
ORIGINAL ARTICLE

Altered Cytokine and BDNF Levels in Autism Spectrum Disorder

S. Ricci • R. Businaro • F. Ippoliti • V. R. Lo Vasco •

F. Massoni • E. Onofri • G. M. Troili • V. Pontecorvi •

M. Morelli • M. Rapp Ricciardi • T. Archer

Received: 30 July 2012 / Revised: 9 April 2013 / Accepted: 10 April 2013 / Published online: 19 April 2013

� Springer Science+Business Media New York 2013

Abstract The contribution of neuroimmune functioning

and brain-derived neurotrophic factor (BDNF) to func-

tional dysregulation in autism spectrum disorder was

assessed in 29 patients under treatment in two specialized

centers of Basilicata (Chiaromonte and Matera), Southern

Italy, through analysis of serum levels of cytokines and

BDNF. Elevated levels of the pro-inflammatory cytokine,

including interleukin-1, interleukin-6, interleukin-12,

interleukin-23, tumor necrosis factor-a and BDNF were

observed, regardless of age and gender. Comparisons were

made with age- and gender-related healthy controls. The

present findings reinforce current notions regarding

immunoexcitotoxic mechanisms contributing to the path-

ophysiology of autistic disorder.

Keywords Autism � Immune system � Cytokines �
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Introduction

Autism spectrum disorder (ASD), a neurodevelopmental

disorder with onset in the first 3 years of life, presents an

incidence almost 6,000 new cases in the United States in

2008 (Buehler 2011) and in Italy 6–10 new cases per

10,000 children per year (Eurispes 2006). The disorder,

which may be due to risk factors that include genetic,

prenatal and perinatal involvement, neuroanatomical

abnormalities and environmental agents (Johnson et al.

2013), presents an emerging medical social interest, par-

ticularly with regard to the economic, social and familial

issues that are involved.

Neuroinflammation is involved in the pathophysiology

of both neurologic and neuropsychiatric disorders (Hurley

and Tizabi 2013). Disruption/dysregulation of neuroim-

mune functioning, whether expressed in the patient or

during the course of the individual’s brain development,

are implicated in Idiopathic ASD (Onore et al. 2012;

Ramos et al. 2012; Sacco et al. 2010). It has been shown that

several mediators of the immune system play a key role in

the development of the central nervous system, affecting

neurogenesis, neuronal migration, axonal growth, the for-

mation and plasticity of synapses (Garay and McAllister

2010). The dysfunctional immune activity observed in

ASD spans both innate and adaptive arms of the immune

system and suggests that perturbations in either area may

have profound effects on neurodevelopment (McAllister
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and van de Water 2009). The immune and nervous systems

are highly interconnected in a neuroimmune interaction

that affects several aspects of brain structure and function

(Archer et al. 2011). For example, studies have shown that

SCID mice (severe combined immunodeficient), lacking in

T lymphocytes, show severe alterations in the acquisition

of cognitive abilities; however, the insertion of T cells to

these mice by bone marrow transplantation, improved the

cognitive performance of these mice, in addition to the

recovery of adaptive immunity (Brynskikh et al. 2008).

There is much evidence showing that peripheral cells of the

immune system may modulate cognitive performance

without infiltrating the brain and central nervous system

(Rook et al. 2011). Various mediators of the immune

system, normally expressed in the CNS, are essential for

normal brain development. The components of the large

family of cytokines are physiologically produced in the

CNS, where they control neurogenesis, migration, differ-

entiation, synapse formation and plasticity, and damage

response (Green et al. 2012).

From early in development onwards, the relationship

between the immune and nervous systems is exceedingly

complex and continues throughout life. Abnormal immune

responses, including self-reactive antibodies, have been

reported in individuals affected with ASD and significantly

higher plasma concentrations of IL-1b, IL-5, IL-8, IL-12 in

patients compared to the matched normal controls have

recently been detected (Ashwood et al. 2011; Li et al.

2009). Studies performed on brains taken at autopsy from

subjects with autism or control subjects showed elevated

levels of tumor necrosis factor-a (TNF-a) and interleukin-6

(IL-6) in subjects with autism compared to controls

(Kalkbrenner et al. 2010). Increased pro-inflammatory or

Th1 cytokines were associated with greater impairments in

core features of ASD as well as aberrant behaviors (Ash-

wood et al. 2011). Under physiological conditions, cyto-

kines provide trophic support to neurons and enhance

neuronal integrity, but excessive cytokine production, that

is, immunoexcitotoxic mechanisms that enhance neuro-

toxic reactions (Al-Ayadhi and Mostafa 2012; Mostafa and

Al-Ayadhi 2011a, b, 2012; Blaylock 2008), has been

shown to lead to brain disorder conditions, in part due to

disruption of growth factor production and neurogenesis

thereby contributing to the etiopathogenesis of the disorder.

A hyperexcitatory action of glutamate, and the glutama-

tergic receptors NMDA and AMPA, leads to activation of

enzymes that damage cellular structure, membrane per-

meability and electrochemical gradients. Excitotoxicity,

due to overactivity in glutamatergic pathways, oxidative

stress and impaired mitochondrial function are major fac-

tors implicated in the neuronal dysfunction of autistic

patients (Essa et al. 2013). Immunoexcitotoxicity refers to

the evolving pathological and neurodevelopmental changes

in autism and presents a common mechanism in several

neurodegenerative disorders (Blaylock 2008, 2009; Blay-

lock and Maroon 2012). Immune receptor–excitatory glu-

tamate receptor interactions trigger neurotoxic events, such

as extensive reactive oxygen species/reactive nitrogen

species generation, accumulation of lipid peroxidation

products, and prostaglandin activation, which then leads to

dendritic retraction, synaptic injury, damage to microtu-

bules, and mitochondrial suppression (Blaylock and Mar-

oon 2011). In addition, several epidemiological studies

have found a correlation between autism and autoimmunity

as well as with allergies (Goines and Van de Water 2010).

Brain-derived neurotrophic factor (BDNF), a small

protein found throughout the brain, CNS and in peripheral

blood, plays a pivotal role in the development and plas-

ticity of the brain. Much experimental data strongly suggest

an involvement of BDNF in autism, for instance, increased

BDNF-immunoreactive protein in the disorder (Garcia

et al. 2012). Additionally, it was observed that BDNF

levels in the blood reflected BDNF levels in the brain.

BDNF is involved in the survival and differentiation of

dopaminergic neurons in the developing brain and plays an

important role in the formation and the plasticity of syn-

aptic connections. BDNF is trophic for serotonergic neu-

rons, and abnormalities in serotonin levels are the most

common biochemical findings in autism. Al-Ayadhi (2012)

reported a correlation between sonic hedgehog homolog

(SHH), BDNF and oxygen free radicals (OFR) in autistic

children, suggesting a pathological role of oxidative stress

and SHH in ASDs. Under conditions of brain damage and

aggravated neurotoxicity, levels of BDNF have been

shown to be increased (Bovolenta et al. 2010; Fredriksson

et al. 2011).

The main purpose of the present study was to assess the

existence of excessive cytokine concentration and neuro-

trophin, circulating levels of BDNF, in the serum of young

patients presenting ASD.

Materials and Methods

Sample Demographics

Twenty-nine patients, aged 2–21 years, including 27

males, were recruited for this study at the Center for

Autism of hospital of Chiaromonte/Lagonegro (PZ) and at

the Pediatrics Neuropsychiatry Department of Matera:

regional centers that coordinate services for persons with

autism from which they were recruited. The clinical char-

acteristics of the individual 29 patients included in the

study are available (see Table 1). All patients present

developmental records documenting characteristics and

behaviors that met a standardized definition for ASDs
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based on the Diagnostic and Statistical Manual of the

American Psychiatric Association (DSM-IV-TR 2000).

Nineteen autistic patients were classified as severe, based

on a Childhood Autism Rating Scale (CARS) score of 37

or more; three patients were classified with mild-to-mod-

erate disease as determined by CARS score between 32 and

37; eight patients were classified as mild, according to

CARS score below 32.

Twenty-nine healthy age- and gender-matched subjects

with no overt neurological or psychiatric abnormalities

were selected as the control group.

Anamnestic Medical Social Questionnaire

The questionnaire, administrated to the families of patients,

was composed of four sections: (i) child’s data, including

age, weight, height, residence, blood type, age of first

diagnosis and the severity of the disease, as well as the type

of vaccination, the stages of language development, the

sleep patterns and age-at-weaning, weaning, nutrition, food

allergies and intolerance, (ii) parental data, (iii) presence of

allergies, food allergies, autoimmune diseases and other

diseases, type of diet, working site and exposure to possible

harmful factors, personal lifestyles, pregnancy and child-

birth, previous surgery and family history for major dis-

eases (especially for autoimmune diseases like rheumatoid

arthritis, psoriasis, Crohn’s disease, etc.), (iv) socio-eco-

nomic aspects, such as the use of computers and mobile

phones, services and support provided by local health

authorities, town councils, social and family health

associations.

Table 1 Clinical characteristics of the 29 patients, presenting ASD

that participated in the study

Patient CARS

score

Severity DSM-IV

diagnosis

Comorbidities/

other relevant

clinical data

1. 36.5 Moderate Autistic

disorder

2. 56 Severe Autistic

disorder

Pulse dyscontrol

disorder

3. 37 Moderate Autistic

disorder

4. 45 Severe Autistic

disorder

5. 56.5 Severe Autistic

disorder

Severe language

disorder

6. 42 Severe Autistic

disorder

7. 41 Severe Autistic

disorder

8. 41.5 Severe Autistic

disorder

9. 40 Severe Autistic

disorder

10. 38 Severe Autistic

disorder

11. 48 Severe Autistic

disorder

12. 31 Mild D.P.S.

NAS

13. 40.5 Severe Autistic

disorder

14. 40 Severe Autistic

disorder

15. 33 Moderate Asperger

disorder

16. 30.5 Mild Autistic

disorder

Previous

hydrocephalus

17. 48 Severe Autistic

disorder

Obsessive behavior

and tendency toward

aggression.Cognitive

disabilities. Psychoph-

armacological

treatment

18. 38 Severe Autistic

disorder

19. 20 Mild Pervasive

disorder

NAS

20. 23.5 Mild Pervasive

disorder

NAS

21. 52 Severe Autistic

disorder

22. 39.5 Severe Autistic

disorder

23. 24 Mild Pervasive

disorder

NAS

Table 1 continued

Patient CARS

score

Severity DSM-IV

diagnosis

Comorbidities/

other relevant

clinical data

24. 25 Mild Asperger

disorder

25. 39 Severe Pervasive

disorder

NAS

Disgenetic pathology

ndd; comitial

syndrome under drug

treatment

26. 46 Severe Autistic

disorder

Comitial syndrome

under drug treatment

27. 51 Severe Pervasive

disorder

NAS

Probable disgenetic

pathology ndd; reduced

cognitive skills,

ongoing anticomitial

treatment

28. 31 Mild Autistic

disorder

29. 49 Severe Autistic

disorder

Genetic pathology ndd;

moderate–severe

cognitive disorder

CARS childhood autism rating scale
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Blood Sample Assays

Venous blood from each individual was collected and

stored at 4 �C overnight. Serum was obtained after cen-

trifuging at 1,500 rpm for 10 min at RT, aliquoted and

stored at -80 �C until use.

All the children were medication free and in good

physical health at time of blood sample assays.

Cytokine Production

Levels of serum cytokines were determined by ELISA

following the manufacturer’s instructions, using the fol-

lowing kits:

IL1b (Abcam, cat. ab46052, UK, detection limits: 5 pg/

ml)

IL-6 (Quantikine, R&D Systems, cat. D6050, USA,

detection limits: 0.70 pg/ml)

IL-12 (Quantikine, R&D Systems, cat. D1200, USA,

detection limits: 5 pg/ml)

IL-13 (Quantikine, R&D Systems, cat. D1300, USA,

detection limits: 32 pg/ml)

IL-23 (eBioscience, cat. 88-7239, USA, detection limits:

15 pg/ml)

TNF-a (Immunological Sciences, cat. IK4185, detection

limits: 1 pg/ml)

BDNF (Immunological Sciences, cat. IK-10144, detec-

tion limits: 15 pg/ml)

Each standard curve was generated using eight points of

concentrations. Serum aliquots had not undergone any

previous freeze/thaws cycle.

Statistical Analysis

Values are expressed as mean ± SD in the text and figures.

Comparisons between two groups were analyzed by Stu-

dent’s two-tailed t test. When the equal variance test failed,

a Mann–Whitney rank sum test was used. Levels of sig-

nificance are stated. Pearson’s rank correlation coefficients

were calculated.

Results

Analysis of Anamnesis

Four children were intolerant to milk, casein, gluten, fish

and vegetables. As for the sleep–wake cycle, in five

patients, it is irregular. Language development: in 11

children, there was a delay in babbling, and in seventeen,

current language is poor, if not absent. Five children were

born preterm and eleven by cesarean section. In addition,

two siblings are both affected by autism. Seven out of

thirty mothers gave birth at an age between 35 and

37 years, all with a normal diet. Eleven mothers experience

allergies to pollen, dust, nickel and food intolerances,

especially lactose, two of these have had amalgam fillings,

outside the period of pregnancy. Seven are smokers. No

mother is significantly exposed to harmful factors, and

most of them are housewives. Fifteen children presented a

family history of hypertension, six of diabetes, six of

dyslipidemia, eleven of tumors, fourteen of heart disease,

six of obesity, ten of thyroid disease, four of neurological

and psychiatric diseases and six of autoimmune diseases. In

the present study, focus was placed on the presence of

autoimmune disorder, since the other conditions are present

in almost comparable levels in the group of healthy

patients: maternal autoimmune diseases include psoriasis

(four mothers), rheumatoid arthritis, celiac disease and

Takayasu’s arteritis. In one child, we found paternal

familiarity for psoriasis. Another child has a sister suffering

from rheumatoid arthritis.

Immune Cytokine Dysregulation

Pairwise comparisons using Student’s two-tailed t tests

indicated the following differences between the autistic

group (n = 29) and the healthy control group (n = 29) of

children:

IL-1b: t (df: 1, 28) = 12.75, p \ 0.0001: autism [ con-

trol (see Fig. 1).

IL-6: t (1, 29) = 5.10, p \ 0.0001: autism [ control

(see Fig. 2).

IL-23: t (1, 29) = 2.62, p \ 0.02: autism [ control (see

Fig. 3).

IL-12: t (1, 29) = 4.18, p \ 0.0001: autism [ control

(see Fig. 4).

TNF-a: t (1, 29) = 6.22, p \ 0.0001: autism [ control

(see Fig. 5).

There was no significant difference between the autism

and control groups with regard to IL-13. Table 2 presents

the inflammatory cytokines and BDNF levels for individual

patients in the study.

Table 3 presents the inflammatory cytokines and

BDNF levels for individual healthy control subjects in the

study.

Figures 1–6 presents the levels of each of the cytokines,

IL-1b, IL-6, IL-23, IL-12 and TNF-a, respectively, for the

ASD patient group compared with the healthy control group.
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BDNF Overexpression

Pairwise comparisons using Student’s two-tailed t tests

indicated the following differences between the autistic

group (n = 29) and the control group (n = 29) of children:

BDNF: t (1, 29) = 12.79, p \ 0.0001: autism [ control

(see Fig. 7).

Autism spectrum disorder patients and controls were

divided into two groups by age. Further, patients were

divided into three groups on the basis of severity which

provided means and standard deviations for each group for

BDNF values as follows: mild autism: mean = 602.2 pg/

Fig. 1 Pro-inflammatory cytokines detected by ELISA in the sera of

ASD patients (values expressed as mean ± SD). IL-1Beta (IL-1b)

concentrations (pg/ml) in the autism group versus control group,

autism [ control

Fig. 2 IL-6 concentrations (pg/ml) in the autism group versus control

group (values expressed as mean ± SD), autism [ control

Fig. 3 IL-12 concentrations (pg/ml) in the autism group versus

control group (values expressed as mean ± SD), Autism [ Control

Fig. 4 IL-13 concentrations (pg/ml) in the autism group versus

control group (values expressed as mean ± SD), and no significant

difference between autism and control groups was observed. In the

control group, individual value *35 gave a value deviating markedly

from the mean value

Fig. 5 IL-23 concentrations (pg/ml) in the autism group versus

control group (values expressed as mean ± SD), autism [ control. In

the control group, individual values: *36, *47 and *39 gave values

deviating markedly from the mean value
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ml; standard deviation = 395.1; moderate autism:

mean = 619.3 pg/ml; standard deviation = 538.0; severe

autism: mean = 791 pg/ml; standard deviation = 475.4;

healthy control sample: means = 351.4 pg/ml; standard

deviation = 347.2. Although this trend was not found to be

significant, possibly due to patient severity group size, all

three patient groups showed significantly higher levels of

BDNF (t [ 3.34, df 10–14, p \ 0.01).

Figure 7 presents the levels of BDNF neurotrophin for

the ASD patient group compared with the healthy control

group.

Correlational Analysis

Correlational analyses (Pearson’s rank) were performed

between each of the above cytokines, and BDNF, against

CARS (ASD diagnosis) scores. Only one of the six

correlations was found to be significant: IL-1b versus

CARS indicating a cytokine-diagnosis association.

Figure 8 presents the correlations between IL-1b and

CARS.

Discussion

The purpose of the present study was to investigate the

relationship between ASD and the presence of a chronic

inflammatory condition, expressed by immunoexcitotoxic-

ity, with altered levels of serum cytokines, as associated with

prevailing health conditions (Adams et al. 2011). The results

from 29 ASD patients compared with age- and gender-

matched healthy controls indicated that cytokines IL-1b, IL-

6, IL-12, TNF-a and IL-23 were increased significantly in the

blood serum of ASD patients compared with healthy

Table 2 Inflammatory cytokines, IL-1b, IL-6, IL-12, IL-13, IL-23 and TNF-a, and the neurotrophin, BDNF, in the individual patients par-

ticipating in the present study

Patient IL-1b IL-6 IL-12 IL-13 IL-23 TNF-a BDNF Age M/F

1 \10 4.1 2.7 0 0 3.5 886.4 9 M

2 \10 3.39 38.5 0 0 0.3 1,004 14 M

3 \10 61.16 15.2 0 0 2.4 ND 6 M

4 \10 0 25.6 0 180 4.6 1,443 9 M

5 45.38 0 0 0 180 0.5 1,111 19 M

6 4.16 0.5 0 0 0 0.8 765.1 2 M

7 7.48 0 7.4 0 0 3.2 1,773 10 M

8 0 21.7 0 0 2.7 ND 8 M

9 0.69 0 3.8 0 0 0.4 ND 17 M

10 30.1 0 0 0 0 0.5 1,191 14 M

11 84.8 1.18 0 0 0 2.4 923 5 M

12 0 0 0 0 0.3 1,110 11 M

13 0.58 1.26 0 0 33 0.3 1,020 10 M

14 0.61 0 11 0 44 0 1,110 18 M

15 199.37 1.29 0 0 21 0 971.5 17 M

16 354.51 0.73 0 0 179.1 0 526.4 6 M

17 0 3 0 0 13.6 1.4 678.3 5 M

18 0 1.28 0 0 30 0 266.4 9 M

19 23.22 1.48 0 0 10.7 4.2 1,089 8 M

20 8.94 1.28 0 0 13.08 0 489.8 9 M

21 362.51 1.08 0 0 0 0.4 728.9 8 M

22 59.22 1.1 0 0 0 2.6 764.2 14 M

23 290.37 1.26 0 0 0 1.3 358.7 8 M

24 134.22 0 0 0 0 0 ND 15 M

25 380.8 0 0 0 40 2.0 631.5 8 M

26 112.8 0 0 0 0 0.3 ND 18 M

27 273.8 0 0 0 0 0.7 850.2 8 M

28 304.8 0 0 0 20 0.5 641.2 7 F

29 418.8 0 0 0 0 1.2 768.5 8 F

ND not determined, 0 under detectable limits
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controls. Ancillary to the primary purpose, it was found also

that serum BDNF was elevated significantly in the ASD

patients compared with healthy controls. Several brain dis-

orders, associated with alterations of the normal mechanisms

controlling development, have been associated with specific

variants of cytokines and/or their receptors (Angelidou et al.

2012; Petitto et al. 2012; Vezzani and Friedman 2011).

Cytokines may originate from peripheral immune cells and

reach the CNS by crossing the blood–brain barrier or may be

produced directly within the CNS by neurons and glial cells.

Cytokines are signaling molecules, responsible for the cross

talk between cells of the immune system and neuroendocrine

system. They are produced by macrophages and lympho-

cytes as well as by microglia and astrocytes in the CNS. Two

main clusters of cytokines have been recognized, based on

the specific T helper cells producing them: type 1 helper

cells, generally engaged in cellular immune response and

type 2 helper cells involved in humoral immunity. Cytokines

activate specific cytokine receptors on neurons and glial cells

thereby directly influencing brain function and neurogenesis.

In this connection, the microenvironment where pre-

cursors of mature neuronal cells (neural stem cells) reside

are specialized ‘‘niches’’ where several different stimuli,

including neurotrophic factors, cytokines and drugs, may

modulate neurogenesis processes; it should be recalled that

neuroinflammation may influence the neural stem cell

niche, altering proliferation, migration, survival and mat-

uration of neuron precursor cells (Boulanger 2009; Garay

and McAllister 2010). An altered cytokine network may

underline the onset and the progression of psychiatric and

systemic diseases and favor the progression of depression

and Alzheimer’s disease (Ricci et al. 2012). It has been

demonstrated that pro-inflammatory cytokines increase the

activity of hypothalamic–pituitary–adrenal (HPA) axis

Table 3 Inflammatory cytokines, IL-1b, IL-6, IL-12, IL-13, IL-23 and TNF-a, and the neurotrophin, BDNF, in the individual healthy controls

participating in the present study

Control IL-1b IL-6 IL-12 IL-13 IL-23 TNF-a BDNF Age M/F

1 9.1 0.3 0 0 0 ND ND 2 M

2 10.1 0.6 0 1.3 15 4.05 ND 5 M

3 12 0.6 0.2 0.00 0 0.5 ND 5 M

4 14 0.7 1.2 0 0 2.38 929.8 6 M

5 20.5 1 2.9 0 8 0.00 ND 6 M

6 5.1 0.8 0 0 0 0.00 520.8 7 F

7 4.8 0 0.7 4.5 0 1.01 536.1 8 M

8 4.4 0 0.8 0 0 0.80 711.4613 8 M

9 7.8 0 1.6 0 0 2.02 366.4 8 M

10 12 0 2 0 0 2.04 363.79 8 M

11 5.6 0.4 0 0 0 0.2 279.1178 8 M

12 7 0.5 0 0 0 0 649.3332 8 M

13 12 1 2 0.8 12 0 ND 8 F

14 11.7 0.7 1.4 0 0 0 1198 9 M

15 13.5 0.6 0.2 0 0 0 914.9 9 M

16 4.5 0 0 0 0 0 249.3 9 M

17 4.4 0 0 0 0 0 ND 9 M

18 ND 0 0 0 0 0 ND 10 M

19 3.5 0.2 0 0 0 0 529.7579 10 M

20 7.6 0 ND ND 0 0 ND 11 M

21 15 0 0.6 0 0 0.1 ND 14 M

22 8.5 0.3 1.3 0 0 0 676.5675 14 M

23 12 0.3 1.4 0 0 0.2 165.4999 14 M

24 16 1 0 0 0 0 380.4 15 M

25 11.2 0 0 0 0 0 464.2 17 M

26 5.2 0 0 0 0 ND 548.907 17 M

27 8.03 0.2 0.5 0 0 0.00 ND 18 M

28 9.9 0.3 0.4 0 0 ND ND 18 M

29 7.6 0 0 0.2 0 ND ND 19 M

Neurotox Res (2013) 24:491–501 497

123



(Pucak et al. 2007). Chronic activation of the HPA axis

induces anxiety and depression (Zunszain et al. 2011),

commonly seen in patients with autism since depression is

co-morbid with many other conditions with pro-inflam-

matory cytokine activation and neurodegenerative damage

(Leonard and Maes 2012). The hyperreactivity of both the

HPA axis and pro-inflammatory neuroimmunological

markers in response to acute negative emotions seems to

provide a common denominator in several brain disorder

conditions (Weinstein et al. 2010). Pro-inflammatory

cytokines lead to a glutamatergic overproduction (Müller

and Schwarz 2007) which implicates an immunoexcito-

toxic mediation.

Some studies have been conducted to evaluate possible

differences in the levels of pro-inflammatory or anti-

inflammatory cytokines in sera of children with autism

compared to healthy controls (Jyonouchi et al. 2001, 2002;

Molloy et al. 2006). The results, sometimes conflicting, pos-

sibly due to diagnostic complications and unsuitable choice of

controls, have nevertheless shown an increase of certain pro-

inflammatory cytokines in the sera of children with autism.

The present immunochemical evaluations suggest the pres-

ence of a dysregulation in the cytokine network, with a sig-

nificant increase of IL-1b, IL-6, IL-12, IL-23 and TNF-a in

the ASD patient group compared to the controls matched by

gender and age. IL-23, a member of IL-12 family of cyto-

kines, is able to induce the polarization of CD4? T lympho-

cytes to Th17 cells which produce a cytokine specifically

involved in autoimmune inflammation. Th17 cells were spe-

cifically detected within active lesions of multiple sclerosis

(MS) patients and within the brain of mouse model for MS

developing experimental autoimmune encephalomyelitis,

prior to the development of clinical symptoms of MS. Of note,

anti-myelin basic protein autoantibody, a hallmark of MS, has

been reported in autism patients: Mostafa and Al-Ayadhi

(2011a, b) observed that autistic children expressed signifi-

cantly higher serum levels of serotonin and anti-MBP auto-

antibodies than healthy children.

In a previous study, an inflammatory condition was

detected in the brains of deceased individuals with autism,

as evidenced by high amounts of cytokines and activated

microglial and astroglia cells (Pardo et al. 2005; Vargas

et al. 2005). This disease pattern was present in subjects

ranging in age from 5 to 44 years, suggesting that once the

activation of the immune system was induced, it remains

unchanged over time. The results we obtained seem to

confirm this finding, since the alteration found in the serum

Fig. 6 TNF-a concentrations (pg/ml) in the autism group versus

control group (values expressed as mean ± SD), autism [ control. In

the control group, individual values: *47 and *35 gave values

deviating markedly from the mean value

Fig. 7 BDNF concentrations (pg/ml) in the autism group versus

control group (values expressed as mean ± SD), autism [ control

Fig. 8 Correlation between CARS index (vertical axis) and IL1-b
values (horizontal axis) for the autism patients. Correlation coeffi-

cient: r = 0.433, p = 0.016, y = 0.0011x ? 39.408
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levels of cytokines compared to controls was measured in

patients ranging in age from 3 to 20 years. The overpro-

duction of IL-1b was of particular interest as elevated

levels of this cytokine were found in individuals suffering

from depression, and the increase was related to chronic

activation of the HPA axis that are known to induce anxiety

and depression (Besedovsky et al. 1986). Similarly, the

same process may underlie the behavioral disturbances

observed in individuals with ASD. In addition, IL-1b
promotes the expression of the b amyloid precursor protein

(Cacabelos et al. 1991), and several studies reported that

plasma levels of the secreted amyloid-b (Ab) precursor

protein-alpha form (sAPPa) were significantly elevated in

plasma of patients with severe autism (Ray et al. 2011;

Sokol et al. 2006).

The observed increase in serum BDNF is consistent with

recent evidence of a steady increase in the number of

neurons in the prefrontal cortex of ASD patients (Cour-

chesne et al. 2011; Lainhart and Lange 2011). In autistic

children, using whole blood polymorphonuclear leuko-

cytes, significantly higher levels of OFR were obtained

(22), as well as serum Sonic hedgehog (SHH) protein, a

signaling protein vital during embryonic development, up-

regulates both BDNF and vascular endothelial growth

factor (VEGF); here, it was found that BDNF levels were

elevated. Furthermore, there was a significant positive

correlation between the CARS index and level of SHH

protein (Pardo et al. 2005). In this regard, it is necessary to

consider that enhanced BDNF signaling, in addition to

neurogenesis, neuritic sprouting, electrophysiological

activity, etc., also renders brain regions more vulnerable to

hyperexcitability and/or excitotoxic damage (Murray and

Holmes 2011). In conclusion, the present data suggest that

ASD patients present a dysregulation of cytokine networks

with an imbalance toward pro-inflammatory cytokines.

Gene variations for cytokines and their receptors have

been reported in autism (Ziats and Rennert 2011). Micro-

array experiments have shown a dysregulation of cytokine

and chemokine genes in the brain of autistic patients

(Lintas et al. 2012). Both the observed increases of pro-

inflammatory cytokines and BDNF suggest the influence of

immunoexcitotoxic actions in the pathophysiology of ASD;

this dysregulation of cytokine and neurotrophin levels may

play a contributory role in the etiopathogenesis of the

disorder. Finally, Mostafa et al. (2013) have suggested the

possible link between certain human leukocyte antigen

alleles to autism and to family history of autoimmunity

indicates the possible contributing role of these alleles to

autoimmunity in some autistic children. Two aspects of the

present findings appear quite unique: (i) the elevation of

both cytokine levels and BDNF and (ii) the elevated

expression of BDNF in a chronic neurodevelopmental

disorder, rather than acute brain damage.
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