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 Background: The immune system may have a role in the pathogenesis of autism spectrum disorder (ASD), including typical 
and atypical autism. The aim of this study was to determine whether a cytokine and growth factor panel could 
be identified for the diagnosis and prognosis in children with ASD, including typical and atypical autism.

 Material/Methods: This study included 26 children with ASD (typical or atypical) and 11 of their siblings who did not have ASD. A 
panel of ten serum cytokines and growth factors were investigated using addressable laser bead assay (ALBIA) 
and enzyme-linked immunosorbent assay (ELISA) kits. Results were correlated with scores using the Childhood 
Autism Rating Scale (CARS) and Autism Diagnostic Observation Schedule (ADOS) for the children with ASD and 
compared with the findings from their siblings without ASD.

 Results: There were no statistically significant differences in serum cytokine and growth factor levels between children 
with ASD and their siblings. The scores using CARS and ADOS were significantly greater in children with typ-
ical autism compared with children with atypical autism as part of the ASD spectrum. Serum levels of cyto-
kines and growth factors showed a positive correlation with CARS and ADOS scores but differed between chil-
dren with typical and atypical autism and their siblings.

 Conclusions: The findings of this study showed that serum measurement of appropriately selected panels of cytokines and 
growth factors might have a role in the diagnosis of ASD.
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Background

Autism is a neurodevelopmental condition that is character-
ized by difficulty with social interactions and social empathy, 
with limited and stereotypical interests, and atypical respons-
es to sensory stimuli. The diagnosis of autism is usually made 
at an early age. Autism is now recognized to include develop-
mental and behavioral changes that are varied in presenta-
tion and severity, which has resulted in the term, autism spec-
trum disorder (ASD) and includes typical and atypical autism.

ASD is now recognized to be a heterogeneous group of per-
vasive developmental disorders (PDDs), which also include 
Asperger’s syndrome. In the current Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV), ASD is categorized as 
a single condition, autism. In the International Classification 
of Diseases, 10th Edition (ICD-10), autism is subdivided into 
typical childhood autism (F84.0) and atypical autism (F84.1). 
However, in DSM-IV, atypical autism is classified as PDD, not 
otherwise specified (NOS).

The etiology of ASDs have not been established, and remain 
controversial. The occurrence of ASD may follow multiple path-
ways. Currently, ASD is thought to arise in genetically suscep-
tible individuals in the prenatal period, possibly triggered by 
environmental factors [1]. The genetic predisposition to ASD 
is polygenic and associated with polymorphisms and muta-
tions in genes located on several chromosomes. Examples of 
recently identified genes associated with ASD include FOXP2, 
which encodes for forkhead box protein P2 (FOXP2), a tran-
scription factor expressed in the developing and adult brain 
that is key to speech and language development, and RELN, 
which encodes for reelin, an extracellular matrix glycoprotein 
involved in embryogenesis [1–7].

Epidemiological studies, and studies in animal models, have sup-
ported an association between ASD and factors affecting the fe-
tus in utero, including maternal infections occurring during preg-
nancy, maternal use of certain drugs, such as valproic acid, and 
changes in the maternal microbiome, or the composition of the 
intestinal microflora [10,11–14]. In individuals with ASD, the or-
ganization and communication between nerve cells in the brain 
are affected, but the mechanisms of this abnormality remain to 
be determined. However, it is possible that ASDs are a manifes-
tation of atypical development involving the nervous system, en-
docrine system, immune system, and the microbiome [2,8–14].

The findings of previously published studies have shown a role 
for the immune system in the pathogenesis of at least a sub-
set of cases of ASD [15–19]. However, regarding the possibil-
ity of using the measurement of serum or plasma cytokines 
for diagnosis and prognosis in patients with ASD, some of the 
findings of these studies have been contradictory [8,20–23].

Because the pathogenesis of ASD is a complex process that 
may begin in the prenatal period, this is a time that the im-
mune system may play an important role. A study was designed 
with the framework of an ongoing project at the University 
Hospital of Ostrava on the analysis of the immune profile of 
children with ASD. From these ongoing clinical studies and 
using data from the available published literature, a panel of 
cytokines and growth factors were identified for serum mea-
surements in children with ASD and their siblings. The char-
acteristics of the chosen cytokines and growth factors are de-
scribed in Table 1.

The aim of this study was to determine whether a cytokine 
and growth factor panel could be identified for the diagnosis 
and prognosis in children with ASD, including typical (or clas-
sical childhood) autism, and atypical autism.

Material and Methods

This study was approved by the University Hospital of Ostrava 
Ethics Committee (Approval No. 320/2014) on April 17, 2014. 
For the study participants, parental informed consent was 
obtained.

Initially, thirty children with autism spectrum disorder (ASD), 
and fifteen of their siblings who were without ASD were re-
cruited between June 2014 and May 2015. Based on a change 
in diagnosis following clinical review, or to scheduling difficul-
ty, four children and their siblings exited the study. Therefore, 
the final study group consisted of 26 children with ASD and 
11 of their siblings who were without ASD (Table 2).

All children who participated in the study underwent routine 
laboratory investigations, including serum biochemistry, and a 
complete blood count (CBC), including C-reactive protein (CRP). 
None of the children in this study were undergoing treatment 
with any medications for ASD. The characteristics of the cho-
sen cytokines and growth factors, and their expected normal 
values are described in Table 1.

Serum cytokine and growth factor measurements were made 
using addressable laser bead assay (ALBIA) and enzyme-linked 
immunosorbent assay (ELISA) kits (R&D Systems Diagnostics). 
Serum measurements in both groups of study participants in-
cluded brain-derived neurotrophic factor (BDNF), monocyte 
chemoattractant protein-1 (MCP-1), thymus- and activation-
regulated chemokine (TARC) (or CCL17), interferon (IFN)-g, 
transforming growth factor (TGF)-b, interleukin (IL)-6, IL-10, re-
ceptor for advanced glycation endproducts (RAGE), heat shock 
protein (HSP)-70, and tumor necrosis factor (TNF)-a (Table 1).
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Cytokine/
growth 
factor

Producing cells
Receptors and receptors-

bearing cells
Function

Expected serum 
concentration 

(pg/mL)

BDNF Mainly brain, but also retina, 
motoric neurons, kidney, prostate, 
platelets and others

TrkB, LINGFR (p75) Promotes survival of neurons in 
the subpopulation of the spinal 
root ganglia

6186–42580
mean 27793

TARC 
(CCL17)

Mainly in thymus, only transiently 
by stimulated peripheral blood 
mononuclear cells

CCR4 on T-cells Chemoattractant for T-cells 71–848
mean 331

MCP1 
(CCL2)

Mainly macrophages but also 
fibroblasts, endothelial and some 
tumor cells, neurons, astrocytes 
and microglia

T cells but also other cells Chemoattractant for monocytes, 
lymphocytes and NK cells

200–722
mean 370

RAGE RAGE expression by cells is 
stimulated during stress, e.g. in 
inflammation, as well as many 
other diseases including cancer

RAGE ligands: AGE, HMGB1, 
S100A12, S100A7, S100P, 
S100A8/A9 (calprotectin), 
MAC-1, amyloid-b-protein, 
phosphatidylserine etc.

Activation of pro-inflammatory 
genes after interaction with 
ligands

368–4354
mean 1794

HSP70 Produced by stressed cells mainly 
as intracellular substance

Many lectin receptors mainly 
on antigen presenting cells 
(APC), endothelial and 
epithelial cells

HSP70 protects cells against 
thermal and oxidative stress

0.67 ± 0.46

TGFb1 Produced by many cells and 
platelets

Receptors are present on 
many cells

Regulates proliferation, 
differentiation and other 
functions of many cell types

18289–63416
mean 39592

TNFa Mainly activated macrophages 
but also many other cell types as 
CD4+ T cells, NK cells, mast cells, 
eosinophils and neurons

TNF receptors are expressed 
by cells in many mammalian 
tissues, but especially by 
leukocytes

Primary role of TNF is the 
regulation of immune system 
cells. As an endogenous 
pyrogen, it is able to induce 
fever, apoptosis, cachexia, 
inflammation, and inhibit 
tumorigenesis, virus replication 
and cervical splicing through IL-1 
and IL-6-producing cells.

<15.6

IL-6 Many cells including monocytes, 
fibroblasts and endothelial 
cells, after stimulation also by 
macrophages, T and B cells, mast 
cells, eosinophils, granulocytes, 
keratinocytes and glial cells

IL-6R (CD126) – common 
receptor

Strong pleiotropic cytokine 
regulating cell growth and 
differentiation with a significant 
role in immune response

<7.8

IL-10 Most of immune system cells, 
mainly Th2 cells

Tetrameric receptor consisting 
of 2 a and 2 b subunits; 
subunits are expressed on 
hematopoietic cells such as T, 
B, NK cells, mast and dendritic 
cells, while b subunit is 
expressed generally

Anti-inflammatory cytokine <7.8

IFNg Activated T, B and NK cells IFNGR1 and IFNGR2 present 
on T cells but also other cells 
(pleiotropic receptor)

Immunomodulatory effect <15.6

Table 1. Characteristics of serum cytokines and growth factors evaluated in this study.

IL – interleukin; IFN – interferon; TGF – transforming growth factor; TNF – tumor necrosis factor; HSP – heat shock protein; 
RAGE – receptor for advanced glycation endproducts; TARC – thymus- and activation-regulated chemokine; MCP-1 – monocyte 
chemoattractant protein-1; BDNF – brain-derived neurotrophic factor; NK – natural killer.
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Serum measurements were made using a Human Magnetic 
Luminex screening kit (Ref. No. LXSAHM-8) (R&D Systems 
Diagnostics). Serum levels of TGF-b1 were determined using 
the screening kit (Ref. No. LTGM00) and a TGF-b base kit (Ref. 
No. LTGM100). Serum levels of HSP70 were measured also 
using the kit (Ref. No. DYC1663-2). Serum IFN-g levels were 
measured using the ELISA-VIDITEST Interferon g Kit (Ref. No. 
OD-326) and the Custom Quantibody® multiplex ELISA array 
kit (RayBiotech).

Analysis and evaluation of measured data were performed 
using Excel and R statistical software and data analysis tools.

Results

In this study, 26 children with autism spectrum disorder 
(ASD) (typical or atypical) and 11 of their siblings who did not 
have ASD underwent serum measurements for the following 

Children with ASD Unaffected siblings

ID Age (yrs) Sex CARS ADOS ASD ID Age (y) Sex

D1 3.4 M 30.5 5 F84.1 K1 1.2 M

D2 4.5 M 31.5 4 F84.1 K2 1.4 M

D3 4.3 M 32.5 6 F84.0

D4 3.2 M 38.5 10 F84.0 K4 5.6 F

D5 4.0 M 30.5 4 F84.1 K5 7.4 F

D6 5.6 M 45.0 8 F84.0 K6 7.1 F

D7 6.2 F 35.0 6 F84.0 K7 15.2 F

D8 5.4 M 36.0 6 F84.0 K8 4.1 F

D9 6.8 M 30.0 4 F84.1

D10 3.8 M 35.0 6 F84.0

D11 3.4 M 30.0 4 F84.1

D12 6.1 M 43.5 9 F84.0 K12 4.6 F

D13 4.7 F 37.0 5 F84.1 K13 6.0 F

D14 4.9 F 44.5 9 F84.0

D15 3.7 F 38.0 5 F84.1

D16 3.8 M 37.5 6 F84.0

D17 4.2 M 31.5 6 F84.1

D19 5.7 M 41.5 8 F84.0

D20 6.4 M 35.5 6 F84.0 K20 13.9 F

D21 3.8 M 35.0 6 F84.0

D22 4.0 M 35.0 4 F84.0

D23 5.1 M 39.5 6 F84.0 K23 14.7 F

D27 6.2 M 38.5 10 F84.0

D28 3.5 M 44.5 10 F84.0

D29 6.0 M 38.5 6 F84.0

D30 3.2 F 31.5 6 F84.0

Table 2. Characteristics of the study participants with autism spectrum disorder (ASD), and their unaffected siblings.

ASD – autism spectrum disorder; M – male; F – female; CARS – Childhood Autism Rating Scale [37]; ADOS – Autism Diagnostic 
Observation Schedule (a comparative score is given) [38]; F84.0 – typical childhood ASD, according to the ICD-10; F84.1 – atypical ASD, 
according to ICD-10.
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cytokines and growth factors: brain-derived neurotrophic factor 
(BDNF), monocyte chemoattractant protein-1 (MCP-1), thymus- 
and activation-regulated chemokine (TARC), interferon (IFN)-g, 
transforming growth factor (TGF)-b, interleukin (IL)-6, IL-10, re-
ceptor for advanced glycation endproducts (RAGE), heat shock 
protein (HSP)-70, and tumor necrosis factor (TNF)-a (Table 1).

Table 3 shows that in the study population, the expected nor-
mal values obtained from the literature and supplied by the 
manufacturers’ kits were different (Table 1). Table 3 shows the 
serum and growth factor measurements of the participating 
children with ASD and their siblings.

Table 4 shows the comparison of values and cross-correla-
tion of the Childhood Autism Rating Scale (CARS) and Autism 
Diagnostic Observation Schedule (ADOS) in children with typ-
ical and atypical autism in ASD.

Figure 1 shows how concentrations of IFNg can vary by dif-
ferent diagnostic methods using three different kits. Figure 2 
shows the correlation of cytokine and growth factor levels us-
ing the CARS and the ADOS evaluation methods in children 
with ASD and their normal siblings.

Discussion

The results of this study in children with autism spectrum dis-
order (ASD) and their unaffected siblings, showed that serum 
levels of cytokines and growth factors using the Childhood 
Autism Rating Scale (CARS) and Autism Diagnostic Observation 
Schedule (ADOS) scoring systems correlated relatively well in 
this study. However, the correlation of the CARS and ADOS 
scores in children with typical autism were greater when com-
pared with those in children with atypical autism, in ASD. CARS 
and ADOS values for the typical autism group were also great-
er compared with those of the atypical autism group.

In this study, the standard ranges of normal serum values for 
cytokine and growth factor levels, as described in the litera-
ture and the kit manufacturer data, could not be applied to the 
children with ASD and their siblings. The inclusion of healthy 
controls without a family history of ASD was a limitation of 
this study that could have been used to confirm the normal 
ranges for these serum factors. In the absence of these data, 
in this study, it was possible to compare only the children with 
ASD with their siblings, who were without apparent symptoms 

Parameter N
Age
(yrs)

Serum concentration (pg/mL)

BDNF HSP70 TGFb1 RAGE MCP1 TARC TNFa IL-6 IFNg IL-10

ASD, mean 26 4.69 35331 217 134115 12668 1590 2546 21.08 15.79 138.54 20.3

ASD, median 26 4.38 35612 184 132788 11178 1465 1737 11.28 <0.30 <4 <1.2

Siblings, mean 11 7.38 34413 233 131637 13312 1338 2611 7.14 0.33 <4 1.4

Siblings, 
median

11 6.01 36028 159 123607 12298 1295 2427 2.90 <0.30 <4 <1.2

ASD, % 
decrease

0 33.33 0 0 0 0 0 50

ASD, % 
increase

0 0 100 100 100 84.61 76.92 23.07 30.77 46.15

Siblings,% 
decrease

0 90.91 0 0 0 0 0 0

Siblings,% 
increase

0 9.09 100 100 100 100 54.45 0 0 0

ASD/siblings 
unpaired t-test 
(p)

26/11 0.110 0.750 0.851 0.835 0.612 0.162 0.919 0.031 0.055 0.058 0.027

ASD/siblings 
paired t-test 
(p)

11 0.621 0.4797 0.881 0.696 0.297 0.655 0.096 0.195 0.247 0.173

Table 3.  Results of selected serum levels of cytokine and growth factors in study participants with autism spectrum disorder (ASD), 
and their unaffected siblings.

ASD – autism spectrum disorder; IL – interleukin; IFN – interferon; TGF – transforming growth factor; TNF – tumor necrosis factor; 
HSP – heat shock protein; RAGE – receptor for advanced glycation endproducts; TARC – thymus- and activation-regulated chemokine; 
MCP-1 – monocyte chemoattractant protein-1; BDNF – brain-derived neurotrophic factor.
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and signs of ASD. A further limitation of this study was that 
replication of the serum measurements was not performed.

Where the arithmetic mean and median values differ signifi-
cantly, it is usual to infer a non-normal distribution of the val-
ues; an explanation for this was that some values might have 
been erroneous because of measurement or sampling han-
dling error. Furthermore, the results obtained using the diag-
nostic kits from different manufacturers, using different meth-
ods, and in the absence of the use of universal standards may 
have resulted in different serum values, as shown in Figure 1 
for measurement of the IFN-g serum concentrations, which 
shows that the results for three methods serum IFN-g var-
ied. This variation is attributable to the fact that the immu-
noanalytical methods, based on the reaction of antigens with 

antibodies, have not yet been standardized [24,25]. However, 
in our laboratory, serum measurement outcomes were simi-
lar when total concentrations of selected cytokines were com-
pared using the Custom Quantibody® multiplex ELISA array kit 
and the Luminex addressable laser bead assay (ALBIA) kits 
(unpublished results).

In this study, some interesting associations were identified be-
tween different serum cytokine and growth factor measure-
ments and with CARS and ADOS scores (Figure 2). For exam-
ple, serum levels of brain-derived neurotrophic factor (BDNF) 
showed a significant positive correlation in ASD cases of atyp-
ical autism, but a negative association with atypical autism. 
Also, serum levels of thymus- and activation-regulated che-
mokine (TARC) showed a significant negative correlation with 
CARS scores in cases with typical autism and a significant pos-
itive correlation with CARS scores in cases with atypical au-
tism. However, there were no significant correlations between 
serum TARC levels and ADOS scores in cases with ASD, includ-
ing cases of typical and atypical autism.

As described in Table 1, BDNF plays an important role and in-
fluences some functions, primarily in the brain, but is also pro-
duced outside the brain [26–28]. Peripheral sources of BDNF in-
clude platelets, in which about 90% of all blood BDNF is stored. 
Serum BDNF concentrations correlate well with BDNF concen-
trations in the brain [29]. This finding, in particular, provides 
a rationale for future studies to evaluate the rationale for a 
serum assay for BDNF in the diagnosis of ASD. However, pre-
viously published studies have shown that serum concentra-
tions of BDNF in ASD, when compared with unaffected con-
trol subjects have not yet demonstrated an association with 
ASD [30–32].

N
CARS index ADOS index

Mean Median Mean Median

Typical ASD 8 38.2 38.0 7.1 6.0

Atypical ASD 18 32.4 31.0 4.6 4.5

t-test typ/atyp (p) 0.00126 0.00005

cc CARS/ADOS 0.77039

cc CARS/ADOS typ 0.69608

cc CARS/ADOS atyp 0.39424

Table 4.  Comparison of the Childhood Autism Rating Scale (CARS) and Autism Diagnostic Observation Schedule (ADOS) in children 
with typical and atypical autism in autism spectrum disorder (ASD).

Significant values (p) for unpaired t-tests, two-tailed distribution, and two samples with different variance for the hypothesis that 
both values are identical. cc – correlation coefficients; ASD – autism spectrum disorder; CARS – Childhood Autism Rating Scale; 
ADOS – Autism Diagnostic Observation Schedule.
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Figure 1.  Comparison of interferon (IFN)-g results using three 
different kits. Dashed lines show the upper limits of 
normal physiological values given for three applied kits 
for serum measurements by the kit manufacturers.
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Table 1 also shows that thymus- and activation-regulated che-
mokine (TARC) (CCL17) is a cytokine expressed primarily in the 
thymus, but is also produced by other tissues, including pe-
ripheral blood mononuclear cells (PBMCs) after phytohemag-
glutinin (PHA) stimulation [33–35]. PHA activates T-cells via the 
CCR4 receptor and plays an important role in the regulation 
of the inflammatory response. The hypothesis that drove this 
study was that the serum levels of inflammatory cytokines and 
growth factors in children with ASD would differ from those of 
their unaffected siblings [36]. However, the findings from the 
present study did not support this hypothesis.

Conclusions

In this study, serum levels of cytokine and growth factors dif-
fered among children with autism spectrum disorder (ASD) 
who had typical (or classical childhood) autism, atypical au-
tism, and their unaffected siblings. However, the serum lev-
els of individual cytokines and growth factors were not signif-
icantly different between these groups. However, the findings 
of this support the possibility of using an appropriate selec-
tion of serum cytokine and growth factor panels for the diag-
nosis ASD and emphasize the need to standardize quantita-
tive methods for serum analysis.

Conflicts of interest

None.

Figure 2.  Correlation of cytokine and growth factor levels using the Childhood Autism Rating Scale (CARS) and the Autism Diagnostic 
Observation Schedule (ADOS) in children with autism spectrum disorder (ASD), and their normal siblings. Positive 
correlations are shown in red and negative in blue. The intensity of the color increases with the significance of correlations. 
Correlation coefficients are given inside the squares. Statistically significant correlations are highlighted by white circles.

10.80.60.40.2

ADOS

BDNF

HSP70

TGFβ1

RAGE

TNFα

IL6

MCP1

IFNγ

TARC

IL10

–0.2–0.4–0.6–0.8–1 0

Typical ASD correlations
CARS

ADOS

BDNF

RAGE

IL6
MCP1

IFNγ

TARC

TNFα

TGFβ1

HSP70

10.80.60.40.2

ADOS

BDNF

HSP70

TGFβ1

RAGE

TNFα

IL6

MCP1

IFNγ

TARC

IL10

–0.2–0.4–0.6–0.8–1 0

Typical ASD correlations
CARS

ADOS

BDNF

RAGE

IL6
MCP1

IFNγ

TARC

TNFα

TGFβ1

HSP70

10.80.60.40.2

HSP70

TGFβ1

RAGE

TNFα

IL6

MCP1

IFNγ

TARC

IL10

–0.2–0.4–0.6–0.8–1 0

Siblings correlations
BDNF

RAGE

IL6

MCP1

IFNγ

TARC

TNFα

TGFβ1

HSP70

References:

 1. Koufaris C, Sismani C: Modulation of the genome and epigenome of indi-
viduals susceptible to autism by environmental risk factors. Int J Mol Sci, 
2015; 16(4): 8699–718

 2. Ansel A, Rosenzweig JP, Zisman PD et al: Variation in gene expression in 
autism spectrum disorder: An extensive review of transcriptomic studies. 
Front Neurosci, 2016; 10: 601

 3. Bacon C, Rappold GA: The distinct and overlapping phenotypic spectra of 
FOXP1 and FOXP2 in cognitive disorders. Hum Genet, 2012; 31(11): 1687–98

 4. Lammert DB, Howell BW: RELN mutations in autism spectrum disorder. 
Front Cell Neurosci, 2016; 10: 84

 5. Muhle R, Trentacoste SV, Rapin I. The genetics of autism. Pediatrics, 2004; 
113(5): e472–86

 6. Robinson EB, Neale BM, Hyman SE: Genetic research in Autism Spectrum 
Disorders. Curr Opin Pediatr, 2015; 27(6): 685–91

 7. Wills S, Rossi CC, Bennett J et al: Further characterization of autoantibod-
ies to GABA-ergic neurons in the central nervous system produced by a 
subset of children with autism. Mol Autism, 2011; 2: 5

 8. Ashwood P, Krakowiak P, Hertz-Picciotto I et al: Associations of impaired 
behaviors with elevated plasma chemokines in autism spectrum disorder. 
J Neuroimmunol, 2011; 232(1–2): 196–99

 9. Fernández de Cossío L, Guzmán A, van der Veldt S, Luheshi GN: Prenatal 
infection leads to ASD-like behavior and altered synaptic pruning in the 
mouse offspring. Brain Behav Immun, 2017; 63: 88–98

 10. Krajmalnik-Brown R, Lozupone C, Kang DW, Adams JB: Gut bacteria in chil-
dren with Autism Spectrum Disorders: Challenges and promise of study-
ing how a complex community influences a complex disease. Microb Ecol 
Health Dis, 2015; 26: 26914

 11. Mangiola F, Ianiro G, Franceschi F et al: Gut microbiota in autism and mood 
disorders. World J Gastroenterol, 2016; 22(1): 361–68

 12. Meltzer A, Van de Water J: The role of the immune system in autism spec-
trum disorder. Neuropsychopharmacology, 2017; 42(1): 284–98

 13. Schaefer GB: Clinical genetic aspects of ASD spectrum disorders. Int J Mol 
Sci, 2016; 17(2): pii: E180

 14. Vuong HE, Hsiao EY: Emerging roles for the gut microbiome in autism spec-
trum disorder. Biol Psychiatry, 2017; 81(5): 411–23

2645
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Lochman I. et al.: 
Serum cytokines and growth factors in autism spectrum disorder
© Med Sci Monit, 2018; 24: 2639-2646

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



 15. Bjorklund G, Saad K, Chirumbolo S et al: Immune dysfunction and neuroin-
flammation in autism spectrum disorder. Acta Neurobiol Exp, 2016; 76(4): 
257–68

 16. Masi A, Glozier N, Dale R, Guastella AJ: The immune system, cytokines, 
and biomarkers in autism spectrum disorder. Neurosci Bull, 2017; 33(2): 
194–204

 17. Onore C, Careaga M, Ashwood P: The role of immune dysfunction in the 
pathophysiology of autism. Brain Behav Immun, 2012; 26(3): 383–92

 18. Szachta P, Skonieczna-Żydecka K, Adler G et al: Immune-related factors in 
pathogenesis of Autism Spectrum Disorders. Eur Rev Med Pharmacol Sci, 
2016; 20(14): 3060–72

 19. Gesundheit B, Rosenzweig JP, Naor D et al: Immunological and autoimmune 
considerations of Autism Spectrum Disorders. J Autoimmun, 2013; 44: 1–7

 20. Ashwood P, Krakowiak P, Hertz-Picciotto I et al: Elevated plasma cyto-
kines in Autism Spectrum Disorders provide evidence of immune dysfunc-
tion and are associated with impaired behavioral outcome. Brain Behav 
Immun, 2011; 25(1): 40–45

 21. Goines PA, Ashwood P: Cytokine dysregulation in Autism Spectrum Disorders 
(ASD): Possible role of the environment. Neurotoxicol Teratol, 2013; 36: 
67–81

 22. Gottfried C, Bambini-Junior V, Francis F et al: The impact of neuroimmune 
alterations in autism spectrum disorder. Front Psychiatry, 2015; 6: 121

 23. Zerbo O, Yoshida C, Grether JK et al: Neonatal cytokines and chemokines 
and risk of Autism Spectrum Disorder: The Early Markers for Autism (EMA) 
study: A case-control study. J Neuroinflammation, 2014; 11: 113

 24. Cox L, Williams B, Sicherek S et al: Pearls and pitfalls of allergy diagnostic test-
ing: Report from the American College of Allergy, Asthma and Immunology/
American Academy of Allergy, Asthma and Immunology Specific IgE Test 
Task Force. Ann Allergy Asthma Immunol, 2008; 101(6): 580–92

 25. Matsson P, Hamilton RG, Esch RE et al: Analytical performance characteris-
tics and clinical utility of immunological assays for human immunoglobu-
lin E (IgE) antibodies of defined allergen specificities; Approved guideline. 
Second Edition. CLSI document I/LA20-A2. Clinical and Laboratory Standards 
Institute, Wayne, Pennsylvania USA, 2009

 26. Hempstead B: Brain-derived neurotropic factor: Three ligands, many ac-
tions. Trans Am Clin Climatol Assoc, 2015; 126: 9–19

 27. Popova NK, Ilchibaeva TV, Naumenko VS: Neurotrophic factors (BDNF and 
GDNF) and the serotonic system of the brain. Biochemistry, 2017; 82(3): 
308–17

 28. Chen S-D, Wu L-C, Hwang W-C, Yang D-I: More insight into BDNF against 
neurodegeneration: Anti-apoptosis, anti-oxidant, and suppression of au-
tophagy. Int J Mol Sci, 2017; 18: pii: 545

 29. Sera-Millàs M: Are the changes in the peripheral brain-derived neurothropic 
factor levels due to platelet activation? Word J Psychiatr, 2016; 6(1): 84–101

 30. Samasam M, Ahangari R, Naser SA: Pathophysiology of Autism Spectrum 
Disorders: Revisiting gastrointestinal involvement and immune imbalance. 
World J Gastroenterol, 2014; 20(29): 9942–51

 31. Qin XY, Feng JC, Cao C et al: Association of peripheral blood levels of brain-
derived neurotrophic factor with Autism Spectrum Disorders in children: A 
systematic review and meta-analysis. JAMA Pediatr, 2016; 170(11): 1079–86

 32. Zheng Z, Zhang L, Zhu T et al: Peripheral brain-derived neurotrophic factor 
in autism spectrum disorder: A systematic review and meta-analysis. Sci 
Rep, 2016; 6: 31241

 33. The Human Protein Atlas: CCL17. Available at: http://www.proteinatlas.org/
ENSG00000102970-CCL17/tissue

 34. Shoda T, Futamura K, Orihara K et al: Recent advances in understanding the 
roles of vascular endothelial cells in allergic inflammation. Allergol Internat, 
2016; 65: 21–29

 35. Imai T, Yoshida T, Baba M et al: Molecular cloning of a novel T cell-directed 
CC chemokine expressed in thymus by signal sequence trap using Epstein-
Barr virus vector. J Biol Chem, 1996; 71(35): 21514–21

 36. Al-Ayadhi LY, Mostafa GA: Elevated serum levels of macrophage-derived 
chemokine and thymus and activation-regulated chemokine in autistic chil-
dren. J Neuroinflammation, 2013; 10: 72

 37. Schopler E, Reichler RJ, DeVellis RF, Daly K: Toward objective classification 
of childhood autism: Childhood Autism Rating Scale (CARS). J Autism Dev 
Disord, 1980; 10(1): 91–103

 38. Lord C, Rutter M, Goode S et al: Autism diagnostic observation schedule: 
A standardized observation of communicative and social behavior. Autism 
Dev Disord, 1989; 19(2): 185–212

2646
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Lochman I. et al.: 
Serum cytokines and growth factors in autism spectrum disorder

© Med Sci Monit, 2018; 24: 2639-2646
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


