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Abstract

To identify neuroinflammatory biomarkers in patients with various severity of autism spectrum disorder (ASD) increases the insight
about the pathogenesis and pathophysiology of this neurodevelopmental disorder. The aim of the present study was to analyze the
levels in plasma of TGF{32, Heat shock protein 70 (HSP70), and hematopoietic prostaglandin D2 synthase (H-PGDS) in Saudi
ASD children and healthy age-matched neurotypical controls. Also, it was in the present study examined the correlation among
these neuroinflammatory biomarkers and the sensory deficit exhibited by the ASD children. Blood samples from 38 Saudi children
with ASD and 32 age-matched neurotypical controls were withdrawn after an overnight fast. For the blood taking 3 mL EDTA
containing blood collection tubes was used. The samples were centrifuged for 20 min (4 °C; 3000xg) directly after the blood
sampling. The harvested plasma was used for in vitro quantification of TGF-32, HSP70, and H-PGDS by using the sandwich
enzyme immunoassay. Receiver operating characteristic (ROC) analysis and predictiveness curves showed that each of TGF-32,
HSP70 or H-PGDS alone could not be used as a predictive neuroinflammatory biomarker for ASD. However, when TGF-(32 and
HSP70 were combined in one ROC curve, the AUC was increased to an appreciable value that makes them together robust
predictors of variation between the ASD and neurotypical control groups. Overall, it was in the present study found significant
differences for TGF-32 and HSP70 when the ASD and neurotypical control groups were compared, independently of the sensory
deficit level. In conclusion, the present study highlights the usefulness of TGF-(32, HSP70, and H-PGDS as diagnostic tools to
differentiate between ASD and neurotypical control children, but not among subgroups of ASD children exhibiting different
severity levels of sensory dysfunction. The presented data also suggest the effectiveness of ROC as a powerful statistical tool,
which precisely can measure a combined effect of neuroinflammatory biomarkers intended for diagnostic purposes.
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Introduction of age. It is characterized by deficits in social and communi-

cative functions, repetitive behaviors, and sensory abnormal-
Autism spectrum disorder (ASD) is a neurodevelopmental/  ities (APA 2013). Currently, one in 68 children in the US is
—behavioral disorder that affects children before three years  affected by ASD (Christensen et al. 2016). Although the ASD
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etiology is unknown, the interaction between genetic and en-
vironmental has been proposed to influence the occurrence of
ASD (Krumm et al. 2014). One additional mechanism that has
received serious consideration is an abnormality of immune
function (Bjerklund et al. 2016).

Immunological abnormalities have been linked to
ASD. In particular, the generations of cytokines and
immune component dysregulation have been proved in
ASD (Ashwood and Van de Water 2004; Ashwood
et al. 2011). However, these abnormalities are generated
by brain inflammation. Research shows a decreased
number of lymphocytes, skewed cytokine profiles, and
imbalanced serum levels of immunoglobulins (Ashwood
et al. 2006). Vargas et al. (2005) have been found in-
creased neuroinflammation in ASD specimens including
blood, and central nervous system (CNS). Also, the
gene expression related to the immune system is in-
creased in ASD patients compared to matched
neurotypical controls (Garbett et al. 2008). Immune sys-
tem dysfunction includes changes in the numbers and
activities of macrophages, T cells, B cells, and Natural
killer cell activity have been concluded in many studies
on ASD (Vojdani et al. 2008; Enstrom et al. 2009).
Also, the abnormalities observed in the production of
interleukin-2 (IL-2) and gamma interferon, and elevated
production of IL-4 (Gupta et al. 1998). It has previously
been reported that the adaptive and innate immune re-
sponses in ASD children were linked to increased con-
centrations of TNF-«, IL-1, and/or IL-6 above the con-
trol mean value (Bjerklund et al. 2016). These findings
suggest immune system changes and neuroinflammation
in children with ASD.

The transforming growth factor-3 (TGF-f3) family in-
cludes three structurally and functionally related mam-
malian isoforms of a cytokine (i.e., TGF-31, TGF-32,
and TGF-33). The different isoforms of TGF-f3 are cru-
cial in CNS development and cell fate determination
(Garcia-Campmany and Marti 2007), neurogenesis
(Vogel et al. 2010), differentiation of glial cells
(Stipursky et al. 2014), as well as neuronal migration
and survival (Siegenthaler and Miller 2004). The forma-
tion of the inhibitory and the excitatory synapses in the
cerebral cortex are controlled by TGF-1 (Diniz et al.
2012, 2014). TGF as immunosuppressive cytokines al-
so plays a critical role in immune homeostasis (Den
Haan et al. 2007; Sonoda et al. 2001). TGF1 is a very
important immune regulator that controls different types
of immune response. Previously, the published finding
has been concluded an alteration in the brain levels of
TGFB1 in samples from ASD subjects. This alteration
was associated with behavioral impairments that charac-
terized as core symptoms in ASD (Ashwood et al.
2006). The level of TGFP2 has been shown to be
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changed in autistic samples (El-Ansary and Al-Ayadhi
2012a, b).

The HSP70 family is highly conserved of protein chaperones
that regulate protein homeostasis and enhance cell survival
(Hartl 1996). Some types of HSP are fundamentally expressed
under normal physiological conditions, whereas other HSPs are
induced by stress (Daugaard et al. 2007). Moreover, the creation
of reactive oxygen species (ROS) during cell differentiation and
proliferation increases the production of different HSP family
members (Simon et al. 2000). The major stress-induced human
HSP70 is expressed when the cell is exposed to stress such as
heat shock or UV radiation. It is also important in the control of
cell signaling for growth, differentiation, as well as apoptosis
(Nylandsted et al. 2004). HSP 70 also identifies the natural killer
cells by their recognition structures (Multhoft 2002). Milani
et al. (2002) have been proposed the role of HSP70 in antigen
presentation and immune stimulation.

Exposure of cells to heavy metals, ischemia, micro-
bial infections, nitric oxide, hormones, and antibiotics
also induce the expression of different HSPs. Increased
expression of HSPs has been shown protective in many
cultured cells and animal tissues (Kregel 2002). The
HSPs’ capacity probably mediates this protection
through molecular chaperones, which prevent inappro-
priate aggregation of proteins. Asea et al. (2000) pro-
posed that HSP70 stimulates cytokine production dem-
onstrating its dual role as a chaperone and cytokine.

When GSH is used as a cofactor, hematopoietic pros-
taglandin D2 synthase (H-PGDS) metabolizes PGH2 to
PGD?2 that can be pro or anti-inflammatory lipid medi-
ators depending on disease etiology (Rajakariar et al.
2007). It has a crucial regulative role of anti-
inflammatory and pro-inflammatory cytokines. Some
H-PGDS metabolites inhibit a range of proinflammatory
signaling pathways, including NF-kB. Trivedi et al.
(2006) reported that the suppressive effects of H-
PGDS on lymphocyte function might depend on the
inhibition of NF-kB activity. Inoue et al. (2003) pro-
posed the PGD2 produced by H-PGDS in Th2 cells
and human mast cells increases inflammation and aller-
gy responses through stimulation of CRTH2.

Since the discovery of ASD as a neurological disease, sen-
sory dysfunction is now considered an autistic feature (Ben-
Sasson et al. 2009; Lane et al. 2010). It is currently estimated
that 45-96% of ASD children have sensory difficulties. The
behaviors reported by the parents of ASD children are linked
to problems with sensory processing, which create social def-
icits for these children and limit their daily life activeness
(Schaaf et al. 2011).

In the present study the plasma levels of TGFf(32,
HSP70, and H-PGDS in ASD children and neurotypical
children were investigated. To further study whether
sensory dysfunctions is affected in correlation with these
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biomarkers and gain a clearer explanation of cytokine
activities in ASD individuals. Also, the impact of age
on immune dysfunction in ASD has been included in
the present study.

Material and methods
Patients and treatment

The Ethical Committee of the Faculty of Medicine,
King Saud University, approved the present study.
After obtaining informed consent, samples of plasma
were taken from 38 male children with ASD (age range
2-12 years) and 32 neurotypical control males (age
range 2-14 years). The Autism Diagnostic Observation
Schedule, Autism Diagnostic Interview-Revised (ADI-
R), 3DI (Developmental, Dimensional Diagnostic
Interview), as well as the Childhood Autism Rating
Scale (CARS) were used to diagnose autism. (Schopler
et al. 1986; Kiang et al. 2010). Autism Research and
Treatment Center Clinic (ART) has provided autistic
samples, while the pediatric clinic at the King Saud
medical city has provided control samples. All ASD
patients were interviewed by using these scales. All re-
cruited participants had normal urine analysis and sedi-
mentation rate. The selected sample of participants was
based on how convenient and readily available the
group of participants was (i.e., convenience sampling).
Participants were excluded from the study if they had a
diagnosis of fragile X syndrome, epileptic seizures,
obsessive-compulsive disorder, affective disorders, or
any additional psychiatric or neurological diagnoses.

The 38-item Short Sensory Profile (SSP) (Dunn
1999), which is a questionnaire used to determine the
variation in sensory impairments. Each SSP item is
measured using a five-point scale (Likert). The mea-
sured domain scores are in tactile sensitivity areas, the
sensitivity of taste/smell, seeking sensation, movement
sensitivity, auditory filtering, levels of low energy, as
well as visual/auditory sensitivity. The overall sensory
responses and domain scores are in SSP categorized as
a typical performance, typical performances from prob-
able differences, or typical performances from definite
differences. A score lower than 142 indicates a severe
performance (typical performance from definite differ-
ence), mild to moderate performance is indicated with
scores 142—-152 (typical performance from probable dif-
ference). A typical performance is indicated with scores
153-190. SSP provides information about the levels of
sensory processing in ASD children and may be used to
evaluate and plane appropriate interventions (Tomchek
and Dunn 2007).

Blood sample collection

Blood samples from 38 ASD and 32 matched
neurotypical children were drawn after overnight fasting.
Blood was taken into 3 mL EDTA containing tubes for
blood collection. The samples were centrifuged directly
after the blood sampling for 20 min at 4 °C at 3000%g.
Until analysis, the plasma was kept at —80 °C.

Biochemical analysis
Heat shock protein 70

Quantitative measurement of HSP70 was done by using the
Sandwich ELISA kit from Uscn Life Science Inc., Wuhan,
China.

Human transforming growth factor -2

Human TGF(32 was measured by using a solid-phase sand-
wich ELISA kit from Thermo Fisher Scientific (Rockford, IL,
USA).

Human hematopoietic prostaglandin D2 synthase
determination

To measure hematopoietic prostaglandin D2 synthase (H-
PGDS), a double-antibody Sandwich ELISA kit from Uscn,
Life Science Inc., USA was used.

Data analysis

The statistical analysis package was used for all data
analysis, and all values were expressed as mean=+ SD.
All statistics were calculated by using the Mann-
Whitney (Nonparametric Test) between the different
groups (i.e., ASD and control/ typical to moderate and
severe sensory profile/ age). A P value of <0.05 was
considered significant. Analysis of Receiver Operating
Characteristic (ROC) was used to investigate the tested
biomarkers accuracy. In addition, predictiveness curves
were drawn. The area under the curve (AUC) gave a
useful measure to compare the biomarker’s diagnostic
value. An AUC value that was close to 1 indicated that
the diagnostic biomarker was excellent, while a curve
showing AUC of 0.5-0.6 was without diagnostic value.
The statistical analysis was performing using an SPSS
program, which included the Pearson correlation test.
The correlation between all investigated parameters
was done using the Pearson correlation test.
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Fig. 1 Plasma cytokine
concentrations of ASD and
neurotypical children. Panel A.
compare between the autistic
group and the control group.
TGF-f concentration TGF-3 was
significantly higher (P = 0.001) in
the autistic group relative to the
control, TGF-f3 concentration in
pg/mL. Panel B. compares
between the autistic group and the
control group in heat shock
protein 70 (HSP70)
concentration, HSP70 was higher
in the autistic group relative to
control, HSP70 concentration in
ng/mL. Panel C. compare
between the autistic group and the
control group in H-PGDS
concentration, H-PGDS was
significantly higher (P= 0.001) in
the control group relative to
autistic, H-PGDS concentrations
in ng/mL
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Results

Data for all the subjects are presented as mean+ SD.
Significant differences found in the groups of ASD patients
in the present study are shown in Fig. 1 and Table 1. The
HSP70 concentrations in ASD subjects were significantly dif-
ferent in comparison to neurotypical controls (P <0.001). A
significant decrease of H-PGDS by 10% (P <0.001) was
found in children with ASD from control values of 16.83 +
1.71 ng/mL, and the range was 12.28-20.1 ng/mL (Table 1).
In ASD children, plasma TGF2 concentration increased by
27.3% from a mean of 11.49+9.68 to 14.63 £8.11 pg/mL in
the neurotypical group (Fig. 1). Figure 1 demonstrates the
mean value for the three studied parameters presented by line
(left side) and the percent change for ASD groups compared to
the neurotypical group. Also, Fig. 1 presents the lowest and
highest level of these biomarkers for ASD patients and
neurotypical controls.

Specificity and sensitivity are basic measures of a
diagnostic test’s accuracy. These two parameters give
information about a test’s ability to diagnose the disease
correctly when the disease is present and to rule out the
disease when it is totally absent. ROC shows that AUC
for HSP was 0.832 and 0.738 for H-PGDS while
TGFR2 was 0.645 (Table 2 and Fig. 2). Combined
ROC Curve between HSP 70 and H-PGDS in the
ASD group showed higher AUC compared with each
one (Table 3 and Fig. 3).

The predictiveness curves are in Fig. 4 demonstrated
as a performance measure of transforming growth

factor-beta 2 (TGF-f32), HSP70, and H-PGDS in the
prediction of autism risk in the Saudi population. The
three investigated parameters were shown not to have
enough predictive power.

The results of the present study showed a significant-
ly different correlation between TGF(32 and HSP70
(Table 4). Statistical analysis revealed no association
between sensory dysfunction severity, age, and eleva-
tions in TGFB3-2 and HSP70 or decreasing in H-PGDS
(P>0.05).

Discussion

The current study explored some biomarkers as the ear-
ly diagnosis of autism which is present in plasma and
was measured via ELISA. Previous studies were show-
ing that TGF-32, HSP70, and H-PGDS are associated
with neuroinflammation in individuals with ASD.
During early postnatal cerebellar development, many
biological responses such as proliferation, apoptosis,
neuronal migration, and differentiation are regulated by
different cytokines (Lindholm et al. 1992; Buisson et al.
2003). Among them; TGF-f3 which plays critical func-
tions in the development of the CNS (King et al. 2004),
including many biological processes (Wyss-Coray et al.
1995). The expression of TGF-1 and TGF-f32 differed
in the postnatal stage and remain constant until adult-
hood. The increased level of TGF-f32 in patients
(Table 1 and Fig. 1) can be due to brain damage with

Table 1 Plasma concentration of TGF-32 (pg/mL), HSP70 (ng/mL) and H-PGDS (ng/mL) in the investigated groups of neurotypical and ASD
children
Parameters Groups N Min Max Mean £ S.D. Percent change P value
HSP70 (ng/mL) Groups Control 30 0.00 0.04 0.004 +0.007 100.00% 0.001
Autistic 38 0.00 0.15 0.022+0.034 506.98%
Sensory Typical 8 0.00 0.03 0.013+0.010 300.00% 0.608
Severe 14 0.00 0.15 0.035+0.050 809.30%
Age Groups <=7 16 0.00 0.15 0.025 +0.046 576.74% 0.977
>7 9 0.00 0.09 0.018+0.029 413.95%
H-PGDS (ng/mL) Groups Control 32 12.28 20.10 16.83+1.71 100.00% 0.001
Autistic 40 10.73 18.50 15.26+1.89 90.68%
Sensory Typical 8 13.34 18.41 15.71+1.84 93.37% 0.651
Severe 15 10.73 18.50 15.12+1.90 89.87%
Age Groups <=7 17 11.86 18.50 1545+1.77 91.81% 0.435
>7 9 10.73 17.64 14.58 £2.55 86.62%
TGF(3-2 (pg/mL) Groups Control 29 1.15 41.76 11.49+9.68 100.00% 0.049
Autistic 34 3.41 38.40 14.63 £8.11 127.30%
Sensory Typical 7 6.97 26.81 14.92 +£6.34 129.82% 0.684
Severe 11 6.35 38.40 17.28 £9.60 150.37%
Age Groups <=7 14 5.26 38.40 13.74+9.75 119.53% 0.571
>7 9 3.41 19.14 12.52+4.52 108.93%

Mann-Whitney (nonparametric test) analysis for plasma TGF(3-2, HSP70 and H-PGDS concentrations in control and autistic children
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Table 2  Receiver operating characteristic curve of the investigated parameters in the group of ASD children

Parameters The area under Cutoff value Sensitivity % Specificity % OR (CI) PPV NPV
the curve

HSP70 0.832 0.0025 89.50% 63.30% 14.68 (4.10-52.52) 75.60% 82.60%

H-PGDS 0.738 16.672 80.00% 62.50% 0.15 (0.05-0.43) 72.70% 71.40%

TGFf3-2 0.645 7.574 85.30% 44.80% 4.71 (1.42-15.62) 64.40% 72.20%

an expression of this cytokine in injured brain tissues
and increases in the central nervous system after brain
damage induced by ischemia (Stipursky et al. 2014;
Lesné et al. 2003). Some studies reported an altered
level of TGF-1 in the brain (Ashwood et al. 2008)
while some showed a decreased level of TGF-f1 in
plasma of autistic patients (Okada et al. 2007).

A plasma sample from ASD patients showed high
expression of TGF-32, which may be due to inflamma-
tion as TGF-f32 can regulate inflammation. Likewise,
Wyss-Coray et al. (2001) reported that injection of an-
tiserum against TGF-31 decreases the neuroinflamma-
tion after traumatic damage. In addition to this Vargas
et al. (2005) showed that high level of TGF-31 in brain
of ASD patients can lead to inflammation which can
also be linked to the generation of amyloid 3 (Af),
which previously have been recorded in ASD patients
(Frackowiak et al. 2011; Al-Ayadhi et al. 2012). Lesné
et al. 2003) have been concluded that TGF-3 promotes
perivascular inflammation in human astrocyte cultures; it
interacts with and increases the production of the amy-
loid  precursor protein (ABPP) that generates Af.
This mechanism of action can affect brain functions
such as memory, thinking and sensory process which
consider as autistic features.

The significant increase in HSP70 concentration in
ASD children (Table 1) can be referred to its dual roles
as an anti-apoptotic and anti-inflammatory cytokine. It
elevates anti-apoptotic protein expression, B cell lym-
phoma 2 (Bcl-2), by blocking the apoptosis-inducing
factor, and interferes with apoptosis protease-activating
factor-1(Lesné et al. 2006). Some studies on the brains
of individuals with schizophrenia or ASD have been
shown changes in HSP70 mRNA levels (Vargas et al.
2005; Yenari et al. 2005). HSP70 overexpression has in
different nervous system injury models been shown to
have a protective role. However, HSP70 has in some
diseases been considered harmful (Arion et al. 2007).

Oxidative stress is considered an important mecha-
nism in the ASD etiology. Although HSPs have a pro-
tective role, they only have a beneficial role when
expressed at the right time at the right place, and the
co-chaperones are present in appropriate levels (Moore
et al. 2012). TNF-mediated apoptosis can be initiated by
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HSP70 by impairing nuclear factor-kappa B (NF-kB)
and binding IkB kinase (IKK) and survival signaling
because of inactivation after phosphorylation (Kalmar
and Greensmith 2009). Elevation of heavy metal toxic-
ity has been proved in ASD patients and among them
mercury. Lymphocytes that have been cultured from
ASD children when treated with ethyl mercury
responded with an up-regulation of numerous Hsp tran-
scripts (Ran et al. 2004).

Interestingly, brain excitotoxicity as an important pro-
cess in autism etiology can be attenuated through many
steps; one of them is up-regulation of HSP70 (Walker
et al. 2006). This hypothesis may be supported by the
consideration of the recent study by El-Ansary et al.
(2011). Additionally, many studies have shown that the
elevated HSP70 suppresses NF-kB activity which
proves its role in reducing inflammation (do Amaral e
Silva Miiller et al. 2013; Feinstein et al. 1997; Guzhova
et al. 1997; Andrés et al. 2002; Malhotra and Wong
2002).

Increased H-PGDS expression by selenium, which is
dose-dependent, was reported in RAW264.7 macro-
phages, and studies of organic non-bioavailable seleni-
um forms, as well as manipulation of genes in cellular
machinery with selenium incorporation, have suggested
that selenoproteins are necessary for the expression of
H-PGDS (Gandhi et al. 2011). It is also possible that
expressions of NF-kB-dependent microsomal PGE2 syn-
thase and thromboxane synthase were regulated down
by selenium. This may suggest that selenium is of im-
portance in the AA metabolism toward prostaglandin D
2 (PGD2) production metabolites that can be of clinical
importance. Based on this information, the significant
lower concentration in the present study of H-PGDS
(Table 3) may be due to deficiency of selenium, which
repeatedly have been reported in ASD patients compared to
neurotypical control subjects (Sajdel-Sulkowska et al. 2008;
Lakshmi Priya and Geetha 2011; Blaurock-Busch et al. 2012,
El-Ansary et al. 2017).

Recent results indicate that PGD2 protects neonatal
mouse brain from hypoxic-ischemic injury (Taniguchi
et al. 2007) and inhibits the expression of inducible
nitric oxide synthase (iNOS) in rat vascular smooth
muscle cells (Trivedi et al. 2006; Nagoshi et al. 1998).
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Fig. 2 Receiver operating
characteristic (ROC) curve of all
parameters for the autistic group.
Panel A: ROC curve of TGF-f3.
Panel B: ROC curve of HSP70.
Panel C: RO curve of H-PGDS
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Table 3 * Combine.d receiver.operating characteristic curve between Table 2 and Fig. 2 show the ROC analysis for all the
HSP70 and H-PGDS in ASD children measured parameters. Among these parameters, HSP70
HSP70 H-PGDS Combining recorded the much higher AUC, specificity and sensitiv-

ity which help to suggest them as a good marker to

Areaunder  0.832 0.738 0.861 discriminate between ASD and neurotypical subjects.
Cuttl;ifcuwe 0.0025 16.672 In the same way, predictiveness curves give information
value about the distribution of scores for ROC curves as well
Sensitivity ~ 89.50% 80.00% 94.70% as providing a scale to evaluate the validity of bio-
% markers. Also, to evaluate biomarker validity,
Spg/zlﬁcny 63.30% 62.50% 63.30% predictiveness curves may be utilized to define the op-
OR (CI) 14.68 0.15 31.09 timal threshold scores to select biomarkers for testing
(4.10-52.52) (0.05-0.43) (6.24-154.90) the effectiveness of any treatment approach. Fig. 4

PPV 75.60% 72.70% 76.60% shows moderate effectiveness of the measured parame-
NPV 82.60% 71.40% 90.50% ters as predictive biomarkers in ASD. This can be

* to indicate increase in area under the curve and sensitivity in combined
ROC curve between HSP-70 and H-PGDS

H-PGDS mice are bearing a delayed-type hypersensitiv-
ity reaction that displays an exaggerated inflammatory
response, which fails to resolve. In the present study,
the observed significant decrease of H-PGDS in ASD
patients compared to neurotypical control participants
may be a result of neuroinflammation as an etiological
mechanism in ASD. Lower H-PGDS accompanied with
a lower level of the protective PGD2 can be easily
related to the elevated nitric oxide and the exaggerated
inflammatory response previously recorded in patients
with ASD (El-Ansary and Al-Ayadhi 2012a, 2012b).
Moreover, ASD patients demonstrate increased blood
level of nitric oxide (NO), nitrites, and nitrates which
might increase the permeability of BBB and intestinal
permeability, as common features in ASD (Sweeten
et al. 2004).

Fig. 3 Combined receiver
operating characteristic curve
between HSP70 and H-PGDS in
the autistic group

Sensitivity
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ascertained with the presented ROC curves in which
the highest AUC recorded was 0.832 showing an ac-
ceptable but not excellent usefulness as biomarkers.

Table 3 demonstrates the combined ROC in the pres-
ent study. The analysis of receiver operating character-
istic (ROC) indicated that the combination HSP70 and
H-PGDS produced the best specificity and sensitivity
for ASD diagnosis. Therefore, these three markers can
be very useful in the diagnosing of ASD.

Limitations

The findings of the present study are hindered by the some-
what small sample size, and will, therefore, need to be
replicated by higher numbers of participants. Also, all the
recruited participants in this study were males, so the find-
ings cannot be anticipated to be present in females with
autism. The inclusion of both sexes in our future studies
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Fig. 4 Predictiveness curve of all
parameters for the autistic group. marker: Heat Shock 70 Kd a protein a
Panel A: Predictiveness curve of
TGF-f3. Panel B: Predictiveness ~
curve of HSP70. Panel C:
Predictiveness curve of H-PGDS
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Table 4  Pearson correlation parameters

Parameters R (Person Correlation) Sig.

HSP 70 ~ TGFB-2 0377 0.003 p?
HSP 70 ~ H-PGDS- —-.203 .096 P’
TGFp-2~PGDS-H —-.190 0.136 P’

*Positive Correlation
®Negative Correlation
** Correlation is significant at P=0.01

* Correlation is significant at P = 0.05

may help to understand the sex differences in autism with
males being more vulnerable to develop neuroinflamma-
tion compared to females.

Conclusions

The present study highlights the usefulness of the mea-
sured parameters to discriminate between ASD patients
and neurotypical controls but not between subgroups of
patients with different severity of sensory dysfunction or
age. Also, it proves the suitability of combining ROC as
a statistical tool which might help in grouping a set of
markers together with more accurate and potential diag-
nostic value.
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