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Abstract
A potential role for TH17 cells has been suggested in a number of conditions including
neurodevelopmental disorders such as autism spectrum disorders (ASD). In the current study, we
investigated cellular release of IL-17 and IL-23 following an in-vitro immunological challenge of
peripheral blood mononuclear cells (PBMC) from children with ASD compared to age-matched
typically developing controls. Following stimulation, the concentration of IL-23, but not IL-17, was
significantly reduced (p=0.021) in PBMC from ASD compared to controls. Decreased cellular IL-23
production in ASD warrants further research to determine its role on the generation and survival of
TH17 cells, a cell subset important in neuroinflammatory conditions that may include ASD.
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1. Introduction
Autism spectrum disorders (ASD) are neurodevelopmental disorders characterized by severe
impairments in social interaction and communication, and restricted, stereotyped interests
(APA, 1994). Symptoms of ASD generally manifest within the first three years of life and
persist through adulthood in most cases. Evidence of immune dysregulation has been observed
in some individuals with ASD, including increased levels of pro-inflammatory cytokines in
brain tissues, CSF and plasma, and increased production of pro-inflammatory cytokines by
peripheral blood mononuclear cell (PBMC) cultures when compared to typically developing
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controls (Ashwood et al., 2008; Ashwood and Wakefield, 2006; Enstrom et al., 2009a;
Jyonouchi et al., 2001; Molloy et al., 2006; Vargas et al., 2005; Zimmerman et al., 2005).

Recently, TH17 cells (Bettelli et al., 2007) were described as a subset of T cells unique for their
production of interleukin (IL)-17, a cytokine demonstrated to be important for defense against
extracellular bacteria (Raffatellu et al., 2008; Tato and O’Shea, 2006), fungi (Taylor et al.,
2007), and specific parasites (Reece et al., 2008). In addition, these cells have been implicated
in the pathology of a number of inflammatory conditions including multiple sclerosis (MS),
rheumatoid arthritis, Crohn’s disease, and psoriasis (Graber et al., 2008; Tzartos et al., 2008;
Vaknin-Dembinsky et al., 2008). As a survival and proliferative factor for TH17 cells, IL-23
promotes sustained production of IL-17 by TH17 cells (Aggarwal et al., 2003). In animal
models, anti-IL-23 therapy can ameliorate experimental autoimmune encephalomyelitis (EAE)
(Chen et al., 2006), suggesting that dysregulation of TH17 cells may contribute to disorders
with suspected autoimmune/neuroinflammatory mechanisms, such as ASD.

Dysregulated immune responses in some individuals with ASD could lead to the aberrant
production of IL-23 from immune cells. We recently reported that plasma IL-23 levels were
decreased in ASD children (Enstrom et al., 2008). To help elucidate whether there exists a
potential dysregulation of IL-23 and IL-17 production in ASD, we examined the effect of
immune stimulation of PBMC isolated from children with ASD and typically developing
controls in the same age range.

2. Materials and Methods
Ninety-four subjects were recruited as part of the Childhood Autism Risks from Genetics and
Environment (CHARGE) study (Hertz-Picciotto et al., 2006). For the experiments involving
phytohemagglutinin (PHA) stimulation, 34 children with ASD (median age 3.83 (interquartile
range 3.17-4.25), 29 males) and 26 typically developing (TD) controls (3.71(3.00-4.50), 21
males) were included. Experiments involving phorbol myristate acetate (PMA) stimulation
included 18 ASD children ( 4.25(3.08-4.07), 14 males) and 16 TD controls (3.60(2.08-4.02),
13 males). ASD was diagnosed using gold standard assessments (DSM-IV criteria, Autism
Diagnostic Observation Schedules (ADOS) and the Autism Diagnostic Interview-Revised
(ADI-R)). Cognitive and adaptive assessments were performed on all participants using the
Mullen Scales of Early Learning (MSEL) and the Vineland Adaptive Behavior Scales (VABS).
Parents of all participants completed the Aberrant Behavior Checklist (ABC) to assess
inappropriate and maladaptive behaviors. All developmental and behavioral testing was
conducted by qualified clinicians and methodology is discussed in detail elsewhere (Hertz-
Picciotto et al., 2006). TD controls were included if they did not have a sibling with ASD, had
no apparent autism traits based on assessment with the Social Communication Questionnaire
(SCQ), and scored within two standard deviations of the mean on MSEL and VABS
assessments. No participants had a history of recent infections and/or fever.

Peripheral blood was collected in acid-citrate-dextrose Vacutainers (BD Biosciences, San Jose,
CA). PBMC were separated by gradient centrifugation on Histopaque (Sigma), washed twice
with Hank’s Balanced Salt Solution (HBSS) Sigma (St. Louis Missouri). The number of viable
PBMC was determined by Trypan Blue exclusion (Sigma) and PBMC concentrations were
adjusted to 1 × 106 cells/ml in a solution of 0.1% T-Stim (BD Biosciences) in X-Vivo media
(Cambrex, Walkersville, MD) in 12-well tissue culture plate (Corning, Corning, NY). PBMC
were either cultured in media alone, or stimulated with PHA (10 μg/mL; Sigma) for 24 hours
at 37°C in 5% CO2. Following culture, plates were centrifuged before supernatants were
harvested and stored at −80°C until the date of assay.
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IL-23 and IL-17 concentrations were measured in the media and PHA stimulated cell culture
supernatant of each subject by enzyme-linked immunosorbent assay (ELISA). The
concentration of IL-23 was measured with the IL-23 ELISA Ready-SET-Go! Kit with pre-
coated plates (eBiocience, San Diego, CA). The assay kit allowed for IL-23 detection between
15 pg/ml-2000 pg/ml. IL-17 concentration was measured with the IL-17 ELISA Ready-SET-
Go! Kit with pre-coated plates (eBiocience). The kit allowed detection between 4 pg/ml-500
pg/ml. Samples and standards were run in duplicate, and the assay was performed according
to the manufacturer’s recommended protocols. Plates were read on a Wallac Victor3
multilabel-plate reader (PerkinElmer, Boston, MA) at 450nm. Sample concentrations were
determined by a standard curve correlating a known standard concentration and OD.

Flow cytometric analysis of TH17 cells in PBMC was determined in cell cultures that were
either unstimulated (media alone) or treated with PMA (50 ng/ml) and Ionomycin (1 μM final
concentration) for 24 hours, using methods previously described for intracellular staining
(Ashwood and Wakefield 2006; Enstrom et al., 2009a). PBMC were stained for cell surface
markers CD3, CD8 and CD4 (BD Biosciences, CA) before intracellular staining for anti-human
IL-17 (eBioscience, San Diego, CA). The cells were analyzed on a LSR II flow cytometer (BD
Immunocytometry Systems) and with FlowJo software (BD Immunocytometry Systems).

Statistical analysis to compare the induced cytokine production between groups was conducted
with the Mann-Whitney U tests.. Evaluation of induced cytokine levels and clinical assessment
and behavioral scores among children with ASD was determined using Spearman correlations.
The statistical comparisons were made with SAS software (SAS Institute Inc., Cary, NC). All
analyses were two-tailed, and p<0.05 were considered statistically significant.

3. Results
In the absence of PHA stimulation the levels of IL-23 and IL-17 were undetectable in cell
culture supernatants from ASD and TD children. Following stimulation, IL-23 levels were
significantly induced in cell culture supernatants from TD controls (median 43.69 pg/ml
(interquartile range 13.31 pg/ml-78.34 pg/ml)) and were significantly higher than in PHA-
stimulated cell culture supernatants from ASD children (9.09 pg/ml (4.50 pg/ml-24.52 pg/ml),
p=0.021, Fig.1). Following stimulation IL-17 levels were equally induced in cell culture
supernatants from TD controls (55.55 (34.01-103.30)) and ASD children (61.39
(38.52-112.00)) and were not statistically different (p=0.704) (Fig. 1). No differences in total
PBMC numbers or T cell, B cell or monocyte numbers were observed between groups (data
not shown).

There were no differences in the frequency of TH17 cells in ASD (0.58% (0.11-3.36%))
compared with TD (0.45% (0.07-1.52%), p=0.53) in the unstimulated cultures or after PMA
stimulation in ASD (1.1% (0.3-5.1%) compared with TD (0.96% (0.39-2.91%), p=0.18).
Similarly, there were no differences in the mean fluorescent intensity of IL-17 staining in
unstimulated (27.19 (17.27-40.56) vs., 25.68 (22.72-40.01), ASD vs., TD controls, p=0.85) or
stimulated (18.65 (11.97-37.24) vs., 25.62 (12.84-39.19), p=0.54) cell cultures.

We then examined whether there were associations between induced IL-23 or IL-17 levels and
clinical variables among ASD participants. ADI-R, MSEL, VABS and ABC scores did not
show association with IL-17 or IL-23 levels. Interestingly, we found a negative correlation (r
= −0.44, p=0.03) between stimulated IL-23 levels and social interactions as measured with the
ADOS, suggesting that more impaired social behaviors were associated with decreased PHA-
mediated release of IL-23. Assessment of impaired communication using the ADOS also
showed a trend for a negative correlation with PHA-stimulated IL-23 release but did not reach
statistical significant (r = −0.32, p=0.13).
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4. Discussion
The major finding of this study was that the production of IL-23 but not IL-17 following
stimulation was significantly lower in children with ASD compared with TD controls. We
previously reported that plasma levels of IL-23 but not IL-17 were decreased in children with
ASD compared with TD controls (Enstrom et al., 2008). In addition, we found a negative
correlation between stimulated IL-23 levels and ADOS scores of social interaction in ASD
children. It is currently unclear how decreased IL-23 levels could affect social interactions
during childhood in ASD and these data should be treated with caution until further
investigations are performed. However, it should be noted, that several other studies have
shown that altered levels of immune factors are associated with increased severity of social
interaction impairments including transforming growth factor-beta1 (TGFβ1) (Ashwood et al.,
2008), macrophage inhibitory factor (Grigorenko et al., 2008), platelet-endothelial adhesion
molecule (Tsuchiya et al., 2007) and immunoglobulin-G4 (Enstrom et al., 2009b) and may
suggest that dysfunctional immune responses and/or activity may affect social behaviors in
children with ASD.

Decreased IL-23 release following immune challenge, observed in this study, may suggest that
hypoactivity of immune cells is associated with increased risk for ASD. Previously, partial/
incomplete or hypoactive T cell responses has been demonstrated in autism individuals
following activation (Stubbs and Crawford, 1977; Warren et al.,1986; Plioplys et al., 1994;
Denney et al.,1996), Neurogenesis is influenced by the interaction between T cells and CNS-
microglia cells, whereby too little or too much immune activity can impair neurogenesis, which
could ultimately alter behavior and cognition (Ziv et al., 2006; Ziv and Schwartz, 2008).
Moreover, in a mouse model, deprivation of mature T-cells leads to spatial learning/memory
impairments as assessed using the Morris Water Maze; and this impairment is improved by T-
cell restoration (Kipnis et al., 2004). Interestingly, aberrant behaviors in ASD children can
improve during episodes of fever but return after the child recovers (Curran et al., 2007). It is
possible that these behavioral improvements could involve the activation of T-lymphocyte
subsets.

Interestingly, TGF-β1 which can act independently of IL-23 to stimulate the production of
TH17 cells (Yang et al., 2008) is also decreased in ASD and associated with worsening
behaviors (Ashwood et al., 2008). Further experiments charting the time-course for induction
of both TGFβ1 and IL-23 cytokines should be performed, to determine if TH-17 cells from
ASD children lose their ability to produce IL-17 over time in the absence of appropriate
maintenance signals. As this study focuses on children already diagnosed with ASD, this initial
report cannot not rule out increased TH17 cell activity prior to diagnosis or a possible causative
role of TH17 cells in the pathology of ASD but rather raises additional questions.

Our preliminary findings lead us to hypothesize that decreased IL-23 may be implicated in the
pathophysiology of ASD. The biological impact of decreased IL-23 and its association with
impaired social behaviors in ASD children is intriguing and warrants further consideration.
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Figure 1.
A) Median IL-23 levels in children with ASD and typically developing children (controls).
There are significant differences in the induced cytokine levels of IL-23 produced following
stimulation in cell cultures from ASD children compared with controls (p=0.021). B) Median
IL-17 levels in ASD children and age-matched TD children. Levels of IL-17 produced by
PBMC in-vitro are not significantly different between the two groups (p=0.70). P-values were
determined with two-tailed Mann-Whitney U test.
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