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Abstract

Background: Autism spectrum disorder (ASD) affects approximately 1 in 68 children in the USA. An ASD blood
biomarker may enable early diagnosis and/or identification of new therapeutic targets. Serum samples from ASD
and typically developing (TD) boys (n = 30/group) were screened for differences in 110 proteins using a multiplex
immunoassay.

Results: Eleven proteins were found that together could confirm ASD with modest accuracy using multiple training
and test sets. Two of the 11 proteins identified here were further tested using a different detection platform and with a
larger sample of ASD and TD boys. The two proteins, thyroid-stimulating hormone (TSH) and interleukin-8 (IL-8), have
been previously identified as putative biomarkers for ASD. TSH levels were significantly lower in ASD boys, whereas IL-8
levels were significantly elevated. The diagnostic accuracy for ASD based upon TSH or IL-8 levels alone varied from 74
to 76%, but using both proteins together, the diagnostic accuracy increased to 82%. In addition, TSH levels were
negatively correlated with the Autism Diagnostic Observation Schedule subdomain scores.

Conclusions: These data suggest that a panel of proteins may be useful as a putative blood biomarker for ASD.
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Background
Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by deficits in social communica-
tion, social interaction, and restricted, repetitive patterns
of behavior, interests, or activities [1]. ASD is the fastest
growing developmental disability, affecting more children
than cancer, diabetes, and AIDS combined. It affects 1 out
of every 68 children in the USA, and it is more often
found among boys than girls [2]. Many genes have been
identified that are related to the disorder and even de
novo mutations have been found to occur [3]. However,
there is great genetic heterogeneity in ASD as recently
shown in 85 quartet families where the majority of the sib-
lings with ASD (70%) did not share the same genetic mu-
tation [4]. While ASD appears to be on the rise, it is

unclear whether the growing number of diagnoses reveals
a real increase or comes from improved detection and/or
changes to diagnostic criteria. Current diagnostic methods
and screening tools are somewhat subjective and are diffi-
cult to assess in younger children, which can often result
in missed opportunities for early intervention. A biological
marker that could predict ASD risk, assist in early diagno-
sis, or even identify potential therapeutic targets would
have great clinical utility [5].
While biomarker research in ASD has greatly in-

creased in recent years [6–10], progress has been limited
by a number of factors, and no universal biological
markers for ASD have yet been identified. One of the
biggest issues in developing biological markers for ASD
is the heterogeneity of the disorder. There is wide vari-
ation in symptoms among children with ASD, and this is
further complicated by a number of co-morbid factors
associated with the disorder [11]. The present study used
serum samples to investigate the levels of a panel of
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proteins, as a possible diagnostic biomarker for ASD,
and the tests were conducted in a gender-specific man-
ner since the disorder is approximately four times more
common in males [12]. We have previously reported
that a panel of serum proteins can be used to accurately
identify patients with Alzheimer’s disease [13], and this
approach has been used by others in seeking a blood test
for ASD [8, 10, 14, 15]. These latter studies have discov-
ered both inflammatory proteins (e.g., interleukin-8, IL-
8) and hormones (e.g., thyroid-stimulating hormone,
TSH) differ among children with ASD in both neonatal
and pediatric samples. Here, we have used two different
research platforms, Myriad Rules-Based Medicine
(RBM) and Meso Scale Discovery (MSD), to begin to
discover and validate a serum biomarker panel for ASD.

Methods
Ethics
The study protocol was submitted by The Johnson Cen-
ter for Child Health and Development (Austin, TX) and
approved by the Austin Multi-Institutional Review Board
(AMIRB). All methods employed in the study were car-
ried out in accordance with the relevant guidelines and
regulations. Informed consent was obtained from the
parents or legal guardians of all subjects prior to their
participation in this research.

Study subjects
The initial study participants used to measure analytes
on the RBM platform consisted of 30 boys with ASD
and 30 typically-developing (TD) boys, ages 2–8 years.
An additional group of 13 ASD and 9 TD samples (boys,
ages 2–8 years) were included in the subsequent analysis
on the MSD platform to increase the sample size. Sub-
jects were either recruited directly from The Johnson
Center clinic, or through the use of informational study
flyers circulated around Austin, TX. Written informed
consent was received from the parent or guardian of all
subjects prior to enrollment. Briefly, the psychiatric,
medical, and family histories of all participants were ob-
tained. For the ASD group, the subjects were assessed
by a psychologist trained in research reliability using
both the Autism Diagnostic Observation Schedule
(ADOS) and the Autism Diagnostic Interview–Revised
(ADI-R). Clinical diagnosis was made based on these
data and overall clinical impression using DSM-IV cri-
teria. For this particular study, subjects with a diagnosis
of Asperger’s Syndrome or Pervasive Developmental
Disorder––not otherwise specified, were excluded. For
the TD group, all subjects underwent a developmental
screening using the Adaptive Behavior Assessment
System-Second Edition (ABAS‐II) that was assessed by
the psychologist. TD subjects were excluded if their
score on the ABAS-II suggested possible abnormal

development and the need for further evaluation. TD
subjects were also excluded if they had a first- or
second-degree relative diagnosed with ASD. Subjects di-
agnosed with a genetic, metabolic, or other concurrent
physical, mental, or neurological disorder were excluded,
as were subjects that were currently taking psychiatric
medications (or had taken psychiatric medications
within the last 3 months prior to enrollment). All sub-
jects were healthy with no reported illnesses for 3 weeks
prior to participation in the study.
Due to the high degree of phenotypic heterogeneity in

ASD, we further sub-characterized ASD subjects into
three groups [16]: (i) those who were nonverbal, (ii) those
with gastrointestinal (GI) concerns, and (iii) those with re-
gressive autism. Subjects with ASD were defined as non-
verbal if there was a complete absence of intelligible
words at time of diagnostic assessment of autism. ASD
subjects were classified as having GI concerns if they re-
ported at least one of the following symptoms: (i) consti-
pation; (ii) diarrhea; (iii) abdominal bloating, discomfort,
or irritability; (iv) gastroesophageal reflux or vomiting;
and/or (v) feeding issues or food selectivity. ASD subjects
were classified as having no-regression if the child exhib-
ited traits of autism from infancy, and regressive autism if
they had typical early development and later lost function
in language and/or social interactions (based on questions
probed in the ADI-R). The correlations between protein
levels, phenotypic sub-groups, and clinically relevant
quantitative traits from the ADOS were analyzed.

Blood collection/storage
A fasting blood draw was performed on healthy children
between the hours of 8–10 a.m. Blood was collected in a
3.5 ml serum separation tube (SST; Vacutainer System;
Becton-Dickinson) using standard venipuncture tech-
nique. The blood was gently mixed in the SST by five in-
versions and then stored upright for clotting at room
temperature for 10–15 min. Blood was then spun immedi-
ately after the clotting time in a swing bucket rotor for
15 min at 1100–1300 g at room temperature. Serum was
removed immediately after centrifugation and transferred
into coded cryovials in 0.5 ml aliquots. Aliquots of serum
were immediately placed upright into storage boxes in a
−20 °C freezer for up to 6 h. Samples were then trans-
ferred to a −80 °C freezer for long-term storage.

Analyte measurements on RBM platform
Sample aliquots were coded and shipped on dry ice to
Myriad Rules-Based Medicine (RBM; Austin TX) for
evaluation using DiscoveryMAP 175+ for quantitative
immunoassay of inflammatory molecules and hormones.
This multianalyte Luminex profiling platform examined
over 175 protein analytes [17, 18]. Final data were re-
ported as the absolute concentrations in the serum. A
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total of 30 ASD and 30 TD male serum samples were
analyzed. Some coded duplicate samples were also run
and used to analyze analyte measurement performance.
Analyte measurements that showed >15% variance were
excluded from the data analysis.

Measurements on the MSD platform
We sought to replicate the serum biomarker proteins
identified on the RBM platform by subsequently analyz-
ing proteins on a Meso Scales Discovery (MSD) platform
[19] run in-house. Compared with the traditional ELISA
approach, the MSD platform shows greater sensitivity
and is able to reliably detect different proteins across a
broad dynamic range of concentrations [20]. The assay
is based upon electro-chemiluminescence technology by
using specific capture antibodies coated at correspond-
ing spots on an electric wired microplate. This platform
was used to measure TSH in 43 ASD boys and 39 TD
boys, and IL-8 in 36 ASD boys and 35 TD boys; the two
proteins showing the greatest percent difference in the
ASD and TD samples run on the RBM platform. We
measured the two proteins in samples that were run in
duplicate accordingly to the manufacturer’s protocol.
Any duplicate value with >15% variance was removed
from the final data analysis, and every plate was run with
a standard concentration curve.

Statistical analyses
The RBM data were analyzed using random forest
methods. Random forest analysis was developed as an
ensemble learning method that utilizes a classification
tree as the base classifier [21]. Hundreds of training and
test sets, of 15 subjects/group, were analyzed to deter-
mine the importance of a panel of analytes to correctly
identify ASD subjects. For the MSD data, differences be-
tween the ASD and TD groups were analyzed with
Mann-Whitney U tests. For comparing the accuracy
of the two analytes for predicting ASD vs. TD, we used
cut scores and area under the curve (AUC) analyses.
Diagnostic accuracy and AUC were computed by ROC
(receiver operation characteristic) curves using SPSS
V23; the optimum probability cutoffs were determined
using mathematical formulas in Microsoft Excel™ to
maximize accuracy and the perpendicular distance from
the 45 degree line of equality. The p < 0.05 level was
considered to be statistically significant for analyses
using the MSD platform (i.e., for TSH and IL-8 assays).
Regression analyses for ASD subjects were conducted

using the R lavaan package, which fits models using full
information maximum likelihood estimation that makes
use of all available data. Thus, data from all ASD sub-
jects were included in each model [22] (n = 43 for TSH
and n = 36 for IL-8). Protein levels were regressed on
each of the ADOS subdomain scores and phenotypic

sub-grouping to examine whether levels of TSH and/or
IL-8 were related to a clinical measure of ASD and co-
morbidities. Prior to fitting regression models, IL-8 was
log-transformed to reduce the positive skew; the trans-
formed distribution was approximately normally distrib-
uted and met guidelines for covariance matrix-based
models [23].

Results
Proteins measured on the RBM platform
A total of 184 analytes were measured in serum samples
from 30 ASD boys and 30 TD boys on the RBM Lumi-
nex platform; however, 51 analytes were undetectable,
and 23 exhibited >15% spot-to-spot variance, and were
therefore omitted from analysis. The undetectable pro-
teins likely represent faulty antibodies, as these proteins
have been detected with previous versions of RBM's Dis-
covery Map. Eleven of the remaining 110 serum proteins
measured, shown in Table 1, were selected based upon a
random forest analysis, and 5 of the analytes were sig-
nificantly different between ASD and TD at the p ≤ 0.04
level (uncorrected for multiple comparisons). Using a
random selection of 15 ASD and 15 TD subjects for a
training set and the same number of subjects for a test set,
100 comparisons of data indicated that the random forest
test set could accurately confirm ASD vs. TD samples
with an average area under the ROC curves of 0.761.
Those proteins with the highest importance for confirm-
ing a diagnosis of ASD include TSH, stem cell factor,
monocyte chemotactic protein 4, ferritin, and IL-8.

Proteins measured on the MSD platform
We chose to replicate the findings on the RBM platform
on a different platform to be certain of the validity of

Table 1 ASD-related proteins identified using the RBM platform.
Data from 30 ASD boys and 30 TD boys

Protein % Change t test Importance

Alpha 1 microglobulin (A1Micro) 9%↑ 0.017 2.309

Apolipoprotein E (ApoE) 22%↑ 0.035 −1.865

Apolipoprotein H (ApoH) 15%↑ 0.103 4.153

AXL receptor tyrosine kinase (AXL) 11%↑ 0.059 −0.233

Chromogranin A (CgA) 21%↑ 0.050 −0.418

Ferritin (FRTN) 29%↑ 0.056 3.295

Interleukin 8 (IL-8) 31%↑ 0.043 2.568

Monocyte chemotactic protein 4
(MCP4)

18%↑ 0.064 3.393

Monokine induced by gamma
interferon (MIG)

26%↑ 0.166 2.088

Stem cell factor (SCF) 16%↑ 0.008 4.356

Thyroid-stimulating hormone (TSH) 31%↓ 0.003 14.639
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the RBM findings. We also wished to measure two of
the proteins with “high importance” based upon the ran-
dom forest analysis of the RBM data. We therefore used
the MSD electro-chemiluminescence platform to meas-
ure levels of TSH and IL-8. All of the samples run on
the RBM platform (n = 30/group) were also run on the
MSD platform, plus some additional samples included to
increase the sample size.
Using 43 ASD samples, we found TSH levels to be

30% lower vs. TD samples (n = 37): 1.42 ± 0.08 (mean ±
SEM) and 2.04 ± 0.16 mIU/l, respectively, (p < 0.0056;
Mann-Whitney U test). TSH levels were within the nor-
mal range for this hormone for children of the age stud-
ied (http://www.mayomedicallaboratories.com/test-info/
pediatric/refvalues/) (see Fig. 1). For the prediction of
ASD, TSH levels were 94% sensitive and 60% specific.
The area under the ROC curve was 0.674, p = 0.006. We
measured IL-8 levels in 36 ASD boys, and it was 16%
higher vs. TD boys (n = 35): 12.17 ± 0.52 (mean ± SEM)
and 10.52 ± 0.51 pg/ml, respectively, (p < 0.0306; Mann-
Whitney U test) (see Fig. 1). For the prediction of ASD,
IL-8 levels were 94% sensitive and 55% specific. The area
under the ROC curve was 0.652, p = 0.023.
In order to determine whether the accuracy in confirming

ASD vs. TD is enhanced by an analysis using a combination
of analytes, we analyzed the prediction accuracy using both
TSH and IL-8 analytes (Table 2). Here, we used samples
from subjects that were run for both analytes on the MSD
platform, which resulted in 18 ASD and 20 TD boys. The
predictive accuracy for TSH alone was 76%, and for IL-8
alone, it was 74%. Using the two analytes together, the pre-
dictive accuracy was 82%, with 89% sensitivity and 75% spe-
cificity. ASD cases were predicted, using cut scores, as
having TSH levels below 1.8 mIU/l and IL-8 levels above
10.3 pg/ml. The area under the ROC curve for the model
using the two analytes was 0.842 ± 0.067 SEM (p < 0.001).

Association between protein levels and ADOS
subdomains
TSH was regressed on each of the ADOS subdomain
scores. The following three domains exhibited a significant

negative correlation whereby higher scores (more se-
vere symptoms) in the subdomains were associated with
lower levels of TSH: social interaction (z = −2.61,
p = 0.009), communication + social interaction (z = −2.12,
p = 0.034), and stereotyped behavior and restrictive inter-
ests (SBRI) (z = −2.28, p = 0.023). There was not a signifi-
cant relationship between TSH and the ADOS
communication subdomain (z = −0.55, p = 0.581).
IL-8 was regressed on each of the ADOS subdomain

scores. Among ADOS subdomains, there were no
significant relationships between IL-8 and communica-
tion (z = 0.16, p = 0.871), social interactions (z = −0.15,
p = 0.877), communication + social interactions (z = −0.06,
p = 0.953), or SBRI (z = 0.75, p = 0.455).

Association between protein levels and phenotypic data
The percentage of children with ASD who were nonver-
bal was 50%. The percentage of children with ASD dis-
playing GI issues was 85%. Regressive autism was seen
in 63% of the study group. There were no significant
relationships between either TSH or IL-8 and the autism
sub-groups. For TSH: nonverbal (z = −0.51, p = 0.609), GI
concerns (z = −0.14, p = 0.890), and regression (z = −1.12,
p = 0.265). For IL-8: nonverbal (z = −0.20, p = 0.843), GI
concerns (z = −0.21, p = 0.833), and regression (z = −0.49,
p = 0.624).

Discussion
The goal of the present study was to identify serum pro-
teins that were differentially expressed in ASD and TD
samples. Eleven proteins were found that together pre-
dicted ASD with modest accuracy. Two of the proteins,
TSH, and IL-8 have been identified as ASD biomarkers
in previous studies [8, 24, 25], so both the RBM and
MSD platforms were used to validate these findings. As
previously found, TSH levels were significantly lower in
ASD boys whereas IL-8 levels were significantly ele-
vated compared to TD boys. The diagnostic accuracy
for predicting ASD based upon the TSH or IL-8 levels
alone varied from 74 to 76%, but using both proteins
together, the diagnostic accuracy increased to 82%.

Fig. 1 Serum protein measurements on the MSD platform. Data represent mean ± SEM. a TSH levels are significantly lower in ASD boys
(p = 0.007), and b IL-8 levels are significantly higher in ASD boys (p = 0.025)
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These data suggest that a panel of proteins may be use-
ful as a blood biomarker for ASD.
Using a quantitative immunoassay for inflammatory

molecules and hormones, 11 proteins were found, which
when combined, could discriminate serum samples from
ASD and TD boys. Among these 11 proteins, TSH, IL-8,
alpha 1 microglobulin, apolipoprotein E, and stem cell
factor exhibited the highest significant differences be-
tween the two groups. TSH levels were significantly
lower in the ASD boys compared to TD boys, and based
upon the random forest analysis, TSH had the highest
importance among the panel of 11 analytes for predict-
ing ASD vs. TD. When TSH was studied on the MSD
platform, again, the ASD boys had an average 30% lower
level vs. TD boys. We limited our study to boys because
several studies report sex-specific differences in putative
ASD biomarkers [15, 26, 27], and we only had access to
a small sample of ASD and TD girls.
TSH is a pituitary hormone that stimulates the thyroid

gland to produce thyroxine (T4) and then triiodothyron-
ine (T3), which stimulates the metabolism of almost
every tissue in the body [28]. TSH is secreted throughout
life but reaches high levels during the periods of rapid
growth and development. The hypothalamus produces
thyrotropin-releasing hormone (TRH), which stimulates
the pituitary gland to produce TSH. Thyroid hormones are
essential for brain maturation and for brain function
throughout life. Thyroid hormone deficiency, even for short
periods, may lead to irreversible brain damage, the conse-
quences of which depend on the specific timing of onset
and duration of thyroid hormone deficiency [28–31].
Reductions in TSH have been reported previously for

ASD children. Significantly reduced levels of TSH, and re-
duced TSH response following TRH stimulation, have
been observed by Hashimoto and colleagues [32], where
they examined 41 ASD boys (average age of 5.7 years)
compared to 5 TD boys (average age of 8.7 years). They
also examined 12 boys with mental retardation and 12 boys
with minimal brain dysfunction, and their TSH levels were
like those of the TD boys. More recently, the RBM plat-
form was used to demonstrate altered levels of 15 blood
proteins in ASD, and one of the proteins was TSH [8]. Re-
duced levels of TSH were observed in blood spots from
infants who later were found to have ASD (n = 16 ASD

and n = 32 TD; gender not reported), suggesting that TSH
levels may be useful as an early biomarker for ASD. These
data indicate that the reduced TSH was present at birth.
More recently, maternal mid-pregnancy serum TSH levels
were found to be inversely correlated with the likelihood of
having a child with ASD [33]. This study used 149 control
children and 78 ASD children, and both genders were in
the two groups.
When ADOS subdomain scores were compared with

TSH levels, there was a significant negative correlation
with social interaction, communication + social inter-
action, and SBRI such that a higher subdomain score
(i.e., more ASD symptoms) was correlated with lower
TSH levels. These data suggest that TSH may not only
serve as an important member of an ASD biomarker
panel, but it may also represent a useful index of an
ASD phenotype.
Proinflammatory cytokines (PICs) have been reported

to be elevated in ASD children [34]. In the present study
using both the RBM and MSD platforms, we found
17–30% increases in IL-8 in the serum of ASD boys. No
changes in levels of IL-10, IL-16, or IL-18 were found in
the present study, and no such changes were reported in
another study as well [8]. In the study of Mizejewski et
al. [8], also run on the RBM platform, elevations in IL-8
were reported in ASD children in blood spots collected
at birth, suggesting that IL-8 levels may be useful as an
early biomarker for ASD. PICs are directly linked with
neuroinflammation. Elevations in plasma IL-8 (33%)
have also been reported by Suzuki et al. [24] in high-
functioning ASD boys, with a mean age of 12 years
(n = 28 ASD boys and n = 28 TD boys). Finally, in a
meta-analysis of three studies, Masi et al. [25] report
significant elevations in IL-8 in 150 ASD vs. 140 TD
children (primarily boys). There was no significant
relationship between ADOS and IL-8 scores or between
protein levels and ASD sub-groups (nonverbal, GI con-
cerns, and regression). These data suggest that IL-8
levels are not specific to the subdomains used to
diagnose ASD.
There are some limitations in this study. The relatively

small sample size for our discovery study run on the
RBM platform renders the data presented here prelimin-
ary, and a larger study with more ASD subjects is

Table 2 Descriptive statistics for ASD predictive accuracy of TSH and IL-8

Models Best cut score χ2 p Accuracy

TSH alone (low is ASD) 1.865 12.48 <0.001 29/38 (76%)

IL-8 alone (high is ASD) 10.345 10.72 0.001 28/38 (74%)

Using above cut scores for TSH
and IL-8 for group membership

1.5 15.67 <0.001 31/38 (82%)

LR model both TSH and IL-8 0.61185 14.616 <0.001 30/38 (79%)

Data from 18 ASD and 20 TD boys
LR logistic regression
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planned. However, the sample size is appropriate for the
validation of TSH and IL-8 as ASD biomarkers. The in-
creased prevalence of ASD in boys resulted in the study
primarily focusing on boys, which does not allow one to
thoroughly investigate gender-specific differences. Exam-
ination of TSH and IL-8 in ASD and TD girls should be
further evaluated in a larger study. When making electro-
chemiluminescent measurements on 96-well plates, there
are often plate-to-plate differences that add variability to
the data; however, we routinely ran standards on every
plate as well as calibration curves to minimize this source
of data variability.

Conclusions
In order to identify ASD at an early age and facilitate in-
terventions before symptoms manifest, robust biomarkers
are important. The present study validated the finding that
levels of TSH are significantly lower in ASD boys vs. TD
boys, and we found that the levels were highly correlated
with ADOS subdomain scores, suggesting that TSH levels
may be useful for assessing specific ASD phenotypes. We
also validated IL-8 as an ASD biomarker. It is interesting
that when we analyzed the accuracy of predicting ASD vs.
TD using more than one analyte, we found that the accur-
acy went from 74–76% for single analytes to 82% when
using TSH and IL-8 together. These data suggest that in-
formation on hormone status and inflammation together
provide greater diagnostic accuracy for the identification
of ASD. The use of panels of blood proteins for disease
identification and/or characterization appears to be a use-
ful strategy, and one that we will pursue by (i) testing a
larger set of ASD and TD samples on the MSD platform,
(ii) looking at a total of four analytes previously identified
in the RBM platform (e.g., apolipoprotein E and stem cell
factor along with TSH and IL-8) to determine whether
four protein analytes combined will provide an accuracy
of ~90% in predicting ASD in boys or an ASD phenotype
in a subgroup, and (iii) investigating the levels of these
analytes in blood samples from much younger children
that then went on to develop ASD.
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