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Abstract

Risperidone has been shown to improve serious behavioral problems in children with autism. Here we asked whether
risperidone-associated improvement was related to changes in concentrations of inflammatory molecules in the serum of
these subjects. Seven molecules were identified as worthy of further assessment by performing a pilot analysis of 31
inflammatory markers in 21 medication-free subjects with autism versus 15 healthy controls: epidermal growth factor (EGF),
interferon-y (IFN-y), interleukin (IL)-13, IL-17, monocyte chemoattractant protein-1 (MCP-1), IL-1 and IL-1-receptor
antagonist. Serum concentrations of these markers were then established in a different set of subjects that participated in a
double-blind, clinical trial and an expanded group of healthy subjects. In the first analysis, samples obtained from subjects
with autism at baseline visits were compared to visits after 8-week treatment with placebo (n=37) or risperidone (n=40). The
cytokine concentrations remained stable over the 8-week period for both risperidone and placebo groups. In the second
analysis, we explored further the differences between medication-free subjects with autism (n=77) and healthy controls
(recruited independently; n=19). Serum levels of EGF were elevated in subjects with autism (median =103 pg/mL, n=75) in
comparison to healthy controls (75 pg/mL, n=19; p <0.05), and levels of IL-13 were decreased in autism (median=0.8 pg/
mL, n=77) in comparison to controls (9.8 pg/mL, n=19; p=0.0003). These changes did not correlate with standardized
measures used for a diagnosis of autism. In summary, risperidone-induced clinical improvement in subjects with autism was
not associated with changes in the serum inflammatory markers measured. Whether altered levels of EGF and IL-13 play a
role in the pathogenesis or phenotype of autism requires further investigation.

Introduction susceptibility factors are suspected to contribute to the etiology of

autism (Geschwind 2008). At the interface between the genetically

AUTISM IS A CHILDHOOD-ONSET neurodevelopmental disorder
characterized by impairments in reciprocal social interactions
and functional communication, as well as repetitive behaviors and
restricted interests (Volkmar et al. 2005). Although the heritability
of autism has been estimated to be as high as 90% (Levitt and
Campbell 2009), interactions of environmental factors with genetic

determined susceptibility and the external stimuli lies the immune
system which has been implicated in autism (Goines and Van De
Water 2010; Libbey et al. 2005; Pardo et al. 2005).

Elevated levels of inflammatory mediators in post-mortem
brains of subjects with autism, as well as in cerebrospinal fluid
suggest that enhanced activity of innate immunity and Thelper-1
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(Th1) lymphocytes may exist (Chez et al. 2007; Li et al. 2009;
Vargas et al. 2005; Zimmerman et al. 2005). It has not been es-
tablished yet whether the inflammation represents an autoimmune
process directed against healthy neuronal cells or results from
clearance of degenerating neurons or other factors. In an attempt to
understand the overall activity of the immune system in subjects
with autism, immune parameters in peripheral blood of subjects
with autism spectrum disorders have been analyzed. These studies
also indicated increased activation of innate immunity and Thl
lymphocytes (Ashwood et al. 2011a; Ashwood et al. 2011b;
Croonenberghs et al. 2002; Jyonouchi et al. 2005; Jyonouchi et al.
2002; Jyonouchi et al. 2001; Singh 1996; Singh et al. 1991;
Sweeten et al. 2004). In addition, elevated levels of immuno-
globulins (Singer et al. 2008; Singer et al. 2006; Zimmerman et al.
2007) and enhanced activity of natural killer cells (Enstrom et al.
2009) in peripheral blood have been reported, as well as decreased
numbers of regulatory T cells (Ashwood et al. 2011b; Mostafa et al.
2009) and reduced serum levels of TGF-beta (a cytokine typically
released by regulatory T cells) (Ashwood et al. 2008). All together,
the findings imply an imbalance between effector and suppressor
immune mechanisms, which could be due to an autoimmune pro-
cess, but also due to chronic stress resulting from the ongoing
psychiatric disorder (Corbett et al. 2009; Miyara and Sakaguchi
2007; Sapolsky et al. 2000).

During immune responses, multiple growth factors are released.
In autism, several growth factors were implicated, including epi-
dermal growth factor (EGF; Toyoda et al. 2007; Iseri et al. 2011;
Suzuki et al. 2007); granulocyte-macrophage colony-stimulating
factor (GM-CSF; Ashwood et al. 2011b; Li et al. 2009); hepatocyte
growth factor (Sugihara et al. 2007), and vascular endothelial
growth factor (Emanuele et al. 2010). Their role remains obscure,
but their investigation may be clinically relevant since one of the
most consistent findings in children with autism is overgrowth of
their brain (Courchesne et al. 2011).

Thus far, the status of the immune system and serum levels of
growth factors in autism has been addressed in cross-sectional
studies not involving any treatment intervention. Previously, we
had shown that eight weeks of treatment with risperidone signifi-
cantly reduced irritability in children with autism (McCracken
et al. 2002; McDougle et al. 2005). In the present study, we asked
whether the concentrations of inflammatory markers in subjects
with autism that we found to be altered compared to healthy control
subjects are stable over time and whether the changes in behavior
associated with treatment in these subjects are also associated with
changes in inflammatory markers in their serum. Risperidone has
been reported to reduce serum levels of inflammatory markers in
patients with schizophrenia (Cazzullo et al. 2002; Crespo-Facorro
et al. 2008; Erbagci et al. 2001; Song et al. 2009; Zhang et al. 2005;
Zhang et al. 2009). Therefore, we hypothesized that the risper-
idone-induced clinical improvement in subjects with autism may
also be associated with reduced levels of inflammatory serum
markers. To address the hypothesis, we analyzed archived, longi-
tudinally collected serum samples of medication-free children with
autism and severe behavioral problems who had participated in a
National Institute of Mental Health-sponsored multisite, random-
ized, double-blind, placebo-controlled trial of risperidone.

Methods
Design

As a pilot analysis, we compared levels of 31 cytokines in sera
of 21 subjects with autism and 15 healthy controls using R&D
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Luminex based kits. We then selected seven cytokines and exam-
ined their serum levels in different set of subjects with autism and
an expanded set of healthy controls using Millipore Luminex based
kit. In the first analysis, we compared levels of cytokines in subjects
with autism at baseline and after 8 weeks of treatment with ris-
peridone (n=40) or placebo (n=37). In the second analysis, we
explored further the differences in serum levels of the inflammatory
markers in subjects with autism at the baseline visit (n=77) versus
19 healthy control subjects (15 of these controls were also used in
the pilot analysis).

Subjects with autism

We analyzed archived serum samples of 98 medication-free
subjects with a DSM-1V diagnosis of autistic disorder (79 boys, 19
girls, mean age 8.8+2.63 years, range 5.2-16.9 years) who par-
ticipated in a randomized clinical trial of risperidone versus
placebo conducted by the Research Units on Pediatric Psycho-
pharmacology Autism Network (McCracken et al. 2002) (Table 1).
The original sample included 101 subjects, but archived serum
samples were available for 98 subjects at baseline and for 77 sub-
jects at endpoint (Week 8). Serum samples from 21 subjects (18
boys, 3 girls, mean age 9.5 +2.6 years, range 5.2—15.2 years) were
available only at screening visit. These samples were employed in
the pilot comparison of cytokine levels in subjects with autism
versus healthy subjects. The 77 subjects, who had archived samples
for both baseline and the Week 8 visit, met all criteria for trial entry
and were randomized for the treatment study. Forty subjects were
treated with risperidone (32 boys, 8 girls, mean age 8.3 +2.7 years,
range 5.2— 16.9 years) and 37 subjects received placebo (29 boys, 8
girls, mean age 9+2.5 years, range 5.5-14.8 years) (McCracken
et al. 2002). Blood samples were collected at each site from 1998 to
2001. Blood was drawn into 5 mL polypropylene tubes and then
kept on ice or at 4° C. Samples were centrifuged at the sites for
5 min at 400 g and then shipped on ice to the Semel Institute, where
they arrived within 24-48 hours from the collection. Blood samples
were then centrifuged again (400 g, 5min), serum was collected,
aliquoted into microcentrifuge tubes and stored at —80° C. One
aliquote of each sample was shipped to Yale University on dry ice
in 2007. The original protocol was approved by the institutional
review board at each site.

Healthy subjects

Nineteen healthy control subjects (12 boys and 7 girls, mean age
13.7+2.3 years, range 9.6-17.4 years) were recruited by sending
invitation letters to families in the New Haven, Connecticut area
that had children between 7-17 years of age. The list of these
families was purchased from a telemarketing company ‘‘USA
Data’’. At the time of blood draw, parents and children were in-
terviewed. Children with any signs of inflammatory conditions,
elevated temperature within 7 days of the blood draw, malignancy,
or history of developmental disability or psychiatric illness were
excluded. Informed consents were obtained, and the blood collec-
tion was performed according to protocol approved by the Human
Investigation Committee of Yale University. Blood samples from
these subjects were collected between the years 2002 and 2006.
Blood was drawn into tubes with red-grey tops containing clotting
agent (BD Biosciences, catalogue number 367988), allowed to clot
for at least two hours and then centrifuged (5 min, 400 g). Collected
serum was aliquoted into microcentrifuge tubes and stored in —80°
C freezer.
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EFFECTS OF RISPERIDONE ON CYTOKINES IN AUTISM

TABLE 1. DEMOGRAPHIC CHARACTERISTICS OF SUBJECTS
WITH AUTISM AND HEALTHY CONTROLS

Subjects with Subjects with Healthy

autism-pilot autism subjects
study (n=21) (n=77) (n=19)
Male sex [no./total 17/20 (85)  61/77 (79)  12/19 (63)
no. (%)]
Age [mean+SD (range)] 9.6x2.6 8.6%£2.6 13.7+£2.3
(5.2-15.2) (5.1-15.2) (9.6-17.4)
Annual household income [no./total no. (%)]
< $20,000 3/20 (15) 7175 (9)
$20,001-$40,000 5/20 (25)  23/75 (31)
$40,001-$60,000 520 (25)  13/75 (17)
>$60,001 7/20 (35)  32/75 (43)
Education of parent or primary caregiver [no./total no. (%)]
High school or less 3/20 (15)  15/77 (19)
Trade school 14/20 (70)  51/77 (66)
or college
Advanced degree 3/20 (15) 11/77 (14)

Educational placement of child [no./total no. (%)]

Regular class 3/20 (15) 5/77 (6)
Special-education 13/20 (65)  70/77 (90)
program
Residental school 1720 (5) 2/77 (3)
Mental development [no./total no. (%)]
1Q HIGH (>70) 7/9 (78)  65/77 (84)
1Q LOW (<70) 2/9 (22)  12/77 (16)

Score on Autism Diagnostic Interview — Revised (mean = SD)
Social domain 247+3.3 26.2+3.5

Score on Aberrant Behavior Checklist (mean =+ SD)

Irritatibility 21.3£9.1%  27.4+6.6
Social withdrawal 14.4£8.1* 18.1+8.1
Stereotype 7.1+£52*% 104%49
Hyperactivity 27.1+£9.9%  32.8+8.7
Inappropriate speech 54+4.0 5.8+4.0

Score on Vineland Adaptive Behavior Scales (mean=*SD)

Communication 404£155 445%+16.0
Socialization 4444126 49.5+13.7
Daily living 340+16.7 395+194

Demographic information was not available for one subject of the pilot
group.

Clinical assessments

The assessment of subjects in the trial has been described in
detail elsewhere (Network R.A., 2002; McDougle et al., 2005).
Measures of autism employed in the current study included the
Aberrant Behavior Checklist (ABC) (Brown et al. 2002), the
Autism Diagnostic Interview-Revised (ADI-R) (Lord et al. 1994),
the Vineland Adaptive Behavior Scales (VABS) (Sparrow and
Cicchetti 1984), and standardized tests of intelligence. Further
clinical characterization involved a medical history of previous and
current illness, which was recorded at baseline. Children with se-
rious acute or chronic medical problems were excluded from the
trial. After initiation of treatment with risperidone (mean dose
1.8+0.7mg per day) or placebo (Network R.A., 2002), adverse
effects were recorded throughout the 8-week trial.

Analysis of serum samples

Using the Luminex-based multiplex kits A and B (Kit A: Cat.
number LUHO000; Kit B: Cat. number LUB000; R&D Systems,
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Inc., Minneapolis, MN), we examined serum levels of 31 inflam-
matory molecules in a pilot analysis of sera samples of 21 subjects
with autism and 15 healthy controls (listed in Table 2). For further
evaluation, we selected seven cytokines based on three criteria.
First, cytokines characteristic for CD4 T-helper subtypes that play
critical role in the regulation of the immune system [interferon
(IFN)-y, interleukin (IL)-17, IL-13) but were not detectable by
Luminex kits of R&D Systems. Second, epidermal growth factor
(EGF) was selected since results of the pilot analysis suggested its
increase in subjects with autism. Third, MCP-1 is a marker of
chronic inflammation that was previously found significantly ele-
vated in cerebrospinal fluid of subjects with autism (Vargas et al.
2005), and balance of IL-1 and IL-1RA is also often disturbed in
ongoing inflammatory processe, and increased levels of IL-RA
were reported in children with autism (Croonenberghs et al. 2002).
In the subsequent more focused analysis, we employed the Lin-
coheptaplex kit (Cat. number HCYTO-60K, Millipore Corp.,
St. Charles, MO) and measured the levels of cytokines in 77 sub-
jects at baseline and after 8 weeks of treatment with placebo and
risperidone, as well as 19 healthy control subjects (Table 3A).

Sensitivity for the individual cytokines is listed in Table 2 for the
Luminex kits, and in Table 3A for the Lincoheptaplex kit. Mea-
surements were performed in 50 uL. undiluted serum in kit A and
diluted serum (1:4) in kit B (R&D Systems, Inc., Minneapolis, MN)
or 25 uL. of undiluted serum (Linco- Millipore Corp., St. Charles,
MO) in duplicates according to the manufacturer’s instructions.
The samples were then analyzed using Biorad system (Luminex
100 system; Luminex Corporation, Austin, TX, USA), with Bio-
Plex Manager 4.0.0.325 software (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Detection limits of this instrument for cyto-
kines ranged from 0.2 pg/mL to 32 ng/mL.

Samples were measured in duplicate. Intra-assay and inter-assay
variability was monitored by using the same quality controls on
each plate. The inter-assay variability was 14.6% and the intra-
assay variability less than 5.5%. If the duplicates significantly
differed (mostly due to the low number of antibody-coated beads in
the well), the samples were remeasured. If it was not possible to
repeat the measurement due to a limited amount of serum, we
excluded that sample value from the analysis, resulting in slight
differences in sample size for individual cytokines. Thus, the
number of subjects may be slightly reduced for some comparisons.

Statistical analysis

Cross-sectional analyses comparing healthy control subjects to
subjects with autistic disorder were performed using the nonpara-
metric Mann-Whitney U test (medians are presented). In the pilot
analysis, an alpha value of 0.05 was divided by 31 to correct for
multiple comparisons, which yielded a critical alpha (p) value for
statistical significance of 0.0016. A group of seven markers was
selected for subsequent analysis comparison of medication-free
subjects with autism versus healthy controls, and alpha <0.05 was
considered statistically significant. Correlations among cytokines
were assessed by the Spearman’s rank correlation coefficient and
after correction for 22 comparions, alpha <0.0024 was considered
significant. Analyses exploring the relationship between cytokine
levels and clinical characteristics were carried out using a median
split of cytokine levels and #-tests on the resulting high and low
groups; correction for multiple comparisons yielded alpha <0.001
indicating significance. To evaluate the effects of risperidone and
the stability of selected inflammatory factors from baseline to Week
8 in the RUPP trial subjects, we computed Spearman’s rank
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TABLE 2. PILOT ANALYSIS OF CYTOKINE LEVELS IN SERUM SAMPLES OF SUBJECTS WITH AUTISM (N=21)
VERSUS HEALTHY AGE-MATCHED CONTROL SUBJECTS (N=15).
Subjects Control subjects

Mean Median SD Mean Median SD Kit detection
Mediator (pg/mL) (pg/mL) (pg/mL) N (pg/mL) (pg/mL) (pg/mL) n p* limit (pg/mL)
IL-5 ND ND ND 21 ND ND ND 15 NA 0.33
1L-6 0.7 0.7 0.3 21 0.7 0.7 0.2 15 0.9 0.39
1L-10 1.0 0.9 0.2 21 0.9 0.9 0.1 15 0.5 0.13
IL-13 245 303 191 21 186 258 150 15 0.4 6.0
1L-17 ND ND ND 21 4.8 0 12.1 15 NA 0.39
IFN-y ND ND ND 21 ND ND ND 15 NA 0.31
1L-2 ND ND ND 21 5.0 0 9.0 15 NA 0.89
1L-4 ND ND ND 21 ND ND ND 15 NA 1.8
CD40Ligand 1335 0 2848 21 1067 0 1711 15 1 7.6
TNE-o ND ND ND 21 ND ND ND 15 NA 0.47
1IL-12p70 36 27 16 21 40 27 20 15 0.6 5.1
IL-1a 80 82 28 21 103 100 25 15 0.03 1.2
IL-1RA 253 168 250 21 165 157 74 15 0.6 2.1
IL-18 ND ND ND 21 ND ND ND 15 0.9 0.27
Tpo 88 87 34 21 81 79 25 15 0.7 2.8
MCP-1/CCL2 43 43 19 21 38 37 14 15 0.4 0.95
MIP-1a /CCL3 105 62 201 21 62 67 28 15 0.7 3.1
MIP-1p/CCL4 23 19 9 21 22.0 21.0 7.0 15 0.9 2.1
RANTES/CCLS5 2351 1749 1851 21 2759 2002 1767 15 0.4 1.1
Eotaxin/CCL11 49 0 147 21 33 0 65 15 0.4 2.6
ENA-78/CXCL5 389 284 354 21 370 319 231 15 0.7 2.7
IP-10/CXCL10 7.6 2.7 9.9 21 7.7 2.8 7.3 15 0.7 0.4
I-TAC/CXCLI11 18 0 74 21 11 0 25 15 0.4 2.1
1L-8 2.7 1.8 3.0 21 2.6 2.9 1.9 15 0.6 0.39
EGF 141 88 215 21 24 16 20 15 0.001 0.57
G-CSF ND ND ND 21 ND ND ND 15 NA 0.57
GM-CSF ND ND ND 21 ND ND ND 15 NA 1.1
HGF 430 311 314 21 288 220 185 15 0.09 2.1
FGF basic ND ND ND 21 ND ND ND 15 NA 1.8
VEGF 20 18 13 21 30 29 21 15 0.2 0.8
Leptin 2655 0 7439 21 4373 0 9658 15 0.6 7.7

*Mann-Whitney U-test, alpha=0.0016.

ND =not detectable; NA =not applicable; SD =standard deviation; EGF =epidermal growth factor; HGF =hepatocyte growth factor; FGF = fibroblast
growth factor; G-CSF=granulocyte colony-stimulating factor; GM-CSF=granulocyte-macrophage colony-stimulating factor; VEGF = vascular
endothelial growth factor; MCP-1=monocyte chemoattractant protein-1; MIP = macrophage inflammatory protein; RANTES =regulated upon activation
normal T-cell expressed and secreted protein; ENA-78 =epithelial-cell-derived neutrophil attractant-78 protein; IP-10=interferon-inducible protein 10;
I-TAC =interferon-inducible T-cell alpha chemo-attractant; IFN=interferon; TNF=tumor necrosis factor; IL-1IRA=IL-1 receptor antagonist;

Tpo =thrombopoietin).

correlation coefficients and performed paired #-tests. Alpha values
were corrected for 14 comparions and an alpha <0.0035 was con-
sidered significant. The effects of three groups’ anti-inflammatory
drugs on serum levels of seven cytokines were evaluated by com-
parison of subjects taking the medication with those who did not.
Correction for 21 comparisons yielded alpha <0.0024.

Results

Pilot analysis of cytokine levels in subjects with autism
and healthy control subjects

After correcting for multiple comparisons, we observed signifi-
cantly higher serum levels of EGF in subjects with autism (n=21)
compared to healthy controls (n=15; medians 87.7 pg/mL versus
16 pg/mL, subjects versus controls respectively, p=0.001). Serum
levels of T-cell derived cytokines were below the detection threshold
[IL-2, IEN-y, IL-4, IL-5, tumor necrosis factor (TNF)-o, IL-1/3] of
R&D Systems Luminex kit or were detectable only in some subjects

(IL-13). Several other cytokines not related to T cells were also
undetectable (G-CSF, GM-CSF, and FGF basic; summarized in
Table 2). Using another luminex kit, we compared an expanded
group of healthy control subjects (n=19) to the larger group of other
children with autism (n="77). Significantly elevated levels of EGF
were confirmed in subjects with autism (median 103 pg/mL, n="75)
in comparison to healthy controls (median 75pg/mL, n=19;
p<0.05) (Fig. 1A). According to the information from Millipore, the
antibodies detecting EGF were specific and did not cross-react with
EGF-like factors (personal communication of Dr. Tobiasova with
Dr. Mayer of R&D systems and Dr. Hendrich of Millipore). In ad-
dition, significantly lower levels of IL-13 were found in affected
children versus controls (medians 0.8 pg/mL vs. 9.8 pg/mL, n="77;
Mann-Whitney test p=0.0003) (see Fig. 1C). To identify relation-
ships among the cytokines, we performed Spearman correlation
tests. After adjustment for multiple comparions, alpha <0.0024 was
considered significant. We found a significant correlation between
EGF and monocyte chemoattractant protein (MCP)-1 (r=0.40,
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TABLE 3. SERUM LEVELS OF INFLAMMATORY MEDIATORS OF MEDICATION-FREE SUBJECTS WITH AUTISM
A. VERSUS HEALTHY AGE-MATCHED CONTROL SUBJECTS
Subjects Control subjects

Mean SD Mean SD Kit detection
Mediator (pg/mL) (pg/mL) N (pg/mL) (pg/mL) n p* limit (pg/mL)
EGF 162 148 75 104 131 19 0.048 4.8
1L-13 17 81 71 58 107 19 0.0003 3.3
IL-1a 777 1129 77 437 480 19 0.2 1.3
IL-1RA 280 757 71 725 2261 19 0.7 7.7
1L-17 9.6 36 77 32 103 19 0.2 1.0
IFN-y 17 104 77 17 70 19 0.1 1.3
MCP-1 286 140 77 240 104 19 0.1 1.3

B. AT BASELINE VISIT VERSUS AFTER EIGHT-WEEK TREATMENT WITH PLACEBO

Week 1 Week 8
Mean SD Mean SD
Mediator (pg/mL) (pg/mL) (pg/mL) (pg/mL) n p* r,p+
EGF 156 147 142 149 33 0.94 0.54, 0.001
1L-13 5 11 3 5 35 0.35 0.77, 0.0001
IL-1a 805 1121 781 1114 34 0.26 0.98, 0.0001
IL-1RA 220 349 105 99 34 0.08 0.60, 0.0001
1L-17 12 38 5 10 36 0.28 0.67, 0.0001
IFN-y 4 5 3 5 35 0.34 0.67, 0.0001
MCP-1 287 140 277 158 35 0.87 0.62, 0.0001
C. AT BASELINE VISIT VERSUS AFTER EIGHT-WEEK TREATMENT WITH RISPERIDONE
Week 8
Mean SD Mean SD
Mediator (pg/mL) (pg/mL) (pg/mL) (pg/mL) n p* r,p+
EGF 168 150 171 173 38 0.94 0.54, 0.0006
IL-13 29 110 26 99 38 0.27 0.80, 0.0001
IL-1a 751 1149 786 1146 38 0.33 0.95, 0.0001
IL-1RA 344 1010 301 712 37 0.47 0.54, 0.0005
1L-17 13 48 13 34 38 0.86 0.60. 0.0001
IFN-y 29 144 22 96 38 0.34 0.76, 0.0001
MCP-1 276 128 277 144 38 0.94 0.65, 0.0001

*The difference in numbers of subjects for individual cytokines was determined by the availability of the reliable duplicate data for both time points;

the investigator who performed the selection of the data was blinded to the identity of the samples.

SD=standard deviation; EGF=epidermal growth factor; MCP-1=monocyte chemoattractant protein-1; IFN=interferon; IL =interleukin; RA=

receptor antagonist.

p=0.0004) (Fig. 1B). None of the cytokines correlated with the age
of the subjects. To determine a possible gender influence, we com-
pared cytokine levels in female and male subjects and found a sig-
nificant difference only in MCP-1 levels (304 + 136 pg/mL in boys,
n=61, versus 192+ 77 pg/mL in girls, n=16, p=0.001).

Examination of temporal stability of cytokine
levels in serum of subjects with autism

To assess whether the cytokine levels are stable over time in
subjects with autism, we compared the levels of cytokines in the
group receiving placebo at baseline and at 8 weeks later. We em-
ployed paired #-tests and Spearman correlation tests. The paired
t-tests revealed no significant differences between week 1 and week
8, and Spearman correlation tests confirmed the strong correlations

between cytokines at the two time points (see Table 3B). Gender
had no effect on the temporal stability of serum cytokine levels.

Examination of risperidone effects on serum
cytokine levels in subjects with autism

To determine whether treatment with risperidone was associated
with effects on serum cytokine levels, we compared the levels of
serum cytokines in medication-free subjects at baseline with their
levels after 8 weeks of treatment with risperidone. Paired #-tests
revealed no differences between cytokine levels before and after
risperidone treatment, and Spearman correlations between cyto-
kines at week 1 and week 8 were significant for all the cytokines
(see Table 3C), similarly to the placebo group. This indicates that
risperidone had no effect on serum cytokine levels in subjects with
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FIG. 1. (A) Serum levels of EGF in medication-free RUPP study subjects with autism (n=75) were significantly higher than in
healthy control subjects (n=19) (* p<0.05), and (B) significantly correlated with MCP-1 serum levels in the subjects with autism
(r=0.40, p=0.0004). (C) The levels of IL-13 were significantly lower in the subjects with autism than in healthy controls (p=0.0003
for IL-13). EGF, endothelial growth factor; RUPP, Research Units on Pediatric Psychopharmacology Autism Network; MCP, monocyte

chemoattractant protein.

autism. There were no differences in risperidone effects between
female and male subjects.

Association between immune markers
and clinical characteristics

To evaluate whether the subjects with higher or lower cytokine
levels differed in their clinical characteristics, we compared sub-
jects above and below the median for EGF and IL-13. As shown in
Tables 4A and 4B, there were no significant differences in clinical
characteristics between groups stratified by EGF and IL-13 levels.

Effects of anti-inflammatory medications
on immune and growth factors in serum

The healthy subjects did not use any medication at the time of
blood draw. The children with autism used several medications that
could affect cytokines levels: antihistamines (n=11), acetamino-
phen (n=9) , antibiotics (n=7) and local steroids (n=1). Com-
parison of cytokines in the subjects who did use versus those who
did not use a drug of one of the three medication groups revealed no
significant differences.

Discussion

Our data indicate that the levels of inflammatory serum markers
of subjects with autism remain stable over a period of eight weeks,
and that risperidone-induced clinical improvement in aberrant and
maladaptive behavior in these subjects (McCracken et al. 2002;
McDougle et al. 2005) is not associated with any changes in serum
levels of seven inflammatory markers (EGF, IFN-y, 1L-13, 1L-17,
MCP-1, IL-1 and IL-1-RA). Thus, these data do not support our
hypothesis that risperidone-induced improvement in irritability of
children with autism is associated with altered activity of immune
cells in peripheral blood.

Risperidone is an atypical antipsychotic drug that acts as an
antagonist of dopamine D2 receptors and several subtypes of re-
ceptors for serotonin (5-HT) (Moller 2005). These receptors are
present not only in the brain, but also on immune cells in peripheral
blood (Levite 2008). In patients with schizophrenia, risperidone
was reported to reduce levels of inflammatory markers in their
serum (Cazzullo et al. 2002; Crespo-Facorro et al. 2008; Erbagci
et al. 2001; Song et al. 2009; Zhang et al. 2005; Zhang et al. 2009).
In our subjects with autism, however, we did not observe such
effects. Our study is the first to investigate risperidone-induced
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TABLE 4. CHARACTERISTICS OF AUTISM IN SUBGROUPS
AT BASELINE IN SUBJECTS WITH AUTISM

A. DEFINED BY MEDIAN SPLIT OF SERUM EPITHELIAL
GrowTH FaAcTor (EGF) LEVELS

EGF
Clinical tests median p
for autism split  Mean SD n  value*
ADI-R Below 254 35 37 0.08
Above  26.8 3.6 38
ABC
Irritablility Below  27.1 6.3 37 059
Above  28.0 6.9 38
Social withdrawal Below 17.4 7.5 37 036
Above 19.1 8.6 38
Stereotypy Below 10.9 49 37 048
Above 10.1 49 37
Hyperactivity Below  31.8 9.3 37 032

Above  33.8 8.1 38
Inappropriate speech Below 63 41 37 023
Above 5.2 4.0 37
VABS
Communication domain Below 46.1 154 37 045
Above 432 17.1 38

Social domain Below 50.6 142 37 0.52
Above 485 137 38
Daily living Below  40.0 205 37 091

Above 394 188 38

B. DEFINED BY MEDIUM SPLIT OF SERUM INTERLEUKIN-13
LEVELS

IL-13
Clinical tests median P
for autism split  Mean SD n  value*
ADI-R Below 257 3.7 38 0.3l
Above  26.6 33 39
ABC
Irritablility Below 266 7.0 38 0.3
Above 282 6.1 39
Social withdrawal Below 19.1 79 38 025
Above 169 82 36
Stereotypy Below 104 53 38 0091
Above 105 45 38
Hyperactivity Below  32.7 84 38 09

Above 329 9.1 39
Inappropriate speech Below 5.1 4.0 38 0.17
Above 64 40 38
VABS
Communication domain Below  44.8 17.6 38 0.88
Above 442 145 39

Social domain Below 494 144 38 093
Above 49.6 132 39
Daily living Below 392 20.0 38 0.92

Above  39.7 19.1 39

*Student’s t-test, alpha=0.05.

SD =standard deviation; ADI-R = Autism Diagnostic Interview-Revised;
ABC = Aberrant Behavior Checklist; VABS = Vineland Adaptive Behavior
Scales.

effects on inflammatory markers in a placebo-controlled trial and in
medication-free subjects, avoiding the influence of confounding
effects of environmental factors over time or other medications.
The lack of risperidone effects on immune parameters suggests
several possibilities. First, the immune system may not play any
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role in the clinical improvement induced by risperidone. Second,
risperidone may not be affecting the levels of immune factors, but
these factors could mediate or facilitate effects of neurotransmit-
ters, such as dopamine or serotonin, that are then antagonized by
risperidone. Third, risperidone may inhibit receptors for neuro-
transmitters on immune cells, but such effects may act only locally
in the brain, and not be sufficiently pronounced in the systemic
circulation.

The exploratory comparison of inflammatory markers in medi-
cation-free subjects with autism at the baseline visit to healthy con-
trols revealed significantly increased serum levels of EGF (a growth
factor released at multiple sites) and decreased levels of IL-13 (a
cytokine derived predominantly from the T helper 2 lymphocytes) in
subjects with autism. To assess whether these levels correlated with
any of the clinical characteristics of autism, we stratified the subjects
with autism above and below the median levels of EGF and IL-13 at
the baseline visit, and asked whether patients with higher versus
lower values of cytokines differ with regard to a number of clinical
measures. No relationships between EGF or IL-13 levels with any of
the clinical parameters were found, implying that these two markers
are not related to the severity or associated behavioral characteristics
of autism. In contrast, a recent study by Ashwood et al. (2010) sug-
gested that levels of IL-12p40, IL-6 and IL-1beta may be related to
some domains of diagnostic scales (Ashwood et al. 2011). Our ris-
peridone trial selectively recruited subjects with severe behavioral
problems, which might have hindered the detection of differences
between groups dichotomized by cytokine levels. Future studies
could examine the relationship between cytokine levels and clinical
characteristics in a larger, more heterogeneous sample of subjects
with autism spectrum disorders. Existing data, particularly in relation
to EGF, warrant further investigation.

The association of EGF with autism was first suggested by an
association of EGF-related haplotypes with autism (Toyoda et al.
2007) and by decreased levels of EGF in the serum of 17 adult
males with high-functioning autism (Suzuki et al. 2007). In con-
trast, we found elevated levels in children with autism which did
not correlate with age or clinical characteristics. Our findings are
consistent with the recent report of Iseri at al. (2011) who also
found increased EGF in serum of younger children with autism
(5.1£2.05 years old), where the levels did not correlate with scores
on the Children Autism Rating Scale, age, birth weight, or length of
breast feeding (Iseri et al. 2011). It will be important to establish
whether EGF and other growth factors cause morphological
changes in brains of young and adult subjects with autism. These
may include the size of the brains, as well as the high number of
abnormally enlarged neurons in the vertical limb of the diagonal
band of Broca, and the cerebellar nuclei and inferior olive in young
subjects in comparison to reduced numbers of small and pale
neurons in adult subjects (Bauman and Kemper 2005).

The source of elevated serum EGF in the serum of the subjects
remains unknown. It does not appear to be from the central nervous
system (Vargas et al. 2005). The correlation with MCP-1 that we
noted in the present study, suggests an inflammatory site of cur-
rently unknown location. EGF was first discovered to be produced
by salivary and serous glands of the gastrointestinal tract (Kassel-
berg et al. 1985; Van Noorden et al. 1977). While the relationship
between gastrointestinal symptoms and autism has not been fully
established (Buie et al. 2010; Erickson et al. 2005), and remains
controversial, MET gene variants were found to be significantly
associated in families with at least one child that has comorbidity
for autism and gastrointestinal symptoms (Campbell et al. 2009).
Hepatocyte growth factor acts via cMET, and activation of EGF
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receptors and cMET induces independent but interacting pathways
(Puri and Salgia 2008). In the clinical setting, mutations in EGF
receptors are associated with amplification of MET in cancer patients
(Toschi and Cappuzzo 2010). In subjects with autism, altered per-
meability of the intestinal barrier has been reported (D’eufemia et al.
1996; De Magistris et al. 2010). EGF is essential for epithelial im-
permeability of the gastrointestinal tract, and elevated levels of EGF
in serum and saliva occur in patients with inflammatory bowel dis-
ease (Jahanshahi et al. 2004). EGF appears to be released as a pro-
tective compensatory mechanism, since animals deficient in EGF
receptors develop necrotizing colitis (Miettinen 1997) and exoge-
nous administration of EGF suppresses inflammatory bowel disease
both in animals and humans (Clark et al. 2006; Nair et al. 2008).

Regardless of the source of EGF, once it is in the systemic
circulation, EGF can cross the blood-brain barrier rapidly (Pan and
Kastin 1999) and then activate EGF receptors in neuronal cells.
EGF is critical for the growth and survival of Purkinje cells in the
cerebellum (Yamada et al. 1997), which were previously impli-
cated in autism (Bauman and Kemper 2005; Vargas et al. 2005). In
the cerebellum, EGF receptors colocalize with GAD67 (glutamate
decarboxylase, 67kDa), an enzyme recently shown to be decreased
in interneurons and increased in Purkinje cells in subjects with
autism (Yip et al. 2007). These observations together warrant fur-
ther investigation of the role of EGF in autism.

The decreased serum levels of IL-13 in our subjects may reflect a
decreased function of Th2 lymphocytes (Kasaian and Miller 2008)
which could be related to enhanced activity of Th1 cells in autism,
as has been suggested by several reports (Ashwood et al. 2010;
Croonenberghs et al. 2002; Jyonouchi et al. 2005; Jyonouchi et al.
2002; Jyonouchi et al. 2001; Singh 1996) These data support the
notion that establishing consequences of enhanced Th1 immunity
may be useful for elucidation of the pathogenesis of autism.

The results of this study need to be considered in the light of two
sources of limitations. First, blood samples of subjects with autism
versus healthy controls were collected at different sites and shipped
over night to the Semel center where they were processed and then
stored for a long period of time. It is possible that the transport and
the long storage might have led to degradation of some of the
markers, although our observation of elevated and stable EGF con-
centrations in our subjects with autism cannot be explained by dif-
ferential degradation. Future studies involving freshly collected and
promptly processed sera samples may reveal differences in addi-
tional inflammatory markers. The second source of limitation is re-
lated to the group of our healthy control subjects. The group of
control samples (n=19) was substantially smaller than the patient
sample (n="77), possibly affecting the outcome of the statistical
evaluation. Also, the control samples were obtained at a later time
point, independent of the risperidone clinical trial. Clearly, future
studies need to recruit subjects with autism and healthy subjects in
parallel. Further, next studies should be extended to a period of a
longer time to determine if alterations in inflammatory mediators
persist and whether these are related to any physical symptoms in
children with autism, which could help identify the source of the
inflammatory markers. In addition, the future collection of samples
should also involve evaluation of cortisol levels which would help to
determine whether the observed effects are related to chronic stress.

Conclusions

The novel contribution of this study is in demonstrating that
risperidone-induced improvement in subjects with autism is not
associated with changes in serum concentrations of selected
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inflammatory markers, that the levels of selected inflammatory
markers remain unchanged over a period of eight weeks, that
levels of EGF and IL-13 in subjects with autism appear elevated
and decreased, respectively, in comparison to healthy controls and
that EGF levels correlate with a marker of chronic inflammation,
MCP-1. These findings provide a rationale for addressing the
role of EGF and IL-13 in autism experimentally, for example by
employing EGF receptor knockout mice and anti-EGF antibodies
(Vinter-Jensen 1999; Wong 2003), and by IL-13 or IL-13 recep-
tor transgenic and knock-out mice or antibodies against IL-13
(Wynn 2003).

Clinicial Significance

This study suggests that irritability in children with autism is not
related to immune aberrations, because risperidone significantly de-
creased irritability without changing the immune markers that were
assayed. However, the elevation of EGF, and its correlation with
MCP-1, in subjects with autism indicates a need for further investi-
gation of possible EGF involvement in pathophysiology of autism.
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