuals with ASD and neurotypical controls. The indi-
viduals with ASD showed a decreased in mean concentrations
of 4687.06 ± 1252.09 SD pg/ml compared to control PGE2-
EP2 of 5656.99 ± 2260.06 SD pg/ml. The inflammatory

Table 1 Pearson’s correlations between age, scores on behavioral
scales (Childhood Autism Rating Scale (CARS), Social Responsiveness
Scale (SRS), and Short Sensory Profile (SSP)) and four measured
parameters (prostaglandin E2 (PGE2), microsomal prostaglandin E
synthase-1 (mPGES-1), cyclooxygenase-2 (COX-2), and prostaglandin
PGE2 EP2 receptors)

Parameters R (person correlation) Sig.

SSP ~ Age 0.296* 0.043 Pa

SSP ~ PGE2 −0.456** 0.003 Nb

SSP ~ mPGES-1 −0.631** 0.001 Nb

SSP ~ COX-2 −0.475** 0.002 Nb

PGE2 ~ PGE-EP2 −0.331** 0.003 Nb

PGE2 ~ mPGES-1 0.916** 0.001 Pa

PGE2 ~ COX-2 0.639** 0.001 Pa

PGE-EP2 ~ mPGES-1 −0.268* 0.017 Nb

mPGES-1 ~ COX-2 0.652** 0.001 Pa

NF-κB ~ Age 0.393* 0.012 Pa

NF-κB ~ PGE2 0.816** 0.001 Pa

NF-κB ~ PGE-EP2 −0.282* 0.001 Nb

NF-κB ~ mPGES-1 0.865** 0.001 Pa

NF-κB ~ COX-2 0.505** 0.001 Pa

** Correlation is significant at the 0.01 level
* Correlation is significant at the 0.05 level
a Positive Correlation
bNegative Correlation
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Table 2 Levels of
cyclooxygenase-2 (COX-2),
microsomal prostaglandin E
synthase-1 (mPGES-1),
prostaglandin E2 (PGE2), and
prostaglandin PGE2 EP2
receptors in children with autism
spectrum disorder compared to
neurotypical controls

Parameters Group N Mean ± S.D. P value

PGE2 (pg/ml) Control 40 4.32 ± 1.69 0.001a

Patients with ASD 42 21.31 ± 5.25

Autism (severe in CARS) 19 20.78 ± 5.45 0.560b

Autism (mild to moderate in CARS) 23 21.75 ± 5.16

Autism (severe in SRS) 4 22.88 ± 5.19 0.697b

Autism (mild to moderate in SRS) 14 21.58 ± 5.89

Autism (mild to moderate in sensory) 24 19.09 ± 4.08 0.001b

Autism (severe in sensory) 16 24.69 ± 4.91

Age (less than 7) 23 22.64 ± 5.80 0.070b

Age (more than 7) 19 19.70 ± 4.08

COX-2 (ng/ml) Control 40 3.07 ± 1.47 0.001a

Patients with ASD 41 8.47 ± 4.43

Autism (mild to moderate in CARS) 18 8.07 ± 3.86 0.611b

Autism (severe in CARS) 23 8.79 ± 4.89

Autism (mild to moderate in SRS) 4 8.48 ± 5.22 0.910b

Autism (severe in SRS) 15 8.80 ± 4.82

Autism (mild to moderate in sensory) 24 6.83 ± 3.40 0.007b

Autism (severe in sensory) 16 10.97 ± 4.86

Age (less than 7) 22 8.99 ± 3.99 0.427b

Age (more than 7) 19 7.87 ± 4.93

mPGES-1(ng/ml) Control 46 94.17 ± 3.83 0.001a

Patients with ASD 47 250.22 ± 29.01

Autism (mild to moderate in CARS) 24 247.72 ± 28.70 0.552b

Autism (severe in CARS) 23 252.83 ± 29.73

Autism (mild to moderate in SRS) 7 251.75 ± 28.29 0.843b

Autism (severe in SRS) 16 254.57 ± 32.11

Autism (mild to moderate in sensory) 24 234.26 ± 25.68 0.001b

Autism (severe in sensory) 18 269.56 ± 22.02

Age (less than 7) 24 250.51 ± 29.51 0.946b

Age (more than 7) 23 249.92 ± 29.13

PGE EP2 (ng/ml) Control 40 5656.99 ± 2260.06 0.021a

Patients with ASD 40 4687.06 ± 1252.09

Autism (severe in CARS) 18 4866.86 ± 1322.59 0.418b

Autism (mild to moderate in CARS) 22 4539.94 ± 1202.10

Autism (severe in SRS) 4 3989.44 ± 1642.88 0.105b

Autism (mild to moderate in SRS) 14 5093.65 ± 976.33

Autism (mild to moderate in sensory) 23 4793.21 ± 1106.16 0.609b

Autism (severe in sensory) 16 4578.96 ± 1489.27

Age (less than 7) 23 4729.66 ± 1413.07 0.806b

Age (more than 7) 17 4629.41 ± 1034.23

NF-κB (Pg/ml) Control Group 39 3.78 ± 0.88 0.001a

Patients Group 40 8.76 ± 1.63

Autism (severe in CARS) 18 8.62 ± 1.75 0.631b

Autism (mild to moderate in CARS) 22 8.88 ± 1.56

Autism (severe in SRS) 5 7.85 ± 1.42 0.236b

Autism (mild to moderate in SRS) 12 8.89 ± 1.63

Autism (mild to moderate in sensory) 24 8.78 ± 1.66 0.901b

Autism (severe in sensory) 15 8.71 ± 1.70

Age (less than 7) 22 8.26 ± 1.62 0.031b

Age (more than 7) 18 9.37 ± 1.46

aP value between control and autistic groups
b P value between mild to moderate and severe in CARS, SRS, SSP and age
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marker NF-κB recorded a significantly higher level in ASD
patients (8.76 ± 1.63 SD) compared to neurotypical controls
(3.78 ± 0.88 SD) (Table 2 and Fig. 1e).

Figure 2 presents the mean levels for the measured param-
eters in both the ASD and the neurotypical control group. It

�Fig. 2 Receiver operating characteristic curves for all measured
parameters in the present study: a cyclooxygenase-2 (COX-2); b
microsomal prostaglandin E synthase-1 (mPGES-1); c prostaglandin E2
(PGE2); and d prostaglandin PGE2 EP2 receptors; and nuclear kappa B
(NF-κB) in children with autism spectrum disorder

Fig. 1 Levels of cyclooxygenase-2 (COX-2), microsomal prostaglandin
E synthase-1 (mPGES-1), prostaglandin E2 (PGE2), prostaglandin PGE2
EP2 receptors, and nuclear kappa B (NF-κB) in children with autism
spectrum disorder tested with different behavioral scales (Childhood

Autism Rating Scale (CARS), Social Responsiveness Scale (SRS), and
Short Sensory Profile (SSP)) and compared to neurotypical controls. A
line designates the mean value for each group
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was recognized that the highest level of COX-2 was 17.85 ng/
ml, while in control was 6.85 ng/ml. The concentration level
of mPGES-1 was more than 190 ng/ml while neurotypical
controls had a level less than 105 ng/ml. The highest observed
level of PGE2 in neurotypical controls (10 pg/ml) was the
lowest value in individuals with ASD. The fluctuation in
PGE-EP2 level was observed in neurotypical controls and
ASD children. The individuals with ASD had a low level of
PGE-EP2 compared to neurotypical controls.

To assess the usefulness of these biomarkers in the
diagnosis of ASD, ROC analysis was performed. The
optimal cut-off points for using COX-2, mPGES-1 and
PGE2 as biomarkers for ASD were 3.414, 151.281 and
10.916 respectively. These cut-off points were associat-
ed with satisfactory AUC, sensitivity, and specificity.
On the other hand, ROC analysis for PGE2-EP2 shows
a sensitivity of 95% and a specificity of only 40% (AUC=
0.591) (Fig. 2d and Table 3).

Table 1 demonstrates Pearson’s correlation between scales
of autism severity and the measured parameters. It can easily
notice that SSP was positively correlated with age and nega-
tively correlated with COX-2, mPGES-1, and PGE2. Table 1
also shows the correlation between PGE2 in one-hand and
PGE2-EP2 receptors, and COX-2 in the other hands. A neg-
ative correlation was observed between PGE2 and its receptor,
and the correlation between PGE2-EP2 receptors and PGES-1
was recorded. NF-κB showed a positive correlation with
COX-2, mPGES-1, and PGE2. Figure 3a–e demonstrates
the predictiveness curves as an assessment of the mea-
sured parameters and the usefulness of them as predic-
tive markers of autism risk in the Saudi population.
COX-2, mPGES-1, PGE2, and NF-κB showed adequate
predictive power.

Discussion

Based on the well-accepted role of COX-2 and PGES-1 in the
biosynthesis of PGE2 as an inflammatory mediator in
neurodevelopmental disorders (Wallace 2001; El-Ansary and
Al-Ayadhi 2012), it was very interesting to screen their plas-
matic levels in relation to PGE2 level in the patients with ASD
compared to neurotypical controls. Table 2 and Fig. 1c show
that the PGE2 level in ASD patients was significantly higher
compared to neurotypical controls. In addition to the correla-
tion between cPLA2 with sensory dysfunction (El-Ansary
et al. 2016), PGE2 was also directly related to the degree of
SSP severity. PGE2 concentrations in ASD children were ap-
proximately five times higher than neurotypical controls, and
this result can be supported by different studies that have been
done on children with ASD as a neuroinflammatory disorder
(Pooler et al. 2004; El-Ansary and Al-Ayadhi 2012).

Table 2 and Fig. 1b represent the concentration of COX-2
in both groups. COX-2 was two folds higher in ASD children
compared to neurotypical controls. This demonstrates an as-
sociation with the severity of SSP. In contrast to SSP, both
PGE2 and COX-2 were not correlated with cognitive or social
responsive scores (CARS and SRS) and age.

Blaylock and Strunecka (2009) have suggested that there is
a close interaction between glutamate excitotoxicity and im-
mune dysregulation in ASD children. Based on the important
role of N-methyl-D-aspartate (NMDA) as a glutamate recep-
tor, it is interesting to know that its neurotoxicity is mediated
by COX-2 enzyme (Kunz and Oliw 2001). During the inflam-
matory response, the inflammatory mediators activate the
transcription of target genes such as COX-2 and mPGES-1
and regulate PGE2 synthesis by activating the NF-κB path-
way (Jenab and Quinones-Jenab 2002; Tammali et al. 2007).

Table 3 Receiver operating
characteristic curves of
cyclooxygenase-2 (COX-2),
microsomal prostaglandin E
synthase-1 (mPGES-1),
prostaglandin E2 (PGE2),
prostaglandin PGE2 EP2
receptors, and nuclear kappa B
(NF-κB) in children with autism
spectrum disorder

Parameters Scales Area under the curve Cutoff value Sensitivity % Specificity %

COX-2 CARS 0.938 3.564 100.0% 75.0%

SRS 0.963 4.924 100.0% 92.5%

SSP 0.874 3.414 87.5% 75.0%

mPGES-1 CARS 1.000 151.281 100.0% 100.0%

SRS 1.000 152.650 100.0% 100.0%

SSP 1.000 151.281 100.0% 100.0%

PGE2 CARS 1.000 10.916 100.0% 100.0%

SRS 1.000 14.084 100.0% 100.0%

SSP 1.000 11.243 100.0% 100.0%

PGE-EP2 CARS 0.572 6982.938 94.4% 40.0%

SRS 0.725 2797.853 50.0% 95.0%

SSP 0.570 6960.258 95.7% 40.0%

NF-κB CARS 1.000 5.866 100.0% 100.0%

SRS 1.000 5.938 100.0% 100.0%

SSP 1.000 5.795 100.0% 100.0%
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The role of COX-2 in glutamate neurotoxicity can be support-
ed through the work of Tian et al. (2008) that reported that
selective disruption of nNOS-COX-2 binding prevents
NMDA neurotoxicity.

Celecoxib is a COX-2 inhibitor that has been involved in
many studies to understand the mechanism of action of this
drug and how it can improve the behaviors of children with

ASD. As celecoxib also seems to down-regulate nuclear trans-
location of NF-κB that is believed to be implicated in the
pathogenesis of ASD (Naik et al. 2011; Sareddy et al. 2012),
COX-2 can be related to NF-κB activation in ASD patients
and its contribution to autistic phenotype. Additionally, mac-
rophage migration inhibitory factor (MIF), as an important
regulator of innate immunity seems to activate the COX-2

Fig. 3 Predictiveness curves for all measured parameters cyclooxygenase-2 (COX-2), PGES-1, prostaglandin E2 (PGE2), prostaglandin PGE2 EP2
receptors, and nuclear kappa B (NF-κB) in children with autism spectrum disorder
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system in microglia and this is considered a key feature in the
etiology of ASD (Wang et al. 2011).

The role of COX-2 in neuroinflammation can be extended
through numerous animal studies, which assess that IL-1β as a
neuroinflammatory mediator can be induced by prostaglandins,
as a product of COX (Pugh et al. 1998; Song andHorrobin 2004;
Hein et al. 2007). On the other hand, circulating IL-1β has been
shown to upregulate COX mRNA within brain vascular endo-
thelium causing the release of prostaglandins into the brain pa-
renchyma and from glial cells (Swiergiel and Dunn 2002).
Consistent with this mechanism, prostaglandins have been
shown to mediate several behavioral responses to elevated IL-
1β, including, depressive-like behavior, and reduced social ex-
ploration (Swiergiel and Dunn 2002; Song and Horrobin 2004).

TNF-α and IL-1β in combination with interferon-γ
(IFN-γ) induce the expression of mRNA for COX-2 in pri-
mary astrocytes and immortalized astrocytes (DITNC) (Xu
et al. 2003; Li et al. 1999). Collectively, these studies
ascertained the role of cytokines in the increase of neuroin-
flammation process through the elevation of PGE2 as a prod-
uct of COX2 catalysis. On the other hand, glutamate as the
main excitatory amino acid in the CNS can also increase pro-
inflammatory cytokine and COX-2 activity thereby causing
neuronal inflammation (Kawano et al. 2006; Blaylock and
Strunecka 2009). The relationship between glutamate
excitotoxicity as an etiological mechanism in ASD and the
reported elevation of COX-2 and PGE2 in the present study
can be supported through considering the recent work of El-
Ansary and Al-Ayadhi (2014) who found a high level of glu-
tamate in Saudi individuals with ASD compared to
neurotypical controls. Microsomal PGES-1 activity is depen-
dent on GSH as a cofactor and thus its elevation, reported in
the present study, can be related to the significantly lower
GSH level in ASD children (Chauhan et al. 2004;
Samuelsson et al. 2007; Essa et al. 2012). Table 2 and Fig.
1b show a high level of mPGES-1 in children with ASD
compared to controls without any correlation with cognitive
and social impairment (CARS and SRS) but with a strong
association with SSP. Functional coupling of mPGES-1 and
COX-2 during inflammation results in highly increased in
PGE2 production compared to non-inflammatory conditions
(Camacho et al. 2007). In studies, after 24 h exposure to IL-1β
and lipoployscarraiedes, the internal mammary artery showed
an increase in PGE2 production by 13 folds and PGE2 was
rapidly synthesized by mPGES-1, expressed by resident and
circulating cells (Uracz et al. 2002; Foudi et al. 2009).

Novel neuroprotective effect of EP2 receptors was proved
on a chronic model of excitotoxic motor neuron degeneration
(Lee et al. 2004). The EP2 receptor is widely expressed in
different brain areas that most affected in Huntington’s disease
(McCullough et al. 2004). PGE2 has been associated with
regulation of synaptic plasticity through stimulation of EP2
receptors. Conclusions from biochemical studies have also

demonstrated the role of PGE2 and EP2 receptor in excitatory
synaptic transmission and long-term plasticity in the hippo-
campus (Chen et al. 2002; Sang et al. 2005; Savonenko et al.
2009; Yang et al. 2009). Moreover, EP2 deficient mice show
various memory disturbances. Inmodels of neurodegenerative
diseases and acute excitotoxic damage, activation of the EP2
receptor has been shown as a neuroprotective action that pro-
tects the brain from damage (McCullough et al. 2004; Liu
et al. 2005; Ahmad et al. 2006; Carrasco et al. 2008).

The absence of biochemical correlation between the five
measured parameters and autism severity (CARS and SRS)
scores and the strong correlation between COX-2, mPGES-1,
and PGE2 and sensory scores may suggest their roles in sen-
sory nerves and pain response (Wallace 2001). This can be
linked to the abnormal sensory responses in children with
ASD (i.e., feeling annoyed when someone cuts their nails or
hair, fearing from high places, close their eyes from strong
light, put their hands on ears when there is high sound, etc.).
The obtained alteration in It has been proved that PGE2 can
modulate the sensitivity of sensory nerves and functions as a
mediator to induce fever (Lawrence 2010). Interestingly, it has
been shown that PGE2, in turn, can stimulate glutamate re-
lease from astrocytes and modulate the activity of neighboring
neurons (Bezzi et al. 1998; Bezzi and Volterra 2001; Zonta
et al. 2003) which can explain the hyperactivity behavior in
ASD children and difficulty in subjugation to order and in-
struction that is related to severe sensory scores.

ROC curves for COX-2, mPGES-1 and (Fig. 2) can explain
that this parameter may be a strong predictive biomarker for
the early diagnosis and intervention of ASD patients and be an
indication for neuroinflammation. Because COX-2 is local-
ized in the excitatory neuronal dendrite, particularly in the
hippocampus and the cortex, its elevation can be easily related
to the difficulty in task accomplishments by patients with
ASD and problem in responding to their names (Yamagata
et al. 1993; Kaufmann et al. 1997). This can find support
and correlated to the previous work of Yoo et al. (2008) and
Kim et al. (2010) which reported the association between
polymorphisms of COX-2 genes and arachidonate 12-
lipoxygenase (ALOX12) in ASD and schizophrenia.

Finally, NF-κB pathways shared by the immune system
and nervous system have increasingly been identified in au-
tism research. The present study demonstrated lipid metabo-
lism dysregulation in plasma of children with ASD compared
to neurotypical controls, which might be due to an abnormal
NF-κB level in these patients.

In summary, the present study shows the role of the inves-
tigated parameters representing inflammation signaling path-
ways in the etiology of ASD and autism severity. Although the
obtained data show promising findings in autism biomarker
research, it is unlikely that PGE2, COX-2, mPGES-1, and
NF-κB will be capable alone of predicting autism. However,
they could be an excellent tool in aiding diagnosis.
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In addition, the significant positive correlation between
PGE2, COX-2, mPGES-1, and NF-κB together with the neg-
ative correlations between this inflammatory marker and EP2
receptors (Table 1) indicate that NF-κB plays a role in the
neuroinflammation recorded in patients with ASD.
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