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Abstract: Interleukin-23 (IL-23) is a survival factor for a newly described population of T
lymphocytes, namely Th-17 cells, that secrete IL-17, tumor necrosis factor- alpha (TNFa) and IL-6. It
has been shown that Th-17 cells are a pathogenic T cell subset involved in autoimmune and chronic
inflammatory diseases. Based on the increasing evidence of immune dysfunction in autism, including
possible autoimmune and inflammatory processes, we hypothesized that Th-17 cells, a T cell lineage
that has not been previously examined in this disorder, may be altered in autism. To assess the
potential role, if any, of Th-17 cells in autism, we analyzed plasma samples obtained from children
ranging in age from 2-5 years with a diagnosis of autism and age-matched typically developing
controls for the presence of IL-17 and IL-23 cytokines. Plasma samples from 40 children with autism
including 20 children with a regressive form of autism, 20 with early onset and no regression and 20
typically developing age-matched control children were analyzed for IL-17 and IL-23, under the
hypothesis that altered number and function of Th-17 cells would directly correlate with altered levels
of IL-17 and IL-23 in the plasma. In this study, we were able to demonstrate that IL-23 cytokine levels
were significantly different in children with autism compared with age-matched controls, a finding
primarily driven by children with early onset autism. In contrast, there were no statistical differences in
IL-17 levels autism compared with age-matched typically developing controls. This is the first study to
report altered IL-23 production in autism. The decreased plasma IL-23 production observed in children
with autism warrants further research as to its affect on the generation and survival of Th-17 cells, a
subset important in neuroinflammatory conditions that may include autism.
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INTRODUCTION subjects with autism, specifically in levels

Autism (AU) is a neurodevelopmental disorder
presenting in early childhood with specific social and
behavioral abnormalities. Autism is generally evident
by 3 years of age. A regressive form of autism has been
described for children who meet early developmental
milestones up to 12-18 months of age but then lose
acquired speech and/or social skills. The occurrence
and timing of regression has led to an interest in early
life infectious and environmental exposures that occur
within this same period and have been hypothesized to
play a role in the genesis of autism disorder. To date, no
concrete evidence for a direct causative early life
exposure has been defined. However, many researchers
have described various immunological abnormalities in

. . . 1-3
inflammatory mediators and autoimmune responses!' ..

This suggests that the immune system in some children
with autism may be dysregulated. The neuroimmune
hypothesis of autism suggests that these dysregulated
immune responses either directly or indirectly adversely
affect the course of neurodevelopment in the brain,
leading to the development of autism”. Immune
abnormalities include increased inflammatory cytokines
in the plasma and CNS, specifically neuroinflammatory
cytokine interleukin-6 (IL-6) ! proinflammatory
cytokine tumor necrosis factor alpha (TNFa)'*® and
chemoattractant cytokine macrophage chemotactic
protein-1 (MCP-1)"). Despite this evidence, a clear role
for the inflammatory process in the pathogenesis of
autism has yet to be defined.
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In recent studies, a distinct subset of T helper cells
(Th-17) has been described that are unique from the
traditional paradigm of Thl and Th2 cells. For more
than 30 years, CD4+ T-helper cells have been divided
into two main subsets, Thl and Th2 cells, based on
their cytokine production patterns and biological
effects. Thl cells are associated with an anti-
intracellular pathogen-driven cell-mediated immune
response, produce interferon-gamma (IFNy) and IL-2
and are long thought to initiate and mediate tissue
damage. Conversely, Th2 cells are efficient at directing
primarily humoral responses against extracellular
pathogens and produce IL-4, IL-5 and IL-13. In
contrast, Th-17 «cells are characterized by their
production of IL-17 in response to the cytokine IL-23"
*I'and produce a distinct pattern of cytokines, including
IL-17, IL-6, TNFo but not IFNy and IL-4°" IL-17
production by Th-17 cells has been associated with
inflammation and development of autoimmune disease,
such as chronic intestinal inﬂammation[14’16J,
rheumatoid arthritis''”'* and multiple sclerosis>* 2.
geutralization of IL-17 can decrease disease severity>

]

Further research into the Th-17 lineage has
revealed that IL-23 acts as a survival factor for memory
and effector Th-17 cells™”\. TL-23 is a heterodimer that
has structural similarities with IL-12, both sharing a IL-
12 p40 subunit. However, IL-23 has a distinctive
second subunit, p19, that is not shared with IL-12%,
Since IFNy, which is increased in many chronic
inflammatory and autoimmune disease models, induces
production of IL-12, Thl cells were interpreted as
playing a decisive role in disease pathogenesis;
however, a more pivotal role may actually be
attributable to IL-23 production''” ** *"!. In co-culture
cellular studies, IL-23 stimulated CD4+ T cells
produced an increased expression of the
proinflammatory cytokines IL-17, IL-6 and TNFo'®*',
Current research examining IL-12p40 compared with
IL-23p19 in autoimmune disease pathogenesis revealed
that disease progression was driven by IL-23 and not by
IL-121"7 22 Furthermore, anti-IL-23  therapy
decreases symptoms of experimental automimmune
encephalomyelitis in an animal model of multiple
sclerosis™. With the administration of anti-IL-23
therapy, not only are IL-17 serum levels reduced, but
CNS expression of IFNy, IL-17, IL-6 and TNFa are
also decreased””. Interestingly, aside from IL-23,
transforming growth factor- beta (TGF-§), which has a
modulatory effect on Thl and Th2 development™,
actually increases IL-17 expression"'® %,
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Recent evidence suggests that Th-17 cells may be
involved in development of autoimmune and
inflammatory disease and therefore, its potential role in
autism warrants investigation. Th-17 cells produce the
cytokines IL-6 and TNFo, which have been shown to
be increased in subjects with autism!*®, Furthermore, in
one recent study, mice that were deficient in a Th-17
cell inhibitor, 1L-27, developed severe
neuroinflammation following infection with
Toxoplasma gondii, a finding that correlated with
increased IL-17 production””. In this study, researchers
found that IL-6 and TGF- induced this IL-17 response.
Furthermore, in a study using anti-IL-23p19 antibody to
treat autoimmune encephalomyelitis, CNS expression
of IFNy, IL-17, IL-6 and TNFo were decreased®?.
Combining the neuroinflammatory role of Th-17 cells
and the apparent abnormal regulation of IL-6, TNFa
and IFNy in autism, cytokines linked to Th-17 cell
generation"'” "> % we hypothesized that abnormal Th-
17 cell production may play a role in this disorder. In
the current study, we examined the presence of secreted
IL-17 and IL-23 in the plasma of children with autism.

MATERIALS AND METHODS

Study subjects: A total of 60 children ranging in age
between 2 to 5 years of age were enrolled in the study.
The participants for the study were recruited as part of
the CHARGE study”" at the University of California,
Davis. The study was reviewed and approved by the
institutional review board of UC Davis. Informed
consent was obtained from a legal guardian for each
subject. Each participant, including general population
age-matched control subjects, was evaluated at the UC
Davis M.LLN.D. Institute Clinic. Autism diagnosis was
confirmed for the case group using the Autism
Diagnostic Interview-Revised (ADI-R)BZ] and the
Autism Diagnostic Observation Schedule (ADOS)**3¢!
in order to determine eligibility for the study. The ADI-
R is a well standardized interview designed to produce
a diagnostic algorithm for autism spectrum disorders
using answers provided by the child’s caregiver based
on a child’s developmental and behavioral history. The
ADI-R is appropriate for patients with mental ages of
two and above and is consistent with the DSM-IV and
ICD-10 definitions of autism. The ADOS is a
standardized behavioral observation utilizing semi-
structured play based interactions designed to elicit
communication, social interactive and imaginary play
behaviors typically impaired in children with autism
spectrum disorders. Plasma cytokine levels were
compared in 40 subjects diagnosed with autism (AU)
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ranging in age from 2 years 1 month to 4y10m (mean
3y5m, 36 males) who met autism cut-off criteria on
both the ADI-R and the ADOS, with 20 subjects who
were typically developing (TD) ranging from 2y7m to
S5y2m (mean 3y8m, 16 males). The AU groups were
further subdivided into either early onset or regressive
AU, based on the behavioral information provided
through the ADI-R. Individuals meeting AU criteria
and who did not have a history of loss of developmental
skills on the ADI-R were classified as early onset AU
(n=20, ranging from 2y4m to 4yl10m, mean 3y3m, 17
males) and subjects who attained skills that they later
lost were classified as regressive AU (n=20, ranging
from 2ylm to 4ylOm, mean 3y6m, 19 males). The
typically developing controls were screened with the
Social Communication Questionnaire (SCQ)®” for
autistic behaviors and assessed for developmental status
with the Mullen Scales of Early Learning (MSEL)"*
and the Vineland Adaptive Behavior Scales (VABS)™".
Children scored below the cut-off on the SCQ and
within 2 standard deviations of the mean on both the
MSEL and the VABS in order to be included in the
control group.

Plasma IL-17 and IL-23 ELISA: Peripheral blood
was collected in acid-citrate-dextrose Vacutainer tubes
(BD Biosciences, San Jose, CA) and centrifuged for 10
min at 2300 rpm. Plasma was harvested and stored at -
80°C until the date of assay. Plasma samples were
thawed and analyzed with IL-17 specific and IL-23
specific Ready-SET-Go! Enzyme-Linked
Immunosorbent Assay kits (eBioscience, San Diego,
CA) using the manufacturer’s protocol. Briefly, plates
were coated with monoclonal antibody specific to either
IL-17 or the p19 subunit of human IL-23. Either 100ul
of plasma or standard was added to appropriate wells
for 2 hrs at RT. Samples were run in duplicate. After
repeated washing, the plates were incubated with
biotin-conjugated detector antibody specific to IL-17 or
the p40 subunit of IL-23 for 1 h at RT. The plates were
then washed a total of 5 times before incubating for 30
min with Avidin-HRP for color development. The
reaction was stopped with sulfuric acid per
manufacture’s protocol and the optical density
determined using a Wallac Victor’ multilabel plate
reader (PerkinElmer, Boston, MA) at 450 nm. A
reference reading obtained at 530 nm was subtracted
from the optical densities. Concentration was
determined by comparison of sample OD values to a
standard curve. Statistical significance was determined
using Student’s two-tailed t-test for samples with
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unequal variances. Significance was accepted if p
values were less than 0.05.

RESULTS AND DISCUSSION

We used ELISA to quantify plasma levels of IL-23
in typically developing children (TD) and children with
autism (AU). We were able to detect IL-23 in the
ranges of 0.6 pg mL™" to 30 pg mL™". AU subjects had
decreased plasma levels of IL-23 compared with TD
subjects, matched for age (p=0.037, Fig. la). For AU
subjects, the median with interquartile range (IQR) IL-
23 level was 5.05 (3.51-11.16) pg mL™" and for the TD
subjects it was 12.48 (3.79-17.15) pg mL™'. When AU
subjects were subdivided based on regression, those
subjects with early onset AU had significantly reduced
IL-23 compared with TD controls (p=0.002, Table 1)
However, AU with regression had similar levels
compared with TD controls (p=0.126, Table 1).
Consequently, when early onset AU subjects were
compared to those with regressive AU, there were
lower levels of IL-23 in those with early onset (median
values 4.25 pg mL™" vs. 5.78 pg mL™", p=0.041, Fig. 1b,
Table 1). ELISA analysis of plasma IL-17 levels
revealed that there were no statistically significant
differences between AU subjects and TD subjects,
although there was a trend for decreased IL-17 in early
onset AU (Table 1). It is important to note that the
measured IL-17 levels were at the low end of the
detectable range (from 0.15 to 9.19 pg mL™") and
detection may be slightly impaired by methodological
restriction.

A unique subset of CD4+ T-helper cells, termed
Th-17 cells, have recently been identified that produce
a similar set of cytokines found to be upregulated in the
blood and CNS of some subjects with autism'*” *"*,
Th-17 cells have been associated with several research
models of autoimmune and inflammatory diseases,
including multiple sclerosis, inflammatory bowel
disease and toxoplasma infection*** . We
hypothesized that the immune dysregulation seen in
children with autism could potentially be due in part to
increased frequency of Th-17 cells, as evinced by
increased levels of IL-17 and a survival factor for Th-
17 cells, namely IL-23, in the blood. To test this
hypothesis, we conducted this current initial study to
examine IL-17 and IL-23 plasma levels.

We have shown here that IL-23 levels were
reduced in children with autism and that there was no
difference in IL-17 levels in children with confirmed
autism compared with age-matched typically
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Levels of IL-23 in human plasma. Quantitative ELISA
analysis of plasma IL-23 in (a) children diagnosed with
autism (AU, n=40) compared with typically developing
age-matched control children (n=20). Mean IL-23 values
plus s.e.m. are shown. (b) Decreased IL-23 was present in
plasma in children with early onset autism (n=20)
compared with those with regression (n=20)

Fig. 1:

developing control children. However, we cannot
conclusively determine from this study that Th-17 cells
are not dysregulated in autism subjects, only that the
major cytokine produced by these cells was not
dysregulated in this study population. The age of the
subjects under investigation, 2 to 5 years of age, may be
too young to reliably detect elevated levels of plasma
IL-17. This may be reflected in the fact that IL-17
levels were consistently near the limit of detection in
both cases and controls. A similar finding, in slightly
older control children (mean 6 years), was observed in a
pediatric burn study that used Luminex analysis to
determine IL-17 levels™". Moreover, although our
initial results indicate that IL-17 levels were
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comparable to typically developing subjects, this could
be an artifact of the age of the study subjects and less to
do with the frequency of Th-17 cells in the blood.
Interestingly, while there was a strong positive
correlation between IL-23 and IL-17 expression in
typically developing children, there was no
corresponding correlation between IL-23 and IL-17
levels in children with autism (data not shown). This
may suggest that IL-23 production may not stimulate
the generation and survival of Th-17 cells in individuals
with autism. Recent research has revealed a potential
neuroprotective and neurodevelopmental role of CNS
“self’-reactive T cells'*!] which could potentially
extend to the Th-17 subset. If this is the case, IL-23
may play an indirect role in the maintenance of
neuroprotection, through its generation of Th-17 cells.
A major challenge to this study may be that Th-17 cells
are present at low frequency in the blood, which may
negatively impact the ability to detect differences in
secreted IL-17 in the plasma. Therefore, systemic levels
may be less pertinent than local responses as well as the
actual number and function of Th-17 cells in autism.
Further ongoing studies will directly examine IL-17
expression by CD4+ T cells themselves and may yield
more conclusive results. Our observation that the level
of IL-23 is decreased in the blood of children with
autism, in particular in subjects diagnosed with early
onset non-regressive autism, may indicate that the
generation and survival of Th-17 cells could in fact be
altered in some children with autism. However, other
cytokines such as TGF-f that act independently of IL-
23 could also stimulate the production of Th-17 cells''?.
This initial report does not rule out a possible
causative role of Th-17 cells in the pathology of autism
but rather raises additional questions. Indeed, the
biology of Th-17 is a new field and the consequence of
low frequency as well as high frequency of Th-17 has
not yet been elucidated. The biological impact of
decreased IL-23 in the plasma of children with early
onset autism described in our study is intriguing and
requires further study. Early onset autism is thought by
some clinicians to have a better prognosis than
regressive autism*?. In this case, decreased production
of IL-23 in the plasma of children with early onset
autism may suggest a regulatory mechanism that could
control the extent and severity of proinflammatory and
neuroinflammatory responses demonstrated in some
autism cases. More definitive research on the precise
nature of immune dysregulation in early onset autism
and regressive autism is needed. In this study, we have
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Table 1:

Plasma IL-23 and IL-17 levels from subjects with autism and typically developing subjects. Median values plus inter quartile ranges

of IL-23 and IL-17 plasma levels are shown from children diagnosed with Early onset autism (AU), Regressive AU, combined AU
subjects, and typically developing (TD) subjects. IL-23 levels were significantly different between Early onset AU and typically
developing subjects using Student’s t-test (*p<0.05, **p<0.005)

Early onset AU Regressive AU Combined AU subjects Typically Developing
(n=20) (n=20) (n=40) (n=20)
Median IL-23 (pg mL™") 4.25%* 5.78 5.05% 12.48
(QI1-Q3) (2.82-10.33) (4.01-14.81) (3.51-11.16) (3.79-17.15)
Median IL-17 pg mL™ 1.32 1.78 1.37 1.81
(Q1-Q3) (1.01- 1.74) (1.10- 2.56) (1.06-2.36) (1.27-,2.18)
6. Ashwood, P. and A.J. Wakefield, 2006. Immune

shown for the first time that IL-23 production in autism
subjects is decreased, and suggest that further
investigation of this altered cytokine production may
have important implications in the generation and
survival of Th-17 cells, a subset of cells important in
neuroinflammatory and autoimmune conditions.
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